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FOREWORDS 

I arrived at MIT in the fall of 1990, midway through the final year 
of Project Athena. With vision and determination, Professor Gerald 
Wilson, then Dean of Engineering, together with President Paul 
Gray and Provost John Deutch, had led this remarkable effort to 
create a new educational computing environment at MIT. The proj­
ect challenged the entire MIT community, especially the faculty, stu­
dents, and Project Athena staff. It succeeded in creating a system that 
has begun to transform the ways in which our students and faculty 
approach computing, learning, and information sharing. 

I believe that the development of information technology will 
revolutionize the ways in which many of us work and interact. It is 
important that MIT prepare its graduates for such an environment 
and that we explore and implement ways to use information tech­
nology to enhance the educational process itself. With over 1000 net­
worked workstations and servers located throughout the campus, 
Athena seems ubiquitous to this year's first-year students. By the 
start of classes in the fall, a typical freshman had likely become an 
Athena user, beginning with electronic mail and messaging and basic 
text editing. He or she might well have been enrolled in 3.091, In­
troduction to Solid State Chemistry, which uses the new On-line 
Teaching Assistant (OLTA) capability. In later years, a typical mem­
ber of the class of 1994 will probably have created new software on 
Athena and will likely have taken several of the 200 subjects now 
using courscwarc on Athena. Some of the courscwarc developed 

IX 



X FOREWORDS 

in Project Athena is already in use on other campuses around the 
country. 

Project Athena was made possible by the partnership with the 
Digital Equipment Corporation and the IBM Corporation, and is a 
model of university-industry collaboration. Working side by side, 
people from the three organizations created new client-server soft­
ware technology, including X Window, Kerberos, and many other 
system and application level programs, all of which were made avail­
able to the outside world. 

The author of this book, Dr. George Champine, was the DEC 
Associate Director of Project Athena. His perspective provides valu­
able insight and a lasting account of the creation of the Athena Com­
puting Environment. 

Charles M. Vest 
President 
The Massachusetts Institute of Technology 

From time to time, windows of opportunity open to make major 
advances in computing technology. One such window was the oc­
casion to participate in Project Athena in 1983. Three unique factors 
came together at that time to make this an unparalleled opportunity. 
These factors were 

• a major change in computing from centralized time-sharing sys­
tems to a distributed network of workstations; 

• the desire by MIT to develop a campus-wide world-class com­
putation system for education as well as research; 

• the desire by Digital to participate in a very large scale imple­
mentation of networked workstations to test its strategy and 
products. 

Nevertheless, the project was clearly very risky because of the many 
unknowns. 

Now, eight years later, Athena has utilized this opportunity to 
make very significant contributions to distributed computing and 
has been successful beyond any of our expectations. Through the X 
Window System, Kerberos Authentication Service, and other similar 
developments, Athena has changed the world of computing. Athena 
is one of the first and one of the most successful implementations of 
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the client/server model of distributed computing. This model has 
now been endorsed by the Open Software Foundation for their Dis­
tributed Computing Environment. Athena has emerged as the 
model of choice for distributed campus computing, and I expect that 
it will serve as the preferred model of distribut~'d computing for the 
1990s. 

Project Athena also stands as an excellent example of what can 
be accomplished whrn the right kind of partnership is struck be­
tween industrial corporations and universities. What Athena accom­
plished could not have been done in the 1980s by MIT, Digital, or 
IBM alone. Working together, in the open environment of the uni­
versity campus, we created the pioneering implementation of the vi­
sion of a coherent, powerful, distributed computing system. 

On behalf of Digital Equipment Corporation, I would like to 
thank our t\VO partners in Project Athena, MIT and IBM, for the 
chance to join with them in undertaking a project too large for any 
one of us to support alone, but whose benefits far outweigh the 
costs. 

We congratulate the entire Athena team, knowing that the sys­
tem they designed and built so well will serve as a platform for the 
major computing advances that will be accomplished in the 1990s. 

Samuel H. Fuller 
Vice President, Research 
Digital Equipment Corporation 

Creativity and innovation arc the fuels that drive modern high tech­
nology companies. Just as the New England textile mills of the last 
century needed a steady flow of water to power their turbines, to­
day's infixmation-based industries require a st,~ady flow of new ideas 
to compete in global markets. 

Most people agree that innovation cannot be forced. Many be­
lieve it cannot be planned for or managed to a fixed schedule. In fact, 
there is evidence that most organizations arc doing very well if they 
arc able to encourage innovation rather than stifle it. and to recognize 
and reward creativity when it blossoms. 

Developing collaborative research projects with universities is 
one successful strategy to encourage innovation that IL1s been devcl-
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oped and used successfully for years by Digital Equipment Corpo­
ration. Project Athena at MIT was Digital's largest and longest run­
ning university project. During its eight-year history, Digital 
engineers spent more than 40 person-years working on site with 
MIT faculty, students and statl and researchers from other compa­
nies. The trail of innovation leading from the people working to­
gether on this project is proof of the basic tenet of those of us who 
sponsor strong research connections with universities: When indus­
try and academia pool their research talent, both sides prosper. 

Project Athena was a success in several dimensions. Thousands 
of young engineers and scientists learned more about their core cur­
riculum because of innovative learning software developed by fac­
ulty and staff. Perhaps even more important, they learned how to 
use networks of powerful workstations for collaborations in many 
endeavors. New technology that emerged from the project was 
turned into commercial products by Digital and other companies. 
Examples include the X Window System, Kerberos, and Hesiod. In 
addition, knowledge about how to design, install, manage, and 
modify an extremely complex network of distributed systems is in­
fluencing dozens of other organizations, both commercial and aca­
demic, that are on the forefront of computing. 

Many of the lessons learned from Project Athena have to do with 
how bright people from ditll.·rmt organizations. with ditll-rcnt goals, 
and with very different cultures can work effectively together despite 
these differences. George Champine worked for nearly five years at 
bridging these cultures and contributing in many ways to the success 
of the project. This book is a great contribution to everyone inter­
ested in understanding the vision and the accomplishments of one of 
the most important university-industrial cooperative projects of 
the past decade. Equally important arc his insights about how this 
remarkable partnership developed and functioned on a day-to-day 
basis. 

Like most effective technical relationships, Project Athena was 
based on mutual respect, ongoing communication, a vigorous quest 
for excellence, and the challenge of growth and discovery. We hope 
that it can serve as a model for many other successful university­
industry cooperative efforts. 

John W. McCredie 
Director, External Research Program 

Digital Equipment Corporation 



Tell me and I forget 
Show me and I remember 
Involve me and I understand 

Ancient Chinese proi1erb 

PREFACE 

Project Athena at MIT has emerged as one of the most important 
models of next generation distributed computing in the academic 
environment. MIT pioneered this new systems approach to com­
putation based on the client-server model to support a network of 
workstations. This new model is replacing time-sharing (which MIT 
also pioneered) as the preferred model of computing at the Institute. 
Athena is unique in that it is one of the first and one of the largest 
integrated implementations of this new model, perhaps paralleled 
only by the Andrew project at Carnegie-Mellon University. Athena's 
uniqueness has led to widespread interest in its design, implementa­
tion, and results. This book was written to supply information in a 
relatively concise form to meet this interest. For those who need 
more detail, a complete set (2800 pages) of Athena reports through 
September 1988 was published under the title "Project Athena: The 
First Five Years" and is available from Digital. This book is ab­
stracted in large measure from those reports but with updated infor­
mation where available and supplemental information to fill out the 
picture. This book also provides references to the more detailed pa­
pers describing Athena in the Bibliography. 

The following characteristics, taken together, make Project 
Athena unique among the various higher education computing sys­
tems: 

• magnitude, the largest educational project ever undcrtakL·n by 
MIT with a cost of about $100 million; 

xiii 
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Fi~ure I Project Athena workstation cluster. 

• workstation-based exclusively; 
• campuswide, with one integrated system that serves the entire 

campus; 
• coherent, in that all applications run on all workstations, provid­

ing the same user interface independent of hardware architecture 
and easy sharing of programs and data; and 

• centrally managed and supported. 

In the late 1970s thl' information processing needs of higher ed­
ucation were rapidly moving beyond the capabilities of conventional 
pedagogical techniques. These techniques-pencil, paper, books, 
blackboards, and lectures-have all been used for hundreds of years. 
At the same time, major computer manufacturers were developing 
high-performance graphics workstations and networks that they ex­
pected students could afford within a few years. The MIT faculty 
believed that a network of workstations with good graphics and 
communications could overcome the well-known obstacles to learn-
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ing by providing capabilities for 

• easier visualization of abstract concepts; 
• powerful simulation tools for classroom demonstration and 

homework problems; 
• productivity aids to allow the student to accomplish more in kss 

time and with better quality; and 
• improved education in the area of design, by solving realistic 

problems using sophisticated computer-aided techniques. 

Figure 1 shows part of Athena's largest workstation cluster. 
Ultimately, the system was intended to help students obtain new 

conceptual and intuitive understanding of disciplines. A one-time in­
vestment in training and development \votdd become applicable to 
all uses of the system. 

In May 1983, MIT announced the establishment of a five-year 
program to explore new, innovative uses of computing in the MIT 
curriculum. This program was Project Athena. 

Athena was undertaken to create a computing environment that 
would make a significant and lasting improvement in the overall 
quality of education at MIT. Athena's mandate was to explore di­
verse uses of computing in support of education and to build the base 
of kno\vlcdge needed for a longer term strategic decision about how 
computers fit into the MIT curriculum. 

Athena has a major role in the educational mission of MIT, with 
the objective of contributing to the quality of the educational pro­
cess. This role includes instruction, research, and activities outside 
the laboratory and classroom. 

The primary technical objective of Project Athena, as stated early 
in 1983, was: "By 1988, create a new educational computing envi­
ronment at MIT built around high performance graphics worksta­
tions, high speed networking, and servers of various types" I Lerman 
87]. This objective has remained constant over the life of the project. 
Additional technical objectives were to 

• support a heterogeneous hardware configuration; 
• provide a user interface independent of hardware; 
• provide a software development environment independent of 

hardware; 
• maximize the exportability and importability of software: and 
• accomplish these objectives at an ongoing operations cost, in­

cluding hardware, not to exceed 15 percent of tuition. 
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These objectives have largely been met. 
The support of heterogeneous hardware is necessary because 

Athena's two major sponsors, Digital Equipment Corporation and 
IBM, have products with substantially different architectures. The 
attainment of the cost objective was aided to a considerable extent 
by having a single user interface and single software development 
environment independent of hardware. The computational environ­
ment includes hardware, data communications, physical facilities, 
systems software, documentation, user support, applications soft­
ware, and information resources, such as the libraries and outside 
databases. 

Project Athena has now been in existence for seven years. Today, 
it is a production system, having fulfilled its objective of providing 
campuswide access to workstation-based computing at MIT. 

Athena is a distributed workstation system in use 24 hours per 
day with 10,500 active accounts and 1300 workstations. The Athena 
model of computing is that of a unified distributed system where a 
single log in provides universal access to a variety of authenticated 
network services. The distributed services supported by Athena con­
vert the time-sharing model of computing supported by Unix into 
a distributed system operating environment. 

Network services supported include authentication, name ser­
vice, real time notification service, a network mail service, an elec­
tronic conferencing service, a network file service, and an on-line 
consulting service. The system has extensive failsoft capabilities that 
permit continuous operation despite equipment failures. The system 
is designed to support 10,000 workstations by minimizing the use of 
network bandwidth, mass storage, and labor-all scarce resources. 
The centralized management approach also helps to minimize sup­
port and operations cost. 

The workstation types presently supported arc the Digital 
VAXstation and DECstation, the NeXT computer, the IBM RT /PC 
and RS6000, the Apple Macintosh II, and IBM PS/2 personal com­
puters. Communications is provided by a campuswidc local area net­
work. The backbone is a 10 million bit/second fiber optic token ring. 
Attached to the backbone arc 23 IP routers, which support 41 Eth­
ernet subnets using TCP/IP. 

The system provides a coherent model of computing in which 
all applications can run on all supported workstations independent 
of architecture. Because of the strong level of coherence, the human 
interface to the system is independent of the type of workstations 
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being used. Differences in equipment arc invisible to the user. Only 
one training course set and one documentation set are needed, no 
matter what workstation hardware is used. Students need to learn 
only one system during thci1· stay at MIT, thus improving their pro­
ductivity. The ultimate objective of coherence is .o make the transfer 
of information limited only by its usefulness, not its availability. 

Currently, 16 public clusters of workstations are available for use 
by students. These public clusters include 10-120 workstations each, 
and arc open 24 hours per day. One of the public clusters is an elec­
tronic classroom. In addition to the public clusters, there arc 25 de­
partment clusters and four projection-equipped facilities. Worksta­
tion clusters have been installed in five student residences, with some 
having workstations in the bedrooms and others having them in 
common areas. Figure 2 shows the locations of Athena workstation 
clusters. 

At present, 38 Network File System (NFS) file servers, 8 An­
drew File System (AFS) file servers, 36 Remote Virtual Disk (RVD) 
file servers, 135 Postscript printers, three each of name servers and 
post office servers, and two authentication servers are utilized. In 
addition to the "generic" Athena monochrome workstations, 15 
multimedia workstations support full motion color video and sound. 
The system has 100 gigabytes of rotating storage in the workstations 
and an additional SO gigabytes of rotating storage in network file 
servers. 

The current 10,500 active user accounts (from a total of about 
15, 000 total accounts) generate about 5000 log ins and a bout 13, 000 
mail messages per day. The average student uses the system eight 
hours per week. In aggregate, the users generated 24,000 questions 
for the on-line consulting system and printed 5 million pages during 
1990. About 96 percent of the undergraduate students and about 70 
percent of the graduate students use the system. Athena usage is 111-

creasing substantially each semester. 
The design of the Athena system was led by Professor Jerome 

Saltzcr of MIT, in association with the Athcna staff whid1 includes 
among others Ed Balkovich, Tony Della Fera, Steve Dyer, Dan 
Geer, Jim Gettys, John Kohl, Steve Lermm, Steve Miller, Cliff Nrn­
man, Ken Raeburn, Mark Rosenstein, Jeff Schiller, Bill Sonrn1erfcld. 
Ralph Swick, and Win Treese. 

Initially, about 1500 Institute-owned workstations will be de­
ployed. Later, all students and staff will be allo\\'ed tu purd1asc pri­
vate workstations, and plans call for ultimate system extension to 
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support approximately 1n,000 workstations. System software is 
based on Unix and includes additional MIT-developed software that 
implements a client-server distributed system. 

A significant part of the project is development of instructional 
software; to date 125 projects have been funded for that purpose. 
Students use Athena for most courses in some manner. Often Athena 
is used with personal productivity software, such as word process­
ing, spreadsheets, graphics, and mathematical application packages. 
In addition, about :200 courses arc presently being taught that use 
MIT-developed instructional software. Some courses require the use 
of Athena in mid-semester and final exams. Considerable anecdotal 
L'vidcncc shows that Athena has improved the quality of education 
at MIT, fulfilling its primary objective, even though the instructional 
software developed to date falls short of what ultimately can be de­
veloped. 

Another part of the project is development of a multimedia 
workstation that uses interactive video disk technology to deliver full 
motion video in an X window simultaneously with conventional 
computer-generated text and graphics. The multimedia workstation 
project includes development of an advanced authoring environ­
ment, called MUSE, to reduce the cost and skill level needed to de­
velop instructional software. 

Athena is to continue as a free-standing project until June, 1991. 
At that time it will be integrated into the MIT administrative system. 

In many ways, Athena mirrors larger campus issues. Some of 
the more fundamental issues arc the proper role of computers in 
higher education, the role of student housing as integrated into 
coursework versus a defense against the demands of coursework, 
and the inherent conflict between the priority given to tcachmg and 
the priority given to research (and tenure). To the extent possible, 
these larger issues arc described in this book, with Athena being only 
one point in the spectrum of tradeoffs that can be made. All cam­
puses are different, and strategies that work well on one campus 
could end in disaster at another. No claim is rnadc that the approach 
selected by MIT is appropriate anywhere else. However, the lessons 
learned may be helpful to others designing similar systems. 

Not all sections of this book are likely to be of equal interest to 
all readers. To help you find the areas of interest to you, we divided 
the book into four parts: 1 kvelopmcnt, Pedagogy, Technology. and 
Administration. 

The Development part includes Chapters 1 and 2. Chapter 1 de­
scribes the process of creating the vision that became Athena, the 
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negotiations necessary to achieve some level of consensus about that 
vision, and the trigger neces~ary to start implementation. Chapter 2 
then describes the project undertaken to implement the vision, start­
ing with the activities to develop the project's infrastructure. 

The Pedagogy part includes Chapters 3 and 4. Chapter 3 de­
scribes the instructional software developed for Athena, including 
the process by which it was funded, and some of the more widely 
used packages. Chapter 4 describes project-faculty relations. An im­
portant aspect of Athena's success, these relations have not always 
been smooth. 

The Technical part includes Chapters 5, 6, and 7. Chapter 5 sum­
marizes the technical aspects of the system, and Chapter 6 presents 
them in much greater detail. Chapter 6 deals with the system at a 
technical level and assumes a knowledge of computer systems soft­
ware and Unix. It also describes the human interface work at Athena 
and the campus communications system. Chapter 7 describes mul­
timedia workstation development and use. 

The Administration part includes Chapters 8-11. As part of the 
Athena experiment, workstations were put in five student housing 
facilities; Chapter 8 describes these installations and assesses the re­
sults. Chapter 9 describes the financial and organizational aspects of 
the project. Chapter 10 provides an assessmrnt of the project. Chap­
ter 11 looks at possible futures for the project and the direction cl10-
sen by MIT. 

Three documents of interest to implementors of campus com­
puting systems similar to Athena are included in the Apprndixes: 
Guidelines for Installation (Appendix 11) and Principles of Respon­
sible Use of Project Athena and Athena Rules of Use (both in Ap­
pendix IV). 

Aeknowledgments 
Project Athena would not have been possible without the vision of 
many individuals from MIT, Digital, and IBM and their willingness 
to take risks. At MIT, the primary driving forces behind getting 
Athena started were Gerald Wilson, Dean of Engineering, Joel 
Moses, Head of Electrical Engineering and Computer Science, and 
Michael Dertouzos, Director of the Laboratory for Computer Sci­
ence. Moses and Dertouzos gave much of the early direction to tech­
nical considerations, including the concept and definition of coher-
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ence. Steve Lerman, Professor of Civil Engineering, was Project 
Director f<x the first five years and provided the managerial direction 
necessary to start the project and keep it on track. Jerome Saltzer, 
Professor of Electrical Engineering and Computer Science, provided 
technical leadership for the first five years; without him the project 
might have failed. James Bruce, Vice President of Information Sys­
tems, provided conti11ui11g support of Athena in the implementation 
of the campus communication system and in significant contribu­
tions in serving on the Athena directors committee. Earll Murman, 
Professor of Aeronautics and Astronautics, accepted the position of 
Director of Athena for the last three years and managed the difficult 
transition from development to ddin'ry of highly reliable and qual­
ity computing services. 

The responsible people at Digital include Kenneth H. Olsen, 
Founder, President-and graduate of MIT-who was willing to bet 
on a vision. They also include Winston R. Hindle, Senior Vice Pres­
ident, who pn)\·ided continuing support for the pedagogical aspects 
of the project; Samuel H. Fuller, Vice President of Corporate Re­
search, who argued the case within Digital to fund the project; Dieter 
Huttenberger, the first Director of External Research, John W. 
McCredie, Director of External Research, who staffed the Digital 
part of the project and integrated it into the larger Digital External 
Research Program; Edward Balkovich, the first Digital Associate I )i­
rector at Athena who contributed substantially and crucially to its 
management and design; and Maurice Wilkes (inventor of the first 
programmable electronic digital computer), who was my immediate 
predecessor. I joined the project in August I 98(i as Digital\ Associate 
Director and participated in its management through its mid-life to 
the present. 

Key people at IBM who made significant personal contributions 
to Athena include Ralph Gomory, Senior Vice President for Science 
and Technology; Richard Parmelee, first IBM Associate Director 
at Athena; and Les Comeau, Manager of Technical Computing 
Projects. 

People who contributed significantly with ideas or in the review 
of this book include Jim l3ruce, Ed Balkovirh, Jim ( ;crtys. I )an (;en. 
Anne La Vin, Jack McCredie, Jerry Saltzn, Naomi Schmidt, and Win 
Treese. Joel Moses and Mike Dertouzos provided material from their 
personal files concerning creation of the Athena vision and the early 
days of the project. Earll Murrnan provided significant help \\·ith thL· 
chapter on instructional uses of Athena. Ben Davis provided sub-
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Ste\'e Lerman, Earll Murman, and Jerry Saltzcr spent considerable 
time reviewing various drafts in great detail. All errors, however, arc 
the responsibility of the author. 

Special thanks go to Steve Lerman, who developed and contrib­
uted many of the ideas described here and recorded with his pen11is­
s10n. 

These contributions are gratefully acknowledged. 

George A. Champine 
Cambridge, Massachusetts 
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ONE 

Creating the Vision 

The Massachusetts Institute of Technology (MIT), founded in 18(i5 
by William Barton Rogers, from the outset established the objective 
of combining research and educ.ition to the benefit of both in solving 
real-world problems. The Institute has long had a reputation for out­
standing research in many fields, including computers. Since the in­
vention of the computer, MIT has been in the t()refront of develop­
ment and application of computing technology. The Radiation 
Laboratory there did much of the initial work on vacuum tube cir­
cuits for counting and logic that established the technology for elec­
tronic digital computers. 

MIT started using computers in 1947-with the Whirlwind I 
computer-only a year after the invention of the electronic digital 
computer, and went on to develop the notable inventions of core 
memory and time-sharing. An early research project at MIT that h.1d 
considerable influence on computing was the Multiplexed l11for111a­
tion and Computing Service System (MULTICS), started in 1964. 
Some of those who worked on MULTICS later worked on Athena, 
and the Remote Virtual Disk (RVD) software developed at MUL­
TICS was later used by Athena. 

The Student Information Processing Board (SIPB) is one of 
many organizations providing opportunities for MIT students to 
participate in independent research activities. Originally, SIPB was 
organized to allocate time on MULTICS to undergraduates who 
wanted to do private computing. SIPB is now an information 

3 
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services and consulting group for the student community and has 
played a major role in Athena development. 

Presently, MIT has more than 9000 students, about equally di­
vided between undergraduates and graduates, and supported by 
some 1000 faculty members. A unique feature of MIT is that under­
graduates arc encouraged to undertake research projects, and most 
seniors are required to write a thesis as part of the graduation require­
ments. 

MIT has long been well endowed with computing resources for 
research. To some extent, these research computing resources were 
also available to graduate students on an ad hoc basis. However, the 
vast majority of the extensive and highly decentralized computing 
resources at MIT historically were devoted to research-related activ­
ities. This strong research orientation inhibited extensive exploration 
of computing as an integral part of instruction. 

Late in the 1970s, some faculty members began to be concerned 
about the computational resources available for education, especially 
for undergraduate education. At that time a student could complete 
a four-year curriculum in engineering or science without ever using 
a computer. There was general acceptance of the idea that, in order 
for MIT to be a first-class educational institution, it had to have a 
first-class educational computing system. Various committees ex­
amined the question and agreed that improvement was necessary. 

Identifying the Vision 
The earliest document pointing out the need for a campus system 
like Athena probably was the report by the Ad Hoc Committee on 
Future Computational Needs and Resources at MIT IDcrtouzos 781. 
The report was submitted initially in September 1978 and published 
in final form in April 1979. Chancellor Paul Gray and Provost Walter 
Roscnblith had established the committee "to consider the long 
term needs of MIT and ... make recommendations for the evolu­
tion and development of information-processing resources at MIT." 
The committee was chaired by Michael Dertouzos, Director of the 
MIT Laboratory for Computer Science (LCS). Although formally 
charged to take a five-year view, the committee decided to take a 
ten-year view. 

It became evident to the committee that information processing 
technology was changing as rapidly as potential applications. More­
over, computing was (an 1 still is) a capital-intensive activity. Thus 
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MIT needed to develop a strategy that would efficiently and effec­
tively use its capital investments in this technology. The committee's 
report was remarkably accurate in forecasting the nature of the on­
coming technology, although somewhat optimistic about the time 
frame. 

In 1979, MIT was spending about $10 million per year on com­
puting, divided among 

• education (6 percent); 
• research (57 percent); 
• administration (21 percent); and 
• outside users (16 percent, cost recovered). 

As the educational use of computing at MIT in 1961 had been 30 
percent, its share of reS{'lirces had dropped substantially over the pre­
ceding 17 years. In 1979, the largest single user of educational com­
puting resources on a per-student basis \Vas the Sloan School of Man­
agement at $210 per student per year. The largest machine on 
campus had a performance of 3.5 million instructions per second 
(MIPS), and the total processing power on campus was about 20 
MIPS. (Exactly ten years later, Athena alone had .2000 MIPS of pro­
cessing power, and an individual workstation can have 27 MIPS of 
processing power.) 

The 1979 report stated that 

The use of instructional computing at MIT is not perceived as leading our peer 
institutions ... and is characterized by restricted access and high costs. On 
balance . . . we are not where we should be: our present path does not lead 
where we should be headed; and ... MIT's overall use of information pro­
cessing can not be characterized as pioneering. 

The report went on to forecast-rather accurately-the advent of 
office automation and campuswide local area networks usmg glass 
fiber, graphics, facsimile, digital voice and image transmission, and 
personal computers. For 1989, it forecasted that 

Students may very well use their several thousand personal machines and other 
ports to review course material, solve homework problems and submit them, 
simulate experiments, text edit theses and reports, prepare graphs, perform bib­
liographical searches, communicate via the campus electronic mail with fellow 
students or with instructors, or even with students at other institutions, find 
out what goes on throughout MIT, and check their registration. Faculty may 
use their personal machine or terminal to do their own research, prepare course 
material, to disseminate it to students, to review the work of students, 
colleagues, and administrators in a paperless fashion, to maintain their appoint­
ments and phone number databases, and to monitor aggregate class parameters 
or individual student progress. 
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The report forecasted the performance of future personal com­
puters at about "today's medium-sized computers (i.e., 1 MIPS) at 
an average price of $'.WOO by 1989." Most of these predictions have 
come true in about the time forecasted, although the hardware is 
faster and cheaper (in constant 1978 dollars) than forecasted. The re­
port recognized the power and importance of decentralization and 
networking, about which it says: "The recommendation to establish 
the MIT network is the heart of the MIT plan t<.>r int<.mnation pro­
cessing and communications .... " The ability to make these rec­
ommendations with confidence was a direct consequence of the 
LCS's research on distributed computing proposed to the I )efense 
Advanced Research Projects Agency (DA RI' A) in 197<> and started 
in 1977. 

Specific recommendations of the 1979 report were to 

• establish a campuswide network; 
• establish ten regional centers (of computation) within MIT; 
• acquire new resources of five medium-scale computers and 400 

terminals; 
• initiate experiments in education, office automation, graphics, 

personal computers, computerized classrooms, mixed media, 
and library use; 

• establish a standing faculty committee for information process­
ing; and 

• establish a "Czar of Information" at MIT to coordinate com­
munications and computing. 

The recommendation of establishing the ''czar of informarion" was 
implemented after Athena was started, with the appointment of Pro­
fessor James Bruce of the Electrical Engineering and Computer Sci­
ence department to this position (later this position \Vas elevated to 
Vice President oflnformation Systems). With this one exception, the 
report did not lead directly to action. However, the problems and 
concerns continued, and the report identified formally for the first 
time the need to take action. 

(Much later, most of the committee's recommendations were 
carried out because of pressure from the faculty, largely within the 
framework of Athena. The incremental cost of carrying out these 
recommendations for the first five years starting in 1980 originally 
\Vas estimated at $1.(i million. When the Athena project did start in 
earnest in 1983, the actual incremental cost for the first five years was 
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about $70 million. The cost incr\.·ase in large measure represented the 
premium required to obtain a leading-edge system.) 

Initiating Action 
The deficiencies of MIT's instructional computing environment be­
came increasingly apparent in Lhe early 1980s, when the initial wave 
of personal computers began to make computing use for nonnumer­
ical tasks much more common. Various academic departments, par­
ticularly within the School of Engineering, began to recognize the 
shortage of instructionally oriented computing in their annual re­
ports and highlighted the potential benefits that computing might 
ha\'e for impro\·ing the quality of MIT's undergraduate education. 

In 1982, Gerald Wilson, Dean of the School of Engineering, took 
a personal interest in this problem ;md added his considerable influ­
ence to\\'ard den·loping a solution. Wilson recognized the pressing 
need for improvements in the educational use of computers at MIT. 
I krtouzos and Joel Moses, Head of the Electrical Engineering and 
Computer Science department, were the other two members pri­
marily responsible for shaping the vision of the project and getting 
it started. 

Wilson had given up hope that anything would be done at the 
Institute kn'l and decided to proceed with a program for the School 
of Engineering. His objective was to provide a first-class computa­
tional environment for undergraduate engineering students, who 
had no access to computers unless they were taking computer science 
subjects that specifically provided system access. 

Wilson convened a committee to meet on long-range planning 
on Cape Cod in October 1982. Moses had done considerable work 
in putting together a position statement and n:commendation 011 the 
use of computers in education at MIT. He was allocated 30 minutes 
at 8:00 P.M. to present the report, but discussion became so spirited 
that it continued for three hours and involved all the participants. 
The intense interest was fueled by announcement of the agreement 
between Carnegie-Mellon Uni\'ersity and IHM for dn·dopmuH and 
support of the Andrew system the previous week. The major rec­
ommendation of the meeting was to move forward on educational 
computing. 

Wilson called another highly important meeting in November 
1981 in Concord between I )igital and MIT I )igital \\.\:-- represented 
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by Gordon Bell (Vice President of Engineering) and Sam Fuller. Wil­
son made it clear at that meeting that MIT wanted an educational 
system, not a general purpose system to support all campus com­
puting. At the meeting Dcrtouzos and Moses agreed to draft a pro­
posal for potential sponsors, which was later accepted by Digital and 
IBM virtually unchanged. At this meeting the concept of "coher­
ence," which was to become so important later, was first developed. 
Dertouzos and Moses sat in Dcrtouzos' car where they discussed al­
ternatives for implementing coherence. 

As a result of the Cape Cod meeting and subsequent work, Wil­
son assembled an ad hoc group of faculty members in late 1982. This 
group worked to identify the types of applications various faculty 
members wanted and to establish the requirements for an instruc­
tionally oriented computational environment that would ser\'e in­
structional needs in the 1990s. The most significant findings of the 
group were: 

1. An extremely large and diverse set of potential applications of 
computing existed in the MIT undergraduate curriculum. These 
ideas involved increasing the use of computing not as surrogate 
for traditional teaching modes, but rather to expand the scope 
and depth of the curriculum. Ideas included use of computcr­
aided design tools, the development of "expert tutors" that 
would provide hints and help in solving problems normally 
posed to students, expansion of the role of numerical solution 
methods within the curriculum, use of digital data acquisition 
and processing within undergraduate laboratories, and the use of 
simulations to allow students to explore complex mathematical 
models of physical and social systems. 

"' The computational needs of the applications the MIT faculty en­
visioned would exceed the power of the then-current generation 
of personJl computers. These applications required better graph­
ics, more memory and computing power, and intcrmachinc 
communication facilities, which were much more characteristic 
of engineering and scientific workstations just recently intro­
duced into the market. 

3. Faculty who developed or used computer applications as part of 
their teaching faced many barriers. One of the most vexing was 
the extreme diversity of operating systems in use on the campus. 
Faculty would often have to rewrite their applications almost 
completely as they moved from one computer system to another. 
In addition, as there was no common computer system on cam-
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pus, faculty would often have to teach students how to use the 
operating system, the text editor, and related utilities. This ne­
cessity either reduced precious teaching time for the subject mat­
ter or increased the workload for the students, or both. The ple­
thora of computing environments on campus also reduced 
program and data sharing across departments. Software devel­
oped by one faculty member was rarely of use to others; instead, 
faculty members were reinventing each others' work again and 
agam. 

These observations led to the recommendation that MIT under­
take a large-scale program to explore the value of an ubiquitous, 
common computing environment. The group concluded that MIT 
needed to devclop the resources that would free the faculty to explore 
the use of computing in undergraduate education on an unprece­
dented scale. In addition, the faculty needed a common comput­
ing rnvironment that provided high pcrfr)[mancc, was accessible 
throughout the campus, and allowed a high degree of source code 
compatibility across diverse hardware platforms. 

Wilson took this proposal to the Academic Council and pre­
sented it to all deans of the Institute. Interest varied from small to 
none, some stating outright that computers did not have a role in 
education. 

The Vision 
The initial concept of what was to become project Athena was to 
implement a next generation networked workstation computing sys­
tem for educational use. The system ideally would be "coherent .. and 
campuswide. It emerged from the 1978 Dcrtouzos report and was 
later articulated by Edward Balkovich of Digital [ Balkovich H'.1 I· In 
fact, the project (unwittingly) advanced the state of the art by two 
generations in a single step. 

The existing state of the art in educational computing was time­
sharing. an approach widely utilized in colleges and uni\'l·rsitics by 
the early 1980s. The next generation, as it turned out, was the stand­
alone personal computer, typified by the IBM PC. thL· Appk IL .md 
the Apple Macintosh. MIT briefly examined this altcrnati\'l· but re­
jected it as not meeting the Institutc's needs. 

The second generation beyond time-sharing was the network of 
workstations. From the beginning, MIT bdicn·d th.it 11ct\\'orking 
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was very important to make the system coherent and to unify the 
campus. An initial set of some 3000 workstations would be owned 
by the Institute and would be deployed in rooms with general access 
around the campus. These Institute-owned workstations would pro­
vide access for students on campus and would meet the needs for 
specialized workstations. Later, when the price of workstations was 
reduced to the target level of $3000 through advances in technology, 
workstations would be sold to students and faculty members 
through the campus Microcomputer Center. The goal was fiJr every 
student and faculty member eventually to have a workstation. Be­
cause there were about 9000 students and about 1000 faculty mem­
bers, the system had to be able to accommodate some 10,000 work­
stations. 

A later policy (not part of the original vision) was to make all 
system software generally available to the academic and industrial 
community at no cost. Although MIT retains O\VnL-rship of the soft­
ware, it allows unlimited use and reproduction without cost if its 
copyright statement is retained in the source code. The first popular 
package to come under this policy was the X Window System. Peo­
ple on any of the common networks (including ARPAnet and 
CSNET) were able to copy source and binary code at literally no 
cost. People who wanted a tape were charged a nominal fee for the 
tape and its preparation, but not for the contents of the tape. The 
same policy was later applied to Athena system software and soft­
ware tools as they became available. 

The applications and instructional software could not be made 
freely available as a matter of policy because the faculty developers 
retained partial ownership in the code. The purchase of these pack­
ages was to be negotiated on an individual basis. 

A vision of what was needed was coming into focus. To take the 
next step, which was not long in coming, resources of considerable 
magnitude had to be found. Meanwhile, an important event hap­
pened at another campus. 

Projl~~t Andrew at Carnegie-Mellon University 
A year before the Athena vision began to become firm at MIT, the 
Andrew system at Carnegie-Mellon University (CMU) had cvolnd 
as its vision of a next generation educational computing system 
!Morris 85]. 
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An important event leading to the implementation of a campus­
wide computing system ac CMU was the creation in 1981 of the Task 
Force for the Future of Computing appointed by President Cyert and 
chaired by Allen Newell. The resulting report [Newell 82] recom­
mended a conscious strategv of decentralizing CMU's computing 
facilities. Each department was encouraged to develop its own facil­
ities for research computalion in contrast to the then-existing large 
centrally managed time-sharing service. The report recommended 
the development of a campuswide local area network that would 
serve as the integrating mechanism for the department-oriented 
computation systems. The task force foresaw a vastly increased com­
putational facility as a major aid to the quality and quantity of edu­
cation delivered. Universal computer literacy was established as an 
important goal for CM U, and easy access to highly reliable com­
putation was identified as crucial to the primary mission of CM U. 
However, the task force pointed out that the use of computing on 
campus would be diverse in nature because of widely differing needs 
by departments, and that use would be highly uneven. 

In 1982 CM U developed a specification for a workstation that 
required 

• 1 million pixels; 
• 1 megabyte of main memory; and 
• 1 MIPS. 

This CMU specification gave rise to the name "3 M" workstation. 
The target price for this workstation was $30()(1. CM U requested 
proposals from computer manufacturers to help develop and support 
this system, which they named "Andrew," after Andrew Carnegie 
and Andrew Mellon. (Recent advances in hardware technology ha\·c 
now advanced the "3M" model to the "60 M" model, with 27 MIPS 
of processor speed, 3'2 M bytes of main memory, and (still) I million 
pixels of display resolution.) 

The Andrew system was created out of the vision established by 
the Newell report, and is now one of the largest and most successful 
advanced campus computing systems. Currently, all incoming fresh­
men at CMU participate in a computer skills workshop to learn 
Unix and the Andrew system. 

Digital had many and long-term tics to CMU. Many of its 
top technical people had spent time there, either as students or on 
the faculty. These included Gordon Bell, then Vice President of 
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Engineering, Samuel Fuller, Vice President of Research, and William 
Strecker, then chief architect of the VAX system and later Vice Pres­
ident of Distributed System Software Development. John Mc­
Credie, later Director of External Research for Digital, had been Vice 
Provost for Information Services at CMU. Digital submitted a rel­
atively generous proposal to CMU for the Andrew system. Thus it 
came as something of a shock when CMU selected IBM as its exclu­
sive partner for the project. 

Not long after CMU selected IBM for Andrew, MIT opened 
discussions with several vendors regarding its envisioned system. If 
there is one school with which Digital has closer tics than CM U, it 
is MIT. Kenneth Olsen, founder and president of I )igital, graduated 
from MIT and worked in its Lincoln Lab. Olsen is also a lifi.· member 
of the MIT Corporation (its "Board of Trustees"). Digital had sold 
the first products it developed to MIT. The institute became an im­
portant customer, and a strong 35-year relationship developed be­
tween Digital and MIT. Following Digital's failure to win a rok in 
the Andrew contract, Fuller was determined to find a suitable uni­
versity partner to work with on what workstation systems should 
become. The MIT Athena proposal came at the right time. 

The objectives of Andrew and Athena were quite similar: the 
support of educational computation, especially fi.n undergraduates. 
This computational support was intended for all students, not just 
science and engineering. The means for meeting these objectives 
were also rather similar. In both cases the plan was to deploy work­
stations interconnected by a campuswide network. A number of 
workstations would be public, in workstation rooms with general 
access. However, the largest number of workstations would be 
owned by students and faculty. The CMU plan was to require all 
students to purchase workstations. 

Obtaining Sponsors 
MIT clearly lacked the financial resources to meet its computing 
goals without major outside assistance, so it sought computer man­
ufacturer sponsors. MIT generated a list of potential sponsors, in­
cluding its long-term partners Digital and IBM. Dcrtouzos led the 
MIT team that nq~otiatcd with potential sponsors. In late 1982 Lou 
Branscomb ofIBM attended ajoint IBM-MIT research meeting and 
heard Dcrtouzos report on the growing MIT /Digital potential and 
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the prevalent MIT view tint IBM would not support the project 
because it was supportmg Andrew at CMU. Branscomb indicated 
that this did not have to be the case: that CMU could be viewed as 
doing system development and that MIT could focus on educational 
applications. In parallel in October 1982, Alan Weis of IBM con­
tacted Professor Jerome Saltzer of MIT to say that IBM was inter­
ested in pursuing a prnjeLt at MIT similar to Andrew. Although oth­
ers at IBM opposed entry into Athena, Herb Schorr and Ralph 
Gomory supported the idea and were instrumental in I BM 's ultimate 
decision to join the project. 

Late in December 1982, the MIT team met with the top man­
agement of IBM at Armonk, New York, to obtain a briefing on 
product plans and to discuss a relationship for the educational com­
puting initiative. At about the same time, Gordon Bell, Vice Presi­
drnt of Engineering at Digital, contacted MIT and proposed a sim­
ilar joint initiative. 

Fuller had numerous meetings with Dertouzos to develop a 
rough outline of a proposal that would be acceptable to both Digital 
and MIT. Fuller took the proposal to the Operations Committee (the 
highest level committee in Digital), where he argued the case for 
timding the MIT project. He also went looking for one or two other 
comparable university projects that could be funded, convinced that 
1982-198.3 was critical as universities began moving to workstations. 
Withour such a university relationship Digital had no solid position 
in this major move. In the months before and after May 198.3, Fuller 
more than anyone else at Digital worked to get a project of this mag­
nitude off to a productive start. He spent considerable time review­
ing system alternatives, calling and attending meetings at MIT, and 
initiating early activities. He spent much more effort on getting this 
project started than on any other university project before or since. 

The early approach was much more limited than the system that 
later developed. The initial concept was that the system be limited 
to the School of Engineering and obtained from a single ve;1dor. The 
system was seen as a turnkey procurement from the vendor. It later 
turned out that a staff of more than 70 was needed to develop, de­
ploy, and operate the Athena system. Fortunately, MIT had exten­
sive experience in developing and operating large systems. MUL­
TICS had been a much larger project than the system proposed, 
employing up to 75 professional programmers for seven years. 

Dertouzos and Moses developed a white paper on educational 
computing in December 1982, which was to be submitted as a 
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proposal to potential sponsors. The paper, \Vhich summarized many 
of the earlier discussions, also broke new ground in several areas. 
The major issues addressed were 

• educational aspects of the system, including analysis, synthesis, 
and instrumentation as elements in the education process; 

• design of the system, describing the campus communication sys­
tem and the network of workstations and servers; 

• coherence, defined to include operating system, network proto­
cols, programming languages, data formats, and intercommun­
ications data; and 

• schedule and cost. 

The educational, technical, and coherence aspects of the system 
described were relatively close to those ultimately impkmrntcd. The 
cost to MIT was also accurately estimated. The schedule was over­
optimistic by one year (it took six instead of five), and the hardware 
cost was overoptimistic by perhaps a factor of 2. However, neither 
of the potential sponsors had workstation or commtmications equip­
ment that met the needs of the project at the time the paper was 
written. 

The proposal was sent officially to a number of potential spon­
sors, including Digital and IBM, on January 5, 1983. At that time, 
the concept was that only one vendor would be selected to provide 
the system. The response to the proposal was far more than the ven­
dor selection committee expected. Instead of the two to four re­
sponses expected, nearly a dozen companies replied with generous 
grant offers. Overall, more than $100 million was offered for the 
project. The unexpectedly large response immediately caused MIT 
to consider a far larger and more aggressive system. 

Digital proposed an initial system using graphics terminals 
(VAXstation lOOs) and ASCII terminals on VAX 750 minicompu­
ters, to be followed by up to 2000 personal computers by t<J84-1 <J8S. 
Other support clements included onsite software engineer support, 
free maintenance, and cash donations. 

IBM initially proposed an approach that consisted of adding a 
32-bit microprocessor card to a personal computer and porting Unix 
to that system. After pursuing that plan for nearly a year, IBM aban­
doned it because by then it did not fit IBM's other workstation prod­
uct plans. IBM switched to a plan of supplying 160 PC/ A Ts with the 
Xenix operating system, a Unix look-alike. The attempt to deploy 
Xenix on the first few PCs made clear a problem that had not been 
previously considered: that Unix in any form is not well suited to 
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mass distribution as it "comes out of the box," because it requires a 
large amount of setup ;111d tailoring for each system. Therefore the 
PCs were deployed using DOS, which could be mass distributed on 
floppies. Meanwhile, the lessons learned from working with Xenix 
were transferred to the main effort of recasting Berkeley Unix so that 
many systems could be deployed and managed by a small staff. Al­
though the PCs Liid not run Unix, their use provided valuable ex­
perience relevant to deploying networked workstations and in man­
aging the distribution of software to them. 

IBM later considered an initial system using 200 Adventure (lab­
oratory) workstations, to be followed in 1984-1985 by advanced 
workstations. This strategy was later replaced by a PC/RT approach. 
One faction within IBM wanted a relatively small program (under 
$6 million), because most of their objectives would be met by An­
drew at CM U. Another f.Ktion wanted a $20 million program with 
up to 2000 workstations. 

Intensive discussions took place between MIT and Digital, and 
between MIT and IBM, over the next month. 

Even at this early time, concern was expressed among senior fac­
ulty and administration members at MIT that introducing comput­
ing into education would detract from the quality of teaching, be­
cause students would confuse mathematical models with reality and 
become further removed from the physical world. Concerns also 
were raised about the cost to MIT. These and similar concerns con­
tinue to the present. At that point, however, two major issues came 
to the forefront at MIT: 

• Should there be one vendor or two? 
• Should the system be confined to the School of Engineering (its 

primary advocate) or extended to the entire Institute? 

They were vigorously debated during February and March 1983, 
while negotiations were being carried out with potential sponsors. 

The argument over the number of vendors was: Selecting two 
would avoid alienating one of MIT's two long-time supporters and 
would double the resources available, but would complicate obtain­
ing coherence. The argument over the system's scope was: An En­
gineering School system would be simpler, but an Institute-wide 
system would avoid a "hodgepodge of i11co111patibk tools with 110 
common base from which we can build." 

The debate on these two issues continued through March 1983. 
Wilson had been a strong proponent of limiting the system to 

Engineering and using only one vendor. His reasons were that 
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limiting the scope would allow the program to move much faster 
and would provide a much more focused solution. However, after 
consultation with others and considerable analysis, he released a pa­
per on March 1, 1983, recommending that the two-vendor approach 
be used for an Institute-wide system. He went on to recommend that 
Unix be used, supporting FORTRAN, C, and LISP "completely 
transparent to the user as to whether he or she is using IBM or DEC 
hardware." Nine days later, Dertouzos (who was attending a meet­
ing in Italy) independently released a memo recommending the two­
vendor approach and Institute-wide deployment. 

Although both Digital and IBM expressed preference for the sin­
gle-sponsor approach, the Wilson committee elected to accept both 
as sponsors. Digital would be responsible fr>r supporting the School 
of Engineering, and IBM would be responsible for supporting the 
rest of MIT. Both Digital and IBM finally were convinced to accept 
this arrangement (after some complaints), ultimately agreeing that 
the multivendor approach would significantly benefit MIT and both 
vendors. The Wilson committee also decided to make the system 
Institute-wide, to achieve commonality in the educational approach 
for all students. 

These recommendations were forwarded by Wilson to MIT 
President Paul Gray. The recommendation was reviewed by a sub­
committee of The (MIT) Corporation, the highest level policy-set­
ting group within MIT. This subcommittee agreed that the system 
should be Institute-wide, not just for the School of Engineering. Be­
cause Digital had already made commitments to the School of En­
gineering, the subcommittee decided that Digital would supply 
workstations for the School of Engineering and that I UM would 
supply workstations for the rest of the Institute. This decision was 
later to prove unnecessary; Digital and IBM equipment was mixed 
in all schools depending on technical requirements and products 
available, not by vendor. 

A Coherence/Technical Committee, chaired by Professor Moses, 
was established in June 1983 to determine the technical direction of 
the project. Coherence was an extremely ambitious goal, because no 
one had ever before solved the problems of getting all applications 
to run on subsystems of such great incompatibility. The early meet­
ings determined that the software environment should be based on 
Unix, Emacs, Scribe, C, FORTRAN, and LISP. The approach was 
to establish a standard environment that was to be the same on all 
hardware platforms (described in detail in Chapter S). Ultimately. 
this approach was to prove extremely successful. 
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One of the most difficult problems in any project is selecting the 
name. All manner of Greek, Hebraic, and other names were pro­
posed but rejected. Ultimately, Professor Chris Chrysostomidis's 
wife proposed Athena, the Greek goddess of wisdom, which met 
with strong acceptance and was approved. Subsequently, Michael 
Dertouzos purchased a number of brass owls (also a symbol of wis­
dom) in a flea market in Athens and brought them back for the par­
ticipants in the process. One of the brass owls was used as the model 
tCJr the Athena logo, and the tradition of using names of Greek deities 
for elements of the Athena system has continued to the present. 

Commitment to the ProjeC"t 

MIT executed bilateral arrangements with Digital and IBM. These 
arrangements were simultaneously announced to the news media 
amid great fanfare in May 198.3 as Project Athena. The partners were 
committed to the project! 

The Athena academic-industrial partnership was one of the first 
of its type. IUM and Digital provided extensive grants of hardware, 
maintenance, staff support, and software. The value of these grants 
for the first five years (with hardware valued at list prices) was ap­
proximately $50 million. MIT undertook a major fund-raising cam­
paign for $~() million to fund curriculum development and the MIT 
portion of the Athena statl bringing the total to $70 million. In ad­
dition, space renovation expenses associated with installing Athena 
facilities around the campus, the costs of networking the campus, 
and overhead expenses were borne by MIT. However, the project 
took longer and cost more than the original estimate. After an eight­
year life, in June 1991, about $10() million will have been spent. The 
combined resources of MIT and its industrial partners make ir the 
largest educational initiative ever undertaken at MIT, and ckarly one 
of the largest academic computing efforts in the world. 

All intellectual property created by Athena is owned by the In­
stitute, including the work of industrial staff residrnts at MIT. All of 
the Athena work is done in the traditional university style of open 
research with the intent of making the results available to all inter­
ested parties. 

Because the project at that point was seen as largely off the shelf 
with minimal development, expectations of early i11stall.1tio11 ;md use 
were high. Highly visible press a1111ornH:cmc11ts \\"ere 111.1dc by MIT. 
along with Digital and IBM. The initial press release that fanned 
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expectations is reproduced in its entirety in Appendix VI. The mag­
nitude of anticipated benefits of the project were widely described in 
person and in the media. Some faculty members believed that within 
a frw weeks they each would have a fully functional workstation on 
their desks and that students would have universal access to this new 
and wonderful tool. Athena was off and running, but the seeds of 
problems soon to emerge had already been planted. 



TWO 

From Vision to Reality 

As with every large project, the initial euphoria of getting funding 
for Athena soon gave way to the harsh realities of implementation. 
The vision of a single campus system that would serve all students­
from Electrical Engineering to Music Appreciation-was based on 
the use of workstations. However, neither vendor had one that was 
shipping as product. Although the commitment was to a "coherent" 
system, in which any program could run at any workstation, the 
way to achieving that coherence had not been demonstrated, and the 
two vendor architectures were highly incompatible. Similarly, meth­
ods for managing 10,000 user accounts in a workstation environ­
ment, to say nothing about the logistics of deploying thousands of 
workstations or software to support them, had not been developed. 

These risks were known at the start of the project. Much more 
dangerous in any project are the unknown or unrecognized risks, 
which certainly was the case with Athena. The major unrecognized 
risk was the chasm between what the users and developers expected 
could be done and what the available tcclmology couid support. MIT 
and the two sponsors believed without question that the technology 
available at that time would allow project implementation in a few 
weeks or months and that the resulting system would provide the 
network transparency and functionality desired by the users. The 
users believed, based on the information released and imagining 
the kinds of functionality that they would like to have, that in a few 
weeks a new and powerful tool would be available for their use. In 
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fact the technology available at the time prevented the system from 
ever meeting the initial expectations, and only through a major four­
year development effort could the difference between expectations 
and reality be reduced to a manageable size. 

Major Goals and Strategies 
The central goal of Athena was to explore the application of a unified 
network of high-performance computer workstations within the 
MIT curriculum. Achieving it required efforts directed toward three 
major subgoals: 

1. fostering and supporting innovative uses of computing in edu­
cation by the MIT faculty; 

2. designing and implementing a new computing environment to 
serve MIT's educational needs well into the 1990s; and 

3. constructing and operating a computational facility distributed 
across the MIT campus of sufficient scale to make educational 
computing an accessible utility. 

The main strategy adopted to meet the first subgoal of encour­
aging the innovative uses of computing in the MIT curriculum was 
to draw on the traditional source of innovation within the university: 
the faculty. Athena explicitly adopted a "bottom up" approach to 

educational computing applications, allowing interested faculty 
members to exercise wide discretion in how computation would be 
used in the curriculum. 

The centerpiece of this strategy was to provide the financial, 
technical, and computational resources that the faculty needed to ex­
plore ways of using Athena in the various subjects taught. Athena 
operated an internal grant program in which faculty members and 
students could request funding and access to computer resources for 
educational projects. Faculty/student committees reviewed these 
proposals biannually. 

An important part of the vision of the system was "coherence." 
Colicrc11ff in this context meant that Athena should act as a unifying 
mechanism on campus, providing communication and facilitating 
the sharing of all kinds of information, including programs and data. 
In a narrower sense it meant uniformity of user interface, applica­
tions software, and software development environment independent 
of the type of hardware being used. One purpose of coherence was 
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to reduce the Jtnount of development, documentation, and training 
necessary. Another was to minimize the support cost necessary for 
the MIT-developed software. 

The workstation requirements were 

• 1 million instructions per second (1 MIPS); 
• 1 million pixels; 
• main memory adequate to run Berkeley Unix; 
• hard disk of 40 MB; 
• local area network interface (Ethernet or token ring); and 
• nlOUSe. 

The 1-million pixel requirement was established to provide adequate 
resolution for visualization of complex diagrams, schematics, and 
other graphic-intensive representations. It was also based on the be­
lief that a windowing system would soon be forthcoming, which 
would require something approaching 1 million pixels. The initial 
estimate for the main memory requirement of Unix was 1 MB. By 
1990 this requirement had risen to 6 MB and was still rising. The 
hard disk is used primarily as a swapping store to minimize paging 
traffic. Relatively little system code and no private files are left on 
the hard disk between sessions in order to maintain integrity. 

Affordability was interpreted to mean that the steady-state op­
erating cost should not exceed 5 percent of tuition. The operating 
cost of the system includes 

• operation and maintenance of MIT-owned servers and networks; 
• training; 
• software development; 
• software maintenance; 
• documentation; and 
• consulting. 

Strategic Decisions 
The project team spent considerable time late in 1983 and early in 
1984 reviewing other large educational computing systems, includ­
ing Dartmouth, CMU, Berkeley, Cornell, Stanford. and Stevens. 
The team also held discussions with staff members of the LCS. These 
sessions were to prove important in evolving the ultimate design of 
Athena. 
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Project management made a number of strategic decisions that 
dictated the course of development. Some of these decisions were 
made explicitly, some implicitly. Many limited the developmental 
effort required to implement the system, as inability to maintain 
schedules ran head on into considerable pressure to meet the expec­
tations of potential users. The strategic decisions included the fol­
lowing. 

• The project was set up outside the established campus computing 
organization. The reasons were to create a new educational com­
puting group, to facilitate the hiring of needed skills, and to al­
low the new project to move quickly without upsetting ongoing 
campus computing activities. 

• The concept of coherence was emphasized, providing a single, 
homogeneous computing environment that would minimize de­
velopment, training, and support costs. This single, homoge­
neous environment would meet most, but not all, of the educa­
tional computing needs. 

• The number of operating systems, languages, and application 
packages should be minimized. 

• Relatively powerful hardware and software modules with good 
growth capability were preferred over simpler packages that 
might be easier to use in the short term but which did not have 
growth capability. Thus Unix was picked over DOS, "C" was 
picked over Basic, and workstations were picked over PCs. 

• The operating system had to be available on both the 1 )igital and 
IBM workstations in order to maintain coherency. DOS and 
Unix were the contenders. Because DOS lacked the features nec­
essary to support the multitasking capability required of the sys­
tem, Unix (specifically Berkeley Unix) was selected. Berkeley 
Unix was not available from either Digital or IBM. The version 
for Digital hardware was available from Berkeley, and IBM 
ported a special version of Berkeley Unix within its Academic 
Computing Information Systems organization for the RT /PC 
workstation. 

• Management of the system would be centralized in Athena, 
rather than being decentralized to the departments. 

• The system should be deployed quickly, so that work on instruc­
tional software could be started early. 

• To maximize the speed with which workstations could be de­
ployed, they should be put in public areas with access open to 
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all. There would be some department deployment, but that was 
not a strategic goal. 

• Athena would be used initially for undergraduate computing but 
not graduate computing or research. This decision was made be­
cause undergraduates had the least access to computers, whereas 
graduate students often had access to the computers used in their 
research work. When significant numbers of workstations were 
available, the plan was to extend the use of the system to grad­
uate students and researchers (who wanted it). The assumption 
was that partitioning use in this way would be possible to a rea­
sonable extent. 

Once the system was available, the teaching faculty would be ex­
pected to turn their considerable energies toward developing instruc­
tional software and make "a thousand flowers bloom." 

Start-Up 
With commitment to the v1s1on in place and two major vendors 
signed up, implementation began. Implementation involved three 
major phases: 

• installation of a relatively conventional time-sharing system dur­
ing 1983-1985; 

• installation of the workstation network during 1985-1988; and 
• improvemcnt of the stability and reliability of the system and a 

significant increase in the number of installed workstations dur­
ing and after 1988. 

At first the project shared offices with the Information System 
group. Meetings were immediately started with the faculty to deter­
mine system needs and requirements. The previous experience with 
MULTICS had a major influence on attitudes. MULTICS had 
mixed development and production activities on the same system. 
As a result the system was not as stable as desired by the people using 
it as a production system and not as flexible as desired by people 
carrying out research and development. Many long discussions en­
sued on how to balance stability and development in the Athena 
project. The Computer Science department advocated an active re­
search program, with emphasis on experimenting with problems of 
scale. Those intending to use the system for pedagogical purposes 
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opposed research and experimentation because it would lead to 
instability. The advocates of instructional use won; their views 
were adopted as policy, and the Computer Science people left the 
project. 

Early management of the project was by committee. The com­
position of the committee was very fluid, however, so consistent 
progress was difficult. In October 1983, Dertouzos released a memo 
identifying the project's management problems, including lack of 
visible structure, inadequate communication with Computer Sci­
ence, lack of a technical plan, lack of credible leadership, and tension 
over the technical approach. 

These concerns led to a demand for a full-time project leader. 
Steve Lerman, a Professor of Ci vii Engineering specializing in trans­
portation, who had been an early leader in development of the proj­
ect's vision and implementation, agreed to be its leader. He was ap­
pointed Project Director in December 1983, and led the project 
through its first five, very difficult years. 

When Athena began, there were perhaps fewer than 20 Unix sys­
tems on the MIT campus, which made staffing of the project rela­
tively difficult. Those involved in the project saw the software task 
as primarily one of installing and using a standard Unix system. 
(Later events revealed many problems with conventional time-shar­
ing Unix when it is used in a large workstation network. These 
shortcomings required 2-3 years of intensive software development 
to correct.) 

In order to get some computing power in the hands of students 
and faculty quickly, the project committee decided to deploy a rela­
tively conventional time-sharing system based on 50 VAX 111750s. 
This time-sharing system would provide computational resources to 

the students and faculty while the workstation system was being 
completed and deployed. It would also get them used to Unix and 
would buy time for Athena to hire a staff and create the infrastructure 
necessary to develop and support the workstation system. 

Each 750 typically had four VT100 (ASCII) terminals and two 
VAXstation I 00 graphics terminals attached to it. Each system had 
4 M bytes of main memory and about 750 M bytes of mass storage. 
Groups (called clusters) of 750s were installed in five buildings. The 
machines that supported the terminals were called rlil'11t -'}'St1'111s. Each 
cluster also had a server system, which was used for backup and had 
nearly 200 M bytes of mass storage and a TU78 tape unit. 

Digital was determined to move quickly and generously in sup­
port of Athena to maintain its position as a major player. The Digital 
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effort \\·as kd by Ed\\",1rd lhlko\·ich of the External Research Pro­
gram. \\"orking clo..;cly ,.,.Eh Sdmud Fuller. Digital J.nd MIT roched 
conceptual agreement on the equipment and sofr\,·are needed. and 
large ,mwunts of timL·--,haring lurd\\·,ue \\"CrL' shipped by Digital to 

Athena in the summer of 1983. 
In keeping with the tradition of Greek names for Athena system 

components, the time-sharing systems had the names of Zeus, Hera, 
Hades. Athe1u !.ill in onL' buikiing1. :\pullo. :\phrnditL'. ArtL·mis !all 
in another building;. ,mJ C..:lurnn 1,1-,signL·d to SIPB1. Other system 
names were Paris, Priam. Jason, Theseus, Helen, Castor, Pollux, 
Odysseus, Agamemnon, and Orpheus. 

The instructional software for any individual course was sup­
ported initially on only one or two of the time-sharing systems, so 
a student taking a course could use only the systcm(s) that supported 
that particular course. At a later stage. the student could log onto the 
correct system from any terminal in the same cluster. 

Students not enrolled in a class that used Athena were limited to 
using the cluster in the Student Center. One reason for this policy 
was to intentionally skew the heavy load of general use away from 
systems being used as critical parts of courses. The Student Center 
cluster often was very busy \vhik other clusters were virtually idle. 
However, the lack of a network file system precluded any other ar­
rangement. This problem intensified when workstations arrived, be­
cause the software treated each workstation as a main frame and the 
fraction of systems that supported any particular course became 
smaller. 

The initial version of Unix installed was a test version of Berke­
ley 4.2. Unfortunately. this operating system was not very stabk 
(not surprising since it was a test system). The Scribe text formatter 
and the Emacs editor from CCA were standard on every system. 
The systems were booted from the 10 M byte removable RL02 disk. 
with the remainder of the software then copied over the net. 

Installed during the last half of 1983 through 1984, the time-shar­
ing system steadily increased in capability. The entire system was 
developed, installed, and made operational by the spring of 1985. a 
little less than two years after the start of the project. 

During this time period, the importance and magnitude of the 
site planning task became evident. Site preparation (power, air con­
ditioning, and lighting) proved to be quite expensive and took con­
siderable time. As with most colleges and universities. space at MIT 
was in very short supply, and Athena often could get only low-qual­
ity space that required extensive renovation. 
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Trying to put computers and modern networking in buildings 
75 years old proved to be relatively difficult; drilling holes through 
several inches of concrete, for example, took considerable time. The 
management task also was difficult, involving many decisions and 
tasks-and several different campus organizations, each of which had 
different (and often conflicting) priorities. 

Overeoming Early Shorteomings 
By early in 1984 the many shortcomings of the standard Unix in a 
workstation network environment were obvious. Several projects 
were started to correct these deficiencies in the belief that a few ad­
ditions to the system could make it viable. These projects included 
work on a 

• distributed file system; 
• remote procedure call (RPC); 
• authentication server; and 
• window system. 

As the shortcomings of Unix became increasingly visible, the 
need for better technical direction of the project became evident. F.1c­
ulty leaders determined that Professor Jerome Saltzer was the best 
person for the job, on the basis of his personal capability and his 
many years of system experience on MULTICS. He was convinced 
to join the project in late 1984. 

After a detailed review of the current status of the project and the 
nature of the task that lay ahead, Saltzer initiated a design of the 
complete system. Equally important, he stopped some software 
projects, relying on the industry to provide acceptable solutions. 
Digital was made generally responsible for the system software, and 
IBM was made generally responsible for applications software. 
Reevaluation of priorities resulted in termination of the distributed 
file system and the RPC and emphasized the authentication server. 
Steve Miller of Digital and Cliff Neuman of MIT began work on the 
authentication server in earnest in the spring of 1985. 

The first nonvendor software installed on Athena and available 
to users was the On-line Consulting system (olc), installed in the 
spring of 1985. This soft\\'are was developed by the system consul­
tants to improve the answering of questions from users. Over the 
years it became highly popular and successful, eventually answering 
some 12,000 questions per semester. 
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This period of time also was productively spent in building an 
organizational infrastructure. An organization usually develops a 
definite "culture," and Athena was no exception. Among the impor­
tant resources of the project were the students hired in considerable 
numbers during the summer. The students who worked in system 
development were called "watchmakers." The name, coined by 
Dave Grubbs, was taken from characters in Mote in God's Eye by 
Niven and Pournelle. The "watchmakers" in the book were tiny 
people who would fix things when no one else was looking. The 
students who worked in operations were called "droogs," the name 
selected by Alix Vasilatos from the movie Clockwork Orange. A third 
group, called "gremlins," was assigned to "cluster patrol" to make 
sure that all of the workstations and printers are operational. 

Arrival of Workstations 
The first workstations began to arrive late in 1984 (VAXstation ls). 
Their delivery forced the first serious consideration of the require­
ments of a workstation system. The project staff quickly configured 
an initial system, and installed the initial vvorkstations early in 1985 
for the staff's use. The first public workstation cluster opened in 
March 1983. Testing and improvement of this system continued 
through the summer of 1983, and the initial dcploymcnt of worksta­
tions for student use followed that fall. Deployment continued ag­
gressively, and, as workstations became more plentiful, use of the 
time-sharing system dropped off. 

The new system software developed for the workstation envi­
ronment ultimately corrected the problems encountered with the 
time-sharing systems. A student could sit at any workstation and get 
immediate access to all files and system services, independent of lo­
cation. All sessions were authenticated, and equipment could be eas­
ily added, moved, or removed from the system. 

TheCruneh 
Ali large projects go through roughly the same stages. The first stage 
is "wild enthusiasm," which Athena experienced during I <JHJ as the 
project obtained significant vendor support and funding commit­
ments for five years. The second stage is "disillusionment," which 
occurs when the true magnitude of the task and the difficulties in 
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accomplishing it become evident. The onset of the second stage for 
Athena was relatively slow, because the shortcomings of Unix in a 
distributed workstation environment became evident only gradually 
during 1984. But when workstations began arriving in 1985, the 
project staff was forced to face the issue of Unix shortcomings in the 
workstation environment. 

Another problem was deployment. During 1985, after worksta­
tion deployment training was complete, the time required for instal­
lation of a workstation was about eight hours. This included the time 
to obtain the hardware from the warehouse, deliver it to the instal­
lation site, unpack it, configure it, connect it to the net, and load the 
software. Although the goal was to install three workstations per 
day, the best that the team could manage was ahout one workstation 
per day. This meant that the deploymrnt fell further and further be­
hind. (Later, better training, tools, and installation procedures re­
duced this time to less than 30 minutes.) 

A serious problem also developed in the system file area. The 
plan from the beginning was to support files by means of a distrib­
uted file system, and development of such a file system was initiated 
early in the project. When Saltzer joined the project, he initiated a 
review of development status and its relation to resources available. 
He also reviewed the efforts underway at CM U to develop its dis­
tributed file system. After considering the magnitude of the dfort 
required and priorities of other needs, he decided that Athena should 
acquire a distributed file system rather than developing one. He 
therefore terminated its internal development, much to the dismay 
of advocates of the project. 

The initial plan called for using an existing distributed file sys­
tem: LCS's Remote Virtual Disk or RVD. Besides its availability, the 
package could support a large number of users per file server because 
most of the processing was done by the requesting workstation. This 
approach worked quite well for system binaries, which were inher­
ently hardware specific, and continues to be used today, although 
with many enhancements. For private files, RVD presented serious 
problems, because it depended heavily on specific machine data rep­
resentation. Thus private files were not network transparent and 
would be accessible only on the system type on which they were 
created. 

About this time, Sun Microsystems developed a proprietary dis­
tributed file system called the Network File System (NFS) and had 
shipped a few copies of it. Saltzer and other staff members reviewed 
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the specifications for NFS and decided that it would meet most of 
Athena's needs for private files. Saltzer terminated work on the 
Athena distributed file system in the spring of 1985, to await the 
public release of NFS by Sun. Unfortunately, public release was de­
layed, bringing into questi(•n whether Sun could complete the release 
and MIT could complete the legal negotiations regarding the use of 
source code in time for full-scale deployment of the workstation sys­
tem in the fall of 1987. Although licensing negotiation took most of 
a year, luck was with the project. The public release was completed 
in time and NFS was included in the initial fi.111-scale deployment of 
workstations. 

The greatest efforts by far were those required to develop soft­
ware to correct the Unix shortcomings in supporting distributed sys­
tems and to develop user interfaces for the nonexpert. The nature of 
the system that resulted from this development is described in detail 
in Chapters 5 and (>. Software development to correct these problems 
continued at a rapid rate during 1986, so much so that the faculty 
and users began to complain about the L·onstantly changing system 
interfaces and the resulting unreliability of the system. The fact that 
the system was constantly improving in functionality was not of real 
interest when it came at the price of unreliability. Because of the 
changing application programming interfaces, software (developed 
by faculty members at great cost in time and effort) that worked 
perfectly the previous semester often would no longer work the 
next. Needless to say, this situation caused many rather strong com­
plaints. 

At that point, the project team realized that it faced a decision 
having serious consequences. One option was to slow development 
to provide more system stability and reliability. The advantage of 
this approach was that it would respond to user demands for more 
stability and reliability in the system. The disadvantages were that it 
would further delay a project that was already seriously late and that 
it would seriously prolong the period of instability. The otber option 
was to "go for broke," and install the needed changes as quickly as 
possible. The benefit of this approach was that it would get the pe­
riod of instability and unreliability over sooner. The drawbacks were 
that it would fail to respond to user complaints and that things \nnild 
get worse before they got better. A major part of improving func­
tionality was to be version 11 of the X Window System. This version 
was incompatible with version 10, and applications developed for 
version 10 would not run with version 11. If only version 10 were 
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supported for another year, many more applications would be de­
veloped that would later have to be converted to version 11. Thus 
early installation of version 11 could minimize the number of appli­
cations that would have to be converted. 

The second option also carried the risk of a major system failure. 
At MIT, as at other colleges, the start of fall semester cannot be de­
layed. If software development and testing were to fall behind sched­
ule, the system might have so many bugs in it that it would be un­
usable at the beginning of the semester. 

After carefi.11ly considering the risks and advantages and consult­
ing \Vith the faculty, project management decided to "go frH broke." 
It was reasonably confident of the software development and testing 
schedule and frlt that there was adequate time for recovery in case of 
delays. They decided to support X version 11 as the primary inter­
face, but version 10 could be invoked t<x compatibility purposes. X 
version 11 was available only in field test form. so Athena mounted 
an intensive testing program to stabilize it as much as possible. 

The system development and release engineering groups were 
increased in size. Starting from a base of about 10 full-time equiva­
lent people, they hired several more full-time staff. The bulk of the 
buildup, however, \Vas with part-time student staff. An effort \Vas 
made to hire every qualified student who could be located, and the 
head count of people in the groups went from 10 to about 40. The 
use of students proved to be very effective. Their quality and quan­
tity of work exceeded expectations, even though they worked 
strange hours and broke most of the "conventional wisdom" man­
agement rules. 

The increased staff allowed the mounting of a major develop­
ment effort during the fall of 1986 and winter of 1987. Testing started 
in the spring and continued into the summer of 1987. Things went 
well considering the magnitude of the task, but there was some in­
evitable schedule slippage. As usual. the schedule slippage was offset 
by reducing testing. In a system of this size, problems of scale be­
come evident only under heavy load testing. With Athena, adequate 
load testing the system to support 10,000 users with a staff of two 
dozen part-time testers was impossible; reduced testing time made 
the potential problems loom even l.irger. Moreover, because of the 
strict limitations on budget typical in the university environment, 
this buildup of system soft:wan.· staff caused some serious shortages 
in other project areas, such as user services. 
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The Gamble Pays Off 

Labor Day 1987 arrived and fall semester started. The system looked 
relatively good, but the m:my unknowns due to the n:duced testing 
period caused considerable anxiety. In the first few days of the term, 
several thousand students arrived and logged in, about 1000 for the 
first time. Many bugs and load-related problems immediately be­
came evident but were fixed quickly. As the load built up over the 
first few days, the <:yscem exhibited many signs of stress, but it held 
together and performed acceptably. Bug fixing continued at a high 
rate as problems became evident, and performance continued to im­
prove. Athena management had won the major gamble that it had 
taken. 

The benefits expected also paid off. The applications program­
ming interface stabilized, ,is did the user interface. All new applica­
tions were written for X version 11, minimizing the number of ap­
plications that had to be converted. Over the next year, the system 
continued to be stable and increasingly reliable. As a consequence, 
the start of fall semester 1988 was very smooth, with no m;~or prob­
lems. 

Earlier analysis had shown that users greatly preferred the 
workstation over the terminal. As more workstations became avail­
able, terminal and time-sharing usage dropped off substantially. 
Therefore in the fall of 1987 the time-sharing service was terminated, 
and the minicomputers supporting the time-sharing system were 
converted to file servers for the workstations. The cutover was very 
smooth, and frw complained about the time-sharing system being 
turned off. 

Because money was a finite resource and because of a big staff 
buildup to meet the needs of the start of f.1ll semester, an adjustment 
had to be made. It took the form of a significant staff reduction in 
the spring of 1988, which as always, was relatively painful for all 
involved. 

Over the next year, the emphasis changed from system devel­
opment to productivity aids and deployment. Applications such as 
MATLAB were installed, greatly helping both users and application 
developers. 

Late in 1988, Bond University in Australia requested that the 
Athena distributed software system be made available to them. A 
team of people was trained on the system, and it was installed in 
February 1989. Thus Bond became the first external university to 
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use the Athena system. Installations at Digital, the University of 
Massachusetts, North Carolina State University, Iowa State Univer­
sity, and IBM were to follow. 

All Students Reeeive Aeeounts 
Prior to September 1989, the policy had been that only undergraduate 
students received Athena accounts. Exceptions were made filr graduate 
students who had a special need, such as taking a course using Athena 
or developing sofrware for Athena. The exceptions were relatively gen­
erous, and about one fourth (1100) of the graduate students had re­
ceived Athena accounts. Early in 1989 Athena management decided to 
add all graduate students to the system that fall. This decision required 
a significant increase in the number of workstations. 

Because of the lack of available floor space, project staff worked 
closely with the MIT departments to find additional space to install 
"department clusters." Although controlled and managed by the in­
dividual departments, these clusters serve as public workstations for 
small communities of users. Existing workstation clusters received 
additional units to the extent possible with the space available, and 
some new clusters were created. A major deployment push took 
place during the second week in September 1989 when nearly 130 
workstations were installed in a three-day period. This high rate of 
installation was possible only because of the great improvement in 
tools and procedures developed in response to past problems. 

All graduate students were given accounts on Athena with the 
opening of MIT in September 1989. Many of the load factors (for 
example, the number of new accounts generated per day) on the sys­
tem doubled with the addition of the graduate students. However, 
response time remained acceptable and the system required no 
changes. Once all the graduate students were added to the system, 
faculty interest in the system increased substantially. Many more re­
quests for workstations were received from departments, with the 
intent of making computing much more of an integral part of teach­
ing and student interaction. 

By the summer of 1990 the Athena system was fully functional, 
stable, reasonably reliable, and performed adequately. Maintenance 
continues, and the industry experience that it takes as many people 
to maintain a system as it does to develop it initially has proven to 
be the case with Athena. 
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Summary 
The following is a summary of the important events 111 Athena de­
velopment. 

1978 

Early 1982 

Early 1983 

May 1983 

May 1983 

September I <JHJ 

December 1983 

March 1984 

November 1984 

January 1985 

March 1985 

September I <J8(i 

September 1987 

September 1987 

September 1988 

February 1989 

June 1989 

September 1989 

Deccm bcr 1989 

January 1990 

Perceived lack of instructional computing resources 

Athena concept developed 

Discussions with potential sponsors 

Agreements finalized with Digital and IBM 

Project announced 

First Digital hardware arrives 

Steve Lerman appointed Director 

First Athena facility opens with time-sharing and some 
PC/ATs 

First workstations arrive 

All undergraduates receive accounts 

First public workstation cluster opens 

First production use of X version 10 

Time-sharing phased out, resulting in pure workstation 
environment 

X 11 put into production 

Earll Murman appointed Director 

Athena installed at Bond University-first external use 

Open Software Foundation grant to test and extend Mot~f 

All graduate students received accounts 

Athena installed at the University of Massachusetts/ Amherst 

1 OOOth workstation installed 





Pedagogy 





Athena as an 
lnstruetional 
System 

THREE 

As stated in the Preface, the purpose of Athena is to improve the 
quality of education at MIT. More specifically, Athena was planned 
to improve the quality of education in nonprogramming courses. 
Programming classes at MIT already had good access to computers, 
and Athena was not needed in that regard. Athena was not intended 
to reduce the cost of education; the MIT priority is quality, not low 
cost. Therefore, in the final analysis, Athena must be judged on its 
success in improving the quality of education at MIT, independent 
of its success as a computational system. Unfortunately, there is no 
general agreement on the criteria for educational success. 

In this chapter we describe the use of Athena specifically in ed­
ucation at MIT and then review some of the more successful instruc­
tional projects that use Athena. Considerably more information is 
available in a 1989 MIT report [Avril 89]. We do not discuss the role 
of the multimedia workstation in instruction here, because we de­
scribe it in Chapter 7. 

Baekground 
Academic computing may be divided into three mam segments: 
administration, research, and education. I listorically, computing for 
these three segments was provided by large time-sharing systems. 
Many universities have uncoupkd administrati\'e c0111puti11g from 
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research or educational computing for security reasons, but until re­
cently they still used the common technology of time-sharing. More 
recently, the price and performance of workstati~--,ns and personal 
computers have made them attractive for educational computing. 

In the early 1980s, when MIT began to give serious attention to 
upgrading its computing facility, many other academic institutions 
were doing the same thing. Various approaches were tried, including 

• time-sharing; 
• microcomputer labs; 
• privately owned (but not required) microcomputers; 
• privately owned (required) microcomputers; and 
• institution-owned workstations. 

Many colleges and universities, perhaps fr>llowing the lead of I )art­
mouth, had been using time-sharing for years. Unfortunately, time­
sharing systems required a large up-front capital investment and a 
large bureaucracy to operate. 

Microcomputers, in the form of personal computers or work­
stations, were clearly very attractive. Entry cost was both low and 
modular, and minimal bureaucracy was involved. Indeed, a depart­
ment could set up a microcomputer lab with no outside help (or 
interference). In some cases, the cost burden was shifted largely to 
the students by encouraging or requiring them to purchase micro­
computer systems. 

The required use of microcomputer systems on a widespread ba­
sis in higher education seems to have been implemented first at 
.Clarkson College in 1983. That year, IBM-compatible personal 
computers built by Zenith Data Systems were issued to every in­
coming freshman as part of tuition. Uy 198(i, all students had com­
puters and about 4500 were in use. All software, much of which was 
developed at Clarkson, was provided at no extra cost, in many cases 
through software vending machines. College databases, including 
course catalogs, were made available through the personal com­
puters. Thus students are able to plan course schedules up to four 
semesters in advance. Communication is provided using TCP/IP on 
NYSERnet, the New York State educational network system. Be­
cause every student has a personal computer, the faculty can take 
their availability for granted, and the students use them extensively 
both inside and outside class. Large-screen projection is accom­
plished by using light valve overlays on overhead projectors. 

Drexel was another early user of personal computers, requiring 
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every student to purchase an A µpie Macintosh. Drexel accepted de­
velopment of instructional software by faculty members as evidence 
of scholarly accomplishment. 

Purchase was encouraged at other institutions, including Carne­
gie-Mellon University (lllJ\1 PCs) and Stevens lnqitute (Digital Pro 
350s). Purchase was often encouraged through discounts and sales 
programs (for ex.unpk, Apple Macintoshes at Dartmouth). A sig­
nificant advantage of personal computers, in addition to cost, was 
the availability of personal productivity sothvare, which was much 
better than software available for either time-sharing or workstation 
systems. 

Even after computer access became available to the students, 
computer use in the classroom was relatively rare. More commonly, 
the student used the computer for personal productivity (word pro­
cessing and spreadsheets) or tlH working home\vork problems. In a 
few instances, the instructor made software available for the partic­
ular course. This instructional software was normally on floppy 
disks, but in a few cases it could be down-line loaded over the net­
work (e.g., at Dartmouth). In networked environments, access was 
often provided to mail. shared printers. library sen·iccs, file transfer, 
and public bulletin boards. 

Enter Workstations 
Workstations have historically been f.lr more powerful than personal 
computers. They have much larger memories, networking capabil­
ity, and 1 million pixels on 19-inch screens, compared to personal 
computers with 300,000 pixels on a 14-inch screen. Workstations 
also tend to use Unix, which is functionally more powerful than 
DOS or proprietary operating systems used on personal computers. 
However, cost is a serious obstacle to the use of workstations for 
education. Workstations are commonly used for reSL'arch. where cost 
is much less important. Only a few institutions, mcluding MIT, haH· 
installed workstations for education on a broad scale-and then only 
if subsidized by the manufacturers. 

Several categories of software must be considered in educational 
computing, including 

• system software, such as Unix, DOS, X Window System, and 
compilers; 
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• personal productivity software, such as spreadsheets and word 
processmg; 

• instructional software, such as for teaching chemistry or physics; 
• tools, such as database management systems and graphics draw­

ing packages; and 
• applications software, such as laboratory data management, data 

presentation, matrix manipulation, and statistical analysis. 

At the time Athena was started, very little instructional software 
was available for personal computers-and essentially none at all for 
workstations. Thus institutions had to develop their own. Since 
then, instructional software has been developed faster for personal 
computers than for workstations, although in many instances the 
instructional software available for workstations is much more so­
phisticated. 

The Computer's Role in Education 
Computers have been used in higher education since soon after their 
invention with varying degrees of success. Although they have failed 
to live up to claims or expectations for improved quality, quantity, 
or cost of education, computers are now used at all levels in educa­
tion. The many pedagogical models for using computers in teaching 
include the following. 

• "Skill and drill" exercises. These are repetitive problems presented 
to the student to encourage memorization of basic facts and 
skills. This method is often used in the lower grades for routine 
drill in arithmetic and spelling. 

• Pro~rammed instruction. In this approach a page or so of material 
is presented to the student, and then several questions are asked. 
Depending on the answers to the questions, the student may be 
presented with new material, the same material again, or reme­
dial material. Athena does not use this approach. 

• General information delivery system. The computer can be used as 
a general purpose information retrieval and presentation system, 
drawing information from public databases, bibliographic ser­
vices, on-line library services, and stored documentation. This 
capability gives the student rapid and efficient access to a wide 
variety of information services. Athena provides some access to 
some of these services and has all user documentation on-line. 
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• Communications system. The computer offers rapid communica­
tion among students, professors, lab instructors, and consultants. 
This capability can greatly improve learning efficiency. Athena 
provides this function through electronic mail and the t11mi11 pro­
gram, which provides for the electronic suhmission, grading, 
and return of homework and greatly speeds up the learning 
cycle. Experience has shown that electronic mail encourages stu­
dents to help each other. The Athena On-line Consultant program 
provides communication between users and consultants on sys­
tem questions. Late in 1989 this program was expanded to in­
clude question answering on course-specific information. 

• Tutoring. Some research projects have shown that the computer 
can act as a "tutor" by delivering customized instruction to the 
student, based on the student's existing skill level and mastery of 
the material. In some instances natural language has been used to 
answer specific questions submitted by the student. Athena has 
not been applied in this way. 

• Simulation. The computer can simulate complex systems and 
thus reveal the relationships among subsystems to provide better 
insight. Athena uses this approach extensively. 

• Laboratory instrumentation. The computer can be an integral part 
of a laboratory experiment: gathering, manipulating, reducing, 
and presenting the data. This use prepares the student for similar 
systems in industry and commerce, where computer-controlled 
instrumentation is common. This model is used in Athena. 

• "Virtual laboratory." This approach is a generalization of com­
puter simulation. However, rather than having the ability to sim­
ulate only one specific system, the virtual laboratory allows the 
student to construct a simulation of a wide variety of systems 
using generalized objects. An example is a virtual physics labo­
ratory, where the student constructs experiments using "objects" 
such as frictionless planes, massless pulleys, and rigid structures. 
Athena is moving toward use of this model. 

• Blackboard replacement. The computer together with a large­
screen display can present impromptu information in the class­
room that the instructor would otherwise draw on a blackboard. 
With the computer, powerful paint and drawing programs can 
be used, along with prestored images, which present more com­
plex and higher quality images than could be drawn by hand. In 
addition, animation, charts and graphs of several varieties, out­
put of simulation, and video can be presented, which simply arc 
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not possible to do by hand. Athena uses large-screen projection 
in the classroom for these functions. 

• Recreation. Recreation can be used as a powerful motivator to 
learn specific disciplines. With Athena, all users must acquire at 
least a minimal knowledge of Unix and Athena-supported ap­
plications software, such as editors and text formatters, in order 
to use the system. At the beginning of each semester, a series of 
minicourses provide students with a minimal capability in sys­
tem use. Students are then allowed to use the system to play 
computer games. The experience with Athena has been that stu­
dents learn a great deal about the system from creating, modi­
fying, and playing computer games, so recreation is viewed as a 
legitimate part of the educational process. 

The University of Illinois and Control Data Corporation funded 
and developed the Plato project-a large initiative in using com­
puters for educational purposes. Students use terminals supported by 
large time-sharing systems. Installation of the terminals anticipated 
the multimedia workstations of today by offering not only text. but 
also graphics and image overlays from a rear-screen slide projector. 
The pedagogical model used in Plato is usually programmed instruc­
tion. Howcn'r, it also includes mechanisms fr>r instruction manage­
ment, that is, to automatically keep track of test scores and course 
grades and to compute averages, deviations, and class completion 
information. 

Although educational software was available during the first few 
years of Athena, it did not meet project needs. Some of it ran only 
on the personal computer, much of it was not available in source 
code (required to customize it to the Athena environment), and the 
rest could not be fully integrated with courses. As a result. the proj­
ect staff soon realized that nearly all of the instructional software 
would have to be written by the faculty. The requirements for the 
instructional software were that it should be implemented in a set of 
modules that could be integrated into a system, be easily modified, 
be usable with projection in the classroom and be usable on work­
stations in a lab or for homework. The staff recognized the need for 
a method of software distribution that could dissemi1ute .md support 
software at an aff(Hdable price to students and faculty members alike. 

The pedagogical models used largely (but not exclusively) at 
MIT rely heavily on simulation, analysis, and computer-aided de­
sign. Instructors make little or no use of the programmed instruction 
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model. Thus. when teaching fluid dynamics. the instructor uses a 
simulation of a \\-ind tunnel, rather than presenting a page of static 
information to the student. Many instructors use computers in their 
courses, and results indicate that computer use is more successful 
when it is closely integrated with classroom activity. 

Instructional software is stored in the network file system in 
"course lockers." These can be attached to the user directory as read­
only files by executing the ,m,;,/z command to make them appear to 
be local to the user's workstation. 

Learning Problems 
A major problem at most colleges and universities before the use of 
computers in education-including MIT before Athena-was that 
disciplines were taught using penol and paper. This technology lim­
ited the kinds of pedagogical approaches possible. Those that can be 
used with pencil and paper generally use "clean" problems with 
closed-form analytic solutions, which is the only kind the students 
learn to solve. However, when students graduate and enter the in­
dustrial and commercial world, they find that the problems are rel­
atively "messy'' and that computer-aided techniques are used. The 
result can be a major discrepancy between what the student learns in 
school and what the graduate needs to know to be successful on the 
job. With Athen.1. computer-aided design techniques cm bL' used in 
the classroom, and many instructors have begun using them. This 
approach reduces the gap between what the students are taught and 
what they need to know. 

An early concern of the MIT faculty was that Athena might fur­
ther separate the student from the physical world, rather than sup­
port the faculty objective of increasing exposure of the student to the 
physical world. However, pencil and paper technology also docs not 
encourage or facilitate contact with the physical world. The use of 
workstations and simulations can approximate this contact and, in 
addition, can allow students to work on experiments that arc either 
too costly or too dangerous to be done in a conventional lab. 

A closely related problem is that of dealing with large amounts 
of data. Typically, many current problems in the industrial and com­
mercial world do not lend themselves well to analytical approaches, 
requiring, instead, extensive data gathering and data manipulation. 
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When students attempt to solve these problems in an academic set­
ting without proper computational resources, they often become so 
overwhelmed by the mass of data to be handled that they lose sight 
of the educational objectives of the task. Also, dealing manually with 
large amounts of data is time-consuming, limiting the number and 
types of problems that students can solve during the semester. With 
proper computational resources students can deal with large amounts 
of data efficiently. They can therefore use their time to best advan­
tage, use techniques that they will need in the workplace, solve more 
problems, and understand better the instructional objectives of the 
problems. 

Without adequate computer support, teaching design is relatively 
difficult and sometimes is made artificially simple to make it tracta­
ble. Therefore instructors tend to teach analysis, because it is better 
supported by available tools. Proper computer support, including 
computer-aided design tools, encourages instructors to teach realistic 
design techniques in addition to analysis and thereby cover the dis­
cipline more completely. 

Two closely related problems in education arc the difficulty that 
many students have in visualizing abstract concepts, in general, and 
the difficulty in translating formulas into intuition, in particular. Use 
of the computer can attack both problems. Many of the concepts 
required in science and engineering are difficult for the student to 
comprehend initially. This comprehension can be obtained more 
quickly through the use of simulation, animation, and graphic rep­
resentation than by presentation of an abstract symbolic representa­
tion of the concept. For example, a student can grasp the meaning 
of a solution to a differential equation more easily if it is presented 
in graphic form than if it is simply presented in analytic form. 
Similarly, the equations representing fluid flow can be more easily 
translated into intuition if the various parts of the equation can be 
related to the physical world through simulation, animation, and 
graphics. 

Students are able to solve more complex problems and examine 
"what if" questions by using Athena. Observation of the use of 
Athena suggests that students like to explore a discipline through 
simulation and that they gain considerable intuition and under­
standing of the discipline from such exploration. They are also 
able to proceed at their own pace, thus promoting individualized 
instruction. 
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Teat.-hing with Personal Produetivity Software 
Perhaps the most common way to use computers in education is as 
personal productivity tc.ols with generic software-a method widely 
used at MIT. Indeed, word processing is the most common use of 
Athena, which causes some to question whether doing word pro­
cessing on workstations is an appropriate use of the system. Personal 
productivity software often used on Athena includes 

• Scribe, a text formatter; 
• Gnu Emacs, a screen editor; 
• MatLab, a matrix manipulation and data presentation package; 
• Hoops, an object-oriented graphics drawing package; 
• La TEX, a text formatter; 
• 20120, a spreadsheet; 
• Macsyma, a symbolic mathematical manipulation system; 
• NAG, a package of numerical algorithm subroutines; and 
• RS/1, a laboratory data management and presentation system. 

At present, Athena staff tries to negotiate for a systemwide or 
sitewide software license whenever possible, so the software can be 
quite expensive. As resources permit, more personal productivity 
software is being obtained. 

Developing and Using lnstru«.-tional Courst.•wart.• 
Faculty members who wanted to use Athena as an integral part of 
their courses could obtain funding and hardware from the Athena 
resource allocation committees (sec Chapter 9). The faculty member 
would develop the pedagogical concept and lay out the general ti.111C­

tionality of the software. Students or professional staff hired for the 
task usually did the actual programming, although in some instances 
the programming was part of a thesis project. 

Funding was made available for the first five years of Athena 
(1983-1988). Pn~ject grants ranged from$'.)()()() to about $1 million. 
and, overall, 125 projects were funded. As might be expected, the 
majority of the proposals and funded projects were from the School 
of Engineering, because at that time about 60 percent of the MIT 
students (although only 30 percent of the faculty) were in engineer­
ing. However, a significant number of proposals and fimded projects 
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came from the other schools, including Science, Architecture and 
Planning, and Humanities and Social Sciences. Indeed, many of the 
more innovative uses of Athena in education came from the non­
cngineering disciplines, including the multimedia workstation, 
which came largely from language instruction. 

Of the 125 projects funded, about one third resulted in software 
that is used regularly in courses, about one third resulted in nothing 
useful, and the rest fell somewhere in between. In retrospect, funding 
fewer projects at higher levels might have been better. The reasons 
for nonsuccess included underestimating the size of the task (often 
by a large amount), using an inappropriate pedagogical model, dif­
ficulties with the system, difficulty in obtaining necessary skills for 
programming (Unix, C, X Window System, human interface de­
sign), and declining interest on the part of the faculty member. 

An applications development group was formed within the 
Athena project to assist course developers and to provide consulting 
in X windows and human interface design and implementation. At 
its peak it had 7-8 people, but the demand for consultation was much 
larger than the group could handle. 

A serious concern on the part of younger, untenurcd faculty 
members is that work on instructional software docs not appear to 
assist them in obtaining promotion and tenure. I kpartments do not 
have a good mechanism for evaluating original contributions made 
in instructional software, relative to more traditional original nmtri­
butions in research. 

At MIT Athena is generally used in the following ways for ed­
ucation: 

• classroom demonstrations; 
• electronic classroom sessions; 
• homework problems; 
• laboratory sessions; 
• personal productivity aids; and 
• submission and return of homework assignments. 

For classroom demonstration, the instructor uses a large-screen pro­
jector to project the image on the workstation screen. Light valve 
projectors can give a 1 million pixel, bright image about eight feet 
by ten feet in size. This display provides an "electronic blackboard" 
capability. The instructor explains the concepts in the discipline with 
the aid of the system, using text, graphics, and animation, perhaps 
with a simulation of the physical or mathematical system. Students 
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can use the same software used in the classroom to solve homework 
problems. This capahilny is especially true of simulation and com­
puter-aided design software. 

The most successful projects have yielded significant educational 
benefits. Among these courses arc 

• scientific and engineering writing; 
• fluid dynamics (Aero-astro); 
• statics (Civil Engineering); 
• thermodynamics (Mechanical Engineering); 
• physiology (Health, Sciences, and Technology; Electrical Engi-

neering); 
• membrane simulation (Electrical Engineering); 
• special relativity (Physics); and 
• infrared spectroscopy (Chemistry). 

Athena Writin~ Projec•t 
One of the instructional software projects in which the system be­
came an integral part of the course was the Athena Writing Project, 
led by Professors James Paradis and Ed Barrett I Paradis 88 j. The 
purpose of the project was to develop an integrated classroom sys­
tem for teaching courses in Scientific and Engineering Writing and 
Expository Writing. Paradis and Barrett teach these courses as a team 
to about 15 upper division students each semester. The method al­
lows a fallback to conventional pencil and paper teaching if the 
workstation system fails. Individuals responsible for developing sys­
tem improvements attend all classes. The classes are open, and ob­
servers are encouraged to attend. 

The components of the system (called the electronic on-line system, 
or EOS) include computerized tools frn editing, annotating. pre­
senting, and filing elements of course writing activities. A closely 
related aspect of the project is the "electronic seminar room," or lab, 
where workstations can be used interactively in the course. The 
committee for writing instructions and computers guided this part 
of the project. Begun in I 983, this activity is quite success ti.ti and the 
system and software get better each semester. 

The approach taken was to design a system that would support 
the standard classroom pedagogical process in an organic lll.llllll'r. 

Rather than try to create a piecemeal system around some existing 
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packages, the system was designed from scratch. End-to-end sup­
port is provided for the course. That is, all aspects of the course, not 
just a fi.'w selected functions, arc uniformly supported by the system. 
Although the tools developed are presently not widely available, 
eventually such tools will be commonplace. Thus the students need 
to learn writing in the context of electronic tools. 

The major elements of the system arc as follows. 

• Text editor. Emacs is used as the text editor to retain compatibility 
with the text editor used in other parts of the Athena system. 
The text formatter used is Scribe, as is common throughout the 
campus. The ez editor from the Andrew project at CMU is now 
being tested; it provides What You See Is What You Get 
(WYSIWYG) capability. 

• Annotator. The annotator provides the capability of adding on­
line comments to a paper by using marginal notes, comments, 
corrections, highlighting of text, flagging of common errors, 
and long comments. The metaphor used corresponds to the fa­
miliar pencil and paper method. 

• Presenter. The presentation system allows the sharing of infor­
mation in the classroom through the use of the large-screen dis­
play or on workstations. The shared information generally con­
sists of model text files, comparisons of student papers, in-class 
writing, and revisions. 

• File exchange. The student can submit text files electronically to 
the instructor for grading and comment. The instructor can re­
turn the resulting annotated files electronically to the student. A 
complete revision history can be kept and retrieved as necessary. 
The program that accomplishes this electronic communication is 
called turn in. A command line interface performs the functions 
of 

turnin-submit a file to the grader; 

pickup-retrieve files annotated by grader; 

put~e.et-real time exchange of files in the electronic class­
room; 

take-obtain electronic handouts; and 

grade-allows grader to obtain files, view, annotate, and re­
turn. 

A graphic menu-driven user interface is now being tested. On­
line help is available for writing tutorial and reference materials. Stu-



ATHENA WRITING PROJECT 49 

dents can access the reference material both inside and outside the 
classroom. 

El .. etronil." Seminar Room 

The best environment in which to teach a course with workstation 
support is a specially designed "electronic seminar room." Such a 
room was constructed as part of the writing project, and, based on 
the problems and shortcomings encountered. a much better "ideal" 
room has been designed. 

The ideal electronic seminar room that has evolved is a classroom 
equipped \\'ith a screen at the front, controlled from the instructor's 
workstation. Each student has an individual workstation. All work­
stations are networked so that material on one can be instantly 
shown on others or on the large screen. At times, the students focus 
on their own workstations (for example, doing a writing exercise in 
class). At other times, they will watch the large screen for expository 
material or view material from another student's screen. 

Ath .. na Writin~ Proj .. l."t Exp .. rient." .. 

The system as it exists is relatively complex to use, and training is 
required for both students and instructors. The sheer volume of in­
formation can also be a problem. Text files are currently stored on­
line for the duration of the semester plus one month; then the files 
are put on tape. 

Evaluation indicates that students feel comfortable using the 
\\'orkstations both in and out of the classroom. They believe that this 
technology gi\·es them an important advantage in learning the sub­
ject. Requiring students to carry out \\'riting assignments in class has 
impron'd producti\'ity and effecti\'cly related theory to practice. ThL' 
individual workstations allow students to concentrate on individual 
in-class writing assignments in a timely manner and enable the in­
structors to work with each individual on a regular basis. The instant 
feedback provides strong reinforcement to eliminate errors and to 
follow correct procedures. 

On-line evaluation of homework is much faster than conven­
tional methods and encourages instructors to provide both more ex­
tensive and more specific comments. Papers arc electronically com­
posed, turned in, annotated, and revised, often several times. The 
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time between submission of homework and its return with annota­
tions and grades is usually less than one day. 

In spite of some definite limitations, the electro11ic seminar room 
is viewed as successful and is being used by some 20 instructors. Two 
more electronic seminar rooms arc being developed. The electronic 
t11mi11 program is being used by 18-20 instructors, not all of whom 
use the electronic classroom. 

Fluid Dynamics 
Late in 1983, a group of 12 professors from the Fluids Division of 
the Aeronautics and Astronautics Department spent t\vo days in a 
retreat at the MIT Endicott House developing a strategy fr>r using 
Athena's facilities. The department has about JOO undergraduate stu­
dents and all arc required to take at least some coursework in fluid 
dynamics. This discipline has long bcrn difficult for students to grasp 
when taught by traditional means. The faculty members decided to 
explore the uses of Athena workstations in the teaching of fluid dy­
namics and agreed that each would develop one of the modules re­
quired for the course. 

Peda~o~ieal Objeetives and Methods 

The pedagogical approach taken was to augment and enhance tra­
ditional methods using the graphics and computational power of the 
workstation, rather than trying to automate existing techniques. ( )f 
particular interest \Vas the opportunity to use the interactivity of the 
system. The system was to be developed so that students would not 
need to know programming. The specific pedagogical objectives 
[ Murman 87] were 

• enhancement of existing material in areas where understanding 
traditionally has bcrn difficult, including dimensional analysis. 
kinematic concepts of convective systems, and kinetic theory of 
gases; 

• application of existing material through hands-on experiments; 
and 

• replacement of some existing material through the use of modern 
computational approaches to the study of subsonic flow and 
boundary layers. 
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To achieve these o~jectives, those working on the project devel­
oped an approach based primarily on simulation of physical systems 
(such as a wind tunnel), also called the uirt11al laboratory approach. 
Implementation was based on modules, wherein a module is a pro­
gram related to a set of closely related concept'>. The participants 
designed modules to be used as part of a lecture, for homework 
problems (worked outside of class), and for self-study. Of particular 
importance, the module desigas had to be integral parts of the teach­
ing approach and closely coupled to classroom methodology. One 
or more faculty members developed the general approach for each 
module, based on the topic. flow of information, and concepts to be 
communicated. Once the general approach was developed, under­
graduates developed the programs with help from the Athena 
staff. 

The modules were organized by technical topic, not by course. 
A module might be used in a fundamentals course initially, and then 
perhaps a year or two later the same module might be used to teach 
an advanced version of the same topic. 

Implementation 

The software was written mainly in FORTRAN 77, \:vith some \Vrit­
ten in C. Because the designers dearly understood the importance of 
the human interface they de\'oted considerable effort to its design 
and implementation. 

Project Athena purchased and supported a commercially avail­
able user interface generation package called BLOX. It pro\"ided a 
graphics subroutine librar\', menus, icons, screen layout, and on-line 
help. A significant benefit of BLOX was that it pro\'ided an appli­
cations interface that could be ported to X 11. The project staff de­
cided to standardize on ULOX, because it allowed the departlllrnt 
to standardize the "look and feel" of the human interfaces across the 
modules. 

A total of 25 modules, collectively referred to as the TODOR 
system (turned after the famous aerodynalllicist l'rotl·ssor ThL·odorc 
von Karman), have been implemented. The implementation ap­
proach taken relied heavily on menus, graphics, and animation. 
Most input is with the mouse. The designers expended con..,idcrabk 
effort to standardize the user interface and make it friendly, error­
frce, and highly interactive. Overall, the efforts of 14 instructors, 39 
undergraduate students. ,111d two full-time programmns \\"L'llt 11110 
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the development of TODOR. Details of the implementation arc 
given in Murman's 1987 report. 

When the modules are used for problem sets or take-home ex­
ams, the students are usually required to obtain results from the 
module and then combine them with other analyses to complete the 
assignment. To make sure that the student understands the under­
lying methodology, the instructor often requires a solution by hand 
first. Then the student can use the computer version to explore many 
more cases than could be done by manual methods. In this way, the 
software can be used for design problems rather than being limited 
to analysis. 

Results 

Workstations have characteristics quite different from the traditional 
teaching materials of books, blackboards, and pencils and paper, thus 
complementing them well. An important area of diff(:rence is in the 
degree of interactivity allowed. A student can view a book or even 
listen to a lecture in a rather passive way, but the interactive nature 
of the workstation demands attention and active participation. 

The ability to run electronic experiments and to generate realistic 
data seems to help students internalize theory. In a real sense, theory 
interpolates experimental data. Another important characteristic of 
workstations is the ability to provide animation. This feature appears 
to have a significant advantage in explaining difficult and abstract 
concepts. Animation is especially useful when combined with inter­
action, so that the student can run a number of cases to see how the 
experiment progresses. The multiple means of providing visualiza­
tion can also be important. Data can be provided in tabular, graphic, 
and animated form simultaneously. Inputs can be shown at the same 
time as outputs. 

About 250 students use the TODOR software each year. Both 
faculty members and students have stated (in surveys) that Athena 
has significantly improved the quality and quantity of course mate­
rial taught. In the classroom, the faculty has found that the ability to 
generate graphic displays and to show simultaneity of events has 
added significantly to lecture effectiveness. 

The use of Athena with problem sets and take-home exams has 
been "an unqualified success" in the words of Professor Leon Trilling 
of the MIT faculty, who interviewed a group of students. The prob­
lems assigned arc more realistic than those possible with purely an-
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alytic approaches, and they arc more comparable to on-the-job as­
signments than were previous problem sets. 

A major drawback to the expanded use of Athena in this depart­
ment is the extraordinary effort required to develop the software, 
most of which is deYoted to the hunun inrerfacl'. l\1oduk design ,rnd 
development require a high level of expertise. Typical module im­
pkment,1tion requi1 l'd ,1 \·,:ar of dl'\·clopmcnt and S.2t I.( H HI to lxcollll' 
operational. Use of the modules shows areas of needed improve­
ments, and development typically continues for years. 

TODOR is now being made available to the general engineering 
community through a low-cost licensing arrangement, and some 20 
licenses have been purchased so far. TUDOR won an Educom/ 
NCRIPTAL ( Natio1ul CL'ntL'r for RL·scarch to lmpron' PostSL'Cond­
ary Te~iching and Learning) best L'ngineering soft:\\"are a\\"ard in I lJH<J. 

Civil Enfi(ineerinfj( 
The GROWL TIGER program I Slater t-17] is a strurtur,d analysis ,ind 
design package for two-dimensional mechanical structures. such as 
bridges or buildings. It provides an interactive environment for ex­
pnimenting with till' design of structures and fL·cdback to the student 
on the behavior of the resulting structure. Professor John Slater de­
signed the progr.1111 and impkmL'nted it \Yith the help of gr.1duate 
students. The package provides interactive input and editing of the 
geometry and material characteristics of the structure. Its output pro­
vides a graphic display of deformation relative to the original struc­
ture, as well as bending moments, shears, mode shapes, and natural 
frequencies. GIH)\VLTIGER is intended for use by studrnts nf L'll­
try-level courses through graduate school. 

The structure is defined to GROWLTIGER as a set of nodes, 
which are connected by members. The members arc straight struc­
tural elements, such as bars or beams, which start and end at nodes. 
The members may be constructed of any material and have any pris­
matic cross section. They may be connected to the nodes by either 
momentless pins (without torque) or by moment-resisting rigid­
frame connections. Several prestored truss types arc available in the 
system. Loads may be expressed as nodal loads, member loads, and 
support settlements; any self-consistent set of units may be used. The 
analytic approach assumes linear elastic displacement. 
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The results of the analysis may be displayed graphically to scale, 
or they may be printed in numeric or graphic form. A steel design 
module and tutor arc also available for use in association with the 
analytic procedure. 

To use the system, the student defines a structure to the system 
interactively. The steps in defining the structure include specifying 
the 

• system of units; 
• location of the nodes; 
• start and end nodes of each member and type of connection (pin 

or rigid); 
• node displacement boundary conditions; 
• nodal and member loads; 
• support settlements; 
• material properties and unit system; 
• cross-sectional properties and unit system; and 
• data file name. 

The nodal boundary conditions can be fixed, pinned, roller, slider, 
frame truss, or free. The graphic presentation includes the conven­
tional symbol used for each of these conditions. It also allows pre­
sentation of several output functions simultaneously (for example, 
geometry, loads, deformation, shear, and bending). 

GROWLTIGER uses the X Window System, as docs all Athena 
software. The graphic output appears in the main window of the 
display. Several control buttons surround the main window, allow­
ing the user to control the display. The user may pan and zoom on 
the structure, as \vcll as plot dimensions, draw coordinate grids, and 
activate hardcopy. A button to control panning is located in each 
corner of the main window. Along the top of the main window are 
buttons to control zoom in/out, restore, percent, clip box, grid on, 
dimension on, redraw, and print. Menus are used extensively m 
GROWLTIGER, and no programming knowledge is required. 

Thermodynamies 
The Computer Aided Thermodynamics (CAT) package was devel­
oped by Profrssors Gilberto Russo and Joseph Smith of the Mechan­
ical Engineering Department to assist in teaching classical thermo­
dynamics [Russo 86]. CAT is designed to solve a wide range of 
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thermodynamic problems. using a single set of basic algorithms and 
a single set of boundarv conditions. The boundarv corn.iitions im-, . . 
posed on all problems :1re those of closed. isolated systems in \\'hich 
no mass, energy, or entropy crosses the boundary. A front end to the 
basic algorithm module is used to communicate \vith the user. both 
for accepting input alld editing instructions and for displaying the 
problem structure and results. 

CAT system components are 

• graphic symbolic language to enter the problem; 
• a compiler to generate equations; 
• numerical solution generator; and 
• user interface for output. 

CAT is written in FORTRAN 77. The source code is about 1 M 
byte in size, and the binaries are about 500 K bytes. 

Thermodynamic systems arc displayed as ordered meshes of in­
tL·rcon11L'ctcd ckm~:nts rcprcscntmg thL· physics of the problem. The 
individual elements, such as piston, fluid, or thermal capacity, are 
available in an clement library. Arbitrary kvds of complexity can be 
obtained by adding elements to the mesh. 

Thermodynamic elements are modeled independently of any 
particular problem. They are represented by sets of equations that 
determine the behavior of the clement in terms of its equilibrium 
state equations and derived quantities relative to its local frame of 
reference. Elements are of two types: storage and interconnection. 
Storage clements arc used to model parts of the system \\'hose L'ncrgy 
varies. Interconnection elements model the interaction between stor­
age elements, with each element modeling one interaction. 

The CAT screen is divided into functional areas for model con­
struction. system prompts. menus, and icons, including sy111bols for 
elements. The user defines the problem to the system by creating a 
mesh of elements (from the library of elements), using the mouse. 
The mesh of clements is represented graphically. Whrn thl' mesh is 
complete. the system prompts the user for the initial conditions. The 
program then generates the solution from the physical properties and 
initial conditions by soh·ing the set of simulta11L·ous equations. ( )ut­
put is in tabular form or in various standard graphic forms-on the 
screen or on hardcopy. 

CAT is important, because it changed the basic approach to 
teaching thermodynamics. It represents more than a change in pre­
sentation methods; it changed basic methodology. 
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Physiology 
Cardiovascular physiology has been taught at MIT for several years 
with the aid of a mathematical model using lumped parameter dif­
ferential equations. More recently, an interactive course module was 
developed [Davis 881 as part of Athena, with X Windows and the X 
Toolkit in a workstation environment. 

Human physiology is a difficult discipline to teach effectively be­
cause of the complex interaction of the physical processes in a three­
dimensional environment. The faculty desired a modeling system in 
which students could introduce common abnormal conditions in the 
cardiovascular system by suitably modifying the parameters of the 
system. The students could then observe the resulting deviations in 
the observable parameters of pressure and flow. This process would 
help the student understand the relationship of pathological comli­
tions in the patient and the resulting symptoms. The student could 
also study the relationship of corrective measures and the resulting 
change in symptoms. 

The model relates changes in blood pressure. volume. and flow 
through six cardiovascular body compartments. Each compartment 
is modeled by parameters for hydraulic capacitance, resistance, and 
zero pressure volume. The parameters may be varied as a function 
of time to model the properties of the heart. The overall simulation 
is modeled as a hydraulic system with valves, reservoirs, pipes, and 
capacitance devices. The model is implemented as a set of six differ­
ential equations for six nodal points that is solved by the Runge­
Kutta method. The model provides pressure, volume, and flow 
rates at each of the nodes as the functions of time. The model 
operates in real time, simulating a real subject. The instructor may 
set the parameters of the subject to model specific case histories. The 
model has been validated by comparison with laboratory measure­
ments. 

The major improvement in simulation for the workstation en­
vironment was the addition of a relatively sophisticated, user 
friendly human interface. The human interface approach makes 
extensive use of graphics and menus, with the mouse used as the 
primary input device. In operation, the mathematical model runs 
continuously, sending a stream of results to the human interface as a 
real subject would. The user can then control the human interface to 
select the parameters of interest to be displayed. 

The user is presented with a primary graphic display of the sys­
tem with its six nodes. The user edits the model parameters by first 
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selecting the node of interest with the mouse and then the compo­
nent within that node. The user may also select parameters and axes 
to be plotted. Variables can be plotted as a function of time or as 
functions of each other. 

The top-level human interface uses a row of command buttons 
at the top of the screen over the primary graphic display. The user 
may plot a maximum uf three dependent \·ariablcs simultaneously. 
If the independent \·ariabk is time. the system simulates a scrolling 
strip clurt. When the user requests multiple simultaneous charts. the 
system displays them in ,1 tiled arrangL'll1l'l1t so that they do not ob­
scure each other. The user, however, may then control size and 
location. 

The cardiovascular simulator is now being used in a Quantitative 
Physiology course. The system has received generally favorable re­
views in terms of meeting its pedagogical objectives. 

Membrane Simulation 
The Hodgkin-Huxley model, which won the 1963 Nobel prize, 
consists of a set of coupled nonlinear algebraic and ordinary differ­
ential equations that describe the electrical characteristics of the 
membrane of the giant axon of the squid. Professor Thomas Weiss 
of the Ekctrical Engmeering and Computer Science Dcp,1rtme11t lk­
vcloped software [Avril 89] that allows users to explore this model 
of nerve-cell membrane response to electrical stimulation for differ­
ent environmental variables, such as the temperature and concentra­
tions of ions. The user may manipulate the electrical stimulus, model 
parameters, and environmental variables and observe the responses 
using powerful graphic tools. This program simplifies the model, 
allowing membrane study by undergraduate students in such diverse 
disciplines as biology, engineering, mathematics. and physics. 

The principles involved underlie our understanding of the elec­
trical properties of all electrically excitable cells. such as nerve and 
muscle cells. The model explains the generation of "action poten­
tials" used by cells to transmit nerve messages, initiate mechanical 
contractions. and trigger chemical secretions. Because the model is 
complex, it was rarely taught in a way that allows students to acquire 
an understanding of electrical excitability. This program overcomes 
that problem by giving students direct access to the model and an 
ability to explore it by performing simulation experiments \ 
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reasonable starting parameter set encourages initial exploration and 
supports gradual learning. Later, students may explore all the param­
eters and observe results. These results appear in clear, complete 
form and can be saved, compared with other results, and included in 
documents. By making this process accessible to students, the soft­
ware encourages deeper understanding of electrical excitability and 
is a useful method for teaching students how to formulate and exe­
cute a research project. This software won a Best Engineering Soft­
ware award in the 1990 Educom/NCRIPTAL competition. 

Physies-Speeial Relativity 
The teaching of the theory of Special Relativity in physics presents a 
considerable challenge, because most of its consequences arc coumer­
intuiti ve. To assist in the teaching of this subject, a module set !Tay­
lor 86] has been created as part of Athena, using the "modeling 
toolkit" (or "microworlds") pedagogical approach. Its designers im­
plemented the module set differently from most other Athena mod­
ules, that is, on stand-alone personal computers rather than on net­
worked Athena workstations. 

The following modules were developed for this subject. 

• ll'is111il Appc1m111(t'. This program presents a simple graphic rep­
resentation of a landscape as seen by an observer moving at rela­
tivistic speed. The landscape consists of a large cube, a small 
cube, a pyramid, and a "skyscraper." At high simulated speeds, 
these figures arc distorted according to the laws of relativity. The 
operator may accelerate, decelerate, turn right and left, and 
change altitude. 

• Spaccti111c. This program presents four different graphic repre­
sentations of the same data. The first is a "position versus veloc­
ity" display of objects, including a shuttle, clocks, rods, and light 
flashes on a highway. The second is a "position versus time" 
view of a spacetime diagram. The third shows events and world 
lines of objects that move along the highway. The user places 
objects and events on the highway and on the spacetime dia­
gram. The user may then step time forward or backward, as­
sume the viewpoint of an object on the highway, or transform 
the spacetime diagram from one frame of reference to another. 
The fourth representation is a table of numerical values on events 
and objects that can be annotated by the user. 
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• Collision. This program simulates relativistic collisions in two 
dimensions. It provides three displays of the information. This 
first is an input table, on which the user may enter known quan­
tities about each incoming and outgoing particle or relations 
among them. The program then attempts to complete the table. 
The second is a display of the resulting interactions as an ani­
mated movie. The third is a display of energy versus momentum 
for each particle. 

The programs are distributed on diskettes to students and are exe­
cuted on personal computers in labs. 

Rt-suits 

The instructor evaluated extensively the value that students placed 
on the modules. Although the students responded that all of the 
modules were useful, there was a definite correlation between the 
amount of interactivity and the value given a module. Those pro­
grams that were mostly demonstration (such as VisualAppcarance) 
were of value the first time they were shown but had little value after 
that. The programs with much more interaction, such as Spacctime 
and Collision were perceived to have much more value. A primary 
nluc of the programs as reported by the students was the ability to 
hl'ip thl'm \·istuliZL' thl' co11SL'ljlll'l1CL'S uf thl' ~.dgd)raic formul.iriun of 
the model. 

Both students and faculty members had been concerned that use 
of computers would allow the students to blindly plug in values to 
solve problems without understanding of the theory behind the so­
lution. To minimize this problem, instructors administered no more 
than one third of the exercises and none of the tests on the computer. 
As Taylor states, "Computers are used to reduce the usual patholog­
ical dependency on algebraic models of the subject, not to encourage 
dependency on the computer models of the subject!" 

Other important lessons were learned about the use of computers 
in higher education. To motivate students to use the programs, in­
structors must assign, collect, and grade problems requiring their 
use. Moreover, instructors should require students to hand in a print­
out of the displays and results with the problem sets. 

Algebr2 and graphics can work together syncrgistically. The spe­
cific solutions displayed must be complemented by the general al­
gebraic ~olution. That is. thL· graphic inform,1tio11 muq l'l' ~llVi'l 1rtL·d 
by numeric information. As Taylor states, the learning of a new con-
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cept becomes a three-step process. The first is visualizing the phe­
nomenon in the setting of a specific case, then viewing animations 
and alternative representations of the specific case. The second is de­
veloping the analytic formulation of the general problem. The third 
is demonstrating that the analytic formulation gives the same answer 
as the specific case. Thus the rigor and generality of the analytic so­
lution is combined with the visual representation of specific cases. 
The resulting mutual reinfr)rcement of the two approaches substan­
tially improves the learning experience. 

As with the other modules developed for Athena, this module 
set required a significant investment of resources and far in excess of 
that originally estimated. Also, based on use and tl.·edback, the pro­
gram evolved and improved over a period of several years. 

The faculty members who worked on the project stated that "de­
veloping the programs changes the developers more than using the 
programs changes the users." The process of developing the pro­
grams significantly enlarged the participants' view of the subject and 
made thinking about the subject much more visual-to the extent 
that transformed both their professional life and view of the subject. 
Other faculty developers have reported similar experiences. This 
program won a prize as "the Best Physics and Best Tool Software" 
awarded by Educom in October 1988. 

Chemistry-Infrared Speetroseopy 
Laboratory experiments can be a significant drain on student time. 
In some cases, the students can be overwhelmed by the mass of data 
to be gathered, computed. and compared to theory. Simply dealing 
with the mass of data could cause the student to lose sight of the 
educational objectives of the course. For these reasons, Professors 
Jeffrey Steinfeld and Keith Nelson led the effort to den·lop a personal 
computer-based laboratory data management system for an Ad­
vanced Chemistry Laboratory course. 

One package in this system is Peakfinder, which was pro­
gram med by Simpson Garfinkel, an undergraduate in Chemistry and 
Computer Science. Peakfinder accepts data from the infrared spec­
trometer, scans the data, and finds the peaks. Students assign values 
to the peaks, and the program records the values and the distances 
between them. The program then computes the parameters of the 
quantum mechanical equations to compare theoretical and experi­
mental results. Peakfinder also provides data needed to compute 
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bond lengths and to generate a spectrum from a model based on 
values provided by the student. 

Computer use has 'iignificantly reduced the time students spend 
collecting and analyzing data (intellectually trivial tasks) and has im­
proved the quality of term papers. Student response to the use of 
computers for this task is "owrwhdmingly positive" !Turkle 881. 

Atht.~na Laboratorv Data S-..'stem ., . 
All good ideas, including coherence, can be carried too far. Devel­
opment of the Laboratory Data System is an example of such an 
attempt; thus this development is an important contrast to the suc­
cess of the course systems described. 

The Laboratory Data System [Milgram 87) was developed by 
Professor Jerome Mil gram of the ( )cean Engineering I kpartment 
for use in a number of different laboratory courses with widely dif­
fering requirements. In general. it was to provide signal capture and 
analog-to-digital conversion for several channels simultaneously, 
with sampling rates of a few tens of kilosamples per second. A typ­
ical example is the instrumentation of a tovving tank for measuring 
forces on a ship hull as a function of several analog variables. Initial 
development concentrated on a coherent system approach based on 
workstations and Unix. In the end, the developers could not make 
this approach work. The version of Unix that was available simply 
did not have sufficient real time control to reach the desired sampling 
rates. The system was also very expensive because of its workstation 
base. 

The developers finally realized that this effort was an example of 
pushing coherence too far. The workstation-based approach w .1s fi­
nally abandoned in fa\·or of a personal computer-based <;ystem using 
DOS. The resulting ~ystem easily reached the desired sampling rates. 
was relatively simple to use, and could make use of a wide variety 
of add-in sampling and conversion boards that arc available t(ff the 
PC bus. The system is widely used and highly successful. 

The Athena laboratory computer is a standard XT or AT micro­
computer with a hard disk, a Hercules graphics card. (1-W K bytes of 
memory, and an 8087 math coprocessor. In addition it contains lab­
oratory interfacing hardware and software. Software includes I)( )S. 
FORTRAN. EMACS, UnkclSrnpe (a third-party laboratory data 
management system), SLIP (a set of simple laboratory interfacing 
programs), and graphics drivers. 
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The SLIP programs are a set of subroutines that allow the user 
to sample the output of one or several A/D converters, write the data 
to a disk file. and draw a graph of the data versus time on the screen. 
The analog input channel accepts an input signal between + 10 volts 
and - 10 volts and provides an output of + 2048 to - 2048 counts. 
The maximum single channel data rate is 40,000 samples per second, 
and the maximum multichannel data rate is 28,000 samples per sec­
ond for the combined channels. The user provides input parameters 
of 

• sampling frequency; 
• number of data points (5000 maximum); 
• channel number: and 
• file name for output. 

The UnkelScope program is much the same for data capture but 
has added features. The input parameters can be stored and loaded 
from a file. and more flexibility in viewing the output data on the 
screen is available. This program provides far more functionality for 
manipulating the output. including calibration corrections. more 
flexible plotting, applying high pass, low pass. and band pass digital 
tilters. cc)n1puting the p<.l\\·cr spectral density. intcgrati<ln. ditrcrcn­
tiation, and a number of other functions. 

Courses Usinl( Spe~ial Soft•·are 
Courses using Athena with special instructional software arc listed 
in the following table, along with the software utilized. The table 
was prepared by Naomi Schmidt of the Athena staff and is used with 
her permission. 

Subjects Using Athena 

Subject Name 

Civil Engineering 

Introduction to Computers and Engineering Problem 
Solving 

Behavior of Physical Systems 

Computer Models of Physical and Engineering Systems 

Numerical Modeling of Physical Systems 

Engineering Geology 

Software 

c;turnin/pickup;olta 

growltigcr* 

c 

FORTRAN;c 

Geology Tutor* 
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Mechanical Engineering 

Methods of Engineering Analysis 

Elementary Programming and Machine Computation 

Control Systems Principles 

Advanced System Dynamics and Control 

Multivariablc Control Systems 

Computer Aided Engineering 

Analysis and Design of Digital Control Systems 

Advanced Fluid Mechanics 

Computational Fluid Dynamics 

Thermodynamics 

Convective Heat and Mass Transfer 

Measurement and Instrumentation 

Project Laboratory 

I )c-,1~11 l'n>_JL'l"t' 

ALh·,111rL·cl L11~i11cni11~ I )L·,i~n 

Designing Smart Machines 

Quantitative Physiology; Cells and Tissues 

Artificial Intelligence in Design and Manufacturing 

Materials Science 

Polymer Engineering 

Mechanics of Materials 

Structure of Solids 

Transport Phenomena in Materials Engineering 

NAG 

FORTRAN;turnin/pickup 

clascon *; visd ycon * 

matr; xx;simnon 

matrixx:simnon 

sgL.graphics-1ibrary 

Matlab;simnon;visdycon* 

nekton2 

nekton2 

CAT* 

nekton2 

TEX 

FOHTRAN 

"J't~* 

Matlab:simnon:visdvcon* 

channcl*;cmt*; 
diffuse*;hh*;rwalk* 

F MS. simulator*:asset* 

fcap*;prep*;post*;mesh* 

feap*;prep*;post*;mesh* 

crystal structure* 

c;FOHTHAN; 
own_software* 

Electrical Engineering and Computer Science 

Quantitative Physiology; Cells and Tissues 

Quantitative Physiology; Organ Transport Systems 

Artificial Intelligence 

Computer Graphics 

Probabilistic Systems Analysis 

Introductory Digital Systems Laboratory 

Laboratory in Software Engineering 

Introduction to Dynamic System 

Multivariablc Control Systems 

Dynamic System 

Introduction to Optimization 

Numerical Simulation of Large Scale Circuits 

Discrete-Time Signal Processing 

Two-dimensional Signal and Image Processing 

channcl*;cmt*; 
diffuse*;hh*; rwalk* 

cardiovascular_simulator* 

lisp 

tgif* 

L:\~ *:< '" 11_" 1(: ,,·,ire* 

fsm*;osc*;kmap* 

rlu 

Matlab 

matrixx;simnon 

Matlab 

opt2* 

simlab 

.\ 1.1 t J.rl, 

lllllkr ,Jn' J, '!'11\c'll[ 
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Applied Probability 

Progr:unming Languages 

Dataflow Architecture and Languages 

Natural Language and Computer Representation of 
l'1H1\\ lnl~L· 

Didectric Physics and Electrical Insulation 

Biology 

Metazoan Cdl Biology 

Physics 

Computational Physics 

Observational Techniques of Optical Astronomy 

Chemical Engineering 

Introduction to Computer Methods 

LAS* 

scheme" 

scheme' 

lisp 

under development 

video courseware* 

FORTRAN 

observe*;starchart* 

FORTRAN;c;pplot* 

Integrated Chemical Engineering batchfrac* 

Earth, Atmosphere, and Planetary Sciences 

Chaos and Complexity 

Observational Techniques of Optical Astronomy 

l'L111L·t.1n· SriL'tKc 

Ocean Engineering 

Computer-Aided Hydrostatics and Hull Surface Definition 

Introduction to Ocean Science and Technology 

Marine Hydrodynamics 

Hydrofoils and Propellers 

Principles of Naval Ship Design 

Numerical Methods with Applications to Marine Problems 

Management of Marine Systems 

Mechanical Vibrations 

Economics 

Engineering Aspects of Economic Analysis 

L«11111m1ctnc~ 

Economic Structures of Cities 

Aero-Astro 

Aerodynamics 

Numerical Fluid Dynamics 

Advanced Computational Fluid Dynamics 

Aerodynamics of Flight Vehicles 

Molecular Gas Dynamics of Space and Reentry 

Principles of Automatic Control 

sine*; logistic*; 
maplog*;henon*;dist* 

observe*;starchart* 

own_software* 

ducksoup*;numint*; 
mouscloft*;shcp* 

.\ 1.1 t l.1 h 

hydro* 

todor* 

asset*; tss86 *; shcp *;sm p* 

turnin/pickup;FORTRAN 

0\\"11-" >ft\\" .1 re* 

NAG 

sst* 

todor* 

FORTRAN;grafic: 

FORTRAN;grafic 

todor* 

todor* 

clascon* 
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Algorithms for Function Minimization and Optimal 
Control 

Rocket Propulsion 

Political Science Laboratory 

Debates and Arguments 

Conflict and Its Resolution 

Calculus 

Differential Equations 

Political Science 

Mathematics 

Numerical Methods of Applied Mathematics 

Topics in Numerical Analysis 

Humanities 

French II 

Spanish III 

Scientific and Engineering Writing 

Nuclear Engineering 

Advanced Engineering of Nuclear Reactors 

Modeling and Simulation 

Interactions of Radiation with Matter 

Health Sciences and Technology 

Cardiovascular Pathophysiology 

Quantitative Physiology; Cells and Tissues 

Medical Image Processing 

Notes: 

Matlab 

todor* 

sst* 

gmats*;scheme2;c 

gmats* 

LAS* 

18113* 

unknown 

Matlab 

A la rencontre do 
Philippe*;Direction Paris* 

No recuerdo* 

tu min/pickup 

thermit* 

macsyma;c;FORTRAN 

unknown 

cvssm* 

channcl*;cmt*; 
diffuse*;hh*;rwalk* 

image-processing software 

1. This list includes those courses that use Athena for purposes other than simple word processing. 
These include problem sets, programming languages, distribution and collection of C('urse mate­
rials, modeling and visualization aids, etc. Some of the software packages arc third-party pJck­
ages, others were written at Athena and are general resources, and still others were written with 
a particular subject in mind. In the last category are some packages that were written for one 
subject but found useful in other subjects or even other departments. 

2. The symbol * following the name of a software package denotes courseware developed at MIT 
by faculty for use on Athena. 

3. The symbol 'denotes software developed at MIT on another platform and then ported to 
Athena. 

4. The designation own_software means that the software package docs not have a name known to 
the Athena staff and was developed specifically for that subject, residing in a course locker or file 
system. 

5. LAS is the Lecture Authoring System, which is a general authoring system being developed in 
the hope that it will eventually be used across the curriculum. 

(i. turn111. pickup .md oh.1 \\"l'rl' dc\"l·lupnl b,· the J\tl1cn.1 't.1ff .1, !-'L"ll<'!".d 1111li11c·, ,,., 1i-c· Ill .Ill nlu­
cational environment. The first is for electronic submission and sharing of files. and the latter is 
an On-Line TA program which is parallel to the Athena On-Line Consultant system. 
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Lessons Learned 
The projection of workstation images as an integral part of class­
room activity proved to be very effective in communicating new 
ideas and explaining difficult principles. It also proved to be an ef­
frctive way to allow students and instructors to interact in real time, 
greatly increasing productivity. One difficulty is that, if the equip­
ment docs not work, major disruptions can occur in the class. In the 
early days of Athena, numerous equipment and system problems 
seriously curtailed use of the workstations in the classroom. Al­
though most of these problems have been solved, having a backup 
mechanism, perhaps videotape, is always important. 

The value of networking has been demonstrated clearly, with the 
writing course as a concrete example. Networking greatly improved 
communication between the students and the faculty members, 
with a resulting increase in the quality and quantity of material 
taught. The concept of a "course locker" proved to be an economi­
cal way of storing software in the system so that it is universally 
accessible. 

Teaching a course and using teaching materials such as instruc­
tional software involves personal preference and choice. Therefore 
the instructional software must be flexible enough to be integrated 
easily and uniquely with other teaching materials and information 
by every instructor. 

The cost and skill levels required to develop instructional soft­
ware have proven to be far greater than first assumed, raising a se­
rious barrier to development of large amounts of such software. Far 
better developmental tools arc required, perhaps in the form of au­
thoring environments. In particular, experience has shown that, on 
average, 50 percent and in some cases as much as 90 percent of the 
labor required is for developing good human interfaces. Impro\'ing 
the efficirncy of de\'cloping such interfaces is a key to increasing the 
amount of quality instructional software. These improvements can 
only come from better tools. A mechanism to distribute and ~upport 
this software is also crucial. 

Difficulty that both students and faculty members had with 
learning the Unix user interface (C shell and system application pro­
grams, such as emacs, in the case of Athena) proved to be a barrier 
to use of the system. Ideally, users should interact with a menu and 
graphic shell rather than with the Unix command language. Perhaps 
some of the new developments by industrial consortia (Open Soft-



REMAINING CONCERNS 67 

ware Foundation and Unix International) will provide the needed 
improvements. 

The team approach to the development of instructional software 
is often much more successful than fr)r each individual to develop his 
or her own. The team can be organized around a discipline or 
department and can more readily assemble the people and skills 
needed to develop high-quality software. Comments by colleagues, 
even about prclimmary vcrsiuns, can be very hclptld in improving 
software. 

Instructional software often evolves over several semesters. The 
experience gained in using the software provides valuable insight 
into how to do it better. Producing the "perfect" software package 
the first time around is impossible and not necessary, but persistence 
and continuity can lead to a final product that will relate well to 
lectures and problem sets. 

Many faculty members who have developed instructional mod­
ules report that this experience changed not only the way that they 
teach the material, but also that it led to fundamental changes in the 
way they view the discipline (e.g., thermodynamics and special rel­
ativity). This result, of course, was one of the original objectives of 
introducing computers in education, and must be considered as a 
success. 

Remaining Coneerns 
Although there have been numerous clear successes in impnn·i11g the 
quality of education with Athena, there also have been f.1ilures. The 
reasons for these failures requires more analysis, because the proper 
use of computers in education is far from understood. There is a lack 
of general agreement in this area by the MIT f.iculty, in particular. 
Many faculty members believe in a core of "sacred" aspects of the 
educational process, which should not be cornputeriznl. I )oi11g so, 
they feel, would mean loss of contact with the physical world and 
loss of understanding of the theory behind the ability to "deliver 
numbers." These concerns are described in Turkel's evaluation [Tur­
kel 88). 

The computer will continue to make inroads into those areas of 
education that arc amenable to computation as techniques arc 
improved. Indeed, educators must move beyond the excessive 
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dependence on analytic models that characterizes current science and 
engineering education. Equally important, however, is preventing 
loss of the physical experience and understanding of the theory be­
hind the numbers. For these and other reasons a consensus must be 
developed on the appropriate use of computers in higher education. 
Only then can far more and better educational software be devel­
oped, used, and shared. 



Athena and 
the Faculty 

:t ... OUR 

One of the more difficult areas in Athena development was the re­
lationship of the project to the faculty. The primary reasons were 
conflicting goals and poor communication. Even though the project 
leaders were faculty members the requirements of the project led to 
polarization between participants and nonparticipants. The history 
and nature of the relationship between Athena and the faculty was 
studied and documented in detail [Turkel 88]. 

Cour .. pt ''ersus Realit,· 
Recall that the initial concept had been to obtain the system from a 
singk vendor using off-the-shelf operating systems. The inst .t!Litiu11 
of the system was thought to be virtually a turnkey deployment that 
could be done relatively quickly and inexpensively. The model of 
computing popular at that time was time-sharing, and indeed the 
time-sharing technology was mature enough that systems could be 
deployed routinely with minimal system software development. Be­
cause details of the system were not available, faculty members as­
sumed that it would meet their diverse objectives. 

Proponents seriously underestimated the degree to which time­
sharing operating systems were inappropriate to the workstation en­
vironment. As described earlier, time-sharing operating systems do 
not work well in a workstation environment, because workstations 
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violate many of the ti.mdamental assumptions that time-sharing sys­
tems arc based on. 

The combination of these problems caused serious underestima­
tion of the size and cost of system development. As planning for 
deployment proceeded, the impact of the system's shortcomings 
gradually emerged over a period of about two years. Unfi.lrtunatcly, 
the budget did not allow for an adequate system development effort. 
Even if the true magnitude of the task had been understood with 
pertl.'ct foresight, it is still unlikely that enough money could have 
been obtained. Although the hardware grants for the system were 
relatively generous, little cash was available to fund people. 

As a result the system was 

• late by two years; 
• not a panacea, because it met a midrange of computing needs but 

did not support features such as color or 3-D which were critical 
to some applications; 

• initially lacking in productivity aids, such as plotting tools, 
WYSIWYG editors, statistical analysis packages, and paint pro­
grams; and 

• lacking in software development tools, such as graphics, human 
interface development aids, and courseware development sys­
tems that were available on stand-alone systems costing much 
less. 

Another problem was that both vendors were late with worksta­
tion hardware. This further delayed system development and con­
sumed valuable staff time that could not easily be spared. Also, both 
vendors were used to a time-sharing, text-oriented environment and 
had little sothvare available that was not oriented to monospaced text 
on terminals. 

Many of the strategic decisions described in Chapter 2 caused 
tension between the project and the faculty, partly because of poor 
communication and partly because of differing goals. Whereas the 
faculty wanted the system operational immediatdy (and thought 
they had bern promised that), the project team first had to dewlop 
the infrastructure and then the system. Whereas the faculty wantL·d 
a system customized to each professor's needs, the project team 
wanted a "one size fits all" approach to minimize cost. Whereas the 
faculty wanted something simple immediately, the project team 
wanted a system with growth potential and longevity. Thus, al­
though each of the strategic decisions was justified as being impor-
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tant to the success of the project (and in retrospect, they probably 
were the right decisions), each also had undesirable side dkcts 011 

relations with the faculty. 

Eff Pets of StratP~ie DP«--isions 
Although the Athc11a approach emphasized homogeneity to maxi­
mize sharing and to control cost, departmental computing ap­
proaches varied greatly. Some of these differences reflected the di­
verse orientations and experiences of faculty members, others their 
perceived needs and priorities. For example, some departments 
wanted color, 3-D, and high-performance processing; others did 
not. One consequence of these differences was the view that Athena 
was trying to impose its model of computing on all faculty mem­
bers-whether it fit or not. The faculty also felt that Athena should 
meet all instructional needs. Although Athena did not claim to do 
this, in practice it was the primary source of funding, and its exis­
tence made difficult the obtaining of funding from other sources. 

Unix was picked over DOS, because it had functionality that 
was important in the workstation environment. Subsequently, the 
case of dc\Tloping instructional applications \\'ith J){_)S has made it 
more popular in the educational soft\Yarc field than had been fore­
seen. Its shortcomings in networking and shared resource environ­
ments have been partially overcome, although much of the devel­
opment \\·ith DOS has been in a stand-alone L'nYironmcnt. Although 
many faculty members accepted the system as defined by Athena, 
many others wanted something else, often for case of dcn·lopmcnt 
and use or compatibility with other soft\\'arc packages. Some faculty 
wanted to use DOS instead of Unix because of 

• its ease of use; 
• its popularity in instructional computing; 
• the large amount of application software available for it; and 
• the large market for instructional software created at MIT th.it 

existed at other colleges. 

Some wanted to use Basic rather than C. Most departments also 
had their favorite application packages. such as those for st.itisticil 
analysis and graphics. Later, many wanted to use Macintoshes rather 
than workstations to get access to its high-quality and easy-to-use 
application software. 
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Centralization of system control in the project meant less de­
partmental control. The departments had traditionally been the 
source of planning, control, guidance, and resource allocation. As is 
usually the case at MIT, attitudes toward centralization of control 
varied greatly among the schools. Departments that had their own 
computer facilities before Athena tended to react negatively to the 
loss of control to an outside central authority. This reaction was es­
pecially strong in departmcnts that lost computcr facilities because 
of the creation of Athena. Departments that had no prior depart­
mental computing facilities generally felt that a centrally managed 
facility was better than none and did not react as strongly to central 
control. 

A particular case in point was the allocation of resources for the 
ckYclopment of instructional software. Resource allocation commit­
tees were established, one for Digital equipment and one for IBM 
equipmcnt. The committees solicitcd proposals directly from the fac­
ulty and allocatcd resourccs to thc faculty. Although dcpartmental 
support for a proposal was felt to be important, the departments 
were not involved in resource allocation to any significant degree. 

Initially, the project staff selected the locations of the public clus­
ters. Later, during the extension phase of the project, dcpartmental 
support was acknowledged to be much more important. Thcrcaftcr 
the Athena staff solicited dcpartmental input and support for the in­
stallation of departmental dusters and dcvclopment systems. The de­
partment also became the source of resources for instructional soft­
ware development and for pedagogical and discipline guidance. 

Developmental Issues 
The instructional software effort started relatively early in the sched­
ule. Unfortunately, the system was not yet stable, and develop­
mental tools were relatively primitive. Thus the people who tried 
hardest to meet the objectives of Athena bore the brunt of the prob­
lems. By the time the system had stabilized and the tools had im­
proved, the funds for instructional software development had been 
largely exhausted. 

Although Athena management assumed that undergraduate in­
structional computing could be partitioned from other campus com­
puting, in practice it proved somewhat difficult. Graduate students 
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often took courses that required the use of Athena, or they were 
involved in software development for Athena. In both cases it was 
necessary to provide graduate students with Athena accounts. Also, 
the teaching faculty often integrated research and education, more so 
than at most other colleges ;md universities, making the partitioning 
of computing betwee!1 the two difficult for them. Thus at times 
Athena seemed to be put in the role of imposing artificial (and un­
welcome) constraints on faculty members in the way that they chose 
to do their work. 

Development of instructional software was much more demand­
ing than the Athena staff or the farnlty had realized or were prepared 
for. There were few, if any, models of success. Plato, the major pre­
vious initiative in instructional computing, did not seem appropriate 
frff MIT. The various pedagogical models for instructional comput­
ing were poorly understood, and there \Vere no accessible centers of 
expertise in this area. Although the basic computational parts of the 
instructional software could be developed in a relatively straightfor­
\vard manner, development of an acceptable human interface could 
vastly increase the total effort required. Estimates made by faculty 
members suggested that 100 to 200 hours of software development 
effort were required for each hour of use of the software in the class­
room. This huge resource requirement, together with the lack of 
adequate developmental tools, created significant barriers to the use 
of Athena by the faculty. 

Another developmental problem was, and still is, the standard of 
success at MIT: research leadership in the discipline of the depart­
ment. Time spent developing instructional software was time not 
spent doing research. Thus nontenured faculty members had little. if 
anv, incentive to work on instructional software. Doing so took sig-

, ' ' 

nificant amounts of time away from research that would lead to ten-
ure. Yet, many of the faculty members most interested in instruc­
tional software development were nontenured. Even if tenured 
faculty devoted enough time to instructional software develop­
ment to do it well, they were seen as diverging from department 
objectives. 

Many faculty members had significant basic concerns about the 
proper role of computing in education. Some thought that students 
and instructors might substitute computing for thinking or that 
computing might come between student and instructor. ( hhns \\"cre 
concerned that computing might detract from the theoretic and 
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analytic aspects of the discipline being taught. Although the faculty 
as a whole held a broad spectrum of opinions about the role of com­
puters in education, a substantial correlation of opinions about this 
subject arose by school. In some schools the faculty members held a 
predominately negative opinion about using computers in education, 
but in others schools a predominately positive opinion existed. 

The Turnaround 
The system had a few strong supporters among the faculty from the 
beginning, but, over time, this number grew slowly despite the 
many delays and problems. However, many faculty members main­
tained a negative attitude or questioned the value of the system. At­
titudes began to change from negative to neutral by the fall of 1 <J88, 
as the system began to deliver on its commitments and access to 
workstations became easier. With the start of the 198<) fall semester, 
the attitude of many of the faculty clearly changed from negative and 
critical to positive and helpful. Requests flooded in for departmrntal 
clusters, faculty workstations, and additional software. 

The following arc possible reasons for these changes. 

• All graduate students were put on the system. They may have 
influenced the faculty more than the undergraduates. In any case, 
the faculty no longer had to worry about who had accounts and 
who did not. 

• New priorities had been in place for a year. With completion of 
system development late in 1988, the new priorities emphasized 
faculty involvement, department clusters, and improved faculty 
communication. 

• The system had been reasonably stable and reliable for a year. 
• A few "success stories" about improvements in education began 

to emerge, showing that significant education benefits were pos­
sible (Avril 89]. 

• Athena hired a second faculty liaison person to fix problems, re­
spond to faculty requests, and improve communication. 

• A faculty newsletter was started to foster better communication 
between Athena and the faculty. 

• The first students who had never known life at MIT without 
Athena were graduating. 
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Outlook for th._. Future 
At present. relations bern-een Athena staff and the faculty ha\-e im­
proved significantly. The project addressed most of the faculty's early 
concerns once the initial crunch of system dC\-clopment \\·as O\Tr. 
The initiatives that addressed the concerns of the facultv included a 
much greater emphasis on working \\·ith departments and imprO\-­
ing developmental tools. 

At the beginning of the project. the need to get the basic system 
running as soon as possible precluded the possibility of supporting 
other hardware platforms. Because of the enduring and gro\ving 
popularity of nried approaches-and because the immediate pres­
sure is off the project·s system sofnnre group-the Athena staff is 
no\\" looking at technical approaches for incorporating DOS . .\lAC 
OS. and \-arious application packages into the Athena em·ironmenr. 
thus responding directly to faculty requests . 

.\lany of the earlier problems. such as instability and unreliabil­
ity. ha\T no\v been soh-ed. leading to imprO\-ed Athena-faculty re­
lations. The faculty is also in a much better position to understand 
\vhat Athena can and cannot do and to set e:xrectations and plan 
realistically. Perhaps the best indicator of the ne\Y phase of Athena­
faculty relationships is that many departments ha\-e installed depart­
mental clusters or requested Athena \\-orkstations for all inrcn <- ,'. 
faculty as a matter of policy. 









Athena as a 
Distributed System 

FIVE 

Initial work on Athena dealt with system requirements. Some of 
those established were generic to campus computing in general, 
whereas others were unique to MIT. In order to meet the needs of 
instructional computing on campus, the following requirements rel­
ative to distributed systems were identified. 

• Scalability. The system must scale to support 10,000 worksta­
tions or more. 

• Reliability. The system must be available continuously, 24 hours 
per day, even though equipment failures occur frequently in a 
system this size. 

• S11pport p11hlic workstatio11s. Any user may use any workstation. 
• Sewrity. The system services must be secure even though the 

workstations arc not. 
• Heterogeneity. The system must support a variety of hardware 

platforms. 
• Cohcrc11cy. All system applications software must run on all 

workstations. 
• A_fli,rdability. The cost to own and operate the system must not 

exceed five percent of tuition on a sustaim·d basis. 

The support of public workstations is necessary because work­
stations arc presently too expensive for purchase by individuals. The 
plan is to allow (but not require) the purchase of workstations by 
individuals when they become affordable. 

79 
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An early concern was that the system's size might make it too 
complex. Therefore a policy of eliminating needless complexity was 
followed throughout the project. 

Definitions 
We define a user as a human who uses a subsystem (e.g., worksta­
tion), program, or service. A client is a user or a program acting for 
a user. A server is a provider of services or resources. A service is a set 
of actions to be performed. 

An object is referenced by its name. The object is located by its 
address or (more generally) by its path. A bind in,<( of the name to the 
object occurs when the name is associated with the address. Often 
part of the address is contained in a context of the name. Some sys­
tems use an address for a name. Although this approach may sim­
plify system development, it can cause problems in binding a name 
to a different object. Resolving a name means identifying the address 
related to a name. 

Coherence refers to the ability of two distinct hardware architec­
tures to compile and run the same software. Interoperability is the 
ability of two subsystems to cooperate in the execution of a single 
task. For example, two subsystems supporting the X Window Sy~­
tem can cooperate on a single task as client and server, because they 
support the same net\vork protocol. F.111/t tofcr,1111 refers to the ability 
of a system to continue to operate in spite of the failure of a subsys­
tem, possibly with degraded performance. 

Security has two major aspects: authentication and authorization. 
A11thenticatio11 is determining the identity of the user. A11thorizatio11 is 
determining whether the user has legitimate access to the requested 
resources. 

Mctdels ctf Distributed Systems 
Many differrnt models of distributed systems have bern propmed 
for computer systems in general. One extreme might be called the 
"main frame" model. In it each workstation or other node in the 
distributed system can exchange files with other nodes, subject to 
security restrictions, but nodes cannot work together in any other 



MODELS OF DISTRIBUTED SYSTEMS 81 

manner. All resource allocation, security access, and functional ac­
cess are handled at the node level. 

If a user of such a distributed system wants access to a printer on 
another node, the user must log into that node, gain security au­
thorization on that node, move the file to be printed to that node, 
and then issue the print command. A major benefit of the main frame 
model is that presently available time-sharing operating systems 
(such as Unix) supporr it and can be used to implement it with min­
imal development. 

Another extreme might be called the "unified" distributed sys­
tem. In this model. all nodes in the distributed system arc considered 
part of one logically unified system. Resource allocation, security, 
and access to function are handled at the system or network level, 
not at the node level. 

If a user of such a distributed system wants to do the same print 
function, the user would simply issue the print command, logical 
printer name (if not the default). and file name. By logging in on the 
local workstation the user becomes logged into all services provided 
anywhere in the distributed system, and all resources in the entire 
system arc accessible transparently. The major benefit of the unified 
model is that it automates much of the user control that must be 
supplied manually in the main frame model. Indeed, the unified 
model has most of the characteristics of one main frame in the main­
frame model. 

Although the main frame model would have been easier to im­
plement, it \\'ould ha\'L' had serious dra\\'backs in the Athena distrib­
uted system environment. One of these drawbacks is system secu­
rity. The main frame model maintains system security by preventing 
users from obtaining access to the kernel of the operating system. In 
the Athena environment, users can gain access to the kernel of the 
workstation by either obtaining the superuser password or by boot­
ing their own operating system from removable media. Thus work­
station integrity cannot be ensured. As users can corrupt the kernel 
of the operating system, they can (for example) masquerade as others 
or as a system service. The user can also "infect" the workstation 
with a Trojan horse, virus, worm, or other undesirable code. Of 
course, the user can monitor all Ethernet messages on the local net. 

The main frame model also assumes that users arc known to a 
particular machine. User files exist on that machine, and mail is sent 
to the user on that machine. However, in the Athena environment, 
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the objective was to let any student use any workstation, so neither 
of those characteristics was desirable. Instead, the objective was to 
provide mail and file access as network services, accessible from any 
workstation and independent of location. 

Access to these network services (described later) has security 
implications. If user files or the system software were stored on a 
public workstation, the previous users could have damaged (or de­
leted) files. They could have corrupted the operating system. perhaps 
by inserting a Trojan horse that would capture passvvords of subse­
quent users. As any user can use any workstation, the concept of 
sending mail to a machine is not suitable for the Athena environ­
ment. Instead, the objective is to send mail to "username" using a 
network service and to allow mail to be read. written. and filed from 
any workstation. 

The main frame model also had undesirable support implica­
tions. The classical support model for main frames is a system man­
ager per system. At a scale of 10,000 systems (workstations), this 
level of support clearly was not appropriate. Athena's ultimate ob­
jective is to have one "system manager" per 1000 workstations, 
which would result in vast improvement over conventional ap­
proaches. (Presently, nine operations programmers support 1000 
\Vorkstations.) 

Existinf,f Distributed Operatiuf,f S~·stt.•111s 
Several other distributed operating system projects have addressed 
requirements that arc similar in some respects to Athena's. These 
projects include Amoeba [Tannenbaum 83]. Andrew [Morris 88]. 
Dash [Anderson 87], Eden [Black 83], Emerald Uul 88], Grapevine 
IBirrL'li :-1.2J, HCS l'.\iurkin :-Nj, ISIS IBirm.111 :->Sj. L(1(u~ l\\.ilkLT :-i.'>I. 
\L1L"h 11~.ishid Shj. SpritL' jOustL'rlwur 1"1:-lj •• md \" IClwritun S:-il. A.l­
though Amoeba and Grapevine are designed for larger environments 
than a single campus, they have addressed many of the same issues 
that Athena has. 

Amoeba is designed to run in both a local and extended network 
environment. A typical local environment might consist of, say, 16 
processors connected to a pool of several tens of workstations. Be­
yond that, multiple Amoeba sites can be interconnected through a 
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wide area network to form a single system. The research focuses on 
the use and management of the processor set in addition to com­
munications and protection. An extended system currently intercon­
nects local Amoeba systems in a wide area network through several 
countries in Western Europe. 

Andrew is a system for support of instructional and research 
computing at Carnegie-Mellon University, with objectives very 
similar to Athena's. Both systems support some 1000 midrange 
workstations in a Unix and Ethernet environment, with plans for 
growth to 10,000 workstations. Both assume that the user has com­
plete control over workstation functions, with a central mechanism 
controlling and supporting network services. A distributed file sys­
tem. called the Andrew File System (AFS), was developed and is 
now being used as the basis of a nationwide file system experiment. 
The AFS file space is separated into two parts: local and shared space. 
The local space is accessible to the user (generally on a local disk) but 
not publicly shared. The shared space can exist anywhere in the net­
work and is publicly accessible. 

In contrast to these systems, Dash is designed for very large fu­
ture hardware installations and systems. It is designed for far faster 
and cheaper processors and networks, to be implemented by the 
thousands to millions, with worldwide dimensions. 

Eden is an object-oriented operating system based on a single 
remote procedure call mechanism. It has a single, uniform, systcm­
widc namespace spanning multiple machines. An object is a set of 
processes that is referenced by capabilities and can migrate freely 
among systems. All objects have a data part, which includes short­
and long-term data. Objects can checkpoint autonomously. Eden is 
a unified distributed system, as described earlier. 

Grapevine is an older system designed for extended geographic 
distribution. It supports message delivery, resource location (nam­
ing), authentication, and access control services. The primary use of 
Grapevine is delivering mail. It has rapidly come to be u~;cJ through­
out the Xerox internet, with nodes located in clusters around the 
world. Resources are accessed within the local cluster, but access is 
allowed to any other Grapevine system in the Xerox internet. Grape­
vine consists of about 1500 users and 17 servers in 50 local area net­
works. 

The objective of HCS is to integrate different hardware/software 
combinations into a single system. It is based on heterogeneous 
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communications protocols, including TCP/IP, and uses a single 
global name space for the entire heterogeneous environment along 
with remote procedure calls. The network services supported arc re­
mote computation, mailing, and filing. 

ISIS provides a network environment for developing relatively 
sophisticated distributed applications under Unix. The ISIS environ­
ment provides multiple processes at distributed nodes, fault toler­
ance, coordination of processes, automated recovery, and dynamic 
reconfiguration. It also provides serialization to ensure predictability 
of results. The ISIS toolkit uses a subroutine call style of interface 
and functions as a networkwide meta-operating system. ISIS pro­
vides a novel "virtual consistency" property for applications to co­
ordinate actions of cooperative processes. 

Locus is a distributed operating system that supports transparent 
access to data through a networkwide file system. It permits auto­
matic replication of storage and transparent distributed process exe­
cution. Locus also provides for automatic replication of resources to 
meet reliability requirements and can degrade gracefully with net­
work and node failures. Locus is another example of a unified dis­
tributed system. 

Mach provides support for both tightly and loosely coupled grn­
eral-purpose multiprocessors. It also supports transparent remote file 
access between autonomous systems. It has large, sparse, virtual ad­
dress spaces, copy-on-write virtual copy operations, and memory 
mapped files. Multiple threads of control arc provided within a single 
address space. Large amounts of information cm be transfrrrcd by 
the interprocess communications facility by using copy-on-write 
techniques. Mach has a binary applications program interface com­
patible with Berkeley Unix 4.3. 

Sprite is an operating system that supports multiprocessing (multi­
threadcd kernel). process migration, and distributed files. The user 
level facilities arc identical to BSD Unix. All files and 1/0 devices 
arc uniformly accessible to all systems, and they appear as a single 
shared hierarchy. There arc no private partitions to manage, and de­
vices and files can be accessed remotely. Complete Unix file seman­
tics arc provided, including locking and consistent access. Remote 
procedure calls arc used for file management, and extensive file cach­
ing is done to improve performance. 

V is a testbed for distributed system research. The four logical 
parts arc: the distributed Unix kernel; the service modules; the run­
time support libraries; and the added user-level commands. It man-
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ages a cluster of workstations and servers, providing the resources 
and int(xmation-sh;iring facilities of a conventional single m.1chine. 

At the beginning of Athena, these and other distributed operat­
ing systems were reviewed. None was found to be suitable for 
Athena, often because they were in the early stages of research. 

Athena's Uniqut.111 Aspeets 
Athena differs from the distributed systems described in various 
ways. A comprehensive analysis of these differences is beyond 
our scope here, but we can describe some of the more important 
differences. 

Amoeba provides support for processor server back ends sup­
porting workstation front ends over a network using a capabilities­
based opcrating system. The operating system supports distributed 
processing by network processors that arc assigned to tasks dynam­
ically as processing load requires. Athena pcrt(>rms all processing 011 

the local workstation as a default. The user can initiate remote exe­
cution manually through the X Window System. 

Athena and Andrew are similar in scope and objectives, but their 
developers approached the problem with different priorities. An­
drew felt that the issue of a distributed file system was so important 
that it needed to develop its own (AFS). Andrew also developed a 
number of end user application packages, such as compound docu­
me1Jt editors. Athena also thought that the distributed file problem 
was very important and therefore believed that industry would solve 
the problem-thus the use of Sun NFS. Athena concentrated on dis­
tributed services and did little with end user services. The Andrew 
and Athena implementations complement each other quite \\'ell: An­
drew is using the Athrna \\'indowing system (X) and authentic1tio11 
service (Kerberos), and Athena is using the Andrew compound doc­
ument editor (ez) and instructional authoring environment (cT). 

Eden is object-oriented and allows process~s to migrate freely 
among processors. Athena uses conventional subroutines and does 
not support process migration. 

Athena and Grapevine have relatively similar architectures. Both 
build on existing operating systems, and both provide distributed 
services of mail, naming, and authentication on dedicated servers. 
One difference is that Grapevine provides access control, whereas 
Athena uses Unix access control. Athena supports the additional 



86 ATHENA AS A DISTRIBUTED SYSTEM 

distributed services of file access, notification, printing, and service 
Ill ;11 J.l gL'Jll L'll t. 

Like HCS, Athena supports a systcmwidc name space and pro­
vides distributed services. In contrast, Athena uses a single operating 
system programming and user interface. 

The Locus architecture was studied carefully by the Athena de­
signers early in the project. They used several of its design concepts, 
and the fact that it was operational on 17 main frames interconnected 
by local area network established confidence that the approach 
worked. Locus is a distributed operating system that provides a high 
degree of network transparency. Files and programs can both be 
moved dynamically with no effect on correct operation or naming. 
Local and remote resources arc accessed in a uniform manner. Locus 
abo pro,·idcs reliable operation. Hl'liabk t:ici11tics 111clutk rq1IH·;1tnl 

file storage and automatic recovery from various subsystem and net­
work failures. In these areas, Athena and Locus arc quite similar. A 
major difference is that the Locus distributed file system puts all files 
in a single tree, whereas Athena has about 10,000 file roots, to obtain 
flexibility and reliability. 

Mach is the kernel of a distributed operating system on which a 
variety of programming interfaces can be built. In contrast Athena 
took the lkrkeky programming and user interface as a standard and 
developed a relatively clean layer of distributed services on it. 

Like Athena. Sprite provides a "single system image" and both 
have network files. The design points arc different, with Sprite de­
signed for tens to hundreds of workstations and Athena for thou­
sands of workstations. Athena is independent of the operating sys­
tem .l!ld c.111 U'>l' ,Ill\' distributed fik """tl'lll. hut \pntL· rnjllirl''- till 

same operating system on all workstations and has an integral file 
system. Sprite uses the file system instead of a name server. 

The V system provides a "software backplane" that supports net­
work transparent address spaces, lightweight processes, and inter­
process communication. Athena provides none of these capabilities, 
but instead uses standard Unix. Both systems support distributed file 
servers and print servers. 

lss111•s ht Disfrib11tt•d S~·sf1•111s 

Several issues arise immediately in the design of a distributed system. 
Among the most important arc naming, authentication. and com­
patibility. 
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numbers. Techniques such as putting complete system configura­
tion lists on every workstation (storage intensive), or making all 
\\"orkstation software configurations different (labor intensive), arc 
not usable for even moderately large configurations (e.g., 100 
workstations). 

SPt•urit~· 

Two issues must be considered in security design for distributed sys­
tems: authentication and authorization. On a distributed system of 
more than a frw dozen workstations, the root password cannot be 
ditll.Tcnt on each workstation because the support task quickly be­
comes unmanageable. Therefore Athena made all root passwords the 
same and known to all users (it is "mrroot"). 

For user passwords, Unix systems store encrypted passwords for 
all users on each workstation. Maintaining passwords for users of 
I()() or more \\"orkstations is very difficult and completely impractical 
in a large nct\\"ork. Thus the replicated database approach to author­
ization docs not work well in large systems and suffers from the 
usual problems of replicated databases. A natural alternative is to 
provide a centralized password checking service. However, in order 
to access remote services, passwords must be sent over the net, 
which makes the system vulnerable to eavesdroppers who can steal 
passwords. It is also vulnerable to availability failures. 

A solution to the problems associated with sending passwords 
over the net is to encrypt the passwords. Two approaches have been 
developed to implement encryption-based authcnticttion: public key 
cryptography and key distribution servers. 

With public key cryptography, encryption keys come in pairs. 
Each key in the pair is used to decrypt messages encrypted in the 
other key. Therefore one key of the pair can be given to the servers 
and the other (secret) key can be given to the user. The user uses the 
secret key to become authenticated. 

A key distribution server can be used to assign secure keys to be 
used between a user and a server. This approach works well in large 
systems but requires a third party. The method generally utiliZL''> pri­
vate keys and a trusted third party. 

Authorization can be handled in many ways. One is to delegate 
the function to the servers and implement it by access control lists 
showing membership in groups !Birrell 8.2j. Another is to use c1-
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pabilities implemented a~ a bit pattern passed to the server, showing 
that the user is authorized to perform a particular operation IM ulkn­
dcr 87]. Capabilities are usually encrypted to prevent forgery. 

Compafibilit,· 

Various levels of system compatibility arc possible, including the bi­
nary level, exccutiun kvel, and protocol level. In binary compatibil­
ity, all processors execute the same binary instruction repertoire and 
arc compatible at the binary level with differences only in perfor­
mance and input/output. Emerald and VAX systems exhibit this 
level of compatibility. Although greatly simplifying system devel­
opment, it restricts the source and architecture of systems greatly and 
is not often used in large systems for this reason. 

A more common level is to provide system compatibility at the 
next level up; the execution abstraction (called "coherence" in 
Athena). A common execution level abstraction exists if the same 
source code can be compiled and executed properly on the two sys­
tems. Andrew and Athena both support the Unix execution abstrac­
tion for the hardware platforms (VAXstation, DECstation, and PC/ 
RT for Athena). 

The least restrictive form of compatibility is one that achieves 
interoperability by requiring all system components to support a 
common set of protocols. The X Window System I Sdll'itkr H(i I is 
an example of this level of compatibility. The protocol level of com­
patibility allows a distributed system to be based on common pro­
tocols for essential system services, such as file access, naming, and 
authentication. Athena supports this lC\Tl of abstraction as \\'ell. The 
execution abstraction could be given up and diverse operating sys­
tems could still be supported within Athena through the prot·xol 
compatibility. 

Athena addresses the issue of application data coherence in sev­
eral ways. The X Window System provides separate network con­
nections for the two different byte orders. Each type of workstation 
accesses its own type of data representation separately. Data coher­
ence is also provided by NFS so that different workstation architec­
tures can share the same directory hierarchy. FTP performs transla­
tions from the machine character set to the network standard and 
back again. Hesiod and Kerberos use only ASCII text to guarantee 
coherence to all clients. 
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1'1u• Atlte11a Jlodel of Distributed s,·stems 
The distributed systems model for Athena has three major compo­
nents: workstations, network, and servers. The Athena approach is 
to implement a set of network services to replace equivalent time­
sharing services, in essence converting the time-sharing model of 
Unix into a distributed operating system. 

The network is invisible to the user. All services appear to be 
local and arc available to the user with only a single submission of a 
password at log in. The actual delivery of the services is physically 
distributed over the system and communicated to the user over the 
network transparently. 

In concept, any operating system can be used on components 
(workstations or servers) in Athena. To achieve interoperability 
with the other system components (and to gain access to the distrib­
uted services) the components need only support the Athena proto­
cols for authentication service, name service, file access, and print 
service. 

In order to minimize development cost, the protocols to date 
have been implemented mainly in Unix on all hardware platforms 
(some have also been done in DOS). A side benefit of supporting 
only Unix is minimal training and support cost. The computational 
model seen by the users, therefore, is Unix. 

To meet the project's objectives, Athena management adopted a 
strategy consisting of the following clements. 

• Scalability. Partitioned network, centralized servers, identical 
workstation software. 

• Reliability. Redundancy of all system clements required for op­
eration. 

• S11pport p11blic ll'orkstatio11s. Deployment of public clusters. 
• Scmrit}'. Development of a trusted third-party authentication 

facility. 
• Hctcrogc11city. Standard interfaces to workstations. 
• Cohcrc11cy. The same operating system used on all workstations. 
• System 11w11agc111c11t. Tools developed to allow dynamic change of 

the system configuration through the use of a service manage­
ment system. 

• A_f"/(1rdability. Centralized operations, development, and mainte­
nance; development of software tools to allow remote installa­
tion and maintenance. 
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S(•alahilit'· 

The designers improved scalability by minimizing the demands on 
scarce resources in three areas: network bandwidth, mass storage, 
and labor. The campus network [Schiller 88J design included a back­
bone of optical fiber and a token ring protocol mnning at 10 Mbits/ 
sec. Network routers arc attached to the backbone, with each router 
supporting one or more Ethernets configured as IP subnets. lkcausc 
of the routers, traffic local to a subnet docs not load the backbone. 
This approach gives a good measure of growth capability, because, 
as more workstations arc added. more Ethernet subnets can be added 
to the backbone. 

Athena workstations arc dataless nodes; i.e., all workstations 
have local hard disks that arc used to reduce paging traffic on the net. 
System software file service is replicated on all subnets, so commu­
nication traffic for loading of system software remains local to a 
subnet. 

To minimize mass storage. files that would normally be repli­
cated on a per-workstation basis arc centralized. These include pass­
word files and most configuration files. Services provided by net­
work servers also arc centralized. 

To minimize labor requirements, all workstations arc anony­
mous and interchangeable. They all have the same root passv.·ord and 
the same soft:vvarc configuration. The only unique items arc the 
workstation name and net address. Initial loading and subsequent 
updates of the software arc done over the net. 

Ht•liahilif,· 

For improved reliability, no systems other than network routers arc 
attached to the backbone. This approach limits the number and types 
of problems that can bring the entire net down. A closely related 
benefit is that one organization has complete responsibility for the 
network, so that maintenance and upgrade decisions can be made in 
one place. All other systems arc attached to th·.' Ethernet subnets. 

As a general rule, a hardware failure may prevent the updating 
of master files for, say, adding new user ~~ccounts or changing the 
hardware configuration. However, the system can continue to op­
erate. Those subsystems whose failure would stop system operation. 
such as authentication service, name service, or access to system sott­
warc, arc replicated with automatic cutovcr. However. some types 
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of failures, such as failure of private file server, can still deny service 
to a subset of users. Methods of eliminating these vulnerabilities arc 
being studied. 

Workstation Clusters 

Clusters of workstations are provided in about 40 locations around 
the campus. They are located so that students do not have to walk 
more than about 5-10 minutes to get to a workstation. In addition 
to the clusters for student use, several clusters arc dedicated to de­
velopment of departmental instructional software. Any user cm log 
into any workstation and gain immediate access to private files and 
environments. 

Public workstations have no retained state between sessions. 
Therefore the operations staff can reload the system at any time with 
no adverse consequences. By default, the workstations refuse remote 
services, such as remote log in or remote command execution, to 
minimize the response time impact to the workstation user caused 
by others who might log in. Private \Vorkstations, generally used by 
faculty members and project staff, retain state between sessions. 

Seeurity 

The systcm 's designers assumed that the security of the workstations 
could not be maintained. To obtain system security with insecure 
workstations after log in. Athena developed an authentication service 
called Kerberos. 

The Kerberos authentication server [Steiner 88] is a trusted, 
third-party, private key, network authentication system that vali­
dates the identity of individuals to network servers. Kerberos is 
named after the three-headed dog that was the servant of Pluto in 
Greek mythology. He guarded the g;ltcs of the underworld and re­
ceived immortality. Kerberos is based on the model developed by 
Needham and Schroeder [Needham 78]. Each user and network 
server has an encryption key known only to it and the Kerberos au­
thentication server. Timestamps have been added to that model to 
help detect and prevent replay. Kerbcros operates without impo-.ing 
any additional burden on the user as a part of the normal log-in or 
service request process. 

Kerbcros establishes authentication by securely making and dis­
tributing a session key ti.ff each server-client instance. The particular 
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server then has the responsibility to use the key in a manner consis­
tent with its own authentication policy. The server may elect to (1) 
not use authentication, (2) use authentication on the first request 
only, (3) use authcntiution on al! transactions. or (4) authenticate and 
encrypt all transmissions. 

Ht•tt•ro~PnPit,· 

Because the two major project sponsors have incompatible worksta­
tion products, the system must support at least two incompatible 
workstation platforms. In addition, each vendor has supplied mul­
tiple generations of hardware, which arc not always compatible. The 
following minimum workstation requirements were imposed to 
bound heterogeneity and thereby bound the range of hardware for 
which instructional coursewarc must be developed: 

• Ethernet interface; 
• 1 million instructions per second processing speed; 
• 1 million pixel display (monochrome); 
• local hard disk of at least 40 MBytc; 
• 4 Mbytes of main memory; and 
• pointer device (mouse). 

More recently, personal computers usmg Unix arc also sup­
ported. 

IntPropPrabilif,· and C'nht•rt•ne,· 

Athena supports both interoperability and coherency. In particular, 
the X Window System provides both, although its main contribu­
tion at Athena is in coherence because most applications run on the 
same system as the display. As with the X Window System, the sub­
systems in Athena interoperate by using a number of common net­
work protocols. Unix and C provide a high level of coherence so 
that the same application source code, and most of the system source 
code, can be compiled and executed on all workstations regardless 
of architecture. Coherence at Athena includes standardization of 
three lower level interfaces I Balkovich 85a 1- They arc 

• network service, or system interface between the applications 
and the operating system; 
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• application programming interface, or the interface between ap­
plications; and 

• user interface, or the interface presented by applications to the 
users. 

To obtain system coherence, Athena used the same operating 
system and the same communications protocols on all hardware plat­
forms. Operating system options considered were MS-DOS and 
Unix. Athena selected Unix because of its functional power and 
multitasking capability. It provides the same virtual machine inter­
face to applications on all workstations. Some 85-90 percent of the 
source code for the operating system is common to all workstation 
types. Essentially all source code is common for applications. Sepa­
rate binaries (compiled from the same sources) arc supported for all 
workstation types. To obtain communications coherence, Athena se­
lected TCP/IP to implement the same virtual network interface to 
all applications. 

Application coherence is a much more difficult problem. It has 
been approached in part by supporting a small number of lan­
guages on Athena. Presently supported languages arc C, Lisp, and 
FORTRAN. 

Another part of the coherence requirement is met by using a 
standard windowing system. The X Window System was developed 
at the MIT Laboratory for Computer Science and Athena to meet 
this need. The X system provides a network-transparent, devicc­
independcnt, vendor-neutral windowing environment. Unix has an 
abstract, machine-independent interface to most of the operating 
system, except to the display. Thus portability docs not extend to 
display-oriented programs. With the use of the X System, an ab­
stract, machine-independent interface that provided machine inde­
pendence by recompiling became available. 

The user interfaces for the various types of workstations arc as 
identical as the keyboards and mouses will allow. The X System was 
developed to provide application coherence to the human interface. 
However, X solved only part of this difficult problem. Hecrntly. tl1L' 

Motif human interface development environment from Open Soft­
ware Foundation has been installed to provide a more powerful level 
of abstraction in obtaining user interface coherence. 

Similarly, current standard applications-including a 2-D draw­
ing package (GKS), a text editor (Gnu EMACS), a spreadsheet, a 
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laboratory data management system, and a document formattcr­
havc been adopted. 

As the different workstation architectures support different float­
ing point and byte orders, the system must handle these differences 
in a method transparent to the user. Each workstation knows its own 
system type, and separate sets of program binaries arc stored for 
each. Text file formats arc the same for all hardware platforms. When 
binary data arc accessed, each workstation type accesses its own type 
based on data from the name server. 

Affordabilif' 

From the beginning, the system designers recognized that any sup­
port approach whereby the labor requirement scaled normally with 
the number of workstations was likely to be too expensive. To 
achie\'L' affordability. Athena n1anagement decided to use CL'lltralizcd 
system management and support, even though the hardware was 
distributed. Experience with the system indicates that this decision 
significantly reduced support costs and improved service quality, 
compared to distributed management and support. (However, dis­
tributed management can sol\'l' political and organizational problems 
better than the centralized approach can.) Although labor cost still 
varies linearly with the number of workstations in the Athena sys­
tem, the coefficient of scale is much smaller. 

Athena S~'ste111 Desi~n 
The Athena system design views the entire hardware complex of (up 
to 10,000) workstations, file servers, communications servers, and 
printers as a single, unified, distributed system (as described earlier). 
Figure 5.1 shows a hlock diagram of the system, which is nctwork­
oricnted. The software configuration of all workstations attached to 
the network is identical. Workstations communicate with a variety 
of network servers that provide services to the users. lkcausc all 
services provided arc network services, they arc available to all users 
without regard to location. These network services include 

• name scrvtcc; 
• file service; 
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• printing; 
• mail; 
• real time notification; 
• service management; 
• authentication; and 
• installation and update. 

Files that would 1mrmally be provided for the entire system at every 
workstation are centralized, with a small number of copies to pro­
vide fail-safe capability and improved performance. 

Serviee Mana~Pment 

Configuration management of large numbers of \\"Orkstations and 
servers is labor intensive and cannot be done effectively by manual 
means. Therefore Athena developed a service management system, 
called Moira after the Greek word for fate I Levine 87 and llosrnstein 
88], to automate much of the routine management task. Greek my­
thology identified three fates represented by the women Klotho, 
Lachesis, and Atropos, whose names appear in the Moira code as 
major modules. Moira includes a central database of system control 
and configuration information, tools for manipulating that infor­
mation, and tools for updating the services to maintain conformance 
with the database. Types of information stored in Moira include disk 
quotas. all hardware configuration files. allocation of indi\·iduals to 
post offices, and access control lists. The centralized database has 
proven to be both effective and economical, because each piece of 
data is stored only once, is easily updated, and is subject to fine­
grained access control. 

Name ServieP 

In time-sharing systems, object names typically are resolved into ad­
dresses by using configuration files. These files tend to be relatively 
static and reside in each node. However, this static approach is not 
appropriate for workstation networks; a more dynamic reconfigur­
ation method is needed. Also, per-system configuration files arc 
somewhat wasteful of storage if replicated on all workstations. 
However, the primary benefit of a name server is to maintain con­
sistency of configuration files. This benefit increases with the size of 
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the system because both the rate of change and number of copies 
increase with overall system size. 

The purpose of the Athena name server, called Hesiod [Dyer 88 J, 
is to allow centralized, dynamic linkage between names and objects. 
Hesiod is named after the Greek farmer and poet who was the scribe 
for the gods and was the only one allowed to chisel names in stone. 
As an example of Hesiod usage, Postscript printing for building E.fO 
third floor might initially be provided by a printer named NIL at 
address PS.MIT.EDU. If at some later time this service were moved 
to a dith:rrnt printer at address L(~I'. MIT. El )LJ, updating a config­
uration file on each of 10,000 workstations to reflect the change 
would not be feasible. Instead, the name server provides a single, 
centralized location for the configuration file for all workstations, 
thus providing significant savings in storage and allowing system 
configuration changes with minimal staff. 

Hesiod includes the Berkeley bind name server [Bloom 86 J with 
some extensions. It provides information on users, location of users' 
private files, mail delivery addresses, and locations for network ser­
vices such as authentication and printing. The central system data­
base (maintained by the Moira service management system) updates 
Hesiod every few hours, which in effect represents a fast front end 
to the Moira database. 

System software (except for the kernel) is not kept on the worksta­
tions, which function as dataless nodes. When a user logs in, new 
system software is down-loaded from a secure network file server, 
thus ensuring a validated initial operating system. 

When the user logs out, a program called toehold "deactivates" 
the workstation. All attached file systems arc detached, all temporary 
storage areas arc cleaned out, and the window system is terminated. 
No network connections (for example, to external file servers) arc 
retained. Several other housekeeping activities are performed, such 
as destroying any tokens of authenticity created for the previous user. 
Finally, the next log in is solicited by a "Press any key" prompt. If a 
new system library is loaded onto a server while the workstation is 
deactivated, it will be used at the next log in; this deactivation/ 
activation cycle provides en masse software update of the nonresi­
dent portion of the system. 

When the key depression is received, toehold executes a shell 
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script that attaches the system libraries from the read-only file server 
(described in the next section) and starts the X Window System. A 
log-in window then is activated for the user and log in is solicited. 

Log in proceeds with the user submitting user name and pass­
word, and the Kcrbcros authentication server authenticates the user 
in a transparent manner. Information about the user is obtained from 
the Hesiod name server. The user home directory is then attached 
from the appropriate file scrn:r. The Zephyr real time notification 
service is activated and a Zephyr windowgram client is started. Log 
in continues with the usual execution of the log-in files. 

Kcrbcros authenticates the identity of the user to the desired ser­
vice in a fully transparent manner through the use of encrypted "elec­
tronic credentials." Kcrberos establishes identity (authentication) 
only and docs not become invoked in the decision of whether an 
individual is allowed to use a specific service (authorization). Server 
mechanisms (Unix or other) arc used for authorization. 

Two types of credentials arc generated by Kcrbcros: tickets and 
a11the11ticators. A ticket securely transmits the identity of an individual 
to a scn·cr t<Jr a temporary "session key." The authenticator contains 
additional information that can be compared by a server to the ticket 
to prove that the user presenting the ticket is the same one to whom 
the ticket was issued. 

Before describing the Athena file system, we need to present some 
background and definitions on distributed file systems in general. 
File systems arc categorized in a number of ways. One \ny is to 
develop a taxonomy. such as the one shown in Figure 5 . .2. The high­
est categories in a file system hierarchy arc remote versus local file 
systems. Local file systems can be handled by conventional time­
sharing techniques and arc relatively simple compared to remote file 
svstcn1s. 

The data in remote (from the client) file systems can be divided 
into categories of centralized, partitioned, and replicated approaches. 
;\ ,·(llfr.lfl~1,f (jk o,\.,lL'lll I' \llll' Ill \\h11h .ill till cl.it.1.l:l Ill <lllc f'J.1,, 

A panitio11cd file sy-;tcm is one in which the data arc segmented into 
disjoint partitions. and each partition is stored on a sv~tem. A repli­
cated file S\ stem is one in which duplicate copies of files ;Hl' stored. 
In any particular sy-;tcm. these approaches arc not mutually cxclus1vc 
,IJlll Ill.I\" b,· ll'L'cl lll c<llllhlll.ltl<lJl. ! .1«\i ·lf'\'I"<>.1"iJ ii.1' ·1i.,·1lt'.lil· di<; 
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File systems 

Remote Local 

Centralized Partitioned Replicated 

J'i~ure 5.2 Taxonomy of tile systems. 

weaknesses, depending on relative rates of update and query, but a 
discussion of them is beyond our scope here. 

Just as data can be supported in three ways, the directories in 
remote file systems can be handled by centralized, partitioned, or 
replicated techniques. The method of handling data need not be the 
same as the method of handling the directory. For example. the data 
can be partitioned and the directory centralized. 

Athena workstations are dataless nodes supported by an exten­
sive file service. Athena has three different network file services and 
in principle supports an arbitrary numlx·r of other file services. ( )ne 
service-the Remote Virtual Disk (RVD)-holds read-only files, 
such as system software libraries and some applications software. 
Another-the Network File System (NFS)-is used for read/write 
files. The third-the Andrew File System (AFS)-is also used for 
read/write files but is especially useful for files used for coopcratin· 
work. 

The reason for using both NFS and RVD is that they have quite 
different characteristics and arc used in different ways. NFS is used 
for shared access to writable private files and directories. These pri-
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vatc NFS files are distributed across the subnets in a relatively uni­
form manner. The likelihood that users will be on the same subnet 
as their private files is relatively low-about 4 percent. Therefore 
nearly all private file accesses go across the backbone. Because these 
files are generally small and arc accessed less frequently than system 
files, they can be accessed across the backbone network without ex­
cessive data transfer rate requirements. RVD is used for read-only 
shared system and courscware libraries. Therefore, the RVD files arc 
replicated on every subnet. RVD does not provide file service (only 
disk block access service), so it can support many more clients per 
server. 

By default, each user has an NFS file system with the same name 
as his or her uscrnamc. This home directory is attached transparently 
at log in via the . lo,t,zin file. Additional file systems may be mounted 
upon user request via the attach command. File systems arc named 
objects. The names arc resolved to {location, type, mount point} by 
Hesiod. The user's ability to customize the namespace is an impor­
tant capability. 

Attach is a file system utility developed at Athena that provides a 
logical connection of a remote file to a local directory. Attach pro­
vides the capability for files (system or private) to be available at any 
workstation. Files are stored in "lockers"; that is, each Athena locker 
is an imported file system. Lockers arc stored on network file servers 
distributed across the system, but they appear to be local to the user 
in a single, local file directory. The files must be attached to the 
workstation directory, but this is usually done in a transparent man­
ner in the . lo,'< in file. 

Attach currently supports the file systems of NFS, RVD, Unix 
File System (UFS), and AFS. It therefore acts as the integrating 
mechanism for Athena's various file systems. The logical connection 
then allows access to remote files as though they were local. 

Attach looks up the file-system name in Hesiod to get the filc­
system type, the server host, the default mount point in the user 
directory, and the mode (i.e., read-only, read/write). Attach then au­
thenticates the user for the file system and creates the links from the 
user directory to the desired remote file. 

Additional file systems may be mounted upon user request via 
the attach command. RVD and NFS file systems arc named objects. 
The names arc resolved to {location, type, mount point} by Hesiod. 
AFS files arc ah\·ay~ accessible\\ ith a fixL'd path 11,tlllL'. I k-,iud 1-, ll'>L'd 
to translate from the short path name to the true path name. 
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Printin~ 

Conventional time-sharing systems provide local printing. The use 
of this model in a workstation environment creates two problems: 
print queueing and printer configuration. 

Unix normally queues the print file on the workstation, with no 
indication of whether the requested printer is accepting jobs. The 
possibility exists that if the user logs off, the next user may alter or 
delete the spooled fik before it gets printed. The possibility also ex­
ists that the spooled file may never get printed because the printer is 
not accepting jobs. Finally, sending a print request to a particular 
named printer is an arbitrary limitation on the manner in which the 
print request is eventually serviced. Athena designers modified the 
/pr Berkeley print spooler to queue the print file at the remote print 
server. If the print server is not available, an immediate error mes­
sage is generated. 

The configuration problem is similar to the password problem. 
The file defining printer characteristics (the printcap file) would nor­
mally be stored statically on every workstation. Athena moved the 
pri11tcap function to the Hesiod name server, permitting configura­
tion control (logically) to be separated from print service location. 

Early in 1989, Athena decided to go to a much better distributed 
print system than /pr, called Palladium. Test and evaluation began in 
September 1989. The system is scheduled to go into full production 
soon. 

Et .. etronie Mail 

In a conventional Unix time-sharing system, users send mail to re­
mote individuals using a mail address of 11semame(a. absol11te-patlz­
name, or to local individuals using an address of simply usemamc with 
the remainder of the address as a default. The Athena requirement 
that any user can use any workstation makes absolute path names 
inappropriate, because individuals are not limited to one system. 

Figure 5.3 shows the approach developed by Athena, which 
combines the best of the loc.11 and remote approaches. All indi,·iduab 
arc addressed as though they were local, without using a machine 
name. The mail is sent to a central mail lz11b and then to a "post of­
fice," where the mail is queued until the addressee decides to pick it 
up. When the mail is "picked up," it is transferred from the individ­
ual's post office (based on Hesiod information) to the private (NFS) 
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mail file for that individual (also based on Hesiod information), who 
can then read, write, and edit mail from any workstation, as though 
it were actually local. 

To accomplish this result, Athena uses the MH mail system 
I Rand H'.11- An imprnYed paphical front end has been .1ddL·d tu I\ 11-1 
(called XMH) based on the X Toolkit [Swick 88] so that all com­
mands are entered through mouse selection of active objects instead 
of the command line interface. The Post Office Protocol I Rose 85 I 
utilized by MH has been retained and is modified to require the use 
of the Kcrbcros authentication server. Multiple post office servers arc 
proYidcd as rL·quirL·d for load 11L111agcme11t and r-:liabilit\". The pnipn 
post office for each individual is selected using information in the 
Hesiod name server. All changes to MH to support a distributed 
system arc transparent to the user, and the user utilizes the software 
as though it were on a single centralized time-sharing system. 

In fact, the network mail system is a generic design that is inde­
pendent of MH, which is only one of several mail interfaces that can 
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be used. A popular alternative is mrai/, which comes with g1111c111acs. 
Although they arc embedded in a distributed system environment, 
MH or m111il are unchanged from the standard distribution. The only 
change required is to adjust the Post Office Protocol library to use 
Hesiod and Kerberos. 

Users outside Athena can also send mail to individuals within 
Athena as though it were a single, centralized system. They send 
mail to address 11scma111c(a athrna .111it. cd11. This mail goes to the mail 
hub and is distributed by the same mechanism as internal mail. 

The mail hub also handles distribution lists within Athena. At 
presrnt, some 400 mailing lists and 13,000 mail messages per day 
cross the hub. Three post office servers supporting the 10,000 users 
handle these 13,000 messages. 

Real Time NotifiC"ation 

Occasionally, real time notification is useful, as when new mail has 
arrived or when a file server is going to be taken out of service tem­
porarily. Such notification is easily accomplished on a centralized 
time-sharing system, because the identity of all individuals logged in 
is available in a single location. Notification is much more difficult 
in a distributed system, because no central file exists to hold this 
information, nor can the workstation report of this information be 
trusted blindly. 

To meet this need, Athena developed a real time notification ser­
vice called Zephyr !Della fcra HHI, after the (;reek god who provided 
the gentle, warm, west wind upon command of Aeolus. Using this 
system, one person can send a message to another immediately by 
using a single command and without knowing the location of the 
recipient (or even whether that person is logged in). Zephyr searches 
the active workstations to locate the recipient, and, if he or she is 
logged in, it creates a pop-up window immediately with the mes­
sage. A user can select classes of Zephyr messages of interest and 
suppress the rest. This capability operates within the constraints of 
privacy and permission. 

On-Line Consultin~ 

An on-line consulting system olc !Coppeto H9I permits users to direct 
questions to consultants or other expert users logged in elsewhere on 
the network. A key feature is the "topics" idea, whereby olc finds a 
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resident expert willing to answer a question. A set of stock answers 
is maintained for quick rc<.,ponse to common questions. The user can 
get access to the answers through a menu system, and the consultants 
can return a standard answer electronically if appropriate. If the con­
sultant is not available, questions arc automatically queued. Answers 
arc often returned by electronic mail if the questions arc difficult or 
if the question remains unsolved when the user logs out. 

The olc component was so successful in providing answers to 
questions about the system, that it was cxtmdcd in the fall of 1989 
to be the On-Linc Teaching Assistant (olta). Oita is used to answer 
questions about course material in the same way that olc answers 
questions about the Athena system. Instructors arc using olfll exper­
imentally in several courses. 

Dis~uss 

Disrnss [Racburn 891 is an electronic confr.·rcncing system that allows 
Athena users to communicate easily and ctli..·ctivcly on specific sub­
jects. The approach used is to support the "electronic meeting" 
model, and there are presently about 100 concurrent meetings in 
progress. Disrnss is authenticated by Kcrberos and uses Zephyr to 
send real time new transaction annou1Kcmcnts. The system evolved 
from an earlier system called Forum supported on MULTICS. 

System Software Development 

To support coherence at the application programming interface, 
most of the source code for the operating environments is the same 
on the different workstation platforms. The source code is parti­
tioned into a machine-independent section (e.g .. the applications .rnd 
most of the operating system) and a machine-dependent section to 

simplify the system build process. 
Currently, the basic operating system software used on all 

Athena workstations and servers is UNIX. with 111achi11c-depc11dcnt 
software (e.g., device drivers) supplied by the manufacturers. The 
standard UNIX distribution is augmented by sn·L·r.il third-p.1rt\· 
software packages and local Athena modifications and .1dditio11s. Tll 
maintain control of the software configuration, all software is com­
pletcl y built from source nidc about once each year. M(lduk upd.1tcs 
are provided 3 or 4 times a year. 
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The new source code for the Athena distributed services is about 
20 Mbytcs [Davis 89]. The total amount of source code for the 
Athena system, including Unix, the Athena distributed services, and 
applications, amounts to -l-00 Mbytes. This source code is structured 
into a hierarchy of about 1300 makefiles and generates some 12,000 
binary modules. 

To control the amount of labor required and the quality of de­
velopment, management, and support of this large amount of source 
code, the Athena staff developed or imported a number of software 
tools. These tools [Davis 89] include 

• Pr0Lso11rces, to manage access privileges; 
• Track (like rdist [Nachbar 86]), to manage distributed files; and 
• Maksrv, a script set to convert workstation software to servers. 

Prot_sources manages access privileges so that system builds arc 
not aborted by lack of privileges for access, while also providing 
some measure of protection. It allows software developers to start a 
build at any time without using root access and its lack of protection. 
Prot_so11rces provides four categories of protection: writable, execut­
able, locked, and unlocked. It traverses the 400 Mbytes of source 
code in about 1.5 hours, reporting on its actions as they occur. 

Track creates a local file containing the update status of all of the 
distributed files used for the system build. After the local file is com­
plete, the system build process can compare local copies to the up­
date status contained in track instead of comparing against remote 
files, thus saving thousands of remote file accesses. Another more 
important use of track is for workstation software version update. 
Currently, track runs at the system level when someone types an 
"updatc_workstation" command, but the mechanism is in place to 
allow it to run automatically whenever a deactivating workstation 
notices that the version number of the workstation release is behind 
the version number of the central library release. 

Ideally, all software update should be entirely automatic and 
should propagate to all workstations essentially simultaneously. 
Tools to do this at Athena are available for nonkernel code but not 
for kernel code. Currently, changes to the kernel require that each 
individual \\·orkstation be \·isitL'd and the kernel loaded from a floppy 
disk (the "roller skate"' approach). Work is proceeding to largely au­
tomate workstation kernel software update. 

Server systems (e.g., printers, name servers) arc built as modi-
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fications from a standard workstation system with makesr1J. The 
workstation software is mitially installed on servers. Building a 
server from a workstation then becomes a standard operation. 
Makesrv presently can build the server types of NFS, Hesiod, Kcr­
beros, Moira, On-line Consulting, RVD, Zephyr, Discuss, and 
Printer. 





Athena Tools and 
Distributed Services 

SIX 

In this chapter we discuss in more detail the tools and distributed 
services summarized in Chapter 5. We first describe the human in­
terface work done at Athena, then the network that supports Ath­
ena's distributed system, and, finally, more details of Athena's dis­
tributed services. 

Human Interfaee Development 
Concerns about the nature of the human interface to both the oper­
ating system and applications on the Athena system existed almo~t 
from the beginning. The types of concerns for the two cases were 
very different. 

Unix uses a command line input syntax that was developed for 
10-character/second hardcopy terminals. In that en\·ironment. n·cry 
keystroke was expensive for both input and output, so commands 

. ( " " " " d "l ") I A l h wereverycrypttc e.g., mv, cp, an s . n t1enat eoutput 
is not 10 characters/second but about 50,000 characters/second. 
Nevertheless, users must still use the same cryptic syntax. 

Although the Unix command structure has a very clean and con­
sistent architecture, the implementation lus a large number of 111co11-

sistencies and ambiguities. This drawback, together with the flat 
command structure, imposes a heavy memory burden on the user, 

109 
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which is made worse by cryptic mnemonics that have marginal re­
lationship to the commands that they represent (such as "grep "). The 
"man" pages are of some help but are limited i1.1 effectiveness, be­
cause they are very lengthy, not provided in context, and can only 
be invoked if the user "almost" knows the answer anyway. 

The human interface design for MIT applications is controlled 
completely by the implementers. The ability of implementers to de­
w lop good human interfaces varies widely. All application imple­
menters faced the dual problems of the high skill kwl required and 
the labor-intensin' nature of the task. Both problems were caused by 
the relatively primitive tools available for this purpose. The skills 
required included programming ability in C. X Window System. X 
Toolkit. and Unix. 

X \Hndo\\· S~·stem 

The X Window System [Scheifler 87] was the first step taken at 
Athena to implement better human interfaces. A major alh·antage of 
X was that it provided de\·ice independence. so th.lt the same human 
interface could run on any Athena workstation independently nf de­
sign. Athena was one of the earliest users of the X Window System 
and later the X Toolkit [Swick 88] in a production environment. 
Unless otherwise noted. all Athena operations described are done 
using the X Window System and X Toolkit. 

Work on a windowing system had started early in 1984 as a joint 
project between Robert Scheitkr of LCS and Jim c;etty'> of I )igital I 
Athena. Scheitkr needed a window system for the Argm projL'ct and 
Gettys needed one for Athena. Stanford University had developed 
the W window system for the V research operating system in 1980, 
and W was subsequently ported by Digital to the VAX-.tation t 1H1. 

The W window system had good fundamental characteristics but 
needed m~~jor functional extensions and performance improH·me1Jts. 
The new window system was sufficiently different that it needed a 
new name. This system became the X Window System, and it 
played a key role in attaining coherence for Athrna. De\·L·lopment of 
irnpron'd tools t(Jr human interface implementation began \\"ith X 
at the lowest kn·! and proceeded up\\·ard through increasingly po\\·­
erful levels of abstraction over several years. 

Athena began using X version 9 in a production environment in 
September 1985, and version 10 a year later. This operation satisfac­
torily provided the desired benefits of X to Athena and could have 
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continued to do so for several years. Howe\·er. intensi,-e X devel­
opment continued, producing X version 11 early in 1987. Because 
X version 11 was incompatible at the protocol lenl with version lU. 
conversion was required of all applications using X. X version 11 
went into production in September 1987. but n.·rsion 10 was also 
supported for compatibility. Although some bugs \YCre discowred 
after the system went into full-scale production on the first day of 
fall semester. the number was manageable and the risk taken using 
field test software proved to be worth it. 

Figure 6. 1 shows a simplified schematic of the X Window Sys­
tem. Application programs interface ,,·ith the toolkit or the X library 
of subroutines to create and manipulate windows and their contents. 

Fi~ure 6.1 Srructt:rc of the X \\"ir;JO\\" S\·srcm. 

XLIB 

XW1'i-'JN1 

System protocol 

Screeri rr.arager 
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The user interfaces with the application to carry out the desired func­
tions and with the screen manager to control the visibility and ar­
rangement of objects on the display. 

The development of X started with the protocol commands 
transmitted between the client and the server. In order to make it 
easier to generate the commands, the X library (XLIB) was created 
to provide a subroutine interface for command generation. As work 
on the X library was nearing completion, it became obvious that this 
interface was still at too low a level for development of human in­
terfaces, so work on the X Toolkit was initiated in 1987. The design 
of the architecture for the X Toolkit was relatively difficult, so this 
work proceeded slowly at first. However, as soon as the X Toolkit 
was available, it became the preferred technology for implementing 
human interfaces. 

By late in 1986, a few people with a background in human inter­
face development had joined Athena, and efforts were started to de­
fine developmental objectives in this area for both Unix and appli­
cations. A graphic user interface that would shield novice users from 
the command line interface was desired for Unix. The application 
developers needed much more powerful tools and a style guide to 
provide easier development of human interfaces with better consis­
tency across applications. Various research projects elsewhere had 
tried to develop a graphic user interface for Unix, but none had been 
successful. The development of better tools and a good style guide 
was clearly beyond the resources of the project. There seemed to be 
no way to improve the situation and to reach the desired goals. This 
bleak outlook changed for the better with the creation of the Open 
Software Foundation (OSF) and the Mot~fhuman interface develop­
ment tools. 

Enter Motif 

Because of its close relationship with Athena, Digital developed the 
first commercial version of X under the name of DECwindows. 
Digital had the personnel and skills needed to develop a comprehen­
sive set of tools in DEC windows, assigning more than 1000 software 
engineers to the project at the peak of development. Digital provided 
DECwindows to OSF to be part of the Mot~f product early in 1988. 

Mot~{ is a set of tools for developing human interfaces. It is lay­
ered on the X Window System and includes a toolkit for creating 
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and presenting "widgets," a window manager, a User Interface Lan­
guage (UIL), and a style guide. A widget is a human interface graphic 
object, such as a dialogue box, menu, or mouse-sensitive button. 
UIL is a grammar for staticallv describing the layout of widgets and 
eliminates a great deal of repetitive code. The style guide describes 
ruks for designing good human interfaces in a consistent manner 
using the tools in Afotif These clements met a clear need in Athena 
for improved tools for development of human interfaces. 

Soon after the formation of OSF, a relatively close relationship 
developed between the research department of OSF and Athena, re­
sulting in large part from shared interests. Athena had built up a high 
degree of expertise in X and the X Toolkit. Athena also had a strong 
need to obtain more powerful tools for human interface develop­
ment. Concurrently, the research department of OFS wanted to test 
:\1ot~f and its documentation thoroughly and to extend it to more 
powerful levels of functionality. 

Because of the synergy between the goals of OSF and Athena, 
OSF provided a substantial research grant to Athena to test and ex­
trnd }\fot~fin the summer of 1989. Athena put together a task force 
of 17 trained students and gave them free rein to develop useful ex­
tensions to Motif. The students had a good idea of new features 
needed, having experienced the shortcomings of Mot~fwhen using it 
in application development. The OSF grant resulted in development 
of a large number of new "widgets" that were useful in application 
development. The effort also resulted in improved human interfaces 
for the following components. 

• For Unix: 

xjobs-lists all jobs running and permits easy modification of 
state; 

/print-easy print queueing of files and screens; 

xtar-simple method for backup and restoring files to/from 
removable media; and 

dbrowser-directory/ file browser/ file selector. 

• For Athena services: 

webster-Webster's Dictionary; 

mmail-simple mail handler based on rmail; 

hotline-hardware problem reporting interface; 
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Figure 6.2 New Mot~{ widgets developed at Athena. 

olc-on-line consulting (also on-line teaching assistant); 

help-on-line help system including on-line documentation 
delivery; 

ro/odX-personal Rolodex-style address book; 

calendar-personal appointment calendar; 

font chooser-font browser and tester; 

Ar~us-intelligent mail filter; 

TI-provides help and documentation browser for Emacs; 
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Project Athena's Toybox 

help hotline mm ail 

[[] a ·11 b 
11. c 

olc '\\rebster xjobs print 

xtar rolodex calendar font chooser 

c: 
Figure 6.2 (Continued) 

whatsup-a distributed calendar public database; and 

toybox-easy access to selected Motif applications. 

• For education: 

analog/digital sliding scales for input; 

analog/ digital scales/ gauges for output; 

xim-X image manipulator system; and 

xmath-function plotting. 

Figure <i.2 shows examples of some of these new .\fot(f front ends or 
widgets. 

In parallel with development of the new widgets for .\for(f; two 
MIT faculty members were developing another, more general Im­
m an interface tool under the name of the Lecture Authoring System 
(LAS) I Moriarty 89j. The goal of this effort was to develop a soft­
ware package that would allow lecturers to prepare computer-based 
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educational materials for classroom and student use without the need 
for programming. The package was designed to support interactive 
modeling and graphics in addition to the presentation of i:extual ma­
terial. It not only met the design objectives, but also provided the 
following capabilities. 

• The lecturer can create and modify an electronic presentation us­
ing an interactive graphical layout editor that approaches 
WYSIWYG (What You Sec Is What You Get) functionality. 

• For any given application, the lecturer can design a number of 
screens, each of which can be subdivided into any number of 
windows. The lecturer has complete control over the size, place­
ment, and content of the windows. Constraints and predefined 
functions can be applied to the modeling environment. 

Figure 6.3 Modeling and graphing using thl' LL'cturl' Authoring Systl'm. 
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• The user can accomplish input and output by assigning 1/0-
sensitive control objects to the desired location on the window. 

• The user can create new widget-like objects. 
• The user can easily accomplish interobject interfacing (for ex­

ample, between a modeling environment and a plotting object). 

LAS is now being ported to Mot~( Figure 6.3 shows an example of 
LAS modeling and graphic output. 

New modules for windowing and human interface develop­
ment, starting with the X Window System, have traditionally been 
created in a bottom-up manner. The reason is that the desired func­
tionality is not known at the outset and learning/research is required. 
Now that the Mot~f package is available, attention is being devoted 
to the next higher level in the hierarchy. LAS appears to have the 
kind of functionality desired for this next level. 

The Network 
Although the network is transparent to Athena users, details of the 
design and implementation may be of interest to some of the readers 
who may be designing or modifying their own network systems. 
More detail is given in [Schiller 88]. 

Perhaps the earliest network at MIT was ChaosNet, developed 
by the Artificial Intelligence Laboratory (AIL). This network pre­
dated Ethernet and included both physical network technology and 
protocols. Use of ChaosNet grew over the years because of avail­
ability and the local base of expertise. Later, the LC:S designed and 
implemrnted a token ring system. The ProN ET-I 0 product devel­
oped by Proteon was based on this technology and is the system 
currently used by MIT for its campus spine. 

These networks grew over the years and, in some cases, became 
quite large. However, they were typically maintained by researcht.:rs 
and students for research purposes and \Vere not planned or devel­
oped to be generally available services. MIT created a campus net­
work group to coordinate these activities. Initially this group was 
directed by Professor Fernando Corbato of the Electrical Engineer­
ing and Computer Science Department, and the network used 
Chaosnet protocols and hardware on a private cable that linked the 
LCS, the department, and the Plasma Fusion Center. In 1984 this 
group was expanded to install campuswide network systems and to 
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deliver campuswide local area network data communications ser­
vices on demand. Creation of this network was, in part. in response 
to the needs of Athena, which became its first major customer. 

Although a number of alternatives existed for networking the 
campus, its topology severely limited the viable lptions. The cam­
pus is about 2 km long and about 1 km wide. This size precluded 
the use of a single Ethernet system and mandated a network of 
networks. 

The approach chosen uses a "spine" or backbone, which visits 
most of the major buildings 011 campus. The technology choice for 
the spine was fiber optic token ring. The fiber optic technology was 
chosen for its excellent drive distance capability and electrical isola­
tion. The spine is presently operated at 10 M bits/second but the 
cable is capable of operating up to 100 M bits/second. 

The individual local area networks arc attached to the spine. Eth­
ernet at 10 M bits/second was chosen for the subnet tcchnologv. be­
cause it met the limited drive distance requirements and because 
interfaces are supported by a large number of manufacturers. The 
protocol supported on Ethernet is the DOD TCP/IP. the most com­
mon protocol used by the academic community. The only attach­
ments to the spine arc through gateways, each of which supports a 
few Ethernet subnets. This approach limited the number of types of 
equipment and software (to one of each) that arc attached to the spine 
and that could bring down the entire network. Thus, if the gateways 
can be made reliable, the network becomes much more rcliahk. All 
of the computing dn·ices, including main frames, servers, worksta­
tions, and printers are attached to one of the subnets. 

The use of gateways (instead of, for example, bridges) has other 
advantages. The local traffic on a subnet is kept off the spine, thus 
greatly reducing the performance requirement of the spine. The g.ttL'­
ways also act as "firewalls" preventing problems on a subnet (such 
as "message storms") from affecting the entire net. The use of sub­
nets gave additional administrative tkxihility in thar sulwcts could 
be owned and administered either by departments or by the central 
network support organization. 

Other types of subnets can be attached simply by providing the 
appropriate gateways. In I 987, MIT purchased a llL'\\' tckpho11L' sys­
tem, including installation of all nl'\\" twistL·d pair c1hk. <.. :ost .m.1h·sis 
indicated that twisted pair local area network tL·clmolog\" would he 
far less expensive than co-axial cable, especially since the additional 
twisted pair could be installed as part of the new telephone system 
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at minimal incremental cost. Consequently, every telephone outlet 
has an associated outlet for future data system applications. 

A number of protocols and services are used in Athena from 
within the Transmission Control Protocol (TCP)/Internet Protocol 
(IP) family. which ARPA and the defense industry developed and 
standardized. TCP is a host-to-host protocol. whereas IP is a pro­
tocol for communications between networks. IP transmits packets 
or datagrams as a connectionless communications service between 
nodes. TCP provides connection-oriented communications sen·ice 
on IP. The protocols and services included in the TCP/IP family in­
clude tcl11et, a remote terminal service, _file trm1~f(•r protowl (FTP). si111-
plc 111ail tra11sport protowl (SMTP), and simple 11etwork 111ai11tc11t111cc pr<1-
tocol (SNMP). SNMP and other services use the 1111il'fl"S11l d,H,1.l!r.1111 
protocol (UDP). Figure 6.-1- shows the relationship among these ser­
vices and protocols. 

The spine transmits IP packets from the source router to the des­
tination router. where they arc then transferred to the appropriate 
subnet. The MIT network group assigns each attachment to the sub­
net an IP address. Charges for attachment to the net are based on 
equipment class. with workstations being charged at the race of S.21 I 
per month. 

The first sections of the spine were installed late in 1984. The 
Athena time-sharing VAX l 1 /750s were initially used as routers. 
This approach did not work well administratively. as the people 
trying to run a reliable network \Vere constantly at odds with the 
people trying to do operating system de\·clopmenc \\·ork on the same 

Figure 6.4 Relationships in the TCP/IP family. 
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machines. The folluwing year the original equipmrnt was replaced 
with MicroVAX Us tl) s1)hc the administratiYe problem. (It was not 
a technical or a performance problem.) The initial software imple­
mentation used Unix, but it proved to be much too slow and unre­
liable. Subsequently .. 1 st~nd-alone router software package called 
CGW, deYdoped by LCS and modified by the network group. was 
installed in 1986. 

In addition to greatly improved performance and reliability, 
CGW proYided remote maimenance capability. This feature has 
proven to be very important, because the routers are physically dis­
tributed across campus. Earlier software required a physical Yisit to 

restart a failed system. With CGW. a software failure can be handled 
remotely. 

On a large, far-flung campus, expecting that every good candi­
date location for a \\'orkstation \\'ill he initially accessible to the cam­
pus network is unrealistic. Requiring that \\'Orkstation installation be 
limited to places that the network already serves was initially very 
restrictive in practice, but as the network expanded it became less of 
a problem. 

The following three categories of communications are supported 
at MIT. 

• T(1?htly t"o11plcd. This includes communications net\\'orks \\'ith a 
bandwidth of 1 Mb/sec or more. Technologies presently in use 
in this category include fiber optics token ring, token ring over 
copper cable, and Ethernet over co-axial cable and unshielded 
twisted pair. A few Applebus nets also are connected to the cam­
pus net through specialized routers. 

• Loosdy co11plcd. This includes Ethernets that arc linked to routers 
on campus Ethernet networks through voice grade lines at band­
widths of 14.4 Kb/sec. 

• Modem connected. This includes dial-up service at 1200 or 2400 
baud. This class of service is used for remote terminal access to 
time-sharing. 

Workstations can be both on campus and off campus. On-cam­
pus locations include offices, public areas, dormitories, and other 
student housing facilities. Off-campus loc1tions include rL·nwtc li\·­
ing groups (e.g., fraternities, sororities, and independent living 
groups). 

This system of tightly and loosely coupled networks forms a 
single logical network with a single address space. Performance 
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variations among links are large enough to require different modes 
of use. The subnets connected to the campus by low-speed links have 
their own local file servers to provide good access to local files. Ac­
cess to remote (i.e., on-campus) files is provided but at a lower per­
formance level. 

By the end of 1987, the spine reached 27 locations on campus 

lf'if{ure 6.5 NEARnet configuration diagram (courtesy of Dan Long. Bolt. Beranek. 
and Newman, Inc.). 
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using 20 km of fiber. About .)()()() computers arc now being served 
by 22 routers. 

More rccrntly, MIT has joined the Nc\v England Academic and 
Research Network (NEARnct). This network links various colleges, 
research labs, government departments, and industrial/commercial 
organizations at speed~ up to 1.5 Mb/sec. The area covered includes 
eastern Massachusctts with branch nodes in Maine and New Hamp­
shire. NEARnet is ~1 regional network of NFSnct (National Scirnce 
Foundation Network). Figure (J.5 shows the current configuration 
of NEARnct. 

Organizations currently supported on NEARnet include MIT. 
Boston Uni\·ersity. Harvard. the Digital research lab in Cambridge. 
()pen Software Foundation. Mass,1chusctts Microelectronics Center. 
Lincoln Lab. Thinking Machines Corp .. and BBN. NEARnct pro­
vides electronic mail, remote log in, and file transfer services by 
means of TCP/IP. 

The following material describes in more detail the network scn·iccs 
supported by Athena. In somL' cases clarity requires simplified de­
scriptions or omission of some details of important features. 

Authentic-ation 

Kerberos [Steiner 88] is a trusted. third-party. pri\·ate key. and key 
distribution sen·ice functioning as a nctv.:ork authentication sen·icc. 
Kerberos is based on the model developed by Needham and Schroe­
der [Needham 781. to which a globally synchronized time scn·1cL' 
was added. Key terms arc defined as follows. 

• Principal. Each network entity (user or server) that uses Kcrbcros 
is in some sense a client. To distinguish K erberos clients from 
clients of other services we use the term principal. 

• :1.11t/1rnric,Hil111. Authcntic1tion is the prn,··-·s-.; ofL·~uhlishi11~ pnH1f 
of identity, and the Kerbcros service provides validation of the 
identity of one principal to another. 

• Tmsted. Each principal trusts a particular Kerbcros service, and 
each potential network corespondent also trusts that same partic­
ular Kerberos service. Each principal has a key known only to it 
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and the Kerberos authentication server. It is important to note 
that the workstation being used by the user is not trusted as it 
can easily be compromised. Only Kerberos is trusted. 

• Third party. Kerberos is a third party to any transaction between 
two principals separated by the network. 

• Private key. As with all known security systems, encryption 
forms the basic technology for proof of identity. The ability to 
perform useful encryptions and decryptions is taken as proof of 
the principal's claimed identity. In the case of Kerberos, the en­
cryption method is of the class private key. All encryption in Ker­
bcros uses the National Institute of Standards and Technology 
Data Encryption Standard (DES) !NBS 77]. We use key as short­
hand for private key. 

• Key distribution service. Kerberos provides a method to move a 
private key safely through a hostile network environment, where 
safe means free from attacks of either "disclosure of message con­
tents" or "message modification." In particular, the proof of a 
successful authentication interchange between principals is that, 
at the conclusion of the Kcrbcros portion of session initialization, 
both principals will hold a session key that has been securely gen­
erated and distributed by the Kerberos service. 

Kerberos operates without imposing any additional burden on the 
user during normal use. Kerbcros authenticates the identity of the 
user to the desired service in a fully transparent manner through the 
use of "electronic credentials." Kcrberos establishes identity (authen­
tication) only and docs not become involved in deciding whether an 
individual is allowed to use a specific resource (authorization). The 
normal server or Unix mechanisms handle authorization. 

Global time synchronization was added to help detect and pre­
vent replay. All clocks in the system must be synchronized to within 
a few minutes. If the time in the request differs from that in the 
electronic credentials by more than a few minutes or is identical to 
one already received, the server assumes that a former request is 
being replayed and service is denied. 

Secure transmission of a session key permits three levels of mes­
sage security, from which the applications programmer may select, 
depending on specific needs. These levels (and the attacks they ad­
dress) are 

• authentication at service connection time (spurious association 
initiation); 
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• authentication of every message (message stream modification); 
and 

• authentication and encryption for every message (release of mes­
sage contents). 

Because Athena hosts do not typically contain special hardware sup­
port for encryption, the third level is rarely used. 

Kerberos uses two forms of electronic credentials for passing 
authentication information. The first of these is the ticket, which 
contains 

• username; 
• server name; 
• user IP address; 
• timestamp; 
• lifetime of the ticket; and 
• session key. 

The ticket is used to pass the identity of the user securely between 
Kerberos and the server. It is valid for only a single user and single 
server. It is encrypted in the server key, so the user can pass it to the 
server without fear of compromise. 

The other message type used for passing authentication infor­
mation is the authenticator. The authenticator contains the 

• username; 
• IP address; and 
• current time. 

The authenticator is used for comparison against the ticket to vali­
date that the user submitting the ticket is the same one to which the 
ticket was initially issued. The authenticator is encrypted in the ses­
sion key included in the ticket. Kerberos is used three diffi..·rent ways 
in authentication: 

• log in, to obtain the "ticket-granting ticket"; 
• first access, to get a service ticket; and 
• authentication, for service delivery. 

Lo" In The individual's identity is initially established at log-in 
time. The user submits a username to the workstation. The login 
program sends the username to the Kerberos server as a request for 
the authentication service. Kerberos looks up that uscrname in its 
database. If an entry is found, it retrieves the user key (dcrin·d from 
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the password), generates a session key, and encloses the session key 
in a ticket. The ticket is then encrypted in a key known only to the 
ticket-granting service and Kerberos. This encrypted ticket is ap­
pended to the session key for the ticket-granting service, and the 
entire message is then encrypted in the user key. This message is sent 
to the user's workstation. Note that the user key (derived from the 
password) is not sent over the net. 

At the workstation the message is decrypted, using the password 
submitted by the user. If decryption is successful, the idrntity of the 
user is verified. In addition, the session key for the ticket-granting 
service is now available to the workstation because it is outside the 
ticket. At this point a "secret" is shared between the user workstation 
and the ticket-granting service: the ticket-granting service session 
key. This shared knowledge is the basis of authentication, as with 
any other service. 

The ticket and session key are stored for later use. The password 
and derived user key are deleted. All tickets arc deleted on log out. 

Tirket·Grantinl( Servire The ticket-granting service avoids the 
security problems associated with storing the dirnt's plaintext key 
on the workstation, yet avoids the requirement that the user type the 
key for each new service connection. With a ticket-granting service, 
the user can obtain at log in a credential that will be useful for sub­
sequent service requests. That credential is a sharply bounded secu­
rity risk, representing a limited authority and a limited time from a 
single client site, but its possession also removes the otherwise oner­
ous necessity of rekeying a password at the time of each service 
request. (One exception is that, if the user wishes to change the 
password, the old password must be entered again.) 

After log in, the ticket-granting ticket held by the workstation 
has the (encrypted) session key for the ticket-granting service. This 
ticket can therefore be used to obtain tickets for other network ser­
vices for the life of the ticket-granting ticket, generally eight hours. 
The procedure for getting other tickets from the ticket-granting ser­
vice is the same as accessing other network services. 

Authenti<-ation for Servire Deliver,· Initially, \Ve assume that the 
user already has a ticket for the desired service. Figure (>.6 shows the 
nature of the transaction for a client requesting a service and provid­
ing proof of identity as part of the service request. The client prepares 
a message to the desired service, consisting of the ticket and an au-
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Figure 6.6 Kerberos service request. 
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Note: Ticket contains encrypted 

Client name 
Time 
Duration of ticket 
Client IP address 
Session key 

thenticator. The authenticator is encrypted in the session key for that 
service received with the ticket and combined with the ticket. The 
client then forwards the ticket and authenticator to the service. The 
authenticator contains duplicate information to that inside the ticket. 

The service decrypts the ticket with its private service key and 
recovers the session key. It uses the session key to decrypt the au­
thenticator. It then verifies that the contents of the authenticator and 
the ticket match. If they match, the service and the client arc each 
and jointly known to Kerbcros, and the service can be satisfied that 
the client has the claimed idrntity. In addition, both the clirnt and 
the server share a session key, unknown to all other principals on the 
network. 

If the client wants to verify the identity of the service, say, prior 
to providing security-related data to that service, the client can re­
quest that the server provide something in return that accomplishes 
that goal. Although numerous methods arc possible. cl1l· i111pk111c11-
tation used in Kerberos takes the timestamp from the ticket, adds 1, 
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encrypts the result in the session key, and returns it to the client. The 
client, using its copy of session key, is able to verify that only a server 
in possession of the private service key could obtain the session key, 
and hence the server is its claimed identity, as well. 

A ticket and its associated session key are valid for only one kind 
of network service (e.g., file access). Authenticated tickets for other 
types of services (e.g., printing) can be obtained from the ticket­
granting service by the mechanism just described. If the user docs 
not have a ticket for the desired service, he or she must obtain one. 
The client sends an in-the-clear request for a ticket for the desired 
service, an authenticator, and the ticket-granting ticket to the tickct­
granting service. A ticket is returned to the client for the requested 
service, and operation proceeds as described. 

Kerheros Database 

Kerberos maintains a replicated database to ensure availability. Up­
dates arc made only to the master database; slave copies arc rcad­
only. The use of Kerberos for network authentication service, as 
described, requires only read access to the Kerbcros database, and 
therefore slave copies are entirely satisfactory. To maintain synchro­
nization of the master with the slaves, the master database is sent, in 
its entirety, to the slaves at regular intervals. The database is en­
crypted for transmission in a key that both the master and slave 
machines possess. Read/write transactions to the master arc from 
administrators adding new users to the system and from users chang­
ing their passwords. The Kerberos servers must be physically se­
cured. 

Modifying Applieations for Authentieation 

Modifying an application to incorporate authentication is quite easy 
and involves only a few lines of code. The application calls a subrou­
tine that generates a message for the server desired. The application 
then sends that message to the server along with the service request. 
The server calls another library routine with the message as an ar­
gument that returns the decision about the user identity. 

Application programs and servers that have been modified to use 
Kerberos include 

• Berkeley "r" command series (rlogin, rsh, etc.); 
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• lpr line printing system; 
• Post Office Protocol mail delivery; 
• New user account generation; 
• Password-changing service; 
• Zephyr notification system; 
• Remote Virtual Disk block server; 
• Andrew File System; 
• Network File System; and 
• Discuss conferencing system. 

The pass\\·ord-changin~ :;erncc 1s one of the fe\\" applications that 
uses the session key of a cornpktcly encrypted trans<Ktion. Kerberos 
became available for system users in September 1986. 

~ame Ser,·i~e 

Various files must be maintained on any Unix system. These files 
include, for example, passwords, hardware configuration, commu­
nications, and system software. In a network of a few systems, sim­
ph· replicating these fiks is fl',1sibk. This replication apprn,1ch doc-; 
not work well in larger networks, however, and is simply not fea­
sible for networks of hundreds to thousands of workstation sys­
tems. Even if the storage cost were acceptable (which is unlikely). 
management of the replicated data quickly becomes impossible. 
Consida. for ex,1mpk. the task of rn,1intaining thl· hardw.lrl' l·ontl~­
uraticm tabks indiYidualh· on t 11.111111 \Yorksutit,ns in an en\·irnnrnellt 
of constantly changing hardware configuration. 

Rather than replicating this information, Athena chose to retrieve 
it from a network name server called Hesiod (Dyer 88]. Other ex­
amples of network name servers are the Xerox Clearinghouse 
[Xerox 84], the Sun Yellow Pages [Sun 86], and Internet Domain 
Name Server [Mockapetris 87]. Hesiod is based on the Berkeley In­
ternet Domain Name Server bind. Hesiod, through bi11d, provides a 
hierarchical name space with the ability to delegate authority to sub­
sidiary name servers and to provide local caching. Hesiod uses a thin 
layer of code in front of bind, which extends the capability of bi11d to 
allow translations of logical names to strings. 

The basic function of Hesiod is to provide a table lookup func­
tion on its database. In this regard it can be thought of as a serl'icc-to­
server translation mechanism or a high speed front end to the Moira 
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service management system. It does not perform any processing or 
interpretation of the data. It simply does the lookup, accepting as 
input one ASCII string and returning another. It is designed to re­
trieve quickly small amounts of data that change infrequently (less 
than one change per day per data item). A query can have multiple 
matches of the key in the database; when this situation occurs, all the 
matches are returned. 

The maximum record length that can be exchanged by Hesiod 
and a client is 512 bytes, a limit of the UDP datagram protocol used 
for communications. If there arc multiple matches, all matches must 
fit in the 512 byte limit. The Hesiod database is updated several times 
a day by the Moira system management server. 

A query consists of two arguments: the name (of the object) and 
the type (of the object). Hesiod returns a network address of an ob­
ject based on the arguments. The form of the name is a left-hand side 
and a right-hand side separated by an (a symbol, as represented by: 

<left-hand-side>@< right-hand-side> 

A set oflibrary routines accepts the name and type as arguments and 
converts them to a fully qualified domain name that can be supplied 
to bi11d. The hi11d library is then called with the domain name as .m 
argument, and a network address is returned. 

A new object name or type can come into existence simply by 
being used by the system and supplied as an update to the database. 
No change in Hesiod is required, because it has no knowledge of the 
meaning of the data that it stores. 

Valid (and actual) names include 

• default-printer; 
• default-printer@SIPB; 
• @heracles.MIT.edu; and 
• kerberos@Berkeley. MIT. edu. 

Hesiod transforms such names into valid /Ji11d names. I Dyer 88 I pro­
vides the algorithm for this transformation. Typical object names 
used in Athena include 

• username; 
• workstation name; 
• fileserver name; 
• printer name; and 
• group name. 
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Typical Athena object types include 

• cluster; 
• pobox; 
• filsys; 
• password; and 
• group. 

The login program uses the username as a name to find the password 
and group authorization information. Lo.Qin also queries Hesiod to 
find which Kerberos server to use for authentication of that individ­
ual. Lo~in then runs attach using the username to mount the user's 
home directory. Lo~in uses Hesiod to obtain a "passwd" record, but 
that record contains neither password nor authorization infC.Hmation. 
It is merely the Unix name for a record that has the user telephone 
and office numbers, nickname, and the name of the shell to be used. 
This record is sometimes called the "finger" record, as it is displayed 
by the finger command. 

The attach program uses Hesiod to find the file server for a given 
username, and then authenticates and attaches the files to the local 
directory for that individual. If the primary file server for an RVD 
server (which is replicated) is unavailable, Hesiod can point to the 
backup. 

The network mail program queries Hesiod to find the post office 
for each individual. The /pr program queries Hesiod to find the net 
address of a printer logical name. 

Given the workstation name, Hesiod provides the cluster name. 
Given the file system name, Hesiod provides the file server it exists 
on. Given a username. Hesiod finds \\'hich password and post oftlcL· 
to USC. 

Current Hesiod Status 

Hesiod currently supports a database of 3 Mbytes and .1.=).rn HI t.1bk 
entries. These include about 10,000 password entries, 10,000 group 
entries, 7000 file system entries, and 9000 post office entries. It is 
replicated in three servers to provide adequate performance and 
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availability. Response time to a query is usually only a few millisec­
onds. The three copies arc updated by the Moira server management 
system four times a day. 

Service Management System 
The purpose of the Moira service management system I Rosenstein 
88] is to provide a single master copy of information about the Ath­
ena system and to distribute that information to specialized replicated 
subset copies around the system. Moira provides centralized data 
administration and update, which greatly reduces the labor required 
to maintain the system's data resources and therefore of the system 
itself. 

Moira consists of a centralized database, a means of updating that 
database, and a means of distributing selected portions of the data­
base to servers such as the Hesiod name server and mailing lists, 
access control lists, and group memberships. Moira provides update 
services for the following types of servers. 

• Hesiod name server, to update the database. Each server requires 
nine separate files, but the files arc identical on all servers. 

• Network File System, to provide quota-based resource allocation 
and load balancing. Each NFS server requires two files, one in 
common and one unique. 

• Mail, to allocate individual post office boxes to post office sen:­
ers, and build the control file used on the central mail hub. The 
hub requires one unique file. 

• Remote Virtual Disk, to provide access control lists and server 
configuration files. Each RVD file is unique. 

More than 50 separate files arc required to supply and control these 
services. 

lkcause of its importance, Moira is frequently backed up. A rep­
licated copy can operate while the master is being updated. After a 
server is updated, tests are run to verify the operational status before 
it is put back into service. In those cases where replicated server 
data exists, updates arc provided sequentially so that service is not 
interrupted. 

Moira clients do not access the internal database directly. This 
restriction shields clients from the internal details of the database so 
that it can be changed if necessary; it also helps to guarantee internal 
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consistency. Instead, clients :iccess the database through a set of 
Moira library functions. The library imposes the consistency re­
quirements and also proviJes a set of consistency verification rou­
tines. Access to the Moira library is authenticated by Kerberos. 

Each server obtains the data it needs in the format needed from 
the global Moira database. The data control manager selects the ap­
propriate data subset from the global database and converts it to the 
specific format required by the server. Thcrefr)re, when a new service 
needs to be supported, the internal structure and data control man­
ager can be modified in an isolated manner without unwanted side 
effects. 

Transaction performance is not particularly important in Moira, 
because Hesiod acts as a high-speed front end for queries. Therefore 
Moira supports only relatively simple queries. 

To obtain updates, a client sends requests via TCP/IP for data to 
Moira and receives replies. Requests cm be of the form of queries or 
accesses. Queries arc available as a limited set of predefined, named 
queries, allowing close control of database access. Queries exist in 
the categories of retrieve, update, delete, and append. Within these 
four classes are about 100 unique query types, such as 

• get NFS quotas; 
• get user information; 
• add machine; and 
• delete filesystem. 

The database currently used in Moira is RTI Ingres. As Moira 
docs not depend on any fraturcs of this database, it could be easily 
replaced by another relational database. The database contains 
several types of objects, with each object having an associated 
access control list [Rosenstein 88]. An audit trail is retained for all 
modifications. 

All updates to servers are initiated by Moira. The system is de­
signed so that partially completed updates do not cause Io..,s of syn­
chronization. Updates that fail arc simply rescheduled. 

If Moira is out of service, the system can continue to operate but 
cannot be changed. Because Moira is not needed for system opera­
tion, continuous availability is not too important. Maintaining data­
base integrity in terms of retained data and internal consistency is 
important. Meeting this requirement calls for a database backup .md 
recovery system to maximize recoverability. 

Cron (a Unix facility that invokes programs at specific times) is 
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used to run a data distribution program at scheduled intervals; each 
server has a different update schedule. When the data distribution 
manager runs, it scans the database to determine the servers that need 
updating. Only those servers that require updating arc actually up­
dated. A server-specific program (named in the database) is used to 
extract the necessary information and format it into the server­
specific structure. 

User Aef"ount Generation 

Twice each year, the MIT's Registrar provides a tape of all registered 
students to Moira, Athena's service management system, which en­
ters students not previously registered into a database of prospective 
users. The user services staff enters the names of interested faculty 
into this same database by hand. A new user can set up an Athena 
account without any staff intervention. When a prospective user de­
cides to become a real user, the procedure is quite simple. The stu­
dent can create an account by going to any workstation and logging 
in by clicking the "register" button on the log-in screen shown in 
Figure 6. 7. 

Fi~ure 6. 7 Athena log-in screen with registration button. 

W elcon1e to PI"oject Athena 

Use1·nmne: .,.L _______ _. 

Passwo1·d: 

I @ Login Options I I@ Other Options I 
I Register ror an Account I 
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This action initiates a simple question-and-answer session that 
sets up the accom1t with the necessary information. The student is 
prompted for a usernamc, which is checked for uniqm'Ih .. 'SS before it 
is accepted. Upon successful entry of a username, a home direc­
tory is allocated on the least heavily loaded file server, an initial disk 
quota is established, and a po~t office entry is established on the least 
heavily loaded pc,;t office server. An initial password is then solic­
ited. Moira propagate~ these updates to the Hesiod name server, the 
mail hub, and the user's home file server. These updates can take up 
to 24 hours to become effective with the present update frequency. 

The only communication between Kerberos and another service 
takes place at account creation time. The registration program checks 
with Moira to verify that the user's proposed log-in name is unique, 
and tentatively reserves it. Then the registration program tries to use 
the log-in name in a transaction with Kerbcros, being prepared to 
back out of the Moira request if Kerberos indicates that the name is 
in use. Upon confirming that the log-in name is acceptable in both 
pl.ices, it passes the user's requested name and password to Kcrberos, 
unseen by Moira. Meanwhile, Moira completes the rest of the ac­
count creation process. 

Currenf Sfafus 

Moira currently manages about 15,0()() user accounts, of which some 
10,000 are active, and about 1300 workstations and some 100 net­
work servers. It also manages the resource directories, such as the 
location of file servers and printers, and the data for system control, 
such as disk quotas. The current size of the Moira database is about 
15 Mbytes. 

Notifieation Server 
The Zephyr notification server I Della Fera 881 prm·ides a real time 
network-based notification service. In broad concept, a notification 
server bears some resemblance to electronic mail in that they both 
transmit messages from a sender to a recipient. In detail, however, 
they arc very different. Whereas mail {specifically smdmail in the 
Unix system) is a batch operation with no notion of time, Zephyr 
transmits messages immediately. Whereas mail rcquin·s .1 st.Ilic .1d­

dress for the rccipirnt, Zephyr will determine whcthn the rL·cip1e11t 
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is logged on anywhere in the system. Whereas the recipient must 
actively "read" mail, Zephyr delivers its message actively and with­
out recipient intervention. When mail broadcasts a message to a large 
number of recipients, a separate copy is generated for each recipient. 
Zephyr generates only one copy of the message in the file system 
independent of the number of recipients. Whereas mail retains a mes­
sage until read, Zephyr discards a message if it cannot be immedi­
ately delivered. Finally, in mail the sender determines who will 
receive a message. In Zephyr, the recipient determines who will re­
ceive messages based on the subscription service. 

Because of these major differences, the appropriate kind of in­
formation sent using Zephyr is quite different from the appropriate 
kind of message sent by mail. Zephyr is designed to send timc­
sensitive messages, such as 

• the printer in room E40-367 is now available for use; 
• you have new mail; 
• print queue status; 
• message of the day delivery (MOTD), systemwide or user 

specific; 
• on-line consulting; 
• host status service; 
• user location service (rwho ); 
• talk or phone service; 
• emergency notification to individuals or broadcast; and 
• message service (write). 

Because of the class of messages intended for Zephyr, other 
changes have been made in its characteristics relative to mail. Be­
cause the messages arc time sensitive. no queueing is pnn-idcd. If the 
target recipient is not logged in, the message is discarded on the as­
sumption that the time sensitivity of the message will quickly make 
it obsolete. Zephyr should be limited to messages of short. fixed 
length, preferably under 800 characters. Mail, howe\·er. is often used 
to send long messages of tens of thousands of characters. 

Zephyr's architecture is similar to that of other Athena services. 
A Zephyr client library is provided; it supports the necessary services 
to client programs in terms of a reliable, authenticated (by Kerberos) 
notice transmission protocol. The library invokes a set of sern·rs that 
control routing, queueing, and dispatching. 

A notice from a client consists of routing information and a mes­
sage. The Zephyr sen·er creates a list of recipients based on routing 
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attributes. The attributes can designate a single indi,·idual, or they 
can be based on a capability known as subscription 11111/ticasting. Each 
user can create a "subscription list" identifying the types of mesS,l:..'.l·~ 
that are of interest. Attributes of messages to be sent are compared 
to attributes in the subscription list of each user. If there is a match. 
the message is sent to that user: if there is not a match the message 
is not sent to that user. This method can therefore be considered a 
··rassive" mailing list in that only users who specifically request the 
message will recei\·e it. In contrast an "acti\·e" mailing list is used by 
conventional list-based mailers. such as sendnwil, that send mess,t:..:t.:~ 
to users whether they request them or not. 

In all cases, the message is not interpreted by Zephyr. It may be 
in any format or character set and may even be encrypted. Interpre­
tation of the message is the responsibility of the recipient. 

Zephyr uses the Cniwrsal Datagram Protocol (UDP) of IP. Be­
cause of the limited capability but high performance of UDP. Zephyr 
clients must be able to suppress or accept duplicate packets. handle 
out-of-order packets, pro,·ide flow control. and provide reliable 
deli nrv. 

Zephyr maintains a dynamic database to show the current loca­
tion of all users logged in and also makes these data anilablc to its 
clients. In order to protect privacy. a user may choose not to make 
log-in information publicly anilable. The user can also make log-in 
information anilable only to the system operations staff. If a work­
station crashes. the log-in data may be temporarily innlid. remain­
ing so until someone notices \\·orkstation unavailability or the user 
reboots the workstation. 

Zephyr clients all run on the workstation and use the client li­
brary to send and recei\·e messages. They communicate \\·irh a 
Zephyr sen·er allocated at the time the workstation is booted. 

Palladium Print S~·stt•m 
The print spooler used in Berkeley L'nix was developed for a cen­
tralized svstem and has manv shortcomings in a distributed em·iron-, . ~ 

ment. The additional features desired in a distributed em·ironment 
include 

• the ability to place printers. users. and spool queues all on differ­
ent machines: 
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• support of centralized management and logging for all worksta-
tions and printers; 

• use of name service; 
• authentication by an authentication server; 
• support of printers that return information; and 
• performance tradeoffs in favor of processors with large memo­

ries. 

Although the Berkeley spooler [Campbell 831 had served Athrna 
well for several years, the system's growth to some 1000 worksta­
tions and 80 printers made development of a new print server desir­
able. In addition, Athena needed to implement print accounting in 
order to allocate resources to students properly. The Palladium print 
system [Handspicker 89] was developed to meet this need. 

Palladium was developed by a multicompany group to meet 
Athena's requirements and to operate in its environment. The goals 
of the Palladium project were to support a distributed workstation 
environment by using the client-server model, that is, the Kerberos 
authentication service, the Hesiod name server, and the Moira ser­
vice management system. Palladium was also designed to conform 
to the European Computer Manufacturers Association (ECMA) 
printing standard [ECMA 881 that was then evolving. Indeed, the 
Athena requirements had a substantial influence on the ECMA 
standard. 

The remote procedure call (RPC) paradigm was used to provide 
a simple interface to distributed services. The software chosen for 
the RPC was the HRPC package from the University of Washington 
[Sanislo 88]. This package is a common interface to a number of 
RPC systems. It provides a generic interface for remote procedure 
calls, and it keeps Palladium independent of the underlying com­
munications protocols. Figure 6. 8 shows the overall information 
flow in Palladium (from [Handspicker 89]). 

The information in the Palladium database consists of two gen­
eral categories: static and dynamic. The static infCJrmation describes 
the capabilities and configurations of the printers, in a manner similar 
to tty and getty for terminals in Unix. Each server and supervisor 
reads the configuration file at startup and whenever commanded. 
The static information in the database is normally generated by the 
Moira service management system. The dynamic information in the 
database consists of the print-job request information stored by the 
server in the spool directory. The server is a set of library routines. 
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Fi~urp 6.8 Palladium 
print system structure. 

The sequence of events within Palladium is as follows. Upon 
receipt of a print command from the user, the print client contacts 
the name server to find an appropriate printer server (the print serv­
ers having previously "advertised" their presence, location, and 
functionality in the name server). The name server tells the client 
where to find the print servers (their IP addresses) that meet the 
user's request. 

The client program creates a print task that is communicated to 
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the Palladium server by an RPC. The task is entered into the server 
database. The job scheduler matches the job requirements with the 
capabilities of the printers managed by this server. Thus the server 
can support a broad range of file types and printer types. 

The server database stores all queued print jobs. The scheduler 
passes responsibility for the job off to a specialized process called a 
"printer supervisor." The printer supervisor takes responsibility for 
printing a single job, using a single format specification on a single 
(type of) printer. 

The print server tasking system allows multiple clients to make 
requests at the same time. As the name server may return more than 
one printer that meets the user needs, the application program must 
select among the responses. 

The job scheduler schedules the job on the correct printer and 
tracks the progress of the job. The server reports status and signifi­
cant events to the user and also logs the status information. 

File Servers 
As indicated earlier, keeping private files or extensive system files on 
the workstation is inappropriate. Alternative network file service can 
be either a global file system visible to all users at all times (such as 
the Andrew File System) or a large set of separately exported file 
systems advertised through an intermediate service, such as a name 
service. The Network File System conforms to the latter model. 

To meet the various needs of the Athena system, three types of 
network file services arc provided. These arc the Network File Sys­
tem (NFS) [Sandberg 85, Sun 87] developed and licensed by Sun 
Microsystems, the Remote Virtual Disk (RVD) [Greenwald 8(>[ de­
veloped by MIT, and the Andrew File System (AFS) [Satyanaray­
anan 85, Mauro 89] developed at Carnegie-Mellon University. 

NFS 

NFS is a distributed network file system for sharing files in a heter­
ogeneous network of operating systems and workstations. Files that 
arc physically remote can be "attached" to a local directory. There­
after, all references to the directory and file appear to be local. Shar­
ing is accomplished by logically attaching the remote file system to 
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a local directory and then reading and writing files in place. Thus 
only one copy of the file exists for all users. All storage and files in 
the workstation network can be considered as part of a single pool 
of storage. As with the Athena design, NFS is implemented as a 
network service accessed through a specified prowcol, not as part of 
a distributed operating system. This implementation as a network 
service avoids requiring the same operating system on all worksta­
tion'>. 

In the Athena environment, NFS is accessed through the attach 
command. Attach performs a Hesiod lookup on the file system 
name. It then calls the NFS mo1mt command, which forms the logical 
linkage of the remote file or directory to a mount point in the user 
directory. Before a file can be mounted, it must be exported to make 
it available for mounting. This step is required to control access to 
the file. Access control is granted for read/write to authorized ma­
chine names. 

NFS uses a stateless protocol that d0es not retain information 
between accesses, which greatly simplifies recovery. Locking for ex­
clusive write access is not part of NFS; instead, it is part of an exter­
nal network lock manager. 

NFS can communicate \Vith incompatible systems through the 
External Data Representation (XOR) protocol. This protocol per­
forms representation conversion for transmitted data. Access to re­
mote files is accomplished through a Remote Procedure Call (RPC) 
to the remote NFS. 

Although Athena uses NFS for storage of private files, it has a 
number of shortcomings. NFS categorizes all workstations as either 
"trusted" or "untrusted." Untrusted workstations cannot access any 
files. Trusted workstations are completely trusted, can masquerade 
as any valid user, and can therefore get access to almost any file. 
except those owned by root. 

The version of NFS used by Athena had been ported to the VAX 
and modified at the University of Wisconsin, but further modifica­
tions were required. In the Athena modification, the NFS server ob­
tains authenticated information from Kerberos at mount time. On 
each transaction, the user IP address and user identity from the ser­
vice request are compared to information established at mount time. 
If it is the same, access is granted; if different, the access rights arc 
set to be "no privileged access." At unmount time, the authentication 
information is deleted. 
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The addition of Kerberos authentication to NFS requires state 
information. Fortunately, this is state information that the client can 
easily recover should it be lost (for example in a server crash). There­
fore reco\·ery is not much more complicated than recovery without 
Kerberos. If an NFS server crashes, users have to issue an nfsid com­
mand or must log out and log in again. 

This approach is not completely secure, because the control in­
formation is sent in clear text and could be forged. However, an 
attack can only be mounted while the user is logged on; no unau­
thorized access can take place when the user is logged off. 

R\·o 

RVD was originally developed at the MIT Laboratory for Computer 
Science and subsequently enhanced at Athena. RVI) provides the 
services of a remote disk server, which appear to be local to the 
workstation. All file system information is maintained by the 
workstation, and the RVD servers simply deliver requested disk 
blocks. An RVD pack may be used by many workstations in a 
read-only mode or by a single workstation in an exclusive read/ 
write mode. 

Because of its lower overhead, RVD offers significantly higher 
performance than NFS. It provides access to the Athena system soft­
ware library and to some of the applications software. As with NFS. 
RVD has been modified to provide authentication. 

AFS 

AFS is a distributed file system that uses a single root node for the 
entire directon· hierarchv. The svstem is desi<rned to be used nation-. . . ;:--, 

wide or even worldwide over a wide area network. When a file that 
is not local is accessed, extensive caching is provided to improve 
performance. If write access is requested, locks are provided to syn­
chronize updates. The logical file locations remain consistent regard­
less of the files' physical location or the platform on which they 
reside. 

The AFS file hierarchy is decomposed into nodes. with each node 
being a local site. Each cell can be administered independently and 
can link to other (possibly remote) nodes automatically. Seven indi­
vidual server processes comprise AFS. 
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• File Server. Delivers files to clients and stores files received from 
clients on demand. 

• Authentication Server. Verifies user identity at log in and when 
requested in transactions. 

• Protection Server. Provides access control to directories and their 
files. 

• Volume Server. Aggregates files into logical units for easier man­
agement. 

• Volume Location Server. Provides directory server for location of 
volumes. 

• Update Server. Distributes new versions of server software to 
maintain configuration integrity. 

• Basic Overseer Server. Assists in system administration of servers. 

Because Authentication Server is compatible with Kerberos, and 
very similar to it, we do not discuss it further. 

AFS extends Unix security in a number of ways. Rights of access 
arc granted at the directory level, not the file level. Rights can be 
granted to indiYiduals or groups. and different rights can he granted 
to every individual and to every group. The rights of access can be 
any or all of 

• read; 
• write; 
• lookup (obtain status information about files in a directory); 
• delete; 
• insert (add new files to a directory); 
• lock (obtain exclusive use of a file); and 
• administer (change rights for the access control list). 

The software for all servers is installed on every file server. How­
ever, only the File Server, Volume Server, Basic Overseer Server, 
and the client portion of the Update Server run on every file server. 
The other servers need only run on two or three file servers in any 
complex to provide services for all workstations. These other file 
servers maintain the replicated databases for the distributed system, 
namely, the Authentication I )atahase. the Protection I ),1tab.1~L· .. 111d 
the Volume Location Database. Synchrony among the replicated 
databases is maintained by the l 'hik utility in the d.1t.1h.1~L' ni.11i.1~L'­

ment library. 
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In order to reduce the amount of network communications, file 
caching is provided at the user's workstation by the Andrew Cache 
.\fo11<1ga. When a fik is requested, the request first goes to the cache 
manager. If the fik exists locally, it is delivered to the user program. 
If the fik docs not exist locally, the Cache Manager translates the 
request into remote procedure calls to the Fik Scrn·r. The Fik Server 
sends the requested fik to the Cache Manager, which stores it in its 
own local cache before delivery to the user program. In order to 
synchronize the (now replicated) fiks, the Fik Server sends a (t11lh11(k 
to the Cache Manager along with the fik if write access is requested. 
The using workstation is guaranteed exclusive access to the file un­
less the callback is broken. 

Volumes can be moved from one File Server to another to bal­
ance loads. The location of a volume at any time is maintained by a 
directory accessed by the Volume Location Server. 

A volume usually contains all of the files for a single user; the 
volume usually contains all of the fiks and subdirectories ti.H .1 singk 
directory. Volumes may be readwrite or readonly. There is only one 
copy of a readwrite volume, but there may be several (replicated) 
copies of a readonly volume, each located on a different File Server. 
The third type of volume is backup, for purposes of recovery. 

Athena is currently evaluating AFS as a possible replacement for 
NFS. All Athena staff members han· been 1110\·cd to AfS. It appear~ 
to satisfy better than NFS the system's requirements for security, 
growth capability, and management. 

The Andrew system at CM U was not only the first AFS cell, 
but it is also the largest in current use. It has 24 file servers, 1500 
client systems, 8500 user accounts, and 27 Gbytes of data. Of the 
1500 client systems, about 800 are workstations running the cache 
managers, and the remainder are personal computers. Andrew has 
den· loped a set of protocol software for allowing both industry sLm­

dard and proprietary personal computers to access the AFS file tree, 
primarily for mail and bulletin boards. All incoming freshmen at 
CMU receive AFS accounts. 

Dial·Up Ser,·i._.e 
Dial-up service has proven to be very popular with Athena users. 
Service is available from both analog phones (up to 2400 baud) and 
digital phones (DX25 service). The initial connection is made to a 
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protocol translator. At that point, available commands include con­
nect/disconnect, exit/quit, iotk, rlogin, and telnet. Using these com­
mands the user can log into an Athena time-sharing system. Pres­
ently eight Athena time-sharing systems arc available on a hunt 
group. Each system is capable of supporting several users simulta­
neously. The system provides output suitable for character terminals. 





SEVEN 

The Athena Multimedia 
Workstation Project 

Not long after initiation of Project Athena, it became evidmt that 
many subjects, primarily those outside of engineering, could not be 
adequately taught with only text, or even with text and graphics. 
Support of image, live video, and in most cases sound was required. 

A multimedia workstation is one that provides substantially more 
sensory content in the human interface than do traditional worksta­
tions. This increased sensory content includes the use of still image. 
motion video, color, increased resolution, and audio. People arc well 
endowed to obtain information efficiently from such a sensory en­
vironment, with about 40 percent of the brain cells devoted to vision 
alone. Traditional human interfaces to computer systems arc "sen­
sory deprived" in comparison to users' inherent capability. and thnc­
fore multimedia interfaces arc able to deliver much more information 
much more efficiently than arc traditional systems. 

The sensory content of the human interface has been increasing 
siI1C'~ the development of interactive computing. beginning with 
low-speed hardcopy terminals and proceeding to ASCII ,·idco tn­
minals, color, high-resolution displays, and sound. Multimedia 
workstations represent the next logical step in this evolution. 

147 
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Tht• Beginning 
Early in Project Athena, several members of the MIT faculty, in­
cluding Janet Murray (language), Steve Wertheim (medical), Patrick 
Purcell and Gloriana Davenport (Media Lab), Merrill Smith (archi­
tecture), Sheldon Penman (biology), Herbert Einstein (geology), and 
David Wilson (mechanical engineering) approached Athrna and 
asked that multimedia support be provided. 

In 1985, MIT faculty began using Digital's Interactive Video 
Information System (IVIS), supplied by Athena's applications devel­
opment group. IVIS proved to be too limited to support the ftmc­
tions desired because of its analog video design. Athena brought Rus 
Gant in as a media consultant early in 1986 and added several other 
staff members late in 1986. A few months later, the Athrna staff 
found a third-party board product that provided a digital approach 
to interactive video and that supported both Digital and IBM work­
stations. The advent of digital technology signaled the start of a se­
rious multimedia program because of the substantially increased 
functionality. 

By 1987, the people who had become involved with the video 
effort formed a group to look at the emerging issues, in consultation 
with interested faculty members. The particular form of the multi­
media workstation developed at Athena is called the "Visual Work­
station." The group implementing the project is called the Visual 
Computing Group (VCG) and is managed by Ben Davis. The VCG 
supports faculty members in the design of educational software in­
volving audio and video materials as part of the content. The group 
offers expertise both in producing audiovisual materials and in de­
veloping the controlling software applications. Digital also supplies 
use of its professional corporate video studio for mastering video 
disks produced by VCG. 

Based on the requirements identified during development of 
multimedia instructional modules, tools arc developed to improve 
the efficiency and quality of the instructional materials. The MUSE 
authoring environment (described later) is one group of these tools. 

To create an experimental delivery system to replace IVIS, the 
group modified a standard Athena workstation to support 2.56 color 
graphics as well as full-motion digitized video. The visual work­
station uses either an IBM PC-RT or DEC MicroVax II worksta­
tion as a base, with a Parallax Graphics board added as the display 
subsystem. 
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\'isual Computing lUodules 
Once a suitable hardware platform became available, work on mul­
timedia course modules began. At present, some 20 applications us­
ing interactive video arc in development, use, or both. 

The largest visual computing project is a collection of three lan­
guage teaching Ill od uk-, un de:- r Jn et Murra\.\ ()\"L'fall direction. ThL· 
l. \. .... - • 

languages arc French, Spanish, and Japanese. Major funding was 
prm·ided by The /\nnenberg CPB Pro_1eLt. The grncral appnuch 
taken is that of "artificial reality," in this case a novella where the user 
becomes an integral part of thL· adion. Each of the language n10duk-. 
tc<;ts a differrnt pL·dagogicil ~!pproach. In the Spanish module. node-, 
represent scenes in the directed graph. User input navigates the user 
among scenes. In the French module. nodes represent still images. 
and navigation takes place among them. 

In the language applications, one or more text streams can be 
synchronized to the video to provide subtitles for the video, as the 
student often is not able to understand the spoken material. A num­
ber of text streams can be used: One stream might be full text; a 
second, only key words; a third, in a different language; a fourth, 
annotations for editing. The user may pick which media (in this case 
text) stream to be displayed or to invoke all of them to be displayed. 
Different viewers can each have their own text streams. 

The French language project, entitled "Direction Paris," is di­
rected by Gilberte Furstenberg. The first segment, called "A la Rcn­
contre de Philippe," is a fictional story about a young French writer 
who must solve his romantic problems or find a new apartment in 
Paris. Filmed on location, the story features numerous options for 
action and opportunities to use maps, answer phones, and use movie 
maps of authentic Paris apartments. Segments 2 and 3, "Dans le 
Quartier St. Gervais,'' provide an interactive video documentary of 
real French speakers in the actual neighborhood where the fictional 
story takes place. 

The Spanish module, entitled "No Recuerdo" ("I do not remem­
ber"), is directed by Douglas Morgenstern. No Rccucrdo is the fic­
tional story of Gonzalo, a Colombian scientist who loses his memory 
while working on a secret biological material. The adventure was 
videotaped in Bogota and features a mazclikc series of plots and sim­
ulations for the student to help Gonzalo get his memory back before 
the amnesia plague hits. 

The third module, used to teach Japanese, is an interactive broad-
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cast program directed by Michio Tsutsui. "Goodbye This Year's 
Love" is a video drama taken directly from Tokyo broadcast televi­
sion and re-edited into segments for comprehension exercises. It in­
cludes slide files of cultural events, maps, and art. 

Another application is the Neuroanatomy Learning Environ­
ment project, directed by Steven Wertheim. This is a tkxibk learn­
ing environment for exploring the anatomy of the human brain de­
signed for Medical and Neuroscience students. The four major 
components of the program arc: an illustrated glossary, a 3-1) model 
of the brain, a slide browser, and a brain dissection. This project uses 
1-WO text documents, images, and video segments of the brain. The 
various media documents are cross referenced to each other and to 
images and video. The application also closely couples image and 
text, allowing the student to ask questions about specific spatial areas 
of the images. Video segments and image libraries also provide ex­
pository information. 

In Engineering, David Wilson and Seichi Tsutsumi directed de­
velopment of a project entitled "Mechanical Design." This is an in­
troductory course in mechanical engineering covering principles and 
concepts of mechanical bearings. The video disk contains anima­
tions, motion segments, and a still-frame library. The general pro­
gram is planned to include an expert system front end for teaching 
bearing selection. 

Three projects have been implemented by the School of Archi­
tecture: the "Boston Architecture Collection," the "Image Delivery 
System," and the "New Orleans: A City in Transition" study. Mer­
rill Smith directed development of a multimedia presentation entitled 
"Boston Architecture Collection; Rotch Library Project." About 
6000 images from the Hoston Architecture Collection of 30,(J(J() im­
ages from 1620 to the present were indexed and put on video disk. 
This image collection is now far more accessible than it was in hard­
copy form. Images can be obtained in response to a database query, 
and all of the relevant images can be collected onto a "light table" or 
in a "picture book." This video disk and database provide excellent 
research tools fr)r in-depth study of city planning, architecture, and 
transitional images from 1620 to the present. 

Another project, the "Image Delivery System," is directed by 
Patrick Purcell of the MIT Media Lab. Using the material developed 
by Smith's group as a visual database, this system is being designed 
to deliver analog images to the workstation via MIT cable TV. A 
student can call for still video images from the Rotch Library by 
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using the MIT cable TV system, which is connected to each multi­
media workstation. and can associate the image with ;in on-line text 
database. 

Gloriana Davenport of the MIT Media Lab directed the project 
"New Orleans: A City in Transition." Her group designed a video 
disk for teaching film and \·idco editing concepts. Based on docu­
mentary fi.)otage of chan~cs in the architecture of New Orleans dur­
ing the World's fair. this project has a Yisual database of more than 
fin· hours of still and moving imagery concerned with urban plan­
ning, design, and implementation of changes during a time of 
change. The module's display method is a high-level, video-disk­
based editing system. The visual materials are used in a variety of 
projects related to urban planning and social policy, as well as for 
teaching the fundamentals of film editing techniques. 

The Biology Department has implemented a multimedia teach­
ing module rntitlcd '"Introductilm to Cell Biology." directed by Shel­
don Penman. This module is a set of basic biologv learning aids writ-

, • c 

ten around existing \·idco disks of bil)logic subject matter. I ksigned 
for first and second year biology students, the module takes advan­
tage of still-frame and motion storage of visual molecular biology 
materials on commercially available video disks. 

The Geology Department has implemented a multimedia teach­
ing module entitled '"Geology Engineering Educator."" directed by 
Professor Herbert Einstein of the Civil Engineering Department. 
This project is an electronic book consisting of 250 short text docu­
ments and 500 photographic images that describe geologic tl.'aturcs 
relevant to an introductory course for civil engineering students. All 
documents arc indexed and cross rdcrcnced through hypcrtL·xt-likc 
linkages. These linkages allow students to traverse the pages by se­
lecting words with the mouse and following the link to view a ref­
erence. The book is equipped with a table of contents and an index, 
both of which serve as conventional entry points and use the same 
point-and-click interface to traverse the network. 

A companion "workbook" generates exercises that present im­
ages and ask srudcn ts to iLknti t\ geological tl'atu res h\' 11.1 me. It .dso 
asks them to locate features in the images by (~r;1wing dosed pol\'gun 
outlines directly on the image. These outlines arc then compared 
with the ranges provided by the professor. The entire workbook is 
indexed to a reference manual, so that students can ask questions in 
the context of the workbook and immediately traverse to the appro­
priate manual page. 
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The "Navigation Learning Environment," developed initially by 
Digital, is an experiment in teaching ocean navigation by using in­
teractive video disk technology. The context is a two-square-mile 
region along the Maine coast and utilizes a library of 10,000 images 
to represent the environment. The training is done in the context of 
an electronic document with seven variables representing boat head­
ing, speed, compass reading, and the viewing angle. The user can 
direct the boat through an "artificial reality" using mouse manipu­
lation of graphic controls on the display. 

Another application is that of video editing. Markers can be time 
synchronized with the video to mark the beginning and end of seg­
ments. The various segments can be managed by MUSE. For this 
purpose, the metaphor of the "photo album" is used. The video ed­
itor can select pieces of vide9 and then save them in miniature in the 
photo album for organization and annotation. 

The album provides space for display of several images on a 
page. The pictures in the album arc not limited to still images; they 
include video as well. The video can include all the sensory richness 
of the normal MUSE display, including text, graphics, and animated 
control devices such as scroll bars. The images can come from a 
number of electronic documents. The video editor can then combine 
the segments from the photo album into the new electronic docu­
ment. 

Hardware 
One of Athena's rules is that all applications must run on the hard­
ware of both sponsors. The project was fortunate in locating a board 
set that supported the desired functionality in image and video and 
that was available for both the VAXstation II (Q bus) and the IBM 
RT (PC/ AT bus). The product, the Parallax Graphics board from 
Parallax Corporation, contains a high-speed frame grabber that dig­
itizes a standard NTSC video signal at 30 frames per second. The 
workstation platform for Digital consisted of a VAXstation II. The 
Parallax boards replace the graphics processor and frame buffer 
boards in the VAXstation. The Parallax boards provide a ~0-1-H by 
2048 pixel frame buffer, which may be purchased in depths of H. 1 (1, 

and 24 bits. Athena used the 8-bit (256-color) version. Two color 
lookup tables arc provided: one is a standard RGll table, and the 
other is a compression/decompression table for using 8-bit color 
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with motion video. Switching between the lookup tables is con­
trolled by a special bit plant: and is switchable on a per-pixel basis. 
The monitor supported by the system provides a resolution of 1280 
by 1024. The video image with a resolution of 640 by 480 occupies 
about one fourth of the scr.:en. The off-screen part of the frame buf­
fer can be used for storing images for quick recall. Figure 7.1 shows 
a diagram of the Athena visual workstation. 

Using the digicized appro.Jch to video in the workstation offers 
significant advantages over the analog approach used in earlier sys­
tems because of the additional flexibility. Once the image has been 
digitized it can be stored and retrien·d from any digital storage de­
vice. Single images can be taken from the video stream and displayed 
elsewhere on the screen or stored for later use. The Parallax boards 
also provided a high performance graphics processor, but relatively 
little use was made of this hardware. 

Figure 7.1 Athena visual workstation diagram. 
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Athena developed software to present this digitized video in an 
X.11 window. The video window can be translated, scaled, and 
clipped as can any other X window. The system currently allows 
one window of full-motion digital video, but hundreds of windows 
can be created containing still images "grabbed" from the video 
source. The image facility can support sophisticated multi-image dis­
plays of a visual database. 

Any NTSC video source can be used, but most applications uti­
lize an optical video disk player with 12-inch media to obtain inter­
activity. Other sources used include cable TV, a video tape recorder, 
and a video camera. Extensive use is made of an analog write-once 
optical disk in conjunction with the visual workstation. The writc­
once disk uses 8-inch media and can hold 24, 000 still frames or 13 
minutes of motion video. It can also hold two channels of audio. 
This device is used to prototype applications that will ultimately be 
mastered on the 12-inch media and has about one fourth of the 12-
inch media capacity. The fact that the write-once media can be writ­
ten on-line is a significant advantage. 

Source material comes from many places. Consumer-quality 
VHS camcorders arc used to record meetings, interviews, and pre­
sentations at negligible cost. A 35-mm camera is used to capture im­
ages of documents, illustrations, overheads, and photographs, which 
then can be moved to the write-once optical disk and made imme­
diately available on the workstation. 

MUSE 
One of the major problems that emerged in Athena was the lack of 
adequate tools for development of instructional software. Although 
some people anticipated this problem from the outset, its magnitude 
proved to be much larger than most realized. The only develop­
mental tools available were those that system software developers 
used: Unix and C. Although these tools were very powerful (i.e., 
primitive), the development of instructional software using them 
was extremely time-consuming and required a high degree of skill. 

The resulting cost was not acceptable to many faculty members. 
Various developmental systems were evaluated, but none was suit­
able. Although it became evident that there was nothing particularly 
unique about requirements for developmental environments for in­
structional software, still nothing was found. All of the develop-
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mental problems experienced were magnified on the visual worksta­
tion with its interactive video and image capability. 

The Authoring Environment 

After an extensive survey of existing and planned authoring systems, 
the VCG initiated design of an "authoring environment" called 
ATHENA MUSE (hereafter. c.illed MUSE) that would meet the 
needs of the MIT instructional software developers. The dozen or so 
video and image applications already in development had special 
priority, but others expressed interest in more general applications. 
Initiated in mid-1987 by M;itt Hodges ;ind Russell Sasnet, this proj­
ect developed a prototype during the following year. The objective 
of MUSE is to substantially reduce the time and skill level needed to 
support the development of instructional software systems, espe­
cially those involving interactive video. 

MUSE provides support for the creation of applications includ­
ing text, image, graphics, video. and sound using an "electronic doc­
ument" metaphor. It supports (at least) three different pedagogical 
approaches [Hodges 891: 

• interactive presentations; 
• simulation; and 
• reference facilities. 

MIT heavily based its pedagogical approach on exposition and 
simulation. The exposition, either line;ir or branching, forms the ba­
sis for explaining the physical world to the student. Simulations al­
low the student to set up and control experiments quickly, \\"ith the 
power of the computer handling input and output inti.HnL1tion 
quickly. It also allows the students to test various trial situations 
quickiy. inexpensively, and safely. Reference facilities make l.1rgL· 
amounts of information, especially graphic or image, available 
quickly and inexpensively. Initial work is in process to provide 
embedded tools that allow the student to combine and integrate these 
resources into a single electronic document. 

l~unetionality 

The design of MUSE started with the human intcrfarc. and prn­
ceeded to lower levels of abstraction. In order to maximize existing 
functionality of available software, MUSE is layered on the X 
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Window System and the X Toolkit. Figure 7.2 shows a schematic 
diagram of MUSE. 

The screen layout and semantics of active objects of human in­
terface arc defined by a text file called an Ol~iect Script, created by the 
human interface designer. This file also links the active objects to the 
appropriate procedures and/or data structures. MUSE supports the 
object-oriented paradigm of combined procedures and data. A 

Figure 7.2 MUSE schematic diagram. 
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MUSE data model may include multiple media forms and link the 
various media forms into J compound electronic document. MUSE 
also supports a limited set of editors for creating objects which in­
clude the \·arious forms of media. Hypertext and hypermedia struc­
tures are supported as subsets of the object-oriented capability. 

One of the major problems in developing multimedia authoring 
environments is that of representing relation:-,hips among the media. 
After considerable study. the MUSE dn·cloper<, decided that four 
distinct methods of representing relationships were required: 

• directed graphs; 
• multidimensional spatial frameworks; 
• declarative constraints; and 
• procedural languages. 

These four representational approaches are integrated so that an ap­
plication developer can use any or all of them. 

Directed graphs arc used in two ways: to establish linkages 
among sets of multimedia documents (which may contain text, 
video, audio, and/or image) and to control the flow of control for 
user navigation. The lntermcdia project at Brown University 
[Yankelovitch 88] established the value of nonlinear navigation 
through electronic documents, using the concept of hypertext and 
hypermedia. The hypermedia model of navigation is supported in 
MUSE as a subset of directed graph control. 

The representation of multidimensional information is an impor­
tant mechanism in MUSE. The dimensions arc abstract and can rep­
resent any changing independent variable, including space and time. 
In the one-dimensional case, an abstract scale of dimension can be 
created (e.g., either time or space). Other variables may then be 
slaved to the independent dimension. For example, both video and 
text may be slaved to time in order to synchronize text to video. The 
number of dependent variables that can be linked to the independent 
variable is not limited, so a graphics object, such as a scroll bar, may 
be linked as well and synchronized to both the text and video. 

In the two-dimensional case, images and video can be conve­
niently manipulated (for example, to perform pan and zoom). Be­
cause MUSE defines the image in a virtual space, it can automatically 
scale and translate the image appropriate to the user input. Text, 
graphics, and interface control mechanisms may be added as anno­
tations as desired. Dimensionality beyond two can be supported: 
MUSE docs not limit the number of dimensions that mav be created. 
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Declarative constraints can impose relationships on variables. In 
MUSE, only two-way equality constraints can be imposed. The 
two-way constraint can be very useful, allowing, for example, the 
user to "grab" a scroll bar and drag it forward or backward to control 
the dimensions, such as video or text subtitles, linked to it. 

MUSE is designed to minimize the use of procedural code, the 
use of which, however, is unavoidable at times. Therefore MUSE 
designers developed an interpreted language called El'mt Script. This 
language allows the developer to create and attach special purpose 
behaviors to display elements. The language is a simplified object­
orientcd system used to create event handlers for human interfaces, 
somewhat similar to Hypcrtalk. 

Sample Capabilities 

M USE's fi.mctionality gives rise to several useful paradigms for or­
ganizing and presenting information. For example, synchronization 
of dimensions allows a scroll bar (graphical object) to be synchro­
nized with live video. The scroll bar is useful in showing the frac­
tional amount of a video segment that has been played. Because the 
video may be defined as slaved to the scroll bar, the user can "grab" 
the scroll bar with the mouse (assuming that it is suitably defined) 
and drag the scroll bar to a new location, and the video will also go 
to the new location (in time) automatically. If text were also slaved 
to the scroll bar, it would be dragged to the new location in time 
and would retain synchronization with the video. Similarly, 
a mouse-sensitive video control panel can be created with the de­
sired user controls, say, play, stop, rewind, and double-speed but­
tons. With controls such as these, the user can solve an important 
problem in electronic documents, namely, moving through them 
easily. 

A second and more serious problem is locating information in an 
electronic document. By its very nature, video information is diffi­
cult to search, because there is no concise way to represent objects in 
an image in symbolic form. Thus video cannot be searched for 
matches in the same way that databases or files can be searched. The 
preferred solution to this problem in MUSE is to use time as an 
independent dimension and slave other variables to it. Searches can 
now be carried out on other dimensions, such as text. Alternatively, 
the video can be annotated with text or numeric markers to assist in 
searching. In any event, moving the time line will cause all depen-
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dent media strL'Jms to mon· in i;ynchronization \\"ith it and \\"ith each 
other. 

Human Interfaee Benefits 
Based on experience so far with the multimedia workstation, the 
following human interface benefits have emerged. 

• Combines visual, spoken, and written lan,~uage. These diverse forms 
of language have very different communication characteristics, 
and each has advantages in certain circumstances. They can also 
be effectively used in combination to improve speed or intelli­
gibility. 

• Uses tlzc expressive power of video. Certain kinds of information, 
primarily spatial or temporal, can be presented by video more 
effectively than by any other means. Video is also very effective 
at including context information along with the main message. 
The video medium is also valuable in that it can be speeded up, 
slowed down. or used with freeze frames. 

• Speeds ,~eneratio11. Video can be generated far faster than highly 
encoded communication such as text. This capability is very im­
portant where the time value of information is high. 

• Improves aaess. Currently, access and playback of video are 
slower than with text. A stream of video, or even a single image, 
cannot be searched for a pattern as text can. MUSE provides a 
partial solution to this problem by synchronizing text and video 
so that indexing and text search techniques can be used with an­
notated video. 

• Provides a more powe1:fltl tech11iq11e to insert ~eometric tags. Use ot 
tags, such as points and bounding polygons overlaid on the im­
age, allows utilization of the search techniques from graphics to 
be USL'd in .in 111LtgL' ,md \·idL·u L'll\·ironrnL·m .. '\~,1111. tL·ch11ull1g\ 
will likely provide the solution in the form of powertul image 
processing capability. 

Current Status and l'uture Plans 
A clustl'r of 1.2 rnultimL·di,1 \\·orb.tatit111-, h,1, bL'L'll 111,t.dkJ .111ll 1' 

available for public access. It is being used by several faculty appli­
cation developers and researchers and for course delivery. 
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Project Athena has also been involved in a joint proposal to create 
a collection image system for the Native American Collections at the 
National Museum of Natural History at the Smith~onian Institution 
in Washington, D. C. This project (MITSI) will initially provide vi­
sual workstation support for curators and researchers using the 
Southwest Collections. Other prototypes involving curatorial and 
exhibition support are "Man Ray's Paris 1921-39," "Seeds of 
Change," "Flight of the Daedalus," "History of Technology," "As­
pects of Visualization," and "Coastal Ecology." 

The Visual Computing Group also works with MIT's Center for 
Space Research Man Vehicle Laboratory '"telescicnce" experiments. 
By adapting the visual workstation to receive digital data, voice, and 
live satellite video links to the Kennedy Space Center, faculty and 
students will be able to monitor real time experiments anticipating 
the use of the multimedia workstation as a NASA system link to the 
Spacelab and Space Shuttle. 

Other areas of interest include the use of image capture and stor­
age devices, such as Write Once Read Many (WORM) optical media, 
CD-ROM databases, digital video camera input, networking of dig­
ital imagery, "jukebox" (video disk, WORM, and CD-HOM) deliv­
ery systems, digital imagery file systems, digital audio, and high­
resolution graphics. Research is also under way to create a smaller, 
lower cost platform for the visual workstation. 
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Workstations in 
Student Housing 

EIGHT 

Part of the original plan to make Athena access easily available was 
to deploy workstations in most or all student housing facilities, such 
as dormitories, fraternities, sororities, and independent student resi­
c.knces. To date workstations have been placed in five such facilities. 
This description of that process and its results draws on a report 
commissioned by the MIT Project Athena study group. The study 
was managed by the Dean for Undergraduate Education and written 
by Gregory Jackson of MIT LJackson 87, 88 I. Material from the 
A then a specifications t<Jr Ii ving group installations I Erickson 87 I also 
is used. 

At first Athena provided only dial-up access to users that were 
off campus. Thus the benefits of workstations were not available to 

these users. Early in I 985, Athena developed guidelines and solicited 
proposals from the 39 student living groups at MIT for installat;on 
of Athena workstations, which would provide for greater student 
access to workstations. Athena offered to provide workstations. net­
work connections, operating systems, and maintenance. if the li\·ing 
groups would provide space, power. and an organizational structure 
meeting Athena requirements. 

This request for proposal generated considerable controversy. 
Some groups were concerned that those that got workstations \nntld 
have an unfair advantage in attracting students. Others were con­
cerned that workstations would upset the balance between dormi­
tories and fraternities. Nevertheless, about half of the student living 
groups submitted proposals. 

163 
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Groups had the option of installing workstations in a common 
area (called a "cluster") or putting them in the bedrooms (called the 
"intcnsiw" installation). Generally, the physical arrangement of the 
building strongly encouraged one or the other of these options. 
(Other cam puses make extcnsi ve use of living-group workstation 
access for education. Dartmouth's approach. for example. is to have 
a network access port "for every pillow." Dartmouth primarily uses 
personal computers purchased by students for educational comput­
ing.) 

On-campus living groups were to receive direct access to the net­
work with full performance. called an "on-cam pus" Jin k. Those that 
were too far away for an on-campus line were to receive 14.4 Kb/ 
sec access, called the "remote" link. In order to provide good re­
sponse time, the remote sites were also to receive their own file serv­
ers and local network. In all cases, at least two printers were to be 
provided with the workstations. The scrn-rs provided to remote lo­
cations were to be adequate for them to operate in a stand-alone 
mode. The 14.4 kb/sec link was to provide a "trickle-path" between 
their net and the rest of the campus net. Workstation installation \\·.1s 

to be funded by a special grant from the Provost's office. 
The request for proposal guidelines also called for each living 

group to create an Athena committee of at least 3-4 people. One of 
the committee members was to be designated as the living group\, 
contact person for Athena. Similarly, Athena was to designate a per­
son as the contact with each living group. Another person from the 
living group, to be designated "cluster manager," would be a tech­
nical expert on running the system. The living-group committee was 
to be responsible for all contacts with Athena, as well as enforcing 
house rules regarding cleaning and security. 

Upon system installation. the cluster manager was to be in reg­
ular contact with the Athena operations group (through its desig­
nated dn1t1g) and the Athena systems de\·dopmcnt organization. The 
cluster manager also was to be responsible for installing new cle­
ments released and notifying Athena of any system customization. 

The following environmental specifications were established: 

Space 

Table 

Power 

Phone 

Air-conditioning 

18 square feet per workstation 

3 feet by 4 feet 

7 amps per workstation and 5 amps per printer 

A phone must be in the cluster 

1500 BTU per workstation or 3000 BTU per server 



Carpet 

Windows 

Cleanliness 

Security 

Liability 

Accidents 

Access 

WORKSTATIONS IN STUDENT HOUSING 165 

Should be antistatic 

Must be closed to minimize dust 

Room must be dusted and vacuumed once a week 

Room must be lockable 

Individual and/or living group is liable for breakage, loss, 
and theft 

Covered by field service contract and Institute insurance 

Must be available to tield service personnel on a reasonable 
basis. 

The proposals were to be evaluated initially with respect to ade­
quacy in meeting basic Athena requirements. Those meeting these 
basic requirements (the "short list") were then to be evaluated on the 
proposed set of applications and general ncati\"ity. Because the resi­
dences at MIT have strong individual cultures, various reactions to 
the type of workstation installation were expected. Thus an attempt 
was made to get some diversity in keeping with the concept of the 
installations as an experiment. 

Proposals were due in December 1985. Ultimately, 19 living 
groups submitted proposals, and five of them were selected to re­
ceive equipment: 

• Delta Upsilon, a fraternity (cluster, off-campus link); 
• pika, an independent living group (cluster, on-campus link); 
• Theta Delta Chi, a fraternity (intensive, on-campus link); 
• Zeta Beta Tau, a fraternity (cluster, off-campus link); and 
• 500 Memorial Drive, a dormitory (cluster, on-campus link). 

Theta Delta Chi and '.)()I l Memorial Dri\"l' arc on the MIT campus in 
Cambridge. The pika residence is in Cambridgeport. about OllL' mik 
west of the campus. Delta Upsilon is in Boston, immediately across 
the Charles River from the campus. Zeta Beta Tau, also across the 
Charles River but in Brookline, about 2.5 miles from campus, is 
MIT's most distant living group. 

The Athena staff originally planned to prepare space and install 
the systems in the summer of 1986. However, many delays in space 
preparation, network installation, software, and hardware delivery 
occurred, which were relatively frustrating to all parties. The delays 
created some negative attitudes on the part of the living groups, be­
cause they had put considerable time and energy into developing the 
proposals and because a high level of expectation had been built up 
about getting the "advanced technology." 
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Workstations were installed in May 1987 (nine months late) in 
Theta Ddta Chi, 300 Memorial Drive, and Zeta Beta Tau. Worksta­
tions were installed in pika and Delta Upsilon in D~ccmbcr I 987, or 
about 15 months later than expected. 

The living-group contact person was put on appropriate mailing 
lists. The contact is responsible for attending periodic meetings, cre­
ating mailing lists for the living group, and disseminating informa­
tion from Athena to the living group. The contact is the "keeper of 
the keys," if there is a cluster installation, and is responsible for ar­
ranging for access to equipment by maintenance personnel. The con­
tact is also responsible for maintaining supplies of cxpcndibks such 
as documentation, paper, and toner. 

Athena's lmpaet on Livin~·Group Life 
At MIT each living group has a distinct idrntity, and lifcstyks vary 
widdy among them. Thus the response to Athena has varied consid­
erably among the living groups that have received workstations. 

Local modifications to make the system conform to the desires 
of the group were made sometimes. Although such modifications 
probably did impron' usability of the system. they also caused many 
problems for installation of newer versions of system software. 

The workstation clusters often became locations of social inter­
action. The new technology was a favorite topic of conversation, 
including how to use it and how to defeat its limitations. The clusters 
also attracted house "alumni" as well, who would return to sec how 
the workstations were being used and would stay to talk in general. 

Jackson summarized Athena's impact on living-group life in the 
following ways. 

• Residence as academic environment. The workstations appeared to 
bridge the gap between academic life and residential life. 

• Athena as an integrator. Athena seems to promote social integra­
tion of the members of the living group. 

• Cr(l11p C(lSf 11cr.rns i11di11id11al bc1ll:firs. The living group incurred the 
cost of installing the workstations, but the benefits went to spe­
cific individuals who made use of the system. 

• C11lt1m1/ l'ariati(111s. Tailored approaches unique to each group arc 
required for success. 
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Let's take a brief look at the system's impact on the living groups 
that received the last three installations and then at the general ex­
perience with the system. 

Theta Delta Chi 

Theta Delta Chi fraternity has about 40 male members. The mem­
bers arc generally regarded as "well rounded," not, for example, as 
computer hackers. The rooms arc largdy doubks and tripks. Work­
stations were installed in about 30 bedrooms, requiring that a cable 
be run to each of those rooms. In addition, three workstations were 
placed in the fourth floor library. Two printers were also installed. 
The system was connected to the campus spine and had full access 
to network services. Training was largely informal. Documentation 
played a minor role in training because it was often out of date. By 
the fall of 1987 the workstations had become a part of normal life, 
and they got considerable use. 

The living-group workstations made course-related computing 
much more accessible than before, when members had to go to pub­
lic clusters. Several individuals reached levels of workstation com­
petence that they otherwise would not have attained. The younger 
members tended to take the \\'orkstations more for granted than did 
the older members. The planning and inst.11lation process gL·m·r;ned 
considerable social interaction among house members, but overall 
impact on academic performance was modest. 

500 Memorial Drh·e 

This dormitory is the farthest from the academic buildings. It re­
ceived a duster of eight \\'orkstations t<x J<)() student residents. l\\u:--t 
rooms arc doubks. Many delays occurred in installation. primarily 
for air-conditioning and networking. The duster became opn.1tion,il 
in the fall of 1987. As demand for workstation access greatly ex­
ceeded supply, a signup system was installed. Documentation was 
largely inadequate. and most training \\'as by ,,·ord of mouth or pro­
vided by one of the house hackers. 

The system was heavily used by a few individuals, and some 
never used it. Those who used the system appreciated its conve­
nience. Academic impact was modest but positive. The inadequate 



168 WORKSTATIONS IN STUDENT HOUSING 

number of \vorkstations fr)r the building population led to consid­
erable frustration. 

pika 

Seven workstations, two file servers, and a laser printer arrived late 
in the fall of 1986. As with the others, long delays in installation 
generated considerable frustration. However, after installation, most 
residents came to use the workstations effectively. The workstation 
room became a kind of academic common space. 

The pikans chose the basement cluster approach rather than the 
intensive approach to avoid the possibility that frcshmrn would pick 
pika for its computer access rather than for the people who lived 
there. A strong motivation for accepting the computers was the 
saving of the 20-minute walk to campus. This benefit was greatly 
appreciated. 

General Experienee 

At the beginning of the experiment, considerable controversy de­
veloped over whether Athena would act as an integrator of residen­
tial life with academic life. Some studrnts wanted increased integra­
tion, but others wanted to preserve a separation between residential 
life and academic life, perhaps as a shield against the pressure of 
coursework. 

Jackson reports that the workstation clusters did in fact increase 
the integration of residential life and academic life and that it was 
generally viewed as positive. Members are now able to do work at 
the residence that would have required a trip to a campus worksta­
tion cluster. As a result, residents gained more workstation access 
and computing literacy. Few complained about academic encroach­
ment on the residence refuge. 

Workstation benefits were not evenly distributed among resi­
dents. The few who became heavily involn-d benefited significantly, 
especially those who acted as system managers or operators. Many 
benefited to some extent, and those who chose not to become in­
volved received no benefits. 

The acquisition and presence of workstations increased interac­
tion among rL·sidcnts-initially in the planning and installation phase 
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and later in using the workstations. The increased interaction was 
technical, academic, and social. 

In those residences that installed clusters-and where there was a 
ratio of no more than five students per workstation-the impact 
seems to have been quite favorable. The workstation room emerged 
as a focus of informal academIC interaction among students. At 500 
Memorial Drive, th!..· rati(' of 45 students per workstation, among 
other factors, seems to alh)\V little time for sharing experiences \vith 
other students. The signup system also restricted casual interaction 
among students. At Theta Delta Chi, the intensive installation model 
encouraged virtually all students to become involved with the work­
stations. The initial frustration at delays in getting the workstations 
faded when the systems were received. 

The final score card reported by Jackson for the five installa­
tions is 

• Theta Delta Chi-highly effective; 
• pika-generally effective; 
• Delta Upsilon-generally effective; 
• Zeta Beta Tau-generally effective; and 
• 500 Memorial Drive-generally ineffective. 

The cluster m8dcl appears to be more successful than the inten­
sive model primarily because of the increased interaction among res­
idents in several ways. Most of the residents at all five sites reported 
some beneficial workstation experience. Jackson concluded that the 
key factors to success in utilizing workstations in a living-group en­
vironment arc reasonable access to the workstations and some degree 
of commitment of members to use that access. 

Future Plans 
Although as late as July 1987 the plan was still to prO\·ide worksta­
tions to all student housing facilities, further installations were put 
on hold. Athena management decided to evaluate more fully the re­
sults of the first five installations before continuing. With the Ill'\\" 

campus\vide twisted pair cable in place, planning for additional li\·­
ing-group installations resumed in the spring of 1989. However, 
none has been made, partly because of the considerable logistics 
problems and cost. 
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One of the major lessons learned from the living-group installa­
tions is that the effort required to plan, deploy, and maintain work­
stations in a student housing area is much greater than that required 
to provide the same services in classrooms. Moreover, off-campus 
locations require extra technical work and expenditures to configure 
a stand-alone system and the remote network connection. 



Finance and 
Organization 

NINE 

In this chapter we describe the finance and organization of Athena. 
Financing was crucial to initiation of the project-and to its contin­
uation. Later, organization was the key to its eventual success. 

Finanee 
The initial estimate of the cost of de\'elopmcnt and installation of the 
Athena system was S70 million. Athena's supporters believed that 
this funding level would carry the project through five years of de­
velopment to completion. The plan was then to integrate the system 
and support into MIT's normal administrative structure. Each of the 
two major sponsors, Digital and IBM, committed about $2S lllillion 
in equipment, personnel, maintenance, and cash. In addition to the 
$50 million from the two primary sponsors, MIT agreed to raise $2() 
million from other sources. A list of these other sources is given in 
Appendix V. 

At the end of five years, the project was far from complete. Sys­
tem development was only approaching completion, and instruc­
tional software development was still under way. However, the sys­
tem appeared to be close to living up to expectations, and the 
sponsors had benefited significantly. Thndi.lre both of the sponsors 
and MIT agreed to a three-year funding extension. Support annually 
by the sponsors \\'otild be approximately the same as for rl1L' first ti\ c 
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years, bringing the total amount of support for the project from all 
sources including MIT to over $100 million for the eight years of 
development. 

MIT realized prior to the start of the project that development of 
instructional software required a major effort. Very little instruc­
tional software existed at the start of the project, and little of what 
existed was based on workstations and Unix. The bulk of the in­
structional software had been written for personal computers or 
character-oriented time-sharing. Therefore MIT made $8.5 million 
available to the faculty to develop instructional software. 

In some cases, the sponsors contributed additional money to the 
project. As the success of the project became known throughout the 
academic community, the project began to have many visitors. 
Throughout the extension period, 4 to 8 groups per vlfeek, averaging 
3000-4000 visitors per year, visited the project. Because about one 
third of the visiting groups were Digital customers or employees, 
Digital contributed half the cost of a person to organize visits and 
make presentations. The other half of the funding t<Jr this position 
was provided by the MIT Industrial Liaison Program. 

Resouree Alloeation 

Because of the strategic importance of the Athena project in setting 
the model for campus computing for the next generation of sys­
tems, funding the project adequately was vital. This one-time funding 
of a leadership project could then be followed by deployment of the 
system to other institutions to assist them in using this teclmol­
ogy. However, the scale of the Athena funding would not have to 
be repeated. 

Digital provided a significant portion of the budget in the form 
of a grant that included hardware, software, equipment maintenance, 
and on-site services. These services were provided by software en­
gineers who assisted in the development of the Athena system and 
application software. 

The Digital hardware grant funds were allocated as follows: 

File servers and peripherals 

Workstations 

Minicomputers 

Terminals 

Communications 

42 percent 

34 percent 

8 percent 

7 percent 

4 percent 



Printers 

Miscellaneous 

3 percent 

2 percent 
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Although thi., allocatio11 is reasonabh· accuratL' for the entire projL'ct. 
it is somewhat distorted by tliL' acquisition of the initial timL·-sharing 
system. Later in the project, a rule of thumb was established that 
CHTY dollar '>pent 011 \H>rkst.ltions required about StJ. HI I to be '>PL'llt 
in support equipment, includi!1g file servers, print servers, and 
communications. 

Or~anization 

The organization of Athena involved establishing and maintaining 
the following groups. 

• Athena project staff: to carry out development and deployment. 
• Athena Executive Committee: to set overall policy and provide 

oversight. 
• Resource allocation committees: to fund pedagogical projects. 
• Athena Study Committee: to evaluate project results. 
• Athena Users and Developers Group: to improve communica­

tion between the project and the users and developers about new 
system capabilities. 

• Athena sponsors: to ensure their full participation. 

Although each group had its own mission, they interacted to a con­
siderable extent. 

Projeet Staff 

When Athena began, two alternatives existed for its placement in the 
MIT organization. One alternative was to make it part of the Infor­
mation Systems Department, and the other was to make it an inde­
pendent project. The Information Systems Department already 
existed on campus and reported to Vice President James Bruce. This 
department was responsible for all administrative computing and 
central time-sharing services. It also was responsible for all campus 
communications systems, including the telephone system and local 
area networks. Moreover, at that time the department was absorbed 
in integrating several formerly independent computing svstcms. 
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However, the characteristics envisioned for Athena were unique 
and did not fit neatly into any existing MIT organizational frame­
work. That is, 

• nontraditional skills were required in Unix, C, workstations, 
graphics, and distributed computing; 

• large equipment donations from the sponsors had to be kept sep­
arate from other computing operations; 

• the project was temporary; 
• the time scale of the project was relatively short compared to the 

size of the task to be done, requiring the ability to use expedited 
procedures; and 

• the project was so large that it could benefit from being a separate 
organization. 

These characteristics led to Athena's establishment as an indepen­
dent project. Steve Lerman of the MIT Civil Engineering Depart­
ment was appointed Project I )irector. His first task was to develop 
an organization. The Dean of Engineering had overall responsibility 
for the project and in turn was responsible to the Provost. 

The initial project organization was fairly conventional, although 
the developmental aspects of the task, which were high priority at 
the time, were emphasized. The initial organization included a tech­
nical committee to design the system. This committee was adequate 
for the time-sharing system design but proved to be inadequate for 
the workstation system design. Therefore, 18 months into the proj­
ect, a Technical Director was appointed to be responsible for the 
technical integrity of the system. The early organization also in­
cluded a Manager of Systems Development. 

When the project matured, emphasis shifted to operations. An 
Executive Director was appointed to handle day-to-day internal 
operations, while the Project Director handled strategic issues and 
external relations. Software development was merged with opera­
tions. Figure 9.1 shows the current organization, with its empha­
sis on operations and maintenance, which is quite different from the 
initial organization and its emphasis on design and development. 

An early decision was made not to develop a separate Athena 
networking capability but, instead, to purchase those services from 
the existing campus Telecommunications Department. To ensure 
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close cooperation between that department and Athena, networking 
personnel were colocated with Athena project personnel. 

The MIT Athena staff increased in size over the life of the proj­
ect, eventually reaching its current size: a total of about 85 full-time 
equivalent MIT people. In addition, each sponsor provided up to five 
software engineers on site. MIT retained veto power over sponsor 
personnel assigned to the project in order to maintain appropriate 
standards. 

The Digital and IBM software engineers were assigned to MIT 
supervisors and were treated exactly the same as MIT personnel. 
Each sponsor also provided an on-site manager, who was responsible 
for meeting the staffing commitments for that company, for making 
sure that the appropriate contracts and other legal matters were taken 
care of, and for ensuring that technology transfr·r took place in both 
directions. The sponsor managers also assisted in selecting the ap­
propriate products from the parent company and in making sure that 
orders were processed properly. In some cases the managers had 
strong technical skills and made significant technical contributions to 
the project. 

All personnel from the sponsor companies arc given appoint­
ments as Visiting Scientists or Visiting Engineers at MIT. In ad­
dition, the managers from the sponsoring companies arc given 
appointments as Associate Directors. They participate in the day­
to-day management of the project, along with the Project I )irector, 
Executive Director, and Manager of Operations. The MIT Vice 
President of Information Systems also participates in the day-to-day 
management of the project. He is able to bring campus MIS expertise 
to the project, and is able to coordinate Athena with other MIS ac­
tivity on campus. 

Initially there had been apprehension about comingling person­
nel from two competitors on a single team. In practice, there was 
never the slightest indication of competition or friction between per­
sonnel of the two sponsors. Indeed, it was difficult or impossible to 
tell which individual belonged to which company, as they all had the 
same objectives. These individuals approached their work objec­
tively, and it was not unusual for a person to argue against the best 
competitive interests of his or her company and for the best interests 
of the project. (In this regard, the Athena experience is the same as 
that of the Microelectronics and Computer Technology Corporation 
(MCC) where members of competing companies often worked on 
the same technical teams.) 
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Athena Exeeutive Committee 

A high-level group was needed to establish project objectives from 
the MIT standpoint, generally oversee staff operations, set policy, 
represent the system users, and act as a board of directors. The 
Athena Executive Committte, chaired by the De:· n of Engineering, 
was established to meet these needs. Although the membership 
changed from time to time, it generally included the 

• Dean of Engineering; 
• Director of Athena; 
• Executive Director of Athena; 
• Associate Director of Athena/IBM; 
• Associate Director of Athena/Digital; 
• Dean of Undergraduate Education; 
• Dean of Humanities and Social Sciences; 
• Vice President of Information Systems; 
• Department Chairman of Ekctrical Engineering and Computer 

Science; 
• Director of the Laboratory for Computer Science; 
• chairpersons of the resource allocation committees (2); and 
• several faculty members on a rotating basis. 

The Executive Committee meets approximately quarterly. It 
usually recei\'es a status and plans report from the Director of Athena 
and then considers other business brought it. 

Resourc•e Alloc•ation Committt•es 

In order to allocate the funds for instructional software, two resource 
allocation committees were L'Stablished, one for I )igital eqt!ipmc1Jt 
for the School of Engineering and one for IBM equipment for the 
other schools. The two committees had similar functions but oper­
ated somewhat differently. 

Initially, the participants felt that partitioning the campus be­
tween the two sponsors was important. Later, it became evident that 
separation was not needed, and equipment from the two sponsors 
was comingled to a large extent. 

Procedures were established for faculty members to submit pro­
posals to obtain funds and equipment for the dcn·lop111c1Jt of instruL·­
tional software. The proposals were to present the scope and benefits 
of the intended instructional development, the amount of funds 
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needed, and the types and amount of hardware required. The funds 
supported faculty release time for the developmental effort, and stu­
dents and professional staff to perform the programming. 

The chairman of the Digital Resource Allocation Committee was 
selected from the faculty of the School of Engineering, as were the 
members. The Digital manager at Athena was a member of this 
committee. The chairman and members of the IBM Resource Allo­
cation Committee were selected from other schools. The IBM man­
ager at Athena was a member of this committee. 

Projeet Athena Study Group 

One of Athena's initial objectives was to provide information to sup­
port a decision on the MIT approach to educational computing after 
Athena. In order to provide a faculty evaluation of the project, the 
Project Athena Study Group was established during the summer of 
1985. The group was chaired by Profrssor Jean DeMonchaux, Dean 
of Architecture and Planning. Membership was drawn from the fac­
ulty and Athena management. Funding was provided by the MIT 
Provost for a number of evaluation studies. 

Athena Users and Developers Group 

For the project, 1987 was a very hectic year. In order to obtain the 
functionality required, much of the new system's software had to be 
developed. At the same time, a large number of applications devel­
opers and system users were using it in a production environment 
and needed a stable interface. These two modes of use conflicted 
directly with each other, and the more the system developers im­
proved the system, the more the interfaces changed, making existing 
software inoperable. 

In order to resolve this conflict, at least to some extent, an infor­
mal group was created, called the "Athena Users and Developers 
Group." It held a series of meetings to inform users and developers 
of upcoming changes to the systems. With this information those 
affected could prepare for the changes. Moreover, they could com­
ment on the relative value of changes compared to the cost in terms 
of additional application maintenance effort. The meetings were 
largely successful in resolving conflicts during the critical period un­
til the system stabilized in 1988. 
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Faeulty Registration and Deployment 
All students arc eligible for Athena accounts as a matter of policy. 
Any faculty member may register as an Athena user by calling the 
Athena Faculty Liaison office, followed by a registration session at a 
workstation. In addition. ir- a faculty member wa·its to set up a class 
locker for delivery of homework sets, programs, data, or what­
ever, a call to that same office can obtain a disk storage locker for 
that purpose. A prnject that involves development of new soft­
ware usually receives a separate allocation of storage space for that 
development. 

Many faculty members have also found it useful to request that 
their departments pay the cost of installation and network fees for 
an Athena-granted workstation for themselves or their teaching as­
sistants. Such installations arc subject to equipment and network 
availability. Proposing creation of a departmental facility may en­
counter fewer obstacles and lower total cost than proposing instal­
lation of several isolated workstations. 

Restrietions on Use 
By contract and by policy, Athena facilities arc for educational use. 
As with most MIT policies, that policy is broadly interpreted. Stu­
dents are encouraged to make use of the facilities in both curricular 
and extracurricular applications, within the general guidelines of a 
statement of "Principles of Responsible Use," which is posted at 
public workstation clusters and on-line. This document is repro­
duced in its entirety in Appendix IV. Faculty users arc expected to 
follow the same general guidelines and to respect the boundary be­
tween teaching applications and research, administrative, and per­
sonal applications. Finally, faculty members arc made a\.vare that the 
security of the Athena network storage facilities is not adequate to 
maintain privacy of sensitive information, such as class gr .ides and 
letters of recommendation. 

Contraets 
Two separate contractual arrangements were made in support of the 
project. One agreement was between I )igital and MIT. and the other 
agreement was between IBM and MIT. This arrangem•:nt anlided 
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the problem of having IBM and Digital contractually obligated to 
each other. The two agreements were based on similar principles but 
differed in detail, with each reflecting the interests of the contracting 
parties. 

The agreement between Digital and MIT was split into two sep­
arate contracts. One contract covered the donation of equipment, 
software, maintenance, and on-site manpower. This was an outright 
donation, with nothing requested in return. The other contract cov­
ered the cash donation. In this case, Digital received certain nonex­
clusive rights to software developed at Athena. The IBM agreement 
was structured as a single contract, consisting of a donation. 

MIT retains ownership of all intellectual property developed by 
Athena. However, because the primary objective of Athena is the 
improvement of higher education, all system software developed 
with Athena funding is made available to the public for a nominal 
media charge or at no cost, provided that the MIT copyright notice 
is retained. The X Window System Consortium has implemented 
this same policy. 

The nature of the contractual arrangements between MIT and the 
two sponsors was crucial to the success of the project, in large mea­
sure because of the early decision that MIT would own all intellectual 
property developed by the project. Such ownership made it clear to 
the sponsors' employees on site that they were really working on an 
MIT project. This decision led in large measure to the elimination of 
corporate friction. This decision also allowed MIT to make the soft­
ware generally available on extremely favorable licensing terms 
without consulting the sponsors' lawyers. As a result, developments 
such as the X Window System, X Toolkit, and Kerberos had a sub­
stantial advantage in the marketplace compared to competitive pro­
prietary developments. This advantage ultimately benefited all par­
ticipants in the form of industry acceptance and software portability. 

System Cost 
The original objective for the total steady-state cost of Athena, in­
cluding operations, depreciation, workstation purchase (by the stu­
dent), and maintenance was set at a maximum of 10 percent of tui­
tion. Although selected somewhat arbitrarily, this cost was believed 
to be the maximum affordable by the students. Tuition at MIT is 
presently about S 15,000 per year, or S60,000 over four years, and l IJ 

percent of this total would be $6000. 
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An economic model of the project was developed in 1987, in 
which the best allocation of funds seemed to be about half this 
amount fr>r the purchase of a personal workstation and about half for 
support of the infrastructure, including staff, depreciation of Insti­
tute-owned equipment, maintenance, and software. Thus worksta­
tion purchase would be 5 percent of tuition and all other costs would 
be 5 percent of tuition. 

The initial startup of Athena is now over, and the annual cost is 
about $3.5 million, or about S-1-0ll per student. Of this amount, $2.5 
million goes for operations ,rnd SI million goes fr)r development. 
Not included in this amount is overhead, equipment depreciation, 
and free maintenance provided by the sponsors. The total annual cost 
of the project on an ongoing basis is estimated at $() million to $8 
million, not including private workstation purchase but includ­
ing public workstation and server depreciation. This amount is 
about 5 percent of tuition. Project costs based on current experi­
ences arc therefore meeting the original objective for infrastructure 
cost. 

Purchase of a workstation meeting the MIT specifications for 
SJOOO is not now possible, as indicated by the economic model. Re­
cent product developments lun· used technological improvements 
to obtain higher performance rather than to lower cost. However, a 
workstation meeting the MIT requirements should not be much 
more expensive than a personal computer. Personal computers may 
be purchased for less than S.2000, so it is possible that workstations 
meeting the MIT objective could be available fix under SJOOO in the 
near future (assuming an educational discount of 40 percent to 50 
percent). 

Eeonomie Model 
Steven Lerman developed the following economic molkl (updated 
with more recent information) to approximate the steady-state 
Athena costs to the user. All cost estimates arc in constant 1990 

dollars. 

Capital Cost per Workstation 

Basic workstation $3000 Includes monochrome hardware and one 
network interface, system software, and 
d( ll" ll ll ll'll I.It u )IJ 

Saks cost 300 10% 
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Annual Cost per User 

Maintenance contract 

Network connect 

Support 

Printing 

Backup 

$200 

200 

250 

25 

tbd 

Operating cost only 

Includes training, consulting. software updates. 
and servers 

Cost per page $0.05 

Cost recovery 

The assumed workstation cost of $3000 is the cost to the insti­
tution for 1000 units. The sales cost of 10 percent represents the 
markup of the campus computer store. As with textbooks, most of 
the purchases will be made in September, and the organization must 
be prepared to cope with this highly peaked activity. 

Cost to Institution 

The cost of providing the educational computing service at an insti­
tution will vary widely, depending on the type of service provided, 
the distribution of costs, and the local cost rates. The following is an 
approximation of the costs projected at MIT for the service just de­
scribed on a per user per year basis in 1990 dollars. The costs assume 
that there are about 10,000 users and are not necessarily linear for 
much smaller or much larger user populations. These costs arc ap­
proximate and will vary significantly by institution. 

Networking labor $ 60 

Operations labor 

System software 

User services 

Administration 

80 

70 

60 

so 

Includes hotline support 

Includes training, documentation, consulting 

S.120 Per user per year, or $3.2 million per year for 
10,000 users 

The Athena experience is that an Ethernet network drop averages 
about $1000. The cost of installing an Institute-owned workstation 
has averaged $2000-$2500, including renovation of space, furniture, 
light, power, security equipment, and labor. This cost is dropping 
substantially as the size of the network has increased and as worksta­
tion power consumption has decreased. 

These costs do not include the capital or maintenance costs of the 
servers or network. As a first approximation, these capital costs will 
be somewhat larger than the workstation hardware cost. 
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Assessment 

Assessment of a project such as Athena is difficult, because there is 
no generally accepted stambrd against which to judge it. The follow­
ing qualitative assessment is based on discussions with people 
involved with Athena, such as system developers, application devel­
opers, and users. 

Assessment of Athena began shortly after the project was initi­
ated and has been carried out, officially and unofficially. by many 
organizations. The Project Athena Study Group (PASG) was estab­
lished during the summer of 1985. It was a faculty committee ap­
pointed by the Provost and chaired by Jean DeMonchaux. I kan of 
the School of Architecture and Planning. The primary question to 

be answered by the study group was: What should be the MIT ap­
proach to educational computing after the Athena experiment and its 
external funding ended? The PASG reports included the living-group 
assessments by Jackson LJackson 87. 881 and the teaching/learning 
impact assessment by Turklc [Turkic 88). 

Athena also carried out its own assessment, although for differ­
ent purposes. Rather than trying to establish a strategy for the post­
Athena period, project management wanted to assess and impro\"L' 
its ongoing operations. Toward this end, Athena carried out nine 
semiannual studies, using anonymous surveys by Karen Cohen. 

The Cohen studies [Cohen 87) showed that 95 percent of incom­
ing MIT students have had prior computer experience, which in 
most cases is extensive. About half of MIT students have personal 
computers. Half of the personal computers run I)( )S .111d thL' l"L'Sl .ll"L' 
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Apple Macintoshes. About one third of the personal computers have 
modems. Most of the DOS computers were purchased before the 
students came to MIT, whereas most of the Apple systems were pur­
chased from the MIT Microcomputer Center after the students ar­
rived on campus. 

The usage patterns of Athena closely approximates student pop­
ulations with regard to gender, class year, school, and residence. The 
most common uses of the workstations, in percentage of time spent 
each week, are: 

Word processing 

Programming 

Problem sets 

Mail 

Data storage 

27 percent 

19 percent 

18 percent 

12 percent 

7 percent 

The most positive aspects of Athena reported by students were 
the ability to visualize abstract concepts, such as equations, and to 
be able to use the computational power of the computer for simu­
lation and other calculations. Students also reported positive cduc1-
tional impact from the ability to explore "what if' situations with 
computer simulations. 

The most negative factors reported by students [Cohen 88] were: 

• printers not working; 
• waiting for access to a workstation (required 24 percent of the 

time) (Note: Waiting time was reduced to a negligible amount a 
year later when an adequate number of workstations were de­
ployed.); 

• problems with the system (crashes, hard to use); and 
• inadequate storage space (then limited to 600 K byte per student, 

but now 1.2 Mbyte). 

Surprises 
Many of Athena's results could be predicted once it became clear that 
the project was going to successfully reach its system objectives. 
However, there were some outcomes that no one expected. These 
included the impact of cluster size .on student use and the impact of 
the Zephyr real time message system. 

The largest Athena cluster is in the Stratton Student Center, 
which presently has 120 workstations and six printers. This cluster 
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is the most heavily used (on :l percentage basis) of all dusters. The 
reason is that a large cluster fits student needs better than a small 
cluster. People arc always around to help in case somt:one runs into 
problems, printer service can be relied on, and workstations are al­
ways available. Floor spac:: is adequate for skcpiPg, and food service 
is readily available. The cluster is busy much of the day, even at 3:00 

A.M. The popularity of this cluster was unexpected. 
The other surprise is the impact of the Zephyr real time message 

system on students and staff. The system creates an "artificial reality" 
for those who use it intensively, making it seem that they are in the 
same "room" with the other person, even though they arc physically 
separated. 

Zephyr at its simplest may be thought of as a type of electronic 
mail, sending messages from one user to another. However, the abil­
ity to send messages in real time and to subscribe to "classes" and 
"instances" of messages (analogous, basically, to a set of hierarchical 
mailing lists), has proven to be far more valuable and interesting. For 
exam pk, consider the "consult" instance. Anyone su hscribing to this 
instance receives all messages sent to it. Its purpose is to provide a 
channel f(ff Athena's student consultants to communicate with each 
other as a group when trying to answer a user's question or to inform 
each other that something of interest happens (e.g., a file server is 
down). The instance becomes a party line, or a form of electronic 
conferencing. In addition to the consultants, though, a great many 
users listrn to it to pick up interesting tidbits or just to keep abreast 
of system events. 

The interesting thing that has occurred is that some instances 
spontaneously come into being, last for a while (sometimes a long 
time), and then disappear. A number of (admittedly masochistic, or 
bored) users listen to all nonpersonal messages on all instances. If 
someone creates a new instance, these users will notice and may start 
a conversation over that instance. If there are enough users, the in­
stance may stay around, forming a small community. The "com­
munities" come complete with their own codes of ethics, and the 
group will often "gang up" on users who prove too obnoxious or 
tiresome, chastising them in public (over the instance) ti.>r transgres­
sions. The most avid Zephyr "talkers" are often those who are tra­
ditionally considered the kast "sociable" of MIT types: the hackers. 
The hackers have, in fact, been very social in their own forums (typ­
ically electronic, such as the Usenet, or any number of computer 
bulletin boards), and /.1pliyr has provided a real time. tk:-;ihk forum 
for discussions. 
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The sense of community extends not only to particular instances, 
but also in some ways to all of Athena. Someone tells a joke, and 
people all over campus laugh; a system goes down, and suddenly a 
dozen people send messages informing the operations staff that 
something is wrong. (A resultant problem, of course, is that sudden 
deluges of messages can make an instance impossible to keep up 
with!) With news of the earthquake in California in October 1989, a 
"quake" instance appeared, and any and all updates and news bits 
were posted as they were heard. 

Many people have questioned the benefit of networking in in­
structional computing. They maintain that instructional software can 
be easily distributed on floppy disks and that the other benefits of 
communications systems arc not worth the cost. Those who feel that 
communications have value in instructional computing point to 
Zephyr as a system that is heavily used and that has greatly increased 
peer help and the interaction within informal groups. 

Assessment by Aeereditation Committee 
During the spring of 1990, MIT was visited by an accreditation com­
mittee to review curriculum quality. The committee devoted a sub­
stantial portion of its report to a review of the Athena project. 
Among its findings were the following. 

Athena's goals apparently were achieved or approached in a number of courses 
by devoted instructors who rethought their subjects and then translated their 
new conceptions into courseware that enabled them to project their ideas in 
more powerful and efficient ways. We saw, and were impressed by, the creativ­
ity of newly designed instructional software employed in courses on physiol­
ogy and biophysics, the writing program, and a course on dynamic systems in 
mechanical engineering. We were equally impressed that undergraduate stu­
dents in the Department of Electrical Engineering and Computer Science had 
been deeply involved in the development of this software. Although not part 
of its original goals, Athena had provided a group of gifted undergraduates with 
an invaluable opportunity to work on challenging and creative problems. 

Athena, when viewed as a campus-wide experiment, can claim success of var­
ious kinds. It gained or regained for MIT its reputation as a leader in computer 
design and applications to education, giving to its participants, both faculty and 
students, a sense of pride in being associated with a major innovative effort in 
the field. It also heightened the aspirations of those who worked with it, in 
some cases forcing them to rethink their subjects and pedagogy. It permitted 
the exchange of ideas about the use of electronic media in the curriculum, and 
strengthened those shared software design skills. 
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But we also recognized, as many within the MIT community already have, 
that the ambitious goals of Athena had been approximated for only a small 
segment of the undergraduate community. Perhaps 30 or 40 courses have been 
designed or redesigned to use the special resources of the Athena system; some­
what more have used its interactive capacities without much change in the basic 
design of the course. The broad availability of the workstations was welcomed 
by students, who used them for the most part as they would have used any 
networked consoles for word processing, electronic mail, and games. Impor­
tant technical improvements were made to the system over time, some of 
which will have continuing application beyond the Athena system, but this 
continual tinkering often made the system more difficult to use. 

Moreover, large segments of the campus, including the science departments 
and management programs, tended not to adapt their courses to Athena. Oth­
ers, in a variety of subjects, developed sophisticated forms of educational com­
puting outside Athena, sometimes because Athena was not adaptable to the 
special needs of the course (as, for example, a course on music and music the­
ory) or for other reasons. 

The accreditation report then discusses the CAC90 report and its 
recommendations. 

CAC90 Assessment 
In the summer of l 989, the MIT Provost convened the "Committee 
on Academic Computing in the 90s and Beyond," abbreviated as 
CAC90. The charter of this committee, chaired by the Dean of 
Undergraduate Education, was to "take a comprehensive look at the 
educational computing needs and possibilities for MIT's undergrad­
uate and graduate students and faculty, establish objectives for MIT's 
educational computing, assess the technology which will be available 
in the l 990s, consider the costs and management of educational com­
puting at MIT, and recommend options to the Provost." The ulti­
mate objective of the committee is to develop the strategic direction 
for academic computing at MIT for the decade of the I <J90s and then 
to recommend a set of options at differing levels of resources and 
capabilities that MIT can pursue. In conducting the study. the com­
mittee considered the likely evolution of computers and information 
technologies, academic computing at other leading colleges and uni­
versities, academic computing at MIT, and the balance between 
common and individualized academic computing environments. 

The committee formulated a set of issues and objectives to 
be considered in instructional computing after 1991, in which 
cost played a major role. The committee surveyed instructional 
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computing at other institutions, including Brown, Carnegie-Mellon, 
Stanford, Dartmouth, Drexel, and the University of Michigan. It 
also assessed the results of Athena at MIT. Finally, the committee 
formulated instructional computing options for MIT to pursue in the 
1990s and beyond, with the likely costs and benefits of each. The 
Provost, in consultation with the faculty, selected from among these 
strategies in charting MIT's course for the decade. 

We describe the CAC90 recommendations for the future of com­
puting at MIT in Chapter 11. However, we presrnt here that part of 
CAC90's findings related to an assessment of Athena's results. 

CAC90 Findings 

The 1979 estimate of the cost of computing resources likely to be in 
place in 1989 was $18. 8 million (in 1989 dollars). The actual value of 
computing resources in place in 1989 was estimated by CAC90 
[CAC90 90J at $101.3 million, or five times the estimate made trn 
years earlier. 

The CAC90 report provides a census of computing resources 
available at MIT in early 1990. It shows a total of about 13,0()() com­
puters of all types, including about 10, 100 personal computers, 2800 
workstations (including 1100 Athrna). 93 minicomputers, (1 main 
frames, and one supercomputer. In 1989 the Microcomputer Center 
sold 2400 microcomputer systems. of which about <J() percent were 
proprietary personal computers. 

The CAC90 report defined academic computing to consist of 

• research, to develop and explore new ideas without regard to 
specific applications; 

• development, to translate ideas into useful devices or software 
packages; 

• service delivery, to operate systems and facilities; 
• user support, to provide technical assistance to users and devel­

opers; and 
• assessment and planning, to provide high-level studies and long­

range planning for the above. 

The report's summary of Athena results development to date 
stated that the system 

• has more than JO()() workstations and supporting infrastructure 
in operation; 
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• has been reliable and stable for two academic years; 
• is based on de facto industry standards (Unix, X, Moti( Ker-

beros); 
• can accommodate multiple vendor hardware; 
• is Cray 2 accessible and compatible; 
• has a core of supported applications; and 
• is heavily used by students (over 90 percent). 

The committee also found that an effective infrastructure was in 
place for training, documentation, consultation, and interaction with 
the faculty. Tools were also aYailabk for self-registration and on-line 
consulting. 

The committee further found that more than 100 faculty mem­
bers were involYed in educational computing and that substantial 
sharing of software was occurring on campus. About two thirds of 
the departments had departmental clusters and good progress was 
being made in installing workstations in the offices of faculty mem­
bers who wanted them. 

Teehnieal Assessment 
Development of the system software must be considered a major 
success from a technical standpoint. Athena successfully created a 
high-quality layer of software on top of Unix that corrects its major 
shortcomings in a distributed workstation environment. 

Athena's functionality remains that of Unix with the addition of 
a portable standard interface to the display (X Window System), 
augmented by third-party software and instructional software de­
veloped locally. A major shortcoming in functionality is the lack of 
tools to develop interactive applications. Work is under way to im­
prove this situation, but today it remains a serious impediment to 
the development of instructional software. Another shortcoming 
Athena shares with all Unix-based systems is that the system's hu­
man interface is hard to learn and difficult to use. The planned so­
lution to this problem is to use the graphic human interface software 
developed by the <.)pen Soft\Yarc foundation. to whJCh both 111.1jor 
sponsors belong. 

The Athena system is presently operational and provides good 
service to its users. Over its life, concerns have always been ex­
pressed about various aspects of the project. In 1987, the concerns 
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were about functionality; in 1988, about reliability; in 1989, about 
stability of the application programming interface; in 1990, about 
support of personal computers. 

Several areas have been identified as requiring improvement. 
Some of the needed improvements come from experience with the 
system. Others come from the significant advances that have been 
made in technology. 

Cost of Operation 

Currently, Athena's operations cost is low in comparison to other 
similar systems but is high enough that it remains a burden. How­
ever, this cost is expected to decline as maintenance tools and skills 
improve, as the installed hardware base is updated, and as more users 
are added to the system. 

Opportunities for great reductions in personnel and skill require­
ments in any one area arc not apparent, but many opportunities frlr 
smaller reductions arc available. Advances will be made in reducing 
Athena's operations labor requirement in certain areas as part of on­
going maintenance. One area in which cost reduction is possible is 
in automating backup. The present method of backup is to write the 
files to a second disk over the net, following by copying that disk to 
a tape, which is labor intensive. An automated backup operation to 
an optical jukebox would require less staff at lower cost, or a larger 
quantity of storage could be managed by the same staff. 

Ti~ht Network Coupling 

Athena is completely dependent on connection to the nct\vork for 
operation. If the network stops, the workstation stops. Unfortu­
nately, the net\vork is not completely reliable, and when it stops sev­
eral hundred irate users are on the telephone almost simultaneously. 
While tight coupling may be appropriate for public workstations, it 
is of marginal benefit for an individual's workstations, such as that 
on a faculty member's desk. Presently, public and private worksta­
tions are managed in exactly the same way to conserve labor. 

Workstations can now be obtained economically with enough 
local mass storage to store much of the system and most private files. 
Therefore the network connection might be used only as required 
for access to mail and infrequently accessed files. Similarly, kernel 
updates arc now virtually simultaneous on all workstations. If a pri-



TECHNICAL ASSESSMENT 191 

vate workstation could store its own operating system, updating 
could bc donc at the user ·s co11\'eniencc rathcr than as mandated by 
the operations group. 

Support of Personal t.:omputers 

Cohercnce has greatly si1~1plificd the task of application dcYclop­
mcnt, including instructional sofr\\'arc. Unfortunately. it makcs the 
support of personal computers difficult-and just \\'hcn personal 
computers of scYcral different architectures arc becoming \Try pop­
ular because of their low price. The system must support personal 
computers in some manner. The present plan is for Athena servers 
to interoperate \\'ith personal computers in file storage and transfer. 
printing, mail, and communications, but not to try to achieve full 
coherence (i.e., support workstation instructional software on PCs). 

Human Interfat."e and the Cost of 
A.pplit."ations Software De,·elopment 

The cost of deYcloping application soft:\\'arc. especially instructional 
software, is so great in terms of labor, skills, and money that it is 
seriously hindering full achie\'l'me1H of the projcct 's pedagogical ob­
jccti\'l'S. Despite thc largc amount of cffort used in dc\'cloping the 
human intcrfaccs of applications, thc resuits fall short of thosc dc­
sircd. Consistcncy among applications is inadequate. and the quality 
of results varies considerably. 

Problems also exist in the human interface to the system. The 
user interface to Unix at Athena is the C shell csh. As is well known, 
this interfacc is difficult to learn. is crror prone, and imposes a large 
memory burden on the user. It is, of course, very powerful in the 
hands of the expert user, but most of the users of Athena arc not 
expert. Athena users, however, even in departments far removed 
from computer science, become moderately expert users of pro­
grams such as csli and rn1<1Ci. WhL·thcr this is good or bad is the sub­
ject of debate. 

The Athena distributed services are largely transparent to the 
user, and when they arc fully operational and used properly. the need 
for a human interface is not great. However, when the services 
"break" or ~.re used imrr:iperly, the user has great difficulty coping 
with the problem because of the hidden mechanisms of the system. 

Although these problems arc not directly related to distributed 
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aspects of Athena, they remain a serious impediment to further ex­
pansion of use. The current plan for solution is to import the ,\lot~( 
user environment component from the Open Software Foundation 
to provide a de facto standard and more powerful tool set for the 
development of human interfaces. Beyond that, the MUSE author­
ing environment is under development to reduce the cost and 
skills required for development of applications having good user 
interfaces. 

Printing 

A decision was made early in the project to provide high-quality 
laser printing at no cost to the user, which encouraged, to some ex­
tent, excessive printing. The project has now installed a cost-recov­
ery system for printing to make sure that it is used responsibly. Each 
user receives a quota of 1200 pages of free printing per year, but 
printing beyond this point requires payment of a fee. The quota sys­
tem is supported by the Palladium distributed print system I Hart 891. 
developed for Athena by an informal group of leading computer 
manufacturers. 

Large versus Small Clusters 

The Athena experience is that supporting workstations in a tL'\\. L1rgc 
clusters is much easier than supporting many small clusters. Large 
clusters arc easier to maintain and simplit\ pro\·ision of printing and 
consulting services. Unfortunately, space for clusters has always 
been scarce and is now a seriously limiting factor in deployment of 
additional clusters of any size. Installing a modern network in build­
ings that are nearly 100 years old is also very difficult. 

Baek up 

Backup of user ti.ks remains difficult simply because the ti.ks arc so 
large. The solution has been to dump to cape. but time to dump and 
logistics of handling 15 G bytes of tape are quite difficult. These 
problems are getting worse as the capacity of disks continues to in­
crease rapidly. Morcon·r, they arc compounded because Athena fik 
servers are physically distributed. 
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Implementation 
The computer industry has a 40-year history leading to a set of well­
known procedures for implementing a large MIS project success­
fully. Athena's supporters initially viewed it as a simple turnkey in­
stallation of off-the-shelf hardware and software J--y a single vendor. 
This scope gradually grew (because of external influences) into a far 
larger and more complex project, requiring extensive development 
of innovative software. At some point the project should have been 
treated as a large MIS implemmtation, and the traditional tools and 
management skills of the MIS discipline should have been used. The 
magnitude of the task was not recognized until three years into 
the project, at which point the problems were very difficult to 
solve. 

A tangible shortcoming is in the number of public workstations 
deployed. Initial plans were to deploy about 3000 public worksta­
tions, but the goal was continually reduced over the life of the project 
to 2000 in 1985, 1500 in 1986, and 1000 in 1987. The actual number 
deployed at the end of the first five years was 750, of which 500 were 
for students and 250 were for developers. It is important to ask 
whether 3000 \Vorkstations \Vas ever the correct number. A major 
problem was insufficient space (always in short supply at any insti­
tution). Thus ever installing many more than 150() public worksta­
tions now seems impractical. Indeed, whether depreciation on 3000 
public workstations could have been afforded is now questionable. 
The new strategy is to limit the number of public workstations to 
about 1500. The present deployment of 1300 workstations seems to 
be adequate, except during the peak load on the last few days of 
spring semester. Quite possibly, 1500 workstations always was the 
right number. 

Use of Athena by Others 
One measure of the success of the project is the extent to \\'hich it is 
used by others. To date, Athena has been installed at sn·eral other 
locations, in some cases for testing and evaluation and in other cases 
for operaticnal use. A then a 's use by other organizations is described 
in Appendix I. 
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Relationship with the Faeulty 
The MIT faculty was initially oversold on the implementation sched­
ule and capability of the system. The inevitable disillusionment set 
in initially when schedules slipped by years and intensified when the 
system failed to meet tool, stability, and reliability expectations. Fur­
ther, the faculty saw the project as being too autonomous, pursuing 
"technical goodies" for their own sake rather than doing things of 
value to the faculty. 

The faculty was (and to a lesser extent still is) far from agreement 
in its view of the proper role of computing in higher education. At 
one extreme, some are skeptical of any substantial role of computing 
in education, preferring analytic solutions to numeric approaches. 
Many wanted only to use PCs or Macs to do simple things simply. 
Perhaps many believed the early claims about the power and timc­
tionality of the system and were expecting an ideal solution. A few 
understood the magnitude of the difficulties faced and were willing 
continually to strive to develop effective software on the system for 
their classes despite repeated and long-term problems. In the end, 
this last group was successful and made an essential contribution to 
the Institute, but the cost was high. Now that the system is stable 
and reliable, wooing the disillusioned faculty back is proving diffi­
cult. Given Athena's scope and the innovations required, some of 
these problems were inevitable, even with highly experienced and 
skilled personnel. 

Benefit to Sponsors 
Both IBM and Digital believe that they obtained significant benefits 
from participating in Athena. It was the flagship external research 
project for Digital, much as Andrew was the flagship project for 
IBM. Digital's top management has historically had close tics to 
MIT, and most of Digital's central engineering and central research 
arc located within 40 miles from MIT. The benefits to Digital 
included 

• development of product prototype; 
• development of product requirements; 
• testbed for product evaluation; 
• testbed for concept evaluation; 
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• showcase account; and 
• developer of people. 

IBM obtained similar benefits. In some instances, the technologies 
were prototyped at Athena and then developed into products else­
where. In other cases. th~ concepts \Vere stimula.cd by activities at 
Athena and prototypes were developed elsewhere. Athena developed 
people-both new hues and those on rotation-and built consen­
sus-both intracompany and intercompany. The X Window System, 
X Toolkit, 3-D extension to X (PEX), video extension to X (VEX), 
and Palladium d:stributcd printing software arc all examples of in­
tercompany cooperation that Athena fostered. 

Pedagogieal Assessment 
Ideally. we would assess the pedagogical success of Athena by car­
rying out a controlled experiment. A course would be taught to two 
matched groups of students with all variables controlled, except that 
one group would be taught with Athena and the other without Ath­
ena. The results would then be compared. This type of evaluation is 
not likely to be done for funding and ethical reasons. 

The best assessment is that likely to come from the experience of 
the faculty in aggregate. Many faculty members have taught the 
same course with and without Athena. Although this kind of assess­
ment is much less satisfactory than a controlled experiment, it docs 
provide some data. Some faculty members believe that they can 
teach more effectively with Athena than without it. At least one fac­
ulty member states that he can cover about 30 percent more material 
with Athena than without it. 

When evaluated against its major goals, Project Athena must be 
judged successful. In considerable contrast to the situation in 1983, 
the use of high-quality educational computing today at ,\11T •~ \\·idc­
sprcad. Students arc now graduating who have never known life at 
MIT without Athena and (based on student intcr\·innl c.1111wt im.1g­
ine life at MIT without it. About 96 percent of the undergraduate 
students and 70 percent of the graduate students use Athena. 
The system is stable, documented, reliable, and affordable. Athena 
software provides a coherent and logically integrated computing 
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environment campuswide, despite a high degree of physical distri­
bution and heterogeneity of equipment. 

However, Athena has been much more successful technically 
than pedagogically. Although anecdotal evidence that Athena has 
improved the quality of education at MIT is substantial, the im­
provement is far from uniform and has yet to be documented. Until 
pedagogical improvements become more generally available and 
documented, final judgment on the pedagogical success must be 
withheld. 
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Quo Vadis Athena 

In this chapter we describe the future of Athena in three respects: 

• continuing and new initiatives based on current plans; 
• desired future workstation characteristics; 
• recommendations of the Committee on Academic Computing in 

the 1990s (CAC90) for MIT. 

In order to place the future educatio1ul computing objectives of MIT 
in perspective, we also compare them to CMU future computing 
objectives. 

Continuing and New Initiatives 
Initiatives facing Athena are the following. 

• Co11ti1111c dcploy111e•1t <~(p11hlfr 11 1orkst11tio11s. The lJ()() \\'orkstations 
that arc in place are not an adequate number, as students often 
must wait for access. Moreover, the better the system gets in 
terms of stability and function, the more demand there is for 
access. The current strategy is to extend twisted pair Ethernet 
throughout buildings and to continue the installation of public 
workstations. More emphasis is being given to working with 
departments to establish department dusters. 

• Improve the human inte~face. The C shell is not an appropriate in­
terface for the students to use with the operating system. It is 
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simply too hard to learn and too complex to remember. More 
importantly, development of instructional software is very costly 
in terms of personnel and skill level because of the lack of appro­
priate tools. This problem is so serious that faculty developers 
cannot make the investment needed to use the system widely for 
education. The current strategy is to use the Open Software 
Foundation i\1ot~f human interface development environment as 
the standard instructional environment. The use of Motif will 
provide a more powerful and de facto industry standard devel­
opment environment. This use is additionally attractive because 
both Athena sponsors belong to the Open Software Foundation. 
Those involved hope that the use of a standard development en­
vironment will promote the ability to import and export instruc­
tional software at MIT. 

• Continue instructional software development. Additional funding 
needs to be found to continue this essential activity. 

• Move to private ownership model. To date, all Athena workstations 
arc owned by MIT and arc made available to students and faculty 
at no cost. When prices for a workstation meeting Athena stan­
dards drop to an appropriate level (currently seen as S.1000), MIT 
will sell workstations to students and faculty members through 
the Microcomputer Center. Eventually the number of worksta­
tions supported (primarily privately owned) will approach 
10,000. The network, servers, and infrastructure must be pro­
vided in accordance with the number of workstations in a trans­
parent manner. 

• Sh~ft to vendor-supported so_ftware. The strategy of Athena is to 
move away from the Berkeley Unix to a vendor-supported 
Unix. The reason for this strategy is to gain better access to ap­
plications. As both m;~or sponsors belong to the Open Software 
Foundation, the use of the OSF/1 operating system looks attrac­
tive. (Athena also belongs to the Open Software Foundation and 
has a research grant relationship with it.) 

• S11pport clllttl111atic s1~/ill'1ll'C 11pdatc a11d i11t£'.'<l'ity chak. Installation of 
a major new version of the system software is a major undertak­
ing, because it requires a visit to every workstation. Tools are 
now being developed to allow installation of a new version of 
the system software over the network and verification of its in­
tegrity after installation. 

• Reconfigure networks dynamically. One of the most common cur­
rent problems for Athena workstation installation is that of an 
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incorrect Internet address. Experiments are under way to assign 
this address at boot time. In addition, when Athena begins to 
allow privately owned workstations, it must be possible for a 
user to unplug from one network connection and reconnect at a 
new location without notifying the network administration. 
Work on dynamic reconfiguration is also in process. 

• Support personal computers. The widespread availability of per­
sonal computers with screen resolution of 300,000 pixels makes 
their support attractive. A project to provide Athena services 
to personal computers, both open system and proprietary, is 
under way. 

• S11pport p11hlfr data/1ast's. Publicly availabk databases arc believed 
to have great value on campus, providing access to libraries, 
course catalogs, research descriptions, and schedule information. 
A first step has been taken in this direction through the devel­
opment of Techlnfo, a new on-line information system available 
via the campus network. Information presently available on 
Techlt~fo includes 

academic schedules; 

weekly campus events; 

lab supplies catalog; 

information systems articles; and 

weekly job postings from Personnel. 

• Establish a courseware development resource center. A high-priority 
task is to provide faculty developers with well-publicized and 
easily obtainable information about ongoing activities in course­
ware development and to encourage the sharing of code, exper­
tise, and resources. To facilitate this task, plans arc now being 
made to create a centralized group to develop the following. 

Developers' kit, to be mailed out on request, containing 
reading material describing alternative approaches to coursc­
ware development. 

Clearinghouse for up-to-date information on projects, in­
cluding principal investigator, contact person, and project 
descriptions. 

Programs that may be shared, including source and execut­
able files and documentation. 

Information on relevant third-party software. 
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A developers' database, containing information such as sam­
ple makefiles, reusable code, and on-line documentation. 

On-line users' group and mailing lists. 

Pool of student programmers for hire. 

Sample courseware modules. 

Advanced topics. 

• Deploy to other institutions. Part of the vision for Athena was to 
make it available at no cost to other research labs and universities 
once it was fully operational. Late in 1988, part of the system 
was installed at Digital's Cambridge Research Lab. I )uring early 
1989, the entire distributed system was installed at Bond Uni­
versity, a new, private university in Australia. Since then, the 
system has been installed at additional locations, as described in 
Appendix I, and more are planned. 

Desired Workstation Charaeteristic•s 
Based on the experience gained in developing the Athena system, 
minimum characteristics arc envisioned for the next generation of 
workstations at MIT. Two diffi:rent workstation configurations arc 
required: monochrome and color. Thus monochrome configuration-. 
do not have to be upgradable to color ones. Little or no documen­
tation in paper form is assumed; that is. all documentation other than 
for installation is to be in electronic form. 

Mono .. hrome Workstation Spe .. ui .. ations 

The minimum desired specifications for workstations at MIT in the 
1990s are as follows. 

Processor performance 

Screen resolution 

Screen size 

Chromatic resolution 

Main storage 

Communications 

Input 

Floppy disk 

Hard disk 

External interface 

3 MIPS 

800 K pixels 

lSinch 

4 bit pixels 

6 Mbytes, expandable to 16 

1 RS-232 port 

Keyboard and mouse 

1.4 MB industry standard format 

70 MB (preferably 3.5 inch) 

SCSI (two ports minimum) 
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The unit docs not need a bus with plug-in slots for adapter cards. 
HowcYcr. haYing a bus lurn1cctor port anilable \\·ith ~n optional bus 
expansion unit and related pO\\·cr supply and board slots \\"ould be 
desirable. (The preferred type of external interface is still under re­
view.) 

The hard disk is used for the root file system, swap space, and 
temporary and pri,·are storage. The operating system. utilities. and 
productivity software modules are stored on the file servers or an 
optional CD-ROM. 

The available plug ins for the SCSI interface should be 

• Ethernet; 
• token ring; 
• CD-ROM player; and 
• /11 or t-t1 I I\.lB disk. 

All documentation should be obtained electronically over the 
network or from the CD-ROM player. An optional modem or 
printer can be attached to the RS-232 port or SCSI port. 

The system should be usable in two ways: on net (usually on 
campus) and off net (usually off campus). In the on-net case, the 
SC SI interface is used to support the LAN in tL'rface. either E thernl't 
or token ring. In the off-net ClSL' the SCSI would normally plug into 
the CD-ROJ\1 player to prO\·ide large amounts of read-only storage. 
Some form of caching method will usually be needed to keep as 
much data as possible on the hard disk. 

The CD-ROM allows workstations to be used at home and is 
essential to obtaining a significant number of off-net users. A pre­
ferred method of delivering third-party software to the user is to 
hJ\"L' all aYailabk soti:w.ue on the disk. '' hether it has beL'n purch.1~L·ll 
or not. The user would receive a decryption key when the software 
is purchased. 

Power consumption. heat dissipation, noise levels, RF emis­
sions. and temperature k,·ds must be consistent '' irh dq1 lo\"1J1L'IH 111 

closed offices. dormitories, and homes. Some means of providing 
physical security is required. The workstation should be easily at­
tachable to a table or \Vall bracket. 

Color \lorkstation Sp .. <"ifi<"atinns 

The requirements for color workstations are the same as those 
for the monochrome model. but with 800 K pixels of 8 bits each 
on a 15-inch monitor. At MIT, only about 10 percent of the public 
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workstations will be color. At other colleges and universities, the 
proportion may be much different. 

Software 

Independent of the hardware utilized, the following software must 
be provided, either by the manufacturer or by third-party software 
suppliers. 

• System software 
• Operating system, Posix compatible 

C, FORTRAN, Common Lisp compilers 

X windows version 11 

EMACS 

Andrew File System 

NFS 

• Productivity software 

Numerical library 

Spreadsheet 

WYSIWYG editor for text, image, and graphics with Post­
script output 

Mathematics symbolic manipulation package 

Database system 

Electronic mail 

The server software described in Chapter 6 will be supplied by the 
Institute. 

Future of Instructional Computing at CMU 
We describe the future of instructional computing at MIT in the next 
section. Before that, let's examine the future of computing at CMU 
for purposes of comparison. 

In November 1988, with Andrew fully functional and an integral 
part of the campus infrastructure, CM U President Cyert established 
a new "Computer and Network Planning Committee" to review 
past accomplishments and current status, and to recommend future 
approaches. That review [Eddy 89J showed that most of the objec-
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tives established in the 1982 Newell report had been accomplished. 
Computing had become both widespread and deeply ingrained in the 
educational process. The great diversity of computation forecasted 
had indeed occurred, but this diversity had created a fundamental 
dilemma for both students and faculty. Different user groups had 
widely differing expect:ltions of computing, and these expectations 
often did not match the widely varying resources available. 

The report therefore recommended that steps be taken to reduce 
this diversity. To do so required establishing a minimal computation 
resource that would be available to all students, regardless of depart­
ment affiliation. Students would be encouraged, but not required, to 

own private microcomputer systems. The administration was en­
couraged to provide all faculty members with desktop workstations 
suited to the needs of their disciplines. Also recommended was cre­
ation of a set of standards that would be mandatory for all computer 
systems acquired or recommended by CMU, in order to maximize 
integration with research activities. An important management rec­
ommendation was that the university should continue to encourage 
decentralized management of the campus system. In spite of the rec­
ommendation of decentralized management, the report favors an in­
tegrated computing environment for administration, research, and 
education. Whereas the 1982 report proposed universal access to 
computing provided by "3M" class workstations, the 1989 report 
identified the current and fi.iturc challenges to be "distributed re­
sources, diverse applications, and decentralized management." or the 
"3D" model. 

Instructional Computing at MIT after 1991 
We described the charter, objectives, and assessment of CAC90 in 
Chapter 10. Here we summarize the rest of the CAC90 report 
[CAC90 90J, first describing the findings and then presenting the 
recommendations. 

The Committee found that attitudes toward academic comput­
ing vary greatly at MIT. These differences exist among and \\'ithin 
the major constituent groups of faculty, students, and sponsors. At­
titudes within the faculty varied from some who wanted mud1 more 
academic computing to others who wanted much less. ThL· actual or 
intended use of academic computing also varies widely .1 mong fie-
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ulty members. Some use it for analytic tools, some for simulation, 
some for computer-based instruction, some for database access, 
some for personal productivity tools, and some for presentation of 
information. 

Organizationally, some faculty members prefer leaving academic 
computing to individuals or departments; others prefer various de­
grees of centralization. Technically, some faculty members prefer 
the sophisticated networked capability of Unix workstations and 
supercomputers; others prefer the simpler environment of isolated 
PCs. 

Attitudes toward academic computing vary significantly by 
school. The School of Engineering supports academic computing 
more generally than their colleagues in the other schools. It believes 
that an advanced academic computing environment supports MIT's 
preeminence in higher education and is a necessary prerequisite for 
engineering education. The school strongly supports the present 
Athena design and coherence. 

The School of Architecture and Planning has aggressively uti­
lized Athena as part of a larger heterogeneous computing commu­
nity. It would like to see greater decentralization of academic com­
puting to assist it in initiating future computing initiatives. The 
school is also very supportive of heterogeneous environments and 
more curriculum development projects. 

The School of Humanities and Social Science has had little in­
volvement with Athena, although some of its projects (e.g., lan­
guage instruction and Educational On-line System) have been 
among the most innovative. Many of its faculty members believe 
that Athena is a major failure and that the money spent has been 
wasted. The School of Management (Sloan) has had minimal in­
volvement with Athena but would like to become active. 

The School of Science has had some involvement with Athena, 
and its faculty members use computers extensively in research. Most 
of the faculty believe that computers contribute little to undergrad­
uate education beyond routine calculation. They also believe that ed­
ucational computing should be used to improve research skills of 
students in the junior and senior classes and beyond. Many believe 
that students should be required to provide their own computing 
resources and skills. 

The committee learned that undergraduates want simpler access 
to Athe1~a network services, and that they value free, powerful com­
puting. Graduate students have only recently been given access to 
Athena and continue to use other sources of computing, especially 
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research and laboratory computers. In addition, the committee 
found the following. 

1. Athena has met many of the expectations of its founders and 
supporters. The project has developed a successful, large-scale, 
distributed workstation network that leads the field and is in­
cn:asingly copied. It has developed award-winning instructional 
software. 

'> The academic computing environment at MIT is heterogeneous. 
Almost all faculty members have office computers, mostly 
DOS-based PCs. About half the students own computers, 
evenly divided between DOS and MAC/OS systems. 

3. Students use Athena for many purposes, some requiring net­
worked workstations and others not. Students use Athena about 
one third of the time for word processing, one third for subject 
courseware or technical tools and programs, and the remaining 
third for communication. Two thirds of students' personal com­
puter use is for word processing. 

4. MIT experience with academic computing is consistent with ex­
perience elsewhere. The patterns of use experienced at MIT are 
similar to those found at Dartmouth, Brown, and CM U. 

MIT Spending Compared to Other Organizations 

Much of the report is devoted to cost analysis. As part of its findings. 
the report compares expenditures on academic computing at MIT 
with those of peer organizations. Current spending on academic 
computing at MIT from all sources was about 0.6 percent of total 
budget. This level compares to a typical expenditure level by infor­
mation-intcnsin' organizations of 2 percent to 4 percent for arti\·itiL·s 
comparable to academic computing. The current budget for the Ml I 
library system is about double that of academic computing. The a\·­
crage spending level by peer institutions is about SJ'.12 pn studrnt 
per year. Specific examples arc Stanford at $40<> and CM U at SJX-L 
compared to MIT at S.231. MIT has been able to -;prnd 111i11i111.ilh· 
on academic computing because of Athena sponsor generosity. 

Reeommendations 

The report proposed two simultaneous stratcgil·s. \\ l1it ii• •YcrL1p .md 
complement each other but which addrcs~ ditfrr,·1J1 11h1L·.-t1n·s. ThL· 
first is to make a set of basic educational services and tools available 



206 QUO VADIS ATHENA 

throughout the MIT community. The second is to support the de­
velopment of a set of educational development projects. Closely re­
lated to the second strategy is a plan to provide strong user support 
services. 

Basic.o Educ.oational Services and Tools Basic educational services 
and tools include the Athena services described earlier but extended 
to personal computers running DOS and MAC/OS. This extension 
requires less coherence than for the workstations. Coherence with 
workstations provides a set of applications and services that nm on 
every system, with the ability to interchange programs and data. 
This level of coherence is to be retained for the workstations after 
the personal computers arc added to the system. The personal com­
puters would utilize the Athena services of 

• printing; 

• file access; 

• communications; 

• mail; 

• on-line consulting; 

• on-line teaching assistants; 

• bulletin boards; 

• access to databases; 

• real time notification; and 

• registration . 

They would also be able to interchange text data. They would nm 
the X Window System and TCP/IP, including rlo.l!ill, tc/11ct, and re­
lated services. They would not be able to run the workstation appli­
cations locally. Instead, they are able to run the large number of 
"shrink wrapped" software packages available for personal com­
puters. The personal computers could run instructional software that 
has been ported to them and that has been modified to work with 
the lower resolution screen. One way to get access to workstation 
applications and instructional software would be to run them on a 
workstation client and use the personal computer as an X terminal 
server. 

Athena services for personal computers would be supported within 
the context of the personal computer user interface to the extent pos­
sible. For example, in a DOS system the network files would be sup­
ported as additional "disk drives," and Athena printers would be 
supported as virtual local printers in DOS. The services would be pro­
vided using the Athena authentication service and name service. 
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Edueational Development Projeets Educational development 
projects would develop tools and software modules for teaching spe­
cific courses. 

Investment Options 

CAC90 proposed three different options for academic computing, 
depending on availability of funds. These arc, in order of decreasing 
cost: the "target option," which was strongly recommended by the 
report; the "first-step option," which should be considered only as a 
transition to the target option; and the "retreat option," which pro­
vides only minimal academic computing. 

The committee recommended several principles that would ap­
ply to all three options. Academic computing should be offered on 
the three or four most common platforms in use at MIT. Commer­
cial software and software developed elsewhere should be used wher­
ever possible to minimize the need for development. User support 
staff should be deployed along with the hardware to help faculty 
members and students. The organizational structure for academic 
computing should parallel other academic activities, primarily along 
departmental and school lines, except where centralization can pro­
duce clear benefits. 

The target option embraces all the committee's recommendations. 
In brief, it would continue Athena as it now exists and add support for 
DOS and MAC/OS, support for instructional software development, 
and funds for more user support. This option would provide 

• 904 workstations in all locations, or equal to the current number 
of public Athena workstations deployed; 

• 300 personal computers in public clusters; 
• a full set of basic educational services and tools; 
• support for 40 ongoing educational development projects; 
• extension of the network to 4600 ports in clusters and student 

housing; and 
• a user support staff of 44 people. 

The cost of this option is about double the current cost of 
Athena, including central expense and excluding related departmen­
tal costs. This option responds fully to the diverse needs for ac1de111ir 
computing at MIT and should maintain the Institute\ pree111i11enrc 
in academic computing. 

The desired workstation fi)r this environment is a Ill MIPS. I million 
pixel system with a 70 million byte disk and local area net co1111cctio11. 
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The t\\'O other platforms to be supported are DOS and MAC/OS com­
puters. If funds arc insufficient to support the mtirc option, the edu­
cational development projects should receive lower priority. 

If funds are not immediately available to implement the target 
option when Athena external funding terminates, the committee rec­
ommended the first-step option as a transition to the target option. 
The first step option provides 

• a subset of the basic educational services and tools; 
• about 12 ongoing educational development projects; 
• 210 personal computers; 
• 266 workstations; 
• 3000 ports; and 
• 36 user support people. 

The cost of this option is about the same as current Athena cost. 
Ho\\'ever. it reallocates funds from workstations and educational de­
velopment projects to basic educational services and tools and per­
sonal computers. 

Below the first-step option. serious retrenchment would occur. 
The retreat option would support 

• 100 personal computers; 
• 70 workstations; 
• a few tools and services; 
• 10 ongoing educational experiments; and 
• 21 user support staff. 

This option would cost about 40 percent of current Athena cost. 
The three options are compared with current Athena in the fol­

lowing table. 

Component Athena Target First Step Retreat 
Public workstations 904* 904* 266 70 

Personal computers 50 300 210 100 

BEST projects t 15 11 5 

EDP projects + 40 12 )II 

Student net ports 715 4634 2876 170 

User staff 24 44 36 21 

*Does not include 400 private workstations. 
t Athena ported its services to DOS and MAC/OS systems in the final months of the 
project. 
:j:Athena funded the development of 125 EDP projects early in the project but none dur-
ing the last two years. 
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Organization 

CAC90 recommended that Athena be broken up and its functions 
allocated to existing and new organizational units. It recommended 
that management of the vvorkstations and personal computers be 
taken over by the existing Information Systems group. Faculty 
members would initiate and implement L·ducational development 
projects, assisted by gradmte students and support staff. An existing 
administrative unit (not named) would implement the basic educa­
tional services and tools. Research would be carried out by existing 
research groups using external funding. 

The committee recommended that the following new organiza­
tions be created. 

• An academic computing directorate, reporting to the Provost to 
coordinate academic computing across departments and schools 
to minimize redundancy and inconsistency. It would coordinate 
fund-raising and advise the Provost on academic computing 
policy. 

• A set of panels to bring together MIT individuals who share 
common interests in academic computing. Panels might exist for 
fund-raising, network-related distributed services, intercollegiate 
cooperation, and to critique policies. 

• A council on academic computing to provide feedback from 
users. 

• An external review group appointed by the Provost to visit MIT 
periodically and appraise academic computing. It would function 
more as an accreditation team than a visiting committee. 

Detailed Reeomnu•ndations 

Within the major themes described, the committee formulated se\"­
eral strategic principles I CAC90 90a I. which it grouped under the 
categories of educational focus, intellectual community, and imple­
mentation and organization. These recommendations stated that 

• educational computation should advance i1111011,1ti11c educational 
practice, especially where current practices are unsatisfactory; 

• access to computing should be ubiquitous; 
• commercial software is preferred to in-house development; 
• work on advanced systems should be done outside the ac1de111ic 

computing organization by research groups and with external 
funding; 
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• the Institute should provide a basic level of computing resources 
and that departments needing additional resources should be re­
sponsible for providing them; 

• the network should be enhanced to provide access from student 
housing, local homes, and faculty residences, but at perhaps a 
slower speed; 

• MIT should encourage students to own personal computers or 
workstations; and 

• resources should be made available for research in computer­
intensive learning environments. 

The Decision 

The Institute selected the first-step option as a guaranteed minimum 
level of academic computing to be supported by internal funds. 
Every effort is being made to go beyond this level toward the target 
option by raising funds externally. 

Somewhat independent of the future of academic computing at 
MIT, many colleges and universities arc adopting the Athena archi­
tecture of combining workstations and personal computers tC.>r edu­
cational computing. They arc doing so for the same reasons as MIT, 
whether starting from personal computers and moving toward 
workstations, or the reverse. The only real question to be decided is 
the degree of coherence desired. 

In the long term, the MIT model of educational computing is 
expected to become the model for implementation around the 
world. Thus the CAC90 report is of considerable import in shaping 
not only the future of educational computing at MIT, but also edu­
cational computing in general around the world. 

Comparing the Futures of Athena and Andrew 
The strategies adopted by MIT are both similar and different in sev­
eral important respects to the strategies adopted by CM U. The sim­
ilarities include the goals of providing ubiquitous access to high­
quality computing for students and faculty. Both provide a basic 
level of computing resource for the entire campus, with departments 
encouraged to supply additional and more specialized resources as 
appropriate. Both systems include a mixture of workstations and 
personal computers, linked by a local area nct\vork and supported 
by a variety of network services. 
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The differences between the two strategies include the following. 

Strategic area CMU 

System management Decentralized 

Integration of Yes 
administration, research, 
and education 

Diversity of computing High 
resources 

Coneluding Remarks 

MIT 

Centralized 

No 

Medium 

Most of the issues in educational computing outlined at the begin­
ning of Athena remain unresolved. Athena has been forced to take a 
position on most of them, but there is little, if any, better consensus 
as to the "correct" position now than there was then. However, 
progress has been made in understanding the context and tradcoffs 
available so that the issues now arc much more sharply focused. Per­
haps because of this sharper focus, attitudes seem to be more polar­
ized now than at the beginning of the project. 

The proper role of computing in education remains a topic of 
debate. The question of whether there is a "sacred inner core" of 
science that should not be relegated to computers remains unre­
solved. Alternative pedagogical models of teaching with computers 
arc not well understood, and the relationship of course content and 
computer support remains an open question. In spite of the great 
faculty interest and effort in developing educational software frH 
their courses, the relationship of such activities to tenure continues 
unresolved. 

In the area of workstations in student housing, the Athena ex­
periment has provided some answers. Workstations can be cffi:cti\'c 
in student housing under the proper circumstances and do not appear 
to be an unwelcome intrusion into student housing as a bastion 
against academic life. 

Despite the unanswered questions, education at MIT has been 
changed forever. Workstation computing is ubiquitous on campus. 
Most students use and like Athena, and many say that they cannot 
imagine education at MIT without it. Students arc IH>\\' graduating 
who have never known MIT without Athena. 

Some lessons from Athena arc clear. Long-term partnerships be­
tween academia and industry can work, even in high-pressure de­
velopmental situations. Conflict between compctiti\'l· industrial 
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partners need not be a problem, as proven by experience at both 
Athena and MCC. In addition to the two main sponsors, Athena 
has significant relationships with Hewlett-Packard/ Apollo, Apple, 
GTE, Parallax, and several other firms. Given the magnitude of cur­
rent research projects, partnerships may be the only viable approach 
to making significant progress. The policy established at Athena that 
MIT owns all intellectual property from the project also seems to 
work, as indicated by the success of the X Window System, X 
Toolkit, Kerberos, and the overall Athena system itself. The policy 
of making software available at no cost and with minimal licensing 
requirements also seems to work, both for the academic institution 
and the industrial partners. 

Some of the assumptions made by Athena probably were wrong 
or at least premature. Workstations meeting the MIT price objective 
arc not yet available. The personal computer has become very pop­
ular, as has DOS. Application programs and software development 
tools have emerged first on personal computers and arc only no\\' 
slowly finding their way into workstation systems. DOS has 
emerged as the de facto standard for much instructional software. 
Nevertheless, there are those who continue to believe that worksta­
tions and Unix arc the right platforms for MIT, regardless of other 
considerations. They also believe that the next few years will prove 
them right as Unix replaces DOS. 

Human interface issues have proven to be much more important 
and difficult than initially realized. Athena remains a hostile and for­
midable system for some students and faculty. Although progrcs'> is 
being made, it is too slow. The objective of network transparency is 
laudable and valuable so long as the system works. However. when 
the system breaks, transparency breaks. Provision must be made for 
users to cope with system problems when transparency vanishes. 
Nevertheless. progress has been made. It is important to realize that 
as system capability rises, expectations also rise. Generally expecta­
tions rise faster than system capability. 

Ubiquity of computing access has proven to be very important. 
The fact that the faculty knows tlut all students have access to work­
stations has made a substantial difference in faculty use of the system. 
Indeed, ubiquity has proven to be more important than perfor­
mance. Centralized management also works very well. giving high­
quality service at relatively low cost. Some departments at MIT that 
have their own computer systems are evaluating their support cost 
and aggravations against those of Athena. In sc\·cral cases Athena i'.-. 
adequate for the purpose-and at much lower cost. 
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New technology can be very seductive. Often it falls short of 
easily solving the problems for which it is intended. As Jerry Saltzer 
says, "There is no such thing as free sofhvare." Extending old tech­
nology into new areas is very risky as evidenced by the effort of 
Athena to use time-sharing Unix in workstation networks. The 
Athena experience is that new technology can indeed solve impor­
tant problems-but at great cost. 

MIT students, while being very critical of the system, were al­
ways able to cope with complexity and change. Students generally 
felt that learning the system \Vas part of the educational experience. 
However, the faculty had very different expectations of and attitudes 
toward the system. They had great difficulty in coping with the in­
herent conflict in A th~na 's twin goals of rapid development and pro­
duction service delivery. Some of the faculty became alienated from 
Athena early in the project and arc only now taking a serious second 
look. 

A common criticism of Athena is that it represents overkill for 
the most common applications, such as spreadsheets and word pro­
cessing. An alternative view is that Athena is ahead of its time and 
that eventually others will catch up. So far, faculty and students alike 
believe that networking has significant bcnefits. Workstation prices 
and proprietary personal computer prices arc converging, and the 
MIT objective of a S30(HJ workstation may be in sight. Time will tell 
whether Athena made the right decision. 

The technical advances made by Athena appear impressive. The 
X Window System. X Toolkit, and Kcrbcros authentication scr\·cr 
appear to be important technical accomplishments and arc becoming 
de facto industry standards. HowC\Tr, these advances must be kept 
in perspective. Now that a suitable system platform is in placL". MIT 
is positioned to make far greater advances in the next few years in 
pedagogical and technical applications than all the benefits achiL·\·L·li 
to date. Applications, in the final analysis, ddi\-cr \·isiblc brndits to 
users. 

Perhaps the best summary and most concise statement of 
Athena's results is that made by Dean Gerald Wilson, the strongest 
supporter and most severe critic of Athena. Ir. his letter to the faculty 
of the School of Engineering dated April :=i, I <JlJ( t hl' -.aid ... Althou~h 
we (MIT) did not accomplish all of our visions and dreams for this 
effort, Project Athena is hailed as the most successful program of its 
kind across the country and internationally." 

As stated at the beginning, the Athena approach to educational 
computing is clearly not for everyone. All campuses arc highly 
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individual, and a system that works well at MIT may fail elsewhere. 
At a minimum, the system must be highly specialized in terms of 
the particular needs of the installing campus. The installation and use 
of Athena at the other campuses described in Appendix I will help 
provide answers to the question of the general applicability of the 
Athena approach. 

Ten years hence it will be interesting to look back at the Athena 
of 1990 to determine the true value of these accomplishments, which 
were obtained at such high cost. Of course, they will look incredibly 
primitive. The computing resources available today could be only 
dimly foreseen, if at all, in 1979 for a time 10 years hence; because 
the pace of development is so much greater today, we are even less 
able to forecast the computing resources and infi.>rmation services 
that will be available in the year 2000. Regardless of what becomes 
available, it will be built on earlier efforts, and Athena likely will be 
seen as a necessary step in the achievement of the wonderful things 
that are to come. 

Our best hope is that, as Dan Geer says, "Athena will be the 
shoulders on which developers of the future will stand to build their 
new systems." Nevertheless, Athena's most important accomplish­
ment may be that it provided a successful model of how industry 
and academia can work together ctll.·ctively to achieve something 
that neither can do alone-and in the process change the world of 
computing forever. 



Deployment 
of Athena 

APPENDIX 
I 

Athena has been installed in several locations other than at MIT, in 
some cases for test and evaluation and in other cases for operational 
use. Test and evaluation installations include those at the University 
of Texas at Austin, New York University (NYU), and the Univer­
sity of California at Santa Cruz. Of principal interest is testing and 
evaluation of the Kerberos authentication system. 

Kerberos by itself is used at several locations and is supported as 
product by both IBM and Digital. It is an integral part of the DE­
corum distributed computing environment, developed by Open 
Software Foundation, and the Open Network Computing system, 
developed by Sun Microsystems. It is being used at CM U as part of 
the Andrew system. 

The first installation of Athena for full operational use outside of 
MIT was at Bond University in Australia (near Brisbane on the cast 
coast) in February 1989, where the system is called "Kowamk" after 
an aboriginal hero. This system is relatively small, with about 35 
workstations and two server systems. Subsequently, much iargcr in­
stallations have been made at the University of Massachusetts at Am­
herst, Stanford, North Carolina State University, Iowa State Uni­
versity at Ames, Nanyang Technical Institute in Singapore, and the 
Royal Technical Institute of Sweden (KTH). 

In order to make installation at these locations easier, Digital 
ported the Athena system to a Digital product cnviro11111rnt. This 
port included moving the Athena software from the lkrkL·ky UNIX 
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User 

MIT 

Bond 

base used at MIT to an Ultrix base, and removing or generalizing 
the MIT-specific elements of the software. The new software system 
resulting from this porting process is called "DECathena." Existing 
Athena or DECathena installations are shown in the following table, 
along with information on the name, scope, funding source, and in­
stallation. 

Comparison of Athena Installations 

System Scope Funding Application Resource 
Name Allocation 

Athena Campus DEC/IBM Education Athena 
research 

Kowande Inf. dept. Self Education Inf. dept. 
research 

UMASS Pilgrim COINS DEC/Mass Research COINS 

Stanford SPLICE Campus Self Education Campus 

NTI NTI Campus Self Research Campus 

NCSU EOS Eng. dept. Student Education Eng. dept. 
fees 

ISU Vincent Campus U.S. Education Dept. heads 
research 

KTH Bi frost EE dept. Self Research EE dept. 

Note: all but MIT and Stanford have DECathena. 

University of Massaehusetts/Amherst 
During February 1990 the system was ported to the University of 
Massachusetts/ Amherst. The system built around Athena there is 
called "Project Pilgrim," as in the definition, "one who travels look­
ing for truth." Project Pilgrim is a cooperative research relationship 
among Digital, the University, and the Commonwealth of Massa­
chusetts. It is expected to significantly build on innovations such as 
X Window System and the Athena distributed system environment. 
It is a three-year, $6 million project designed to dramatically improve 
the quality and accessibility of computers used for education and 
research. 

Pilgrim is based in the Computer and Information Science 
(COINS) department's research computer facility and the College of 
Engineering's Computer Services facility. It involves the design and 
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implementation of a software system that links the two facilities. 
Together, they have a collection of approximately 500 workstations 
and 40 multi-user systems. The linkage provides a cohesive com­
puting environment that can be used easily by all 3000 members of 
COINS and the College of Engineering. from unrkrgraduates to ad­
vanced researchers. Faculty also use the project as a test system for 
research and coursnvare development. Current work that might 
benefit users includes development of "intelligent" computerized tu­
tors; sophisticated three-dimensional graphics tools; and software for 
a wide variety of advanced scientific and administrative applications. 

Project Pilgrim will develop a unified network of workstations 
that could strongly influence how computers arc used in the 1990s. 
Ultimately more than 3000 engineers, scientists, and students on the 
Amherst campus will have access to this open network from various 
manuf;1cturers' workstations. The University of Massachusetts at 
Amherst is the largest public research university in New England. 

Stanford 
The Stanfi.lrd Academic Computing organization installed many of 
the Athena modules in late 1989 and achieved operational status in 
February 1990. Their system is called SPLICE (Stanford Program for 
Location Independent Computing Environment). The system is 
used primarily for education. Presently they have nearly 200 work­
stations running the SPLICE environment or parts of it, with plans 
to extend this to several thousand workstations over the next few 
years. 

Rather than getting their software from I )igital. they obtained 
their code directly from MIT. They modified the MIT rode ~ubstan­
tially to fit within the Stanford environment. They participated in 
the development of tlie Kerheros authentication service. and provided 
code for some sections of it. They have ported the SPLICE software 
to additional platforms for both clients and servers, and han· plans 
to install a number of additional Athena modules. 

The use of the Athena software at Stanford differs in an impor­
tant way from the use of the same software at MIT. At MIT, hard­
ware that executes server software is always different from hard­
ware that runs client software. In the Stanford environment, clients 
and servers often run on the same hardware. This leads to greater 
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flexibility and efficiency in operation, but can also lead to more dif­
ficult security problems. 

North Carolina State University 
In June 1990 Athena was installed in the Engineering Department at 
North Carolina State University (NCSU). Figure 1.1 shows a system 
diagram of the configuration. The name of Athena at NCSU is 
"EOS," after the Greek goddess of the dawn. The project was im­
plemented by the School of Engineering, and initially only engi­
neering students (including Electrical and Computer Engineering) 
use the system. Later, the plan is to extend the system to the entire 
campus. There arc about 7000 engineering students in a total student 
body of 25, 000. The first phase is an installation of 200 workstations 
in four clusters of 50 each. Three of the clusters are in the same build­
ing. Each cluster is on one Ethernet subnet, and each has system file 
servers. Initially the workstations are of a single architecture, but 
later other architectures will be added. 

The first students to use the system were entering freshmen in 
the fall semester of 1990. No students at a higher level will be al­
lowed to use the system. As successive freshmen classes enter the 
university they are to be added to the system. All students that use 
the system arc required to take a two-credit course in using the sys­
tem during their first semester. This course is limited to system and 
applications use and does not include programming. An optional 
second-semester course in programming is offered. All engineering 
students pay a system use fee of$100 per semester. Tuition at NCSU 
is presently $500 per semester, so this represents a 20 percent increase 
in cost. Printing in excess of some threshold is an extra cost. 

Workstations will be added to the system to maintain a ratio of 
10 students per workstation until 750 workstations arc available. As 
at MIT, the type of work that can be done on the system or the hours 
of use are unrestricted. Each student is given 3 MB of disk storage, 
and all clusters arc staffed. A few high-speed laser printers are used 
instead of many small ones, because the cost per page of cxpendiblcs 
is far lower. 

One dormitory was designated "computer dorm." The students 
who live there pay extra and are given special access to computer 
facilities in the dorm. They also work on special computer projects 
and provide informal consulting services to other students. They 
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Print 
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System 
files 
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server 

System 
files 
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files 
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server 

System 
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Print 
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50 student stations 50 student stations 50 student stations 50 student stations 

Fi~ure I.I System configuration of North Carolina Statl' University installation. 

seem to function somewhat like SIPB at MIT, and they probably will 
play some role in system improvements. 

Iowa Stat.e University 
Athena was installed at the Iowa State University (ISU) at Ames in 
June 1990. The name of Athena at ISU is "Vincent," honoring John 
Vincent Atanasoff, who invented the electronic digital computer at 
ISU. Use of Athcna at ISU is different from that at MIT: It is used 
for both research and education, rather than for education only. 
Moreover, with Vincent all computing resources arc allocated to de­
partment heads, and they in turn allocate the resources to research 
and education in accordance with department priorities. Figure 1.2 
shows the block diagram of the system. 

The system includes 350 workstations, all using the reduced 
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instruction set architecture. Rather than dedicating one server to each 
service (such as a name server), as Athena does as a matter of policy 
to simplify administration, Vincent combines many services on a sin­
gle server. This approach reduces cost and is quite feasible because 
of the much higher performance of newer systems. Another differ­
ence is that the performance of Athena workstations was relative­
ly uniform, even though they came from different manufacturers. 
The Vincent workstations vary widely in many parameters, in­
cluding processor performance, memory and mass storage size, 
and color capacity, ranging from 1 bit per pixel to 96 bits per pixel. 
This range of performance is consistent with research-use require­
ments. 

The Vincent system is composed of two groups of subnets, with 
subnets within each group being quite similar. The first group has 
five subnets and supports all server types in the system. Within this 
group, one subnet supports a .l\loira server, two subnets support Ker­
baos servers, and all subnets support LAT, RVD, and "full-service" 
servers. Each subnet also supports 30-40 workstations. The full-ser­
vice servers support 

• NFS; 
• post office; 
• Zephyr notification; 
• lpr distributed printing; 
• on-line consulting; 
• Hesiod naming; and 
• Discuss network conferencing. 

The other group contains seven identical subnets. Each supports an 
RVO server and about 25 workstations. All 12 subnets arc connected 
by a fiber digital data link (FOOi) backbone operating at 100 million 
bits per second. 

Nanyang Teehnieal Institute 
Athena was installed at Nanyang Technical Institute in July 1990. 
This installation was unique in that it was the first time that Athena 
was installed on a workstation network in heavy production use. 
The Athena system installation did not disturb ongoing production 
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work. Another unique aspect of the installation was that it included 
the first support of diskless workstations by Athena. 

NFS file server software was installed on two VAX 3500s. These 
two VAX 3500s supported some 50 VAXstation 3100 disk less work­
stations. In addition, one server supported the mail hub, post office, 
and name service. The other server supported notification, authen­
tication, and time services. 



APPENDIX 
II 

Guidelines for 
Athena Installation 

These guidelines for installation of an Athena-like system in an aca­
demic environment arc drawn from the experience at MIT and were 
developed for Bond University. Bond is a new, private university 
built in 1988 in Australia and modeled after MIT in many respects. 

Requirements 

Athena software should only be installed after 15-25 workstations 
arc in place and running vendor-supplied Unix. Using the Athcna 
system to bring up a totally new hardware system is not appropriate. 

All campuses are different, and the Athena software must be cus­
tomized for each specific cnvironment. This requirement is especially 
true of the Moira system management module, which is highly 
adapted to the MIT environment in its present form. Other modules 
arc more portable. Absolutely no support is provided for the Athena 
software by MIT. 

What You Get and How to Get It. 

Athena software can be obtained from MIT layered on Berkeley 
Unix or from Digital layered on Ultrix (DEC-Athrna). In either c1sc 
it comes as a 6250 BPI magnetic tape or it can be copied over the 
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net. To obtain the tape from MIT, contact the Athena Information 
Officer and request the "PANSS" tape. To copy the software over 
the net, do an anonymous.ftp to node athena-dist.mit.edu. MIT makes 
the Athena system software (but not the instructional software) 
freely available to all. The only restriction is that the MIT copyright 
notice must be retained in the source code. 

To obtain the source from Digital, receiving organizations must 
show evidence of a valid Ultrix source license for at least the system 
that will be used for system builds. Valid Berkeley 32V and AT&T 
Unix source licenses are also required. A valid Ingres binary license 
is required (from RTI) if the Moira service managemrnt system is to 
be used. The TRANSCRIPT software must be acquired from Adobe 
or elsewhere for use with postscript printers. 

The Athena modules provided include 

• Kerberos authentication service; 
• Hesiod name service; 
• network mail system (including POP and XMH); 
• Zephyr notification service; 
• Moira service management system; 
• X Window System and clients, Version 11; 
• NFS modified to work with Kerberos; 
• RVD Remote Virtual Disk file service for read-only files; 
• on-line consulting package; 
• Discuss public bulletin board system; and 
• Boot service. 

Sources for these modules arc provided on the tape. The system must 
be compiled for the local environment. Tables reflecting the local 
hardware configuration and network assignments must also be 
developed. 

For non-United States locations, the Kerberos authentication 
service cannot be provided by MIT because of export restriction 
laws. Instead, a replacement for Kerberos, called "Bones," is pro­
vided, \vhich will allO\v the system to operate but without the ability 
to perform encryption, decryption, or authentication. If there is a 
need to print Athena documentation from electronic sources, a 
SCRIBE binary lircnse vvill also be needed. Some public domain 
software, such as Gnuemacs, will also be provided. 
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Organization 
The Exeeutive Committee 

Long experience with MIS systems has shown that for a system in­
stallation to be a success, policy and objectives must be set by the 
users of the system. In this particular case, the users of the system 
arc the faculty. It is recommended that a committee of leading faculty 
members representing major d,:partments or schools be established. 
The policy decisions, and ultimately the support, of this committee 
were of crucial importance to the ultimate acceptance and success of 
the Athena system. 

The De"·elopment and Support Or~anization 

In order for the system to be initially installed and then maintained 
at a receiving campus, there must be a resident development and 
support group. The leader of the group should have a title something 
like "Director, Workstation System Management." This position re­
quires someone with tertiary teaching experience so that he or she 
can relate \\"ell to the faculty. This person must also have traditional 
MIS experience in the development (not just operation) of a large 
workstation-based computer system, preferably using Unix and 
TCP/IP. 

The following groups will report to this individual: 

• Development; 
• Networking; 
• Operations; and 
• User Services 

The Development group is responsible for system software, 
must consist of "Unix wizards," and must be experts on the internals 
of the type of Unix that you are using. Unix is a very flexible and 
complex system and requires a great deal of low-level detail work to 
keep it operational. A principal activity of the Unix wizards will be 
to customize system management software and to build the entire 
system from sources to fit the local environment. A Release Engi­
neering group \\'ithin the I k\'elopment group is responsible for pro­
viding the Operations group with a complete, documented, and 
tested system in binary form plus installation kits and instructions. 

The Network group designs, installs (or oversees the installation 
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by a rnntractor). and maintains the network. including the assign­
ment of net\York addresses. the ongoing monitoring of network per­
formance. and the planning for capacity upgrades. This group is also 
rl·sronsibk for installing and maintaining the modem pool for dial­
up sen·ice. It is assumed that the nen\·ork supports other systems on 
campus beyond the ones discussed here. 

The Opt'rations group is responsible for taking orders for equip­
ment, getting quotes, placing orders, and keeping track of equip­
ment. When equipment is received, the Operations group invento­
ries and warehouses it. The group then installs it, attaches it to the 
net\York. loads it \\·ith system soti:warl' (preferably on·r the net). ,md 
tests it. The necessary configuration tables in the system manage­
mt'nt sotC\\·are <lre modified to rdkct the nt'\\. lurd\\·are. This ~rnup 
is responsible for \\"Orking with Physical Plant personnl'I to obtain 
modifications to po\ver, walls, cabling, air-conditioning, etc. 

While unattended operation is appropriate for the server hard­
ware, there needs to be an operations office (not in the machine 
room) with several workstations on the network. Some of these 
\Yorksutions (pl·rhaps t\\·o) \Yill be dedicated tn monitorin~ nct\\"ork 
and server activity, rather than being used by operators as interactive 
terminals. There should be a remote temper.Hurl' "l'Ihor for l',1ch m,1-
chine room, with indicators in the operations office. This group 
needs access to warehouse space for the equipment received but not 
yet installed. 

It would be advisable for the Operations group to maintain an 
inventory of equipment and spare parts to minimize down time 
when failures occur. The group is responsible for ordering service 
when a failure occurs. It is advisable that Operations provide space 
for \·endor maintenance people to maintain a snull office ,\nLi ~tor.1gL· 

space for tools, documentation, and parts. 
The User Services group delivers training. consulting. documen­

tation, "hot line" support. and notifies the maintenance group when 
action is required. :\thl·na user document,nion is ,1 \·ailabk from .\UT 
upon vvritten request. This group also establishes the requirements 
for purchased third-rany software (editors. text formatters. ~pread­
sheets. graphics packages) and eYaluatl'S a\·ailabJe producb. FroCllrl'S 
and supports them. This group also helps new users establish 
accounts. 

For large systems (i.e., more than 500 workstations), the posi­
tions of :\ssist,mt Directl)r and Technical Director might .1lso bl· liL·­

sired. The Assistant Director is responsible for the day-to-day op-
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eration of the staff, freeing the Project Director for more strategic 
and externally oriented acti\·ities. The Technical Director is respon­
sible for the overall integrity and consistency of system architecture. 

If a significant number of purchased software packages is to be 
used, a position needs to be defined to manage this activity. Based 
on Athena experience. this activity could take the full time of an 
individual. 

A set of position descriptions drawn from the MIT experience is 
included at the end of this section. 

Standards 
The recommended standards for this system are: 

• Berkeley compatible Unix with the BIND name server 
• TCP/IP 
• X Window System Vl 1 
• Postscript 
• GKS (2-D) 
• C and FORTRAN 
• Common Lisp 
• SQL 
• PHIGS (3-D) 
• AFS 
• Ethernet 

Configurations 
System configuration is ultimately set by the number and type of 
users. If there are no privately owned PCs or workstations, a ratio 
of about ten students to each public workstation is a good working 
minimum, although fin students per workstation \\·otild be better. 
If there are student-owned PCs or workstations, a ratio of 10-20 
students per public workstation might be used. 

These workstations should be placed in public clusters, along 
with printers. The number of workstations per public cluster might 
range from 20 to 200. The MIT experience is that large clusters arc 
much more popular with students than small clusters .111d that large 
clusters are much cheaper to operate than small cluster~ .. l\1ost of the 
MIT clusters are unattended. 
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If low-speed printers (i.e., eight pages per minute) arc used, 
about one printer per eight workstations, but at least two per public 
cluster, should be available. At least in theory these ~ow-speed print­
ers can be unattended. However, operational problems arise in this 
approach, with students trying to load paper, unjam mechanisms, 
and "repair" faults. In any event, at least a nominal charge for print­
ing, equal to or greater than copying cost, should be made. Experi­
ence at MIT indicates that each student prints about 500 pages per 
year at a materials cost of about $40. 

In addition to the low-speed printers, some high-speed printers 
capable of about 40 pages per minute for large documents should he 
provided. High-speed printers can have much lower expcndihles 
cost (by a factor of two) than slower printers. In all cases, these de­
vices should be in places convenient for students-for example near 
classrooms, in student unions, or in libraries. 

In order for the system to not have single points of failure, at 
least two of each of 

• authentication servers, 
• name servers (preferably 3 minimum), 
• system disk servers, and 
• notification servers 

should be provided. These servers may be dual ported (each disk 
subsystem interfaces to two processors) for additional reliability. 
Dual porting looks very attractive but has not been tested at Athena. 

The following assumptions seem reasonable in view of the Ath­
ena experience at MIT for use in sizing the system. Only one type 
of workstation-a VAXstation or DEC station with 12 MB main 
memory and 100 MB hard disk-would be utilized. Servers like Mi­
crovax 3900s, low-speed printers like LN03s, and high-speed print­
ers like LPS-40s would be provided. (The experience at MIT is that 
high-speed printers such as the l PS 40 are not appropriate for direct 
student access but instead should be a "behind the counter" opera­
tion. They are suitable for direct staff access.) 

The following storage requirements are based on Athena expc­
nence. 

• 1-3 MB private storage per undergraduate student 
• 4-8 MB private storage per graduate student 
• 8-10 MB private storage per staff member 
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• 500 MB system software binaries (includes 50 MB for third­
party software) 

• 500 MB instructional software 

The following instrumentation data were obtained on Athena 
with regard to disk usage. At the time these data were gathered, the 
default disk quota was 1.4 Mbytcs, although this quota could be in­
creased upon suitable justification. 

• 25 percent of the users use 40 KBytes or less. 
• 50 percent of the users use 300 KBytes or less. 
• 90 percent of the users use 1100 KBytes or less (95 percent of 

quota). 
• 95 percent of the users use 1440 KBytcs or less (default limit). 
• 5 percent of the users use 40 percent of the space (usually staff 

members with large quotas). 
• 10 percent of the users use 50 percent of the space. 
• 50 percent of the users use 93 percent of the space. 

A policy of overcommitment of file space is followed. At the 
time these data were gathered, the total disk space available was 6.4 
Gbytes. However, 10 Gbytes was committed to users via quota. This 
approach of overcommitment works relatively well. 

The size of the NFS servers is determined by the amount of space 
given to the users for private files in aggregate. Instructional soft­
ware may also be stored in the NFS servers. The RVD servers hold 
the system binaries and some instructional software. The RVD 
server is provided in addition to NFS because it has much higher 
performance with read-only files. 

No MIT instructional software is supplied with the system. In­
structional software must be obtained individually from its faculty 
developers. 

The LAN communications system should correspond approxi­
mately to the MIT campus communications system. A backbone 
link should connect the major buildings and Ethernet subnets pro­
vide intrabuilding communications. 

"Firewalls" in the network are important to prevent problems on 
one subnet from propagating and bringing the entire net down. In 
particular, the backbone should be protected from each subnet. 

Based on the MIT experience, a good approach would be to 
bring all subnets back to a single point. All communications 
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L'quipmenr then could be installed and maintained in a singk room, 
,1long \\"ith the sern~rs. This approach would greatly ease installa­
tion, modification, and maintenance. 

Subnets with more than a few workstations should have their 
own RVD servers. The Athena experience is that these servers are 
not compute bound. One RVD server is required for each 100 
workstations, and maintaining one RVD server as a hot spare on 
each subnet m.1y be adYisabk. The number of NFS sern'rs required 
is determined by the amount of storage that can be put on each 
server. 

Backup on Athena is accomplished by copying to disk across the 
net at night \\"hen the load is light and the ti.ks arc rdatin'ly stable. 
The next day the backup disk is cnpied to tape during nnrmal \\"ork­
ing hours when operators are available. The number of tape drives 
required for backup is flexible. This is principally ,1 function of sup­
port staff and geographical distribution nf scrn'rs. Gi\·cn ,,·idc dis­
tribution and a reasonable staff, having a tape drive on each NFS 
server provides the greatest throughput and greatest sense of secu­
rity. HVD sen·crs back each other up. because ,111 the d,u,1 is the s,1me 
on each. 

A main frame system of at least 3 MIPS, 16 Mbytes of main 
memory. ,md 1 .6 Gbytes of disk stor,1ge should be prnYidcd for sys­
tem builds. This system should also have access to a 6250 BPI tape 
drive. 

The follo\\"ing table suggests sizes for the configuration based on 
the prcrcding .1ssumptions .md rccommend.nions. Sizes ,ire gi,·en for 
both 3000 and 9000 students. 

Sni-knr,; _1111111 9000 

Workstations 31111 900 
Subnets 5-10 20-30 
RVD servers/subnet I I 

NFS servers IS 45 

Authentication servers I mJ~ter. I slave I master. 2 slaves 

Mail servers I hub. 2 POs I hub. 4 POs 

NJme servers 3 5 

Notification sen·ers 4 

Service management servers 3 
Low-speed printers 25-30 70-90 
High-speed printers 2 5 
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If there are too many subnets, there will be too many RVD serv­
ers. If there are not enough subnets, there will be too much traffic 
on the subnet and the servers. 

Training Users 
MIT offL'rs the follo,,·ing training courses in :\thcna. ,,·hich arc both 
nc:CL'ssary and rcasonahh· sufficient. .-\ny cunpus supporting an Ath­
L'tu-likc system should consider offaing similar coursL'S. The courses 
arc one hour in duration unless otherwise noted. 

1. Introduction to Athena 
This course is an introduction to Project Athena and Athena 
workstations. It shows how to get started on the system. The 
topics presented include 

getting an account (authorization to use Athena); 

where to find Athena workstations: 

logging in; 

using files and directories; 

using X windows; and 

finding help and documentation. 

Prerequisites: None 
2. Basic word processing on Athena 

An introduction to text processing on Athena: 

how to create and change files using the Emacs text editor: 

sending electronic mail around the campus, the country. or 
the world: 

using Zephyr-note passing to other Athena users; and 

using Athena's laser printers. 

Prerequisite: Introduction to Athena 
3. Advanced word processing 

All you need to produce a simple class paper: 

the remaining Emacs fundamentals; and 

basic text formatting with Scribe. 

Prerequisite: Basic word processing 
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4. Scribe reports (report) 
The Scribe techniques needed to produce a fully formatted re­
port, including 

chapter numbering; 

footnotes; 

tables; 

cross-references; 

table of contents; and 

bibliography. 

Prerequisite: Advanced word processing 
5. Scribe thesis 

How to produce a document that meets all the formatting re­
quirements for an MIT thesis. 

Prerequisite: Scribe reports 

6. Scribe math 
How to include mathematical symbols and expressions in Scribe 
documents: 

numbered equations; 

special symbols; 

complicated fractions; 

Greek letters; and 

superscripts and subscripts. 

Prerequisite: Advanced word processing 
7. RS/1 

An electronic lab notebook that provides facilities for 

tables; 

x-y plots; 

3-D graphs; 

data analysis; and 

cu r\'l' fi ttin ~. 

Prerequisite: Basic word processing 
8. Programming in C 

A six module, video-based course with six 40-minute video 
presentations and corresponding programming exercise sets. 
Assumes knowledge of at least one other programming lan­
guage. 
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Physieal Seeurity 
The file servers and authentication servers must be kept in locked 
rooms with controlled access to pre\"l'llt tampering. The number of 
people with access to the authentication ser\"l'rs should be kept to a 
mmtmum. 

Public clusters should be secured by entrance through a door that 
has some sort of lock, perhaps a ten-key pad. Experience with un­
attended operation at MIT has bern satisfactory. Telephones should 
be available in the cluster rooms to allow calls for hotline assistance. 
The logic modules. if desktop t1111ts. need to be physically attached 
to the desk or table by a cable or cage. Loss of unsecured keyboards 
and monitors at MIT has not been a problem. 

Athena Soft•·are 
The following is the set of software licenses that Athena has found 
useful. This list may not be compktL'. but at least giH·s the major items. 

Software Available on Athena 

Support Category 

Cat. 1 = Athena supported 

Cat. 2 = Third Party supported (non-SIPB) 

Cat. 3 = Not officially supported but SIPB will answer questions 

Cat. 4 = Beta (evaluation, limited distribution/license) 

Cat. 5 = Special development (interim workstations, visual) 

Cat. 6 = Unsupported 

(Athena supported means the project will make bug fixes and issue new releases. 
Third party means vendor will do this.) 

Documentation 

A = Athena (Essential document, in racks, or through on-line-help) 

V(l) = Vendor or 3rd party documentation available in the racks 

V(2) = Vendor or 3rd party documentation available on-line 

V(3) = Vendor or 3rd party documentation available for purchase (send mail to 
mwmoor for more information) 

H = On-line help within program only 

M = man page only 

- = no documentation 

COtltllllll'S 
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Training-'Yes' means that this topic is covered in one of our minicourses. 

Name Support Description Documen- Training 
Category tation 

Languages/Compilers 

C (pee) I C compiler A Video 

gee, gdb 2 gnu C compiler V(l) 

Saber 2.0 C interpreter/debugger A, V(l) 

nc (RT's) C compiler A 

dbx debugger A 

F77 I FORTRAN compiler A,V(l) 

LISP 4 Allegro Common LISP 

KCL I Kyoto Common LISP V(l ,2) 

Pascal 6 Pascal compiler 

PostScript 2 Page description language V(l) 

Prolog 6 Prolog compiler 

Scheme 2 Scheme A 

clu 2 

shell scripting A,V(l) 

System Utilities 

Kerberos Authentication/authoriz. A 
sys. 

mh Mail handler A, V(l) Yes 

xmh X version of mh M 

mh-mail (motif) 4 Motif version of mh 

Zephyr Notification service A Yes 

SMS (Moira) Service Management A 
system 

Discuss 3 Conferencing system A 

xdiscuss 3 X version of Discuss 

Turnin/pickup Courseware utilities M 

Transcript PostScript utilities 
psrcv A Yes 
cnscript M 
ps4014 M Yes 

X Window system '/2 Window system and V(l) Limited 
related util., libs. and enrollment 
toolkits 

messages (andrew) 5 Mail handler V(2) 
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Name Support Description Do cum en- Training 
Category ta ti on 

Productivity Tools 

Andrew l'Z 4 WYSIWYG editor A,V(2) Yes 

Andrew table 4 WYSIWYG table/ V(2) 
spreadsheet 

Andrew zip 4 WYSIWYG drawing V(2) 

Andrew eq 4 Equation processor V(2) 

Andrew raster 4 Image processor V(2) 

20/20 (1 Spreadsheet V(2) 

di troff 6 Device independent troff M,V(l) 

GNU Emacs 1 Text editor A, V(l) Yes 

INGRES 4 Relational database V(3) 
management system 

MACSYMA Symbolic manipulation V(l) 
pgm 

Matlab 4 Interactive matrix pgm V(3) 

MATR!Xx 6 Matrix manipulation pgm V(3) 

SIM NON 6 Non-linear systems V(3) 
analysis 

Minitab 4 Statistical package V(3) 

NAG 2 Numerical routines V(l,2,3) 
library 

Scribe 2 Text formatter A Yes 

La Tex 3 Text formatter A, V(l) 

view doc 4 PostScript text previewer Yes 

xps 3 PostScript previewer 

xdvi 3 TEX previewer 

RS/1 Electronic lab notebook A, V(l) Yes 

ok Online consulting A 
program 

olh 1 Online help system A 

olta 4 Online course TA 

whatsup (postit, Activities online listings M 
bulk post) 

Graphics 
ProChart Presentation Graphics V(3) 

pgm 

l'Oll(illlll'~ 
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Name Support Description Documen- Training 
Category tation 

GKS (1 Graphics Kernel System V(3) 
2D 

IGKS 4 Graphics Kernel System 

Movie.BYU 4 Graphics 30 modeling 
pkg 

Penplot 6 Vector graphics library V(3) 

PostScript 2 Page description language V(l) 

Hoops 4 30 graphics 

xmath 4 Function plotting package H 

:dig -~ General graphics pkg 

idraw 3 General graphics pkg 

pcd 6 Picture Editor 

Development Tools 

BLOX 5 User interface generation V(3) 
Tools 

Andrew Toolkit 4 Interface generator 

Muse 5 Courseware Authoring 

Motif uil/toolkit 4 Interface generator V(3) 

Others 

Kermit 6 File transfer A 

gctl, galatea 5 Video Soft Switch server A 

rrn 3 network news A 

Otlter Considerations 
UPS power should be considered for the servers critical to operation, 
especially the authentication server and name server. 

The annual operating budget should contain a line item for de­
preciation approximately equal to 25 percent of the replacement cost 
of the hardware, including workstations, servers, and printers. 

Faculty use of the workstations will be different from that of 
students. Faculty patterns of use should be considered in the design. 

Interface to the library and administrative system should be con­
sidered. 

Personnel, location, and method of delivering training, docu-
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mcntation, trouble-shooting, and consulting need to be considered. 
DECwindows, Motif, or some similar graphical interface to 

Unix should be used to ease training problems. 

Position Descriptions 
The following arc position descriptions, including the skills neces­
sary to support Athena on campus. These descriptions are drawn 
from the MIT descriptions of such jobs and reflect MIT's organiza­
tional structure. 

System Arrhite<"t 

Responsibilities. Responsible for overall system architecture, de­
sign, and improvements to an advanced Unix-based distributed 
workstation operating en\'ironment using the MIT Athena distrib­
uted services software. 

Qualifications. Candidate must have 7-10 years experience in sys­
tem design and architecture, with emphasis on Unix-based distrib­
uted workstation systems. Must understand the architecture of Unix 
thoroughly and must be able to dc\'elop highly detailed solutions to 
difficult problems in operating system operation. Must be well 
versed in the TCP/IP communications protocols and its relationship 
to Unix. Must have in-depth knov.:ledge of the client-server model 
of distributed computing and its implementation in a Unix environ­
ment. Must have some demonstrated understanding of the perfor­
mance issues in distributed workstation computing systems. Must 
have detailed knowledge of NFS and related distributed file :.ystcms. 

Unix Speeialist 

Responsibilities. Continue development and maintain advanced 
Unix-based distributed workstation operating environment using 
the MIT Athena distributed services software. 

Qualifications. Must have five years experience and detailed 
knowledge .:_)f the internals of lkrkelcy Unix. Must han· a thorough 
knowledge of device drivers. Must be able to find difficult bugs in 
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Unix operation based on dump analysis or symptom analysis and 
must be able to fix the bugs rapidly without introduction of addi­
tioml problems. Must be able to design and implement or find bugs 
in distributed aspects of Unix operation. Must be proficient in C 
language programming. Education requirement is Bachelor's degree 
or equivalent combination of experience. Must have demonstrated 
ability to work with others in integrated team. Experience with X 11 
Window System is also desired. 

lnstrueoti011al Softwar._. Consultant 

Responsibilities. Provide consulting to students and faculty using 
standard end user software and on-line consulting tools: provide 
feedback to User Services about operations in the field and technical 
training to users. Positions deal with delivery of educational services 
and development of training programs. Will supn\'ise the adminis­
tration of day-to-day operation of on-line consulting tools and eval­
uate prerelease software. 

Qualifications. Bachelor's degree or equivalent combination of 
education and experience necessary, as well as two or more years of 
experience in computer programming or system administration and 
demonstrated ability to work well with computer users and technical 
staff members. Coinputing experience in a university setting: expe­
rience with Unix and with a variety of end-user software, as well as 
ability to train other technical staff preferred. Proven supervisory 
skills, strong technical skills, extensive experience using Unix utili­
ties, and computing experience in a networked environment desir­
able. 

o._.ploym._.nt and Installation Mana~._.r 

Responsibilities. Develop policies and procedures for the deploy­
ment, installation, and maintenance of workstations in a large dis­
tributed network. Develop budget and accounting procedures fr>r 
equipment purchase and maintenance of stocking levels for inven­
tory. Perform database development to maintain accurate records of 
equipment configurations and locations. Extract report generation 
material from database for management review. Provide manage­
ment to Supervisor of Hotline for all vendor and internal trouble 
calls. Maintain two shifts of technicians for repair of hardware and 
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software. Coordinate installation of workstations with all other in­
volved departments. 

Qualifications. Candidate should have five years experience in 
project and operations management in tdecom,nunications and/or 
with computer vendors. Experience with workstations and net­
working and excellent communications skills arc required. 

User Support/ Administrator 

Qualifications. Must have five years experience in user support 
and administration in a Unix-based distributed workstation system. 
Must have a good appreciation of user needs and the ability to work 
well with people in different situations. 

Unix C:ommunil"ations Spel"ialist 

Rcspo11sibilitics. Devdop and maintain TCP/IP communications 
environment supporting advanced workstation distributed network 
systems. 

Qualifications. Must have five years experience in design and im­
plementation of TCP/IP communications systems on Ethernet in a 
lkrkeley Unix environment. Must have experience developing Eth­
ernet gateways or bridges, and should understand tradeoffs involved 
in developing similar technology. Must be able to program in C and 
Unix. 

lnstrul"tional Software Development Programmer 

Responsibilities. Assist faculty working on educational software 
and implementation-in particular will provide proposal formula­
tion assistance and identification of funding sources for projects, con­
sult on user interface and application design, and write software in 
support of courseware development in a Unix environment using 
graphic display processors. 

Candidate will implement applications programs, standards. and 
libraries and maintain contact between the faculty and staff. Will re­
search appropriate software and hardware avenues to meet faculty 
needs and will provide assistance in resolving technical problems. 
Will install and modify applications packages obtained from vendors. 
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Qualifications. Bachelor's degree or equivalent combination of 
education and experience necessary. Also required are good com­
munication skills and one year or more full-time l'Xperience with at 
least two of the following: Unix, C, computer graphics in a scicntific 
environment, and X 11 window and toolkit system. 

A.pplieations Developer 

Responsibilities. Will assist faculty members working on educa­
tional software and implementation-in particular, will write de\'ice 
drivers and other system software in support of visual courseware 
development in an Unix Xl 1 environment using graphics display 
processors such as the Parallax board; implement applications pro­
grams, standards, and libraries; and maintain contact between faculty 
and staff. Will research appropriate sofhvare and hardware avenues 
to meet the needs of the faculty and will provide assistance in idrn­
tit\ing and resolving technical problems users may have. Will pro­
vide conceptual. technical, and standard infr>rmation to users and 
communicate user needs requirements to developers. Will install, 
document, maintain, and modify applications packages obtained 
from vendors or other computing facilities. 

Qualifications. Bachelor's degree or equivalent combination of 
education and experience necessary. Requires good oral and written 
communication skills and good interpersonal skills, and one year or 
more fi.11l-time experience with at least two of the following: Unix, 
C, interactive computer graphics in a scientific environment, inter­
active videodisc, device drivers, and Xll toolkit. Familiarity with 
optical file systems desirable. 

Systems Developer 

Responsibilities. A Systems Programmer is required for work 
with the Systems Development Group. The candidate will be spe­
cifically responsible for development ofcxtensions and modifications 
to a distributed operating environment layered on Unix. These ac­
tivities require a thorough knowledge of C, Unix device drivers, and 
kernel internals. 

Qual~fications. Bachelor's degree or equivalent combination of 
education and experience necessary. Experience with construction 
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and tuning of DMA driven board level processors a plus. Experience 
with project leadership and a proven ability to deliver a necessity. 
Ability to work with others at all skill levels, both as coworkers and 
as clients, a requirement. X 11 server experience a definite advantage. 

Teehnieal Writer 

Responsibilities. To write and update documentation; work with 
faculty and staff to determine needs; work as member of documen­
tation delivery team; test prerclease software; investigate on-line doc­
umentation delivery strategies. 

Qualifications. Bachelor's degree or equivalent experience and 
one year technical writing experience necessary. Strong technical 
background, including knowledge of at least one programming lan­
guage, text editors and formatters, Unix system, and application 
areas. Experience in university setting strongly desired. Writing sam­
ples required. 

System Consultant 

Responsibilities. To provide consulting to students and faculty us­
ing standard end-user software on the Project Athena computer sys­
tem; learn and use standard end-user software and on-line consulting 
tools; provide fredback to Athrna staff and users about operations in 
the field; provide technical leadership and training for the consulting 
team; prepare and distribute technical information to other members 
of the consulting team and interested members of the Athena stat{ 
hire, train, and supervise student consultants; supervise the admin­
istration and day-to-day operation of on-line consulting toois; design 
and implement utility programs, and modify existing programs; 
evaluate prerelease software and monitor changes to the release sys­
tem from the point of view of end-users; and work with the docu­
mentation and training staffs to help provide documentation and 
training for end users. 

Qualifications. Bachelor's degree or equivalent combination of 
education and experience necessary, as well as two or more years of 
experience in computer programming or system administration, a 
strong facility for acquiring and assimilating information about ap­
plication packages and the configuration of a distributed computer 
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system, and a demonstrated ability to work well with computer 
users and technical staff members required. Experience with Unix, 
computing experience in a university setting, experience with a va­
riety of end-user software, and evident ability to train other technical 
staff preferred. Proven supervisory skills, strong technical writing 
skills, extensive experience using Unix utilities, and computing ex­
perience in a networked environment desirable. 

End·User Consulting Manager 

Responsibilities. Plan, hire, manage, and supervise a staff to pro­
vide consulting to users of Project Athena's resources. Channel user 
feedback to User Services {particularly Faculty/Course Liaison and 
Documentation) and Systems Development. Provide status infor­
mation and workarounds to users when operational problems occur. 
Procure the necessary on-line programs and tools to deliver these 
services and provide consulting programs for end users of Athena's 
standard applications and systems software. 

Qualifications. Bachelor's degree in Computer Science. First­
hand experience with Unix and Unix utilities and a variety of rnd­
user software; familiarity with one or more programming languages; 
computing experience in a networked or distributed environment. 
Experience establishing consulting services; proven supervisory 
skills; ability to work well with users, students and other staff, and 
to resolve conflicts between them. Excellent communication skills, 
both oral and written, required. 

Computing experience in a university setting, experience with 
large-scale computer systems, systems administration experience, 
and systems programming experience on Unix highly desirable. Fa­
miliarity with the design of user interfaces, experience providing di­
rect day-to-day user or customer support, fluency in C and experi­
ence with hardware (including network) maintenance desirable. 

Hotline Supervisor 

Responsibilities. Coordinate all vendor and internal repairs of 
hardware/software. Supervise two shifts of technicians for repair of 
hardware/software. Supervise the day-to-day operation of an on-line 
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hotline database. Provide feedback to Athena users of nonfunction­
ing equipment. Generate quarterly reports of hotline activities. 

Qual~fications. Must have at least three years experience within 
operations/telecommunications environment. Ahility to work well 
with computer users and technical staff members. Experience with 
computers and workstations. Position requires good communication 
skills and good interpersonal skills. Experience in Unix helpful. 





Other Issues 
in Instruetional 
Computing 

APPENDIX 
III 

This section provides additional background information in instruc­
tional computing for higher education in the areas of 

• alternative design approaches; 
• alternative ownership models; and 
• role of private industry. 

Alternative System Design Approaehes 
Of the many design approaches that may be taken in the use of 
workstations at higher education institutions (sec [ McCredie 83 I for 
further information), those of particular interest here include 

• workstations versus personal computers; 
• networked versus not networked; 
• institution ownership versus private ownership; 
• disk versus diskless; and 
• standards versus laissez faire. 

These design issues interact strongly with each other: That is, a 
decision relative to one strongly influences the resolution of other 
issues. For example, if a university has only institution ownership 
of workstations and all workstations arc on campus (i.e., tightly 
coupled), a disklcss approach may be attractive. Conversely, if the 
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university has (mostly) privately owned workstations and if many 
are off campus, the diskless approach may be very unattractive. 

Resolution of these issues are not mutually exclusive, and in most 
cases universities will implement multiple approaches. For example, 
a university may have both institution and private ownership of 
workstations. It could also have both networked and nonnetworked 
workstations. Thus the questions are not which approach is to be 
taken, but rather how much of each approach is to be used and how 
they are to be integrated. 

The advantages and disadvantages of each approach may be rel­
atively complex, but some tradcoffs can be easily described. If the 
workstations are networked, the system can support mail, shared 
files, public databases, and easy exchange of all forms of informa­
tion. The disadvantage is a substantial cost increment. Of course, 
networking can be accomplished by Local Arca Networks (higher 
cost and performance) or modems (lower cost and lower perfor­
mance). There are also many intermediate approaches. 

Diskless workstations have the advantage of lower cost com­
pared to workstations \Vith disks. Other advantages of a diskless 
configuration flow from the resulting statelessness of the worksta­
tion: All software distribution is to the servers that provide storage; 
library service for the workstation and backup can be handled cen­
trally. 

However, disklcss workstations put a substantial extra burden on 
network channel loading and on server storage. Experience indicates 
that no more than about 40 disklcss workstations can be supported 
by one file server in read-write operation \vith locking (the normal 
case). More subnets may be required to handle the increased network 
traffic. 

The mix of choices must be made in a local context. However, 
some general interactions of solutions can be discussed. 

The question of whether a hard disk should be a required feature 
of a workstation is a hotly debated one. In situations where all work­
stations are 

• institution owned, 
• centrally administered, and 
• required to be attached to a high-performance network, 

workstations may be deployed with no hard disk. Whether there is 
an economic advantage in the smaller physical configuration at the 
workstation and a net economy of scale from sharing large disks at 
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the server is a cost-engineering question that has not been defini­
tively answered. Moreover, the answer changes frequently with 
changes in technology. 

In any case, there are also environments in which the three con­
ditions just listed do not hold and therctcHe in which a disk less con­
figuration is simply not usable. In particular, when students own 
their own workstations they expect them to be useful when standing 
alone. One reason is so that they can take them home over the sum­
mer or contemplate living in an apartment away from the campus 
network. Even for the on-campus student, there is a strong psycho­
logical barrier to laying out a substantial sum of money for an object 
that is usable only when plugged into a system with limited geo­
graphical range and \\·hose services arc completely under someone 
else's control. 

Alternative Ownership Models 
Models of ownership range from workstations owned by the insti­
tution and provided as part of the educational environment to the 
students, to workstations purchased by the students 011 a voluntary 
basis, to workstations purchased by students on a required basis. 

Private ownership may be mandatory or voluntary. The institu­
tion may require that purchased workstations conform to established 
standards, or it may allow users to purchase any type of workstation 
(laissez faire). Centralized servers (file servers, print servers, etc.) 
normally are owned by the institution. 

If students purchase workstations, the most senior students will 
have the oldest equipment. If the institution provides workstations 
to students through a lease plan, arrangements can be made to pro­
vide the most senior students with the newest equipment. 

Important characteristics of institution ownership arc that the 
cost burden is directly born by the institution and all sttHknts have 
access to the facilities. The cost is passed on to the student through 
tuition or to the public through taxes. Whether this is an ad\'antage 
depends on local circumstances. Institution ownership cm be estab­
lished as policy, regardless of whether ti.mding is public or pri\'atc. 
With institution ownership, delivery of education arguably will be 
more equitable, because all students can have equal access to com­
puting facilities regardless of personal budget. However, if all 
students are required to purchase workstations upon entry to the 
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university (perhaps as part of tuition), comparable equal access could 
be achieved. 

A likely long-term ownership model for MIT is that of private 
ownership of most workstations, and Institute ownership of servers. 
There would also be Institute ownership of a significant number 
(e.g., 1500) of publicly available workstations on campus. If the pri­
vate ownership approach were supported in the future, the privately 
owned workstations would be purchased by students and staff mem­
bers from a variety of sources, including but not limited to the cam­
pus microcomputer store. The number of privately owned worksta­
tions could grow to about 10,000 over time. 

Delh·ery of Required Servil"es 

Services required to support delivery of educational computing 
include 

• sales of hardware and software; 
• maintenance; 
• user training; 
• consulting (both on-line and personal); 
• documentation; 
• network installation; 
• network support; and 
• workstation installation. 

Various colleges and universities have widely differing needs for 
support of computing services. At one end of the spectrum, the uni­
versity may be highly self-sufficirnt in one or more (perhaps all) ser­
vices. At the other extreme, the university may contract for essen­
tially all services. The two sources of the required services are the 
institution and private industry. 

Role of Private Industry 
In this context, private industry refers to computer and workstation 
manufacturers, and third-party suppliers of products and services, 
such as software, maintenance, network services, and consulting. 

Private industry must be able to support educational institutions 
across the spectrum of computing needs described. In those instances 
where the institution is able to provide a service, it normally can do 
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so at a much lower cost than can private industry. For example, a 
college or university can support the sales function with a markup 
on the order of 10 percent, whereas private industry needs a much 
higher markup. Likewise, the labor rates for a college or university 
to perform maintenance are far lower than they are for private 
industry. 

In the following scenario, two extreme situations are described: 
one in which the institution offers essentially no services and one in 
which the institution is essentially self-sufficient. In any real situa­
tion some combination of these extremes would exist. Industry 
must have the flexibility to meet such diverse, situation-specific 
requirements. 

In the case of minimum institutional services, private industry is 
required to provide nearly all services. The workstation manufactur­
ers or other marketing organizations open stores on campus to sell 
hardware, software, documentation, and maintenance services for 
their workstations. Workstation installation must be easy enough 
that the purchaser can do it, preferably with no more than one page 
of instructions and in no more than 1 S minutes. Ideally, the software 
can be loaded over the network if the institution has purchased a site 
license (and has appropriate servers and networks); otherwise the 
software must be loaded locally. 

In the case of a self-sufficient institution, a very different situation 
exists. Here, the institution is treated as a value-added retailer. The 
institution operates the computer store very much as the manufac­
turer does in the preceding case. The store sells a range of products 
approved for use on campus. Private industry sells products and ser­
vices, such as hardware, software, repair parts, product brochures, 
and other inf<xmation, to the computer store wholesale. Substantial 
training services-for example, product training, maintenance train­
ing, and consulting training-arc required by the institution. 

The self-sufficient model is very close to the one selected at MIT 
for the post-Athena period. 





Athena Polieies 

APPENDIX 
IV 

The two documents presented here should be of interest to devel­
opers or administrators of systems such as Athena. They are: 

• Principles of Responsible Use of Project Athena; and 
• Athena Rules of Use. 

The Athena staff developed these policies on the basis of experience 
gained early in the project. They apply to all users. 

Principles of Responsible Use of Project Athena 

STEVE LERMAN 
Project Athena Director 

Project Athena is an eight-year experiment in the use of a large, net­
worked computer system as part of the educational process at MIT. 
Athena's distributed computer system will open up entirely new 
ways for members of the MIT community to share information. 
One consequence of linking the entire community together, ho\\'­
ever, is the potential for improper use of the system, a violation of 
MIT's high standards of honesty and personal conduct. 

Intended Use 

The hardware granted to Project Athena, and the soft\\',lrl' licensed 
for that hardware, are intended only for educational use by MIT 
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community members. Use of Athena resources by anyone outside 
MIT requires approval of the Provost, and the sale of such use is 
prohibited. The use of Athena resources for financia! gain is similarly 
prohibited. Use of Project Athena's facilities for sponsored research 
activities that normally would make use of other MIT facilities is not 
permitted, except by permission of the Director. 

Prh·a~,· and Se~urit,· 

The UNIX (UNIX is a trademark of lkll Laboratories) operating 
system used by Project Athena facilitates sharing information and 
software among its users. Security mechanisms for protecting infor­
mation from unintended access-from within the system or from the 
outside-arc minimal. These mechanisms, by themselves. arc inad­
equate for a community the size of MIT's. f(x whom protection of 
individual privacy is as important as sharing. Users must suppkmcnt 
the system's security mechanisms by using the system in a manner 
that preserves the privacy of others. 

For example, users should not attempt to gain access to the files 
or directories of another user without explicit authorization from 
that user (unkss that user has intentionally made them availabk for 
public access). Nor should users attempt to intercept any systems 
communications, such as electronic mail or terminal dialog. Pro­
grams should not stor1.' infrnmation about other users without the 
users' prior knowkdgc. Personal information about another individ­
ual, which a user would not otherwise disseminate to the MIT com­
munity, should not be stored or communicated on the system with­
out the other individual's permission. Such information includes 
grades, evaluation of students, and their work. 

System Integrity 

Actions taken by users intentionally to interfere with or to alter the 
integrity of the system cannot be permitted. These include unau­
thorized use of accounts. impersonation of other indi\·iduals in sys­
tems communications, attempts to crack passwords or encryption, 
and destruction or alteration of data or programs belonging to other 
users. Equally unacccptabk arc intentional efforts to restrict or deny 
access by others to any of the resources of the system. 
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lntelleetual Property Rights 

Some software and databases that reside on the system arc owned by 
users or third parties, and arc protected by copyright and other laws, 
together with licenses and other contractual agreements. Users must 
abide by these restrictions. Such restrictions n~ay include prohibi­
tions against copying programs or data for me on non-Athena sys­
tems or for distribution outside MIT, against the resale of data or 
programs or their use for noneducnional purposes or for financial 
gain, and against public disclosure of information about programs 
(e.g., source code) without the owner's authorization. It is the re­
sponsibility of the owner of protected software or data to make any 
such restrictions known to the user. 

Athena Rules of Use 
At times, Athena's computer resources are stretched to their limits. 
We need your help to keep thing'> from getting out of hand. It is 
likely that some Athrna facilities will develop additional local rules 
of use to meet the needs of their facilities. We do not intrnd to police 
Athena facilities to enforce these rules. Instead, we expect voluntary 
compliance and group pressure to be the most effective enforcement 
mechanisms. 

1. Do not eat or drink in Athena clusters. 

Food and drinks can damage equipment. 

2. Do not lend your Athena password. 

Do not lend your Athena password to anyone, including friends, 
or even to members of the Athena staff. Giving someone else your 
password is like lending someone the key to your house or giving 
someone your charge card. 

Your Athena username identifies you to the Athena user com­
munity. Anyone who has your Athena password can use your ac­
count and anything they do that affects the system will be traced 
back to your username. If your usernamc is used in an abusive man­
ner, you will be held responsible. We have had incidents of misuse 
of the mail systems inn>lving people ming other pL·opk·.., ll'>L'fll,tllll"'> 

to send abusive messages. 



254 ATHENA POLICIES 

Every student (undergrad and grad) and every faculty member 
who wants an account can have one; there's no need for borrowing. 

3. Do not print Athena olh modules. 

Athena-written documentation is meant to be read on-line. 
Printed copies arc available for purchase at the Graphic Arts Quick 
Copy center in 11-004. 

4. Do not use Athena printers as copy machines. 

The Athena printers should be used to print only one copy of a 
document. To make additional copies, please use copy machines. 
You can use the copy machines at Graphic Arts for 3 cents a page, 
or send your output to the Xerox 9700 printer, which costs about 
the same. You pay the fee when you pick up your output. 

5. Do not be a printer hog. 

Please do not print a large or complicated document which takes 
longer than 10 minutes to print on the printers in the public dusters. 
Doing so ties up the printer for a long time, and other users won't 
be able to get printouts. If you have such a document, either break 
it into sections which you print out when the printer doesn't seem 
to be busy, or send it to the "linus" (LPS-40) printer behind the I. S. 
Dispatch Desk in Building 11. 

If you have a scribed document and don't need a printout of all 
of it, you can use the psrev command to print just a portion. Sec 
directions on psrcv in the 0 LH module on printing from an A then a 
workstation. 

6. Do not leave your workstation unattended for more than 
20 minutes. 

If you are using a workstation in one of the public clusters and 
intend to keep using it but must leave it briefly unattended, you 
should limit your absence to less than 20 minutes. Please leave a note 
011 the workstation indicating the time vou left the machine and vour 

~ . . 
intention to return. 

If you are gone longer than twenty minutes, another user who 
needs a workstation may log you out or reboot the machine if you 
leave a public workstation in a "locked" state. 
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7. Observe priorities for the use of workstations. 

If a cluster is crO\vded, the highest priority goes to course-related 
work-running or developing course software. Middle priority goes 
to text processing, sending mail, exploring the system or just hack­
ing. Lowest priority goes to game-playing. 

Some clusters have workstations which are reserved for specific 
course use or which have special fraturcs-frff example, color or spe­
cial peripherals such as a videodisk player. If you arc using such a 
workstation for a purpose other than its special purpose and someone 
who needs its unique feature asks you to surrender it, please do so 
gracefully. 

8. Do not play games if the cluster is busy. 

Games are the lowest priority software on the system. Do not 
play games if there are only a few workstations free or people are 
waiting for workstations. 

If a user needs a workstation for higher priority work while you 
are playing games, the user can ask you to give up your work­
station. 

1J. Do not make a lot of noise in the public clusters. 

Public clusters are similar to the MIT Libraries in that students 
who use these facilities have to be able to concentrate to do their 
homework. Please do not play music, shout, or engage in loud con­
versation in the clusters. 

10. Do not copy copyrighted software. 

Many Athena programs arc protected by some kind of copyright 
restriction. 

11. Do not turn the power off on Athena equipment. 

Do not turn the power off on Athena equipment, such as work­
stations, monitors, or printers. Turning the power off can perma­
nently damage the hardware. The exception to this is if it smells or 
looks like it is burning. In that case, please turn it off and call the 
Athena hardware hotline at x3-1410. 

12. Do not reconfigure the cluster. 

Moving equipment will often break it, and may cause it to be 
reported as stolen. If you believe the configuration of a cluster needs 
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to be changed, please call the Athena hardware hotline at x3-1410. 
In particular, please don't unplug or move keyboards, as this can 
result in permanent damage to the hardware. 

13. Do not forward electronic chain letters. 

The prolifrration of electronic chain letters is an abuse of the mail 
system and the network. You may lose your Athena privileges if you 
support this abuse by creating or forwarding such letters. 

Thank you for your cooperation. 



APPENDIX 
v 

Athena Donors 

The two primary sponsors of Athena arc Digital Equipment Cor­
poration and IBM. In addition, many other donors contributed to 
the project, providing in aggregate about $16 million. The following 
is a list of these donors who did not ask to remain anonymous. 

Addison-Wesley Publishing Company 
Amoco Foundation 
The Annenberg/CPB Project 
AT&T Bell Laboratories 
Boston Edison Foundation 
CBS Publishing Group 
Alexander and Brit d' Arbeloff '49 '61 
Abraham I. Drantz '48 
Max E. and Robert]. Gellert '48 '53 
Leopold R. Gellert Family Trust 
General Electric Foundation 
General Motors Foundation, Inc. 
Kenneth]. and Pauline S. Germeshausen '31 
Houghton Mifflin Company 
Hughes Aircraft Company 
Edward C. Johnson III 
Lockheed Leadership Fund 
McDonnell Douglas Foundation 
Robert M. Metcalfe '68 
Harold J. Muckley '39 
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Welrose Newhall '22 
A. Neil Pappalardo '64 
Stratford Foundation 
Westinghouse Educational Foundation 
3COM Corp. 

Others who contributed technology or resources include: 

Adobe Systems, Inc. 
Apollo Computer, Incorporated 
Apple Computer Inc. (USA) 
Bolt Beranek & Newman Inc. 
Carnegie-Mellon University 
Codex 
Franz Manufacturing Co., Inc. 
GTE Corporation 
Hewlett-Packard Company 
Integrated Systems Division of Litton Industries, Inc. 
MIT Industrial Liaison Program 
Open Software Foundation 
QMS, Inc. 
Salomon Brothers Incorporated 
Tektronix Incorporated 
Transarc Corporation 
University of Wisconsin 
Visix Software. Inc. 



First Athena 
Press Release 

APPENDIX 
VI 

The following is the first Athrna press release, provided by the News 
Office of MIT. given to the press on May 27. 1983. The press contact 
at MIT was listed as Eric Johnson, Assistant Dean, School of Engi­
neermg. 

MIT Laun<"hes Major Experimental Program To 
Integrate Computers Into Eduf."ation; Digital Equipment 
Corp., IBM Prodding Support 

Can computers really help undergraduates learn faster and more ef­
fectively? Educators at the Massachusetts Institute of Technology 
think so, and to find out how, MIT has launched a major experi­
mental program to integrate the next generation of computers and 
interactive graphics into undergraduate education throughout all five 
of its schools. 

Digital Equipment Corp. and IBM Corp.-thc world's two larg­
est computer manufacturers-arc working imkprndcntly with MIT 
in what they see as an exciting opportunity to develop ways of tap­
ping the extraordinary flexibility and power of the computer to help 
students gain a deeper understanding of a wide range of academic 
disciplines. 

The companies are providing a total of nearly SSO million in 
equipment, software, service, maintenance, support, research grants, 
and on-campus personnel over the next five years. DEC's contribu­
tion is the largest single gift it has made in its corporate history. In 
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addition, MIT has begun a campaign to raise as much as $20 million 
in grants from other organizations and individuals in order to pro­
vide funds to sustain the project. 

The unique program, announced today by MIT President Paul 
E. Gray, is called Project Athena after the Greek goddess of wisdom. 
Project Athena is based on the premise that computers with ad­
vanced computational and graphics capabilities represent a revolu­
tionary new medium for learning. 

"This may be the largest step forward in MIT's long history of 
contributions to education" President Gray said. "The Institute has 
traditionally played a pioneering role in many areas from curriculum 
development to novel approaches to teaching." 

A key MIT goal unique to Project Athena will be to develop 
"coherence" among the suppliers' computers such that all machines 
will function with the same operating system interface and use the 
same languages. Coherence will enable students and faculty eventu­
ally to move easily from one manufacturer's equipment to another. 

"Athena will integrate computers into the educational environ­
ment in all fields of study through the university in ways which en­
courage new conceptual and intuitive understanding in our students" 
President Gray explained. "Central to the project will be the creation 
of an extensive, coherent network of computers that will enable in­
dividuals to share each others' information and programs, and to 
work together on problems and ideas in creative new ways." 

Professor Michael L. Dertouzos, Director of the MIT Laboratory 
for Computer Science, added that "Project Athena, with its key no­
tion of coherence, is as big a technical challenge as it is a promise 
that our MIT community will use its newest technology in the ser­
vice of its oldest goal-improving the education of our students." 

President Gray described faculty planners who have been work­
ing on Athena for more than a year as "extraordinarily enthusiastic 
and excited" about the possibilities of producing sweeping changes 
in the teaching of everything from history and literature to engi­
neering and architecture, from foreign languages, political science, 
and economics to physics, chemistry, and mathematics. 

"Our faith in the success of this experiment is based on the great 
strength of the MIT faculty and student body," according to Joel 
Moses, Head of the Electrical Engineering and Computer Science 
Department. "We are fortunate to have obtained the computer re­
sources and services needed for the project. Now we must b<:gin th<: 
task of translating the vision into reality." 
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In the School of Engineering, for example, professors arc plan­
ning to use this new computational and graphics power to develop 
new ways to help students grasp abstract concepts. In particular, the 
system could improve the effectiveness of teaching electromagnetic 
field theory. It could instill an intuitive or physical feel for structural 
behavior. Computer graphics could be usdi.11 to help teach fluid me­
chanics and the intricacies of crystal structure, fields which involve 
two- and three-dimensional spatial relationships. 

"The intensive use of computers is by no means limited to com­
puter specialists or to engineering majors," said President Gray. 
"Foreign language teachers arc already exploring use of personal 
computers to make learning a second language faster and easier. And 
political scientists, economists, and managers arc studying new ways 
to use computers to help them visualize dynamic models." 

Project Athena will involve thousands of terminals, including in­
teractive graphics terminals, personal computer stations-many with 
color graphics-organized into regional networks around campus. 
Supporting these networks will be scores of mainframe computers, 
storage devices, and printers, all serving the classroom and home­
work needs of students throughout the Institute. 

Digital and IBM will each independently provide local area net­
work technology to organize their computers into clusters to be con­
nected with an overall "spine" network. MIT experts will work with 
each manufacturer to develop the new interface technology needed 
to achieve the coherent distributed computing. 

"An important point to remember is that this is an experiment" 
said Dr. Gerald L. Wilson, Dean of the MIT School of Engineering. 
"We believe we can help students learn by using personal computers 
and computer graphics in new ways, but nobody is sure exactly how. 
Our experience suggests, however, that computers can aid the teach­
ing of difficult concepts, give new life to laboratory experiments, 
help in developing the skills, knowledge, and insights needed for 
design problems, and especially, help nurture that clusiVL' talent we 
call intuition." 

"Butjust having computers and graphics isn't the key" he added. 
"If it were, we could put all the material ''-'e have on videotape and 
give every student a television set. The key is for the student to in­
teract directly with the graphics, to change a component to sec what 
happens, and to play 'what if.' That direct and pcrsonal intcraction 
makes this project so exciting." 

Dean Wilson suggested several novel possibilities th.it may arise 
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from this undertaking. such as textbooks with floppy disks inside 
the cover, and computers serving as expert aids for tutoring. Such 
tutoring could guide the student's progress accordin~ to his or her 
interests and abilities, as well as encourage experimentation. 

Some 2000 of MIT's sophomores, juniors, seniors who major in 
engineering and all of the Engineering faculty will use DEC hard­
ware and software. IBM systems will be used in programs for all 
first-year students and by faculty and majors in MIT's Schools of 
Science. Architecture and Planning. Management. and Humanities 
and Social Sciences. 

Each company will have at least five representatives stationed at 
MIT. These representatives will work closely with faculty and stu­
dents to blend computers and graphics into the educational process. 
One person from each company will serve on the project's steering 
committee, functioning as an associate director. 

Athena will be carried out in two phases-the first two years 
starting next Fall constituting Phase I. and the remaining three \'e,n-. 
Phase II. 

During Phase I, DEC will provide MIT with a mix of more than 
300 alphanumeric display terminals, personal computers, and ad­
vanced graphic workstations, as well as some 63 VAX 11/750 and 
11/730 minicomputers. IBM, during this phase, will provide 500 
high function personal computers. 

During Phase II, DEC will provide Athena with about 1600 ad­
\·;rnced personal computers and IBM \\·ill supply about '.)1 JI J adYanced 
single user systems. Precisely what this equipment will be is not yet 
known since the specific functional characteristics required will be 
strongly influenced by Phase I experience. 
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