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Questions to Prof. Walker

@

A confirmation on the basic concepts
of education:

The basic of education should alwayvs
be man—-to-man, or face—to—-face, and
media should just be supplementry.

Question:

@

(Based on the above promise.) What is
vour opinion on education using
media ?7)

About the evaluation points of media
used in the field of education.

Question:

(a)
(b)
(c)
(d)

We would like to ask yvour evaluation
points on each of the following
media used in long—distance
education, broadcast sattelites etec.

Over head projectors.
Video tapes.

CAIl.

Sattelites,.

Effective education in an education
environment where a number of media
are integrated.

I't is thought that media such as
OHPs, VTRs, Video Discs etc. will be
used in the long—-distance education
via broadcasting sattelites.



Question: (a)

What are the
classroom envi
environments t
long—distance
difference to
education, and
the teachers’ p

Question: (b)

What would bhe
way to utilize
the above envi

Hardware
education
QOHPs
than
in
Personal
Playvers

is e
and VTRs
bofore,

compu

Question: (a)

Under this si
list the appar
Question 2
that comes
cost—performan

Question: (b)

We would
views on
hardware
future.

also
how
will

Cost/ Performance
used

but
long—-distance

remain very

(and
to mind)

differences between
ronment and

hat exist through
education? (The
the recepiant of
the differences

oint of view. )

a

the
from

the most effective
each media in both
ronments?

o f

of hardware.
in the field
Xpensive. I n
have become
other
edu
an

of

Japan,
cheaper
machinery used
cation. such as

d Video Disc
expensive,.

ter

n please
isted in
other apparatus
in order of
tter — worse)

tuatio
atus, |
any

try to

ce (be

like
he cos
fluctu

to hear vyour
ts each media
ete Iin the

—12 —




® About the software.
We would like to learn vour views
on the development system of
softwar used in media.

Question:

What kind of team is formal -in the
U. S in the development of software
used in media for long—distance
education. (OHPs, VTRs, Video—-Discs
ete. .. )
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1.

Introduction

As a member of the Stanford community, you probably have used a computer as part of your work
or study, whether it be for preparing a paper, completing a homework assignment, or exchanging
1deas with a colleague. Using a computer often involves communicating—that is, sharing
information-—ameng computers. For example, you could use a microcomputer to search the
¢lectronic library card catalog on another computer on campus or send the latest chapter of your
book to your colleague’s computer.

At Stanford, computer users can take advantage of a variety of communication facilities and
services. Just finding out about the available services may involve considering many alternatives
and mastering technical jargon. Once you choose the services you need, you must select the
necessary equipment and software and then learn 1o use them. This document should make the
process easier.

About This Document

Using Computers to Commuinicate summarizes computer communications at Stanford. It
includes examples of why you might want to communicate, describes the communication
alternatives and the communication services available at Stanford, summarizes the equipment
and software you need, and provides references for obtaining more information and

_assistance. A glossary includes definitions of technical terms.

This document is intended for members of the Stanford community who want general
information about computer communication on campus, as well as for those who must make
decisions about connecting computers for communication. Part of a series called Connection
Aliernatives for Data Communication at Stanford, this document offers an overview of
communication alternatives. Each of the other documents in the series focuses on alternatives
for a specific computer or on a specific aspect of computer communication (¢.g., off-campus
computer networks). See the section Orther Documeniaiion on page 14 for a list of these
documents.

Using Computers to Communicate was prepared by Academic Information Resources in
cooperation with Networking and Communication Systems. (Both groups are part of
Information Resources, the campus computing organization.)

Why Use a Computer to Communicate?

Communicating via a computer offers a fast, reliable way to exchange information. Sending
letters or other documents via U.S. or inter-office mail is often too slow. Telephoning can
cause delays (the person you are trying to contact may not be available), and it can be
expensive when it is long distance. Hand delivery also can be expensive and it is not always
an option. A smglc message sent from a computer can reach many people, at their
convenience.

Computcr communication may not always be preferable to other forms of communication, but
it is a natural extension to your work with computers, and it does offer the following
advantages.

Provides Access to Information: Communicating via a computer provides access 1o
information that otherwise may not be easily accessible. Examples include finding reference
material by searching Socrates, Stanford’s Iibrary catalog; reading a bulletin board on a
campus computer for information about an IBM PC software vendor; receiving homework
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assignments on your departmental computer that your students compieted on an Apple
Macintosh; and accessing databases of medical information using the Medical School’s Lane-
Medline.

Allows Resource Sharing: Computer communication allows the sharing of resources such
as remote computers and printers. For example, you could send a file from a Stanford
computer to be processed on the CRAY supercomputer at the San Diego Supercomputer
Center and then retrieve the results. A department could put software on a computer for
everyone to use from their personal computers. A student could search the library catalog
from a microcomputer and print the results of that search on a departmental prinier.

Enhances Collaborative Work: Those who use a computer to communicate have found
that they can share work more easily with colleagues across campus and throughout the
world. Such work includes preparing research proposals, participating in joint research
efforts, and sharing computer programs.

2. What Are Computer Networks?

Networks make computer communication possible. A network can be small or large, that is,
anything from microcomputers connected to each other in a department or a campus cluster to a
multi-country system such as EARN, a European computer network. All networks provide for
uniform, regular communication among their member computers, and they have rules about who
can jein the network and how information is ransmitted. ‘

Some Basic Networking Terms

In this document you will come across the following terminology associated with computer

communication. (The Glossary of Technical Terms on page 19 includes these and additional
definitions of computer communicadon terminology.)

A personal computer (as used in this document) refers to both microcomputers (e.g., IBM
PC and Apple Macintosh systems) and workstations (e.g., Sun and NeXT systems). A
personal computer can operate on its own, or it can access the services of other computers.

A host compuler is a multi-user computer that provides services both to users logged on to it

and to other computers on the network. Portia, a VAX 8800 mainframe computer gperated by
AIR, is a host computer.

A terminal has a keyboard and display screen like a personal computer, but it cannot run
programs by itself; it is used to access the services of a host computer.

A workstation is a computer that is similar to a microcomputer, but it can do more than one
thing at a time (multi-tasking) or support more than one user at a ime (multi-user).
Workstations can operate as a personal computer or as a host computer. Examples of
workstations include the Sun-4, DEC VAXstations, and the NEXT systems.

A node is any computer on a network.

A gateway (also called a rourer) is a special-purpose computer that connects two Or more
parts of a network, or two dlffcrem kinds of networks. :
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A local area network (LAN) is a network that cperates in a limited area, such as a single
building.

A wide area network (WAN) is a network thar covers distances from one hundred to several
thousand miles, and generally includes hundreds or thousands of nodes. Examples of wide
area networks are BITNET, NSFNET, and Telenet. (See Off-Campus Computer Networks
on page 11 for more information about wide area nerworks.)

A Network’s Components
Following are the basic components in any network:

+ the medium (e.g., cable, telephone line) that carries information between computers,

+ the hardware that attaches a computer to the network,

» the communication software (also called protocols) that manages a computer’s
communication activities on the network, and

* the applications software that allows a computer user to access network facilities.

Most computer manufacturers combine the hardware that attaches a computer to ihe network,
the communication software, and the applications software in one package called network
architecture. Examples of network architectures are Digital Equipment Corporation’s
DECnet, Apple Computer’s AppleTalk, IBM’s Systems Network Architecture (SNA), and
Xerox Corporation's Network Services (XNS). Networks at Stanford include some elements
from zll these architectures, and many others as well.

3. Networks at Stanford

If you are using a2 computer to communicate at Stanford, you are connected via SUNet, the
Stanford University Network, or via the telephone system. These networks are managed by the
two divisions of Networking and Communication Systems: SUNet by Networking Systems; the
telephone system by Communication Services.

SUNet, the Stanford University Network

SUNet, Stanford's campus-wide, high-speed computer and video network, connects most of
the host computers on campus and many personal computers. As of May 1989, SUNet had
over 2000 nodes. SUNet also has connections to several wide-area computer networks,
which connect in turn to universities, corporations, and research institutions around the
country and the world.

SUNet is a network that uses packet switching. In a packet-switched network, all computers
share a cormmon network cable. When a computer has data to send, it bundles up the data in a
“packet” that includes the address of the destination computer and sends it over the network.
This simple technique allows remarkable flexibility, efficiency, and speed in communication.
A packet-switched network uses complex hardware and software in each node and a simple,
shared communication medium.

SUNet takes advantage of two primary technologies: the Ethernet hardware standard and the
Internet Protocols communication software standard (usually called TCP/IP). Both are
described in the following sections.

The Physical Structure of SUNet: Physically, SUNet is a network of networks. Local
area networks within most campus buildings are connected by the SUNet Spine network to
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form the campus-wide SUNet network. As of May 1989, SUNet had 107 local area networks
connected by 44 gateways.

Both the local area networks within buildings and the SUNet Spine network use the Ethernet
networking standard. Originally developed by Xerox Corporation, the Ethernet standard
specifies the type of cable to be used, the way a computer attaches to the cable, the speed of
data transmission, and the signaling method and format of the data that is sent. Ethemet
connections now are available for most kinds of computers. Although the nominal speed of
Ethernet ransmission is very fast (10 million bits per second), the actual ransfer speed is
limited by the speed of the communicating computers, and will usually be between 100,000
and T million bits per second. (One million bits per second is about 100,000 characters of text
or data per second.)

The SUNet Spine network is managed by Networking Systems. It consists of Ethernet cables
that connect between most campus buildings, and the gateways that connect to local area
networks within buildings. See the Appendix on page 17 for a campus map indicating
buildings with Ethernet network connections. The SUNet video network, a broadband
network that mostly carries television signals around campus, is also used to a lesser extent
for data transmission as part of the Spine network. Just as the SUNet Spine connects local
networks on campus, regional and national networks such as BARRNET (the Bay Area
Regional Research Network) and NSFNET (the National Science Foundation Network)
connect SUNet to nerworks at other institutions.

Connecting to SUNet: To use SUNet, a Stanford department or organization must first
install a local area network in its building and then attach its computers to that network.
Management of a local area network is the responsibility of the department or organization that
uses it. If multiple groups share a building, they usually share the costs and management of
its local area network as well. For more information about obtaining a SUNet connection,
contact Networking Systems at 723-3909.

SUNet Protocols: Protocols are a set of rules incorporated in a software program that
govern how information is exchanged over a network. Computers must use the same
protocols to communicate, just as people must speak the same language to understand each
other. The standard chosen for SUNet is a series of protocols known as TCP/IP or
Transmission Control Protocol/Internet Procotol. TCP/IP was originally developed for the
Deparmment of Defense’s nationwide network, ARPANET. One of the most widely-used
series of protocols in university and research networking, TCP/IP has been implemented on
most hosts connected to SUNet.

TCP/IP allows the interconnection of Stanford local area networks, SUNet, regional networks
such as BARRNET, the nationwide NSFNET, and the worldwide Internet. Users can issue

the same commands to connect across the country as they would to connect across the
building.

TCP/IP defines a standard network interface. It allows programmers who prepare com-
munication software for individual host computers to tailor the user interface 10 the local
system's conventions. Almost all TCP/IP hosts implement two standard user protocols:

* Telnet, a basic remote login protocol and
* FTP, or File Transfer Protocol.

SUNet host computers use communication software based on these protocols to provide

communication services. (See the section Computer Communication Services at Stanford
on page 5 for more information.)
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Other Protocols: Protocols other than TCP/IP can be used between computers on the same
local area network., DECnet, XNS, and AppleTalk protocols are all commonly used on
campus. It is not unusual for a computer to use multiple protocols. For example, a Digital
Equipment Corporation VAX computer might use both the DECnet and TCP/IP protocols. An
Apple Macintosh might use both AppleTalk and TCP/IP.

The Telephone Syst'em

Stanford’s telephone system includes a twisted-pair cable system that connects to most
buildings on campus, a Northem Telecom SL-100 central switching system for ordinary
telephone communication, and a Gandalf data switch for terminal-oriented computer
communication. Since the telephone system is a terminal-oriented network, it provides a
slower, simpler connection than SUNet, and it does not use protocol software such as
TCP/IP.

In a terminal-oriented network (also called a point-to-point network), each node—which
can be a computer or a terminal—is connected to a large central switching system. A
connection can be made to only one other computer at a time, so transmission speed is slower
than it is on a packet-switched network. A terminal-oriented network has much simpler
hardware and software in each node than a packet-switched network, but it uses a complex
communication medium and switching system.

Stanford’s telephone system supports communication via a computer in one of two ways:
using a modem on a standard telephone voice line or using a circuit to the Gandalf data switch.
Both are described below. For more information on ordering a voice line for a modem
connection or a Gandalf connection, contact Communication Services at 725-HELP.

Connecting via a Modem: A modem is a device that connects to a computer or a terminal
and acts as a translator. It converts data from the computer or terminal into tones that can be
ransmitted over telephone lines. A dial-up modem provides a low speed connection to the
Stanford computer networks from an on-campus location not connected to SUNet or from an
off-campus location (e.g., your home). Informaton transmitted via a modem travels at speeds
ranging from 300 to 2400 bits per second (about 30 to 240 characters per second). Note that
if both your telephone and modem are connected on the same phone line, you cannot use the
phone and a modem simultaneously.

Connecting via the Gandalf Data Switch: The Gandalf data switch allows a personal
computer or terminal located on campus to connect 1o Stanford’s computer networks.
Terminals—or personal computers acting as terminals—connect to the Gandalf data switch via
a special-purpose circuit called a Gandalf line. This connection is more reliable and faster
than a connection via a modem. Generally, the Gandalf connects terminals to Forsythe, the
Stanford Data Center’s IBM 3090 mainframe computer. Although a Gandalf connection is
slower than a SUNet connection, it also connects terminals to other campus host computers,

Information transmitted via the Gandalf travels at up to 9600 bits per second (960 characters
per second). :

4, Computer'Communicatlon Services at Stanford

Once your computer is connected to a network, you have access to the services that allow you to
communicate. For example, electronic mail allows you to communicate with a colleague across
campus; file transfer allows you to transfer a text file you created on your microcomputer for
Storage on your departmental computer. o
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This section includes descriptions of the most common communication services at Stanford; they
can be used on most host computers (e.g., AIR’s Portia, the Stanford Data Center’s Forsythe), as
well as on most personal computers. Each descripton includes an overview of the service,

. examples of how you might use it, and the required software. (The section For More

Information and Assistance on page 12 lists those you can contact about acquiring or using the
software.)

The SU-PC/IP and the SU-Mac/IP communication software mentioned in the following
descriptions of communication services was developed at Stanford for use on IBM Personal
Computer and Apple Macintosh systemns, respectively. Each is available with documentation for
$10 from Networking Systems, 323-3909. (SU-PC/IP stands for the Stanford University
Personal Computer/Internet Protocol and SU-Mac/IP stands for Stanford University
Macintosh/Internet Protocol.)

Electronic Mail

The most commonly-used and widely-connected service, electronic mail (also called e-mail)
allows you to send and receive messages between computers on campus, across the nation,
and around the world. Using electronic mail can replace some of your paper memos or
telephone calls, and it allows you to keep copies of the messages you send and receive,

You may use electronic mail to keep in touch with a colleague on the East Coast, to check with
another department about an upcoming meeting, or to ask a computer consulting group about a
problem you are having with your microcomputer. Electronic mail also offers access to
mailing lists that provide useful information on a specific topic. (For example, you may put
your name on a supercomputer mailing list so you can receive campus supercomputing news).

When you send an electronic mail message to someone, you do so by using software called a
mail program. It helps you compose your message, address it, send it through the electronic
mail system, and deposit it in the electronic mailbox of your correspondent. Following is a
list of the most commonly-used electronic mail programs at Stanford.

CMS Mail is on IBM 4300 series computers using the VM/CMS Operating System, for
example, CDRVMA and Watson.

Contact EMS is on Forsythe, the Data Center’s IBM 3090 computer using the MVS
Operating System. :

MH (Mail Handler) can be used on Apple Macintosh and IBM Personal Computer
systems. Itis available with SU-Magc/IP software (Version 3.0-and all later versions) and
with SU-PC/IP software for IBM PC, XT, AT, and P5/2 systems (Version 3.0 and all
later versions).

MM is on DEC-20 computers using the TOPS-20 operating system, for example, CSLI,
GSB HOW and WHY, Macbeth, SCORE, Sumex-Aim, Sierra. :

UNIX MAIL and MH are on computers using the UNIX operating system, for
example, Ararat, Polya, Portia, and Sun workstations.

WYLBUR Mail is on Forsythe, the Data Center’s IBM 3090 computer using the MVS
Operating System. v, o ‘

:

VMS Mail is on DEC VAX compﬁters using the VMS Operating Systern, for example, -
GSB-WHAT, Star, and DEC VAXstations.
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Remote Login

This service allows remote login to on- and off-campus computers through the Stanford
computer networks. Remote login means that from one computer you can initiate login to
another computer. In most cases, you must have an account on the remote computer you want
to access, :

Once you log in, you can use the services on that computer, For example, you may log in to
AIR’s Portia from your microcomputer to complete a homework assignment. Perhaps you
have already logged in to a Stanford computer such as Watson and want to log in to the CRAY
at the San Diego Supercomputer Center to access its supercomputing facilites, Or, you may
want to use your microcomputer to log in to your departmental computer and read your
electronic mail.

Twao types of software provide remote login: Telnet and terminal emulation software. Both
allow a personal computer to emulate or “act like” a terminal (e.g., a DEC VT100) that is
appropriate for the computer you want 1o access.

Telnet provides remote login access across SUNet and other TCP/IP networks. It is available
on most host computers connected to SUNet (e.g., Portia, 2 VAX 8800, Watson, an IBM
4381), and it is part of both SU-PC/IP and SU-Mac/IP.

Terminal emulation software enables a personal computer to connect 10 a host computer using
a terminal-oriented connection through the personal computer’s serial port. Examples of
terminal emulation software used at Stanford are: Kermit for [BM Personal Computer and
Apple Macintosh systems, and Sun workstations; Red Ryder for Apple Macintosh systems;
and Samson for microcomputers connecting to Forsythe, the Stanford Data Center’s [BM
3050.

File Transfer

This commonly-used communication service allows you to transfer text or data files between
your local computer (e.g., your microcomputer or your departmental computer) and remote
on- and off-campus host computers. In most cases, you must have an account on the remote
host. Anonymous or guest connections are sometimes available on host computers to allow
those without accounts to access or transfer public files.

File ransfer allows you to accomplish tasks such as ransferring a text file created on your
microcomputer for storage on your departmental computer, incorporating the results of a
computation on a host computer into a document created on your microcomputer, or preparing
data on your deparimental computer and sending it 1o a supercomputer for processing.

Two types of software provide file transfer; FTP (file transfer protocol) and terminal
emulation software. Both allow a personal computer to emulate or “act like” a terminal that is
appropriate for the remote computer you want to access.

FTP, which makes use of the TCP/IP protocol for error-free file transmission, is on most host
computers connected to SUNet (e.g., Portia, 2 VAX 8800; Watson, an IBM 4381); it is also
part of SU-PC/IP and of SU-Mac/IP.

Terminal emulation software provides file transfer by enabling a personal computer to behave
like a computer terminal connected to a host computer. Examples of terminal emulation
software used at Stanford are: MacTerminal and Red Ryder for Apple Macintosh computers,
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Kermit for IBM Personal Computers and Sun workstations, and Samsen for those with
microcomputers who want access to Forsythe, the Stanford Data Center’s IBM 3090.

Note that special software programs called file ransfer protocols are required to ensure error-
free ransmission of files. The file transfer protocol must be available on both of the
computers involved in a file transfer. MacTerminal and Red Ryder support the Xmodem file
mansfer protocol. X-Modem is on most UNTX and TOPS-20 host computers {e.g., Portia,
Macbeth). Kermit supports a file transfer protocol, also called Kermit, that is the most widely
available file transfer protocol for use with IBM Personal Computers. MacKermit and Red
Ryder include Kermit support for Macintosh systems. The Kermit file transfer proiocol is
also supported by most UNIX, TOPS-20 and VM/CMS hosts.

Network Directory Information

Once computer networks span an entire campus, it becomes useful to provide a directory that
includes the names, electronic mail addresses, and locations of the network computers and
those who are using them. At Stanford, the directory is Whois. Managed and updated by
Networking and Communication Systems, Whos is an online version of the campus
telephone directories (faculty, staff, and student). It includes a perscn's electronic mail
address, department, position at Stanford, and campus and home addresses and phone
numbers. In addition, Whois includes the location, owner (campus department), and
operating system for each host computer connected 10 SUNet.

Another service, Finger, allows you to access information abour a user of a specific host
computer, To use Finger, you must know the electronic mail address of the person about
whom you are requesting information. The information Finger provides varies depending on
the host computer, but generally it includes a person's electronic mail address, when that
person last logged on to the host computer, and when that person last read his or her electronic
mail. Anyone represented in a Finger database can usually insert a “plan” that includes
information such as the hours the person can be reached or his/her field of interest.

Whois and Finger are on many of the campus host computers such as Portia, Macbeth, and
Forsythe. They are also part of both SU-PC/IP and SU-Mac/IP.

File and Print Services

Currently, file and print services at Stanford are available through public and residential
computer clusters, or through departments or organizations within a particular building. File
service allows one computer (usually a microcomputer or workstation) to use the disk space
on another computer (usually a larger workstation or mainframe computer) as though the disk
were directly attached to the smaller machine. Users of the service can store files on that disk,
access software stored on it, and share documents between computers.

Print service allows many computers on a network to share a printer. Users of this service
can send files from their personal computer for printing on a printer attached to their network.
Often, a larger computer acts as both a file and a print server for a cluster of personal
COmMputers.

The Network File System (NFS), developed by Sun Microsystems, is a TCP/IP-based file
service that is used by many UNIX hosts and IBM PC systems at Stanford. 3Com’s 3Plus
system is used to provide file and print service to IBM PC systems in many Stanford
departments. Apple’s AppleShare provides file service for Apple Macintosh computers.
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Bulletin Boards

Electronic bulletin boards (also called bboards) offer a convenient way for you to communi-
cate with others—across campus or across the country—who share your interests. You can
us¢ bulletin boards to post or obtain information about almost any subject you could imagine.

A wide variety of bulletin boards are available via Stanford's computer networks.. Currently,
you must login to a host computer to ac¢ess bboards, although direct personal computer
access is under development. Following are descriptions of two popular bboard systems on
campus: SU bboards and Usenet bboards.

SU Bboard System: You can access the SU bboards on many campus host computers
(c.g., Macbeth, Polya, GSB-How, Sierra, Forsythe). These bulletin boards cover a variety of
topics including computing, upcorming events, employment listings, and items for sale.
Following is a list of some of the SU bboards and their subject areas.

SU-Computers Comments or questions concerning computer software and services

SU-Events Announcements of seminars, concerts, and other events on or off
campus

SU-Jobs Help wanted and offered listings

SU-Macintosh Questions, answers, and comments about the Apple Macintosh

SU-Market Ttems for sale; comments on merchants and services

SU-Ewc Notices not appropriate for the other SU bulletin boards

Usenet Bboard System: Usenet is a worldwide computer network for UNIX systems. Its
bboard system is available through Stanford UNIX systems such as Portia. Through Usenet
you can access some 600 bboards (also called newsgroups on UNIX systems), which cover a
wide variety of information. For example, the comp topic area covers discussions related to
computer issues. Examples of bboards under the comp area are: comp.sys.sun and
comp.unix.ultrix. These bboards are related to discussions of Sun workstations and the
Ultrix operating system, respectively. Note that it is possible to access the SU bboard system
through the su topic area.

5. Communication Hardware and Software

This section summarizes the hardware and software required for computer communication at
Stanford. It describes the two ways to connect for computer communication at Stanford—via a
local area network or via a terminal connection—and the hardware and software required in cach
instance.

K you have a personal computer or a larger host computer, you can attach it to a local area network
in your building. This allows you to take advantage of local area network services such as file and

- print service, and to use the more widespread SUNet services such as remote login, file transfer,
and electronic mail.

If you are using a terminal or you do not have a local area network in your building, then a
terminal-oriented connectdon is your only choice. The lower speed and lack of software protocols
to support sophisticated communication make this type of connection less flexible.

The section Other Documentarion on page 14 lists the documents in the Connection Alternatives
for Data Communication ar Stanford series that provide more detailed information (including
installation and purchase costs) about these alternatives.
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Connecting to a Local Area Network

At Stanford, there are two kinds of local area networks: Ethemnet and LocalTalk. While
Ethemnet is faster, LocalTalk is less expensive.

Ethernet: Ethernet is a local arca network cabling system and signaling method, which
operates at 10 million bits per second. Any computer connecting to an Ethernet needs special
hardware components and Ethernet cables. You must install an Ethernet adapter in an IBM
PC system or in 2 Macintosh IT or Macintosh SE system. Most workstations and larger
computers have Ethemet adapters as standard components.

There are two common types of Ethernet cabling; thin and standard. If you are using thin
Ethernet cabling, make sure the Ethemet adapter in your computer is thin-Ethemet-compatible
(as are those for all IBM PC and Apple Macintosh systems and many workstations). Then
attach the cable to the Ethernet adapter. If you are using standard Ethernet cabling, youneed a
transceiver and a transceiver cable. Attach the transceiver to the Ethernet cable and use the
transceiver cable to connect the transceiver and the Ethernet adapter.

To connect an Ethernet network 1o SUNet, you extend the cabling of the network to the
nearest SUNet connecdon. (Most buildings on campus have SUNet connections).

LocalTalk: LocalTalk is an inexpensive local area network cabling system and signaling
method designed by Apple Computer for Macintosh computers. It operates at 230,000 bits
per second. All Apple Macintosh systems and LaserWriter printers include a LocalTalk
interface. If you install a LocalTalk interface board in an IBM PC, you can connectittoa
LocalTalk network.

To implement a LocalTalk-type network, Networking and Communication Systems
recommends using PhoneNET, a LocalTalk-compatible cabling scheme from Farallon
Computing. PhoneNET operates at the same speed as LocalTalk, and it enables you 1o create
a network using existing telephone wire. You do not always have to install new cable, as you
do when using Apple’s LocalTalk product.

To connect a LocalTalk-compatible network to SUNet, you use a FastPath gateway from
Kinetics, Inc. This device has one connection on a LocalTalk and one connection on SUNet,
and it passes information between the two. .

Software for Ethernet or LocalTalk: To communicate over an Ethernet or LocalTalk
network, your computer needs TCP/IP protocol software and the applications that make use of
the protocols, such as mail, file ransfer, and remote login. With IBM PC and Apple .
Macintosh systems, you can use SU-PC/IP and SU-Mac/IP. These programs provide Telnet
(remote login), FTP (file transfer), mail, and directory service. TCP/IP protocols and
applications are standard with UNIX systems, and are available for most other computers and
operating systems.

Terminal Connections

At Stanford, you use a terminal connection to computer networks if you are using a traditional
terminal. A ferminal has a keyboard and display like a personal computer but it cannot run
programs by itself; it is used 1o access the services of a host computer. You can also use a
terminal connection for a personal computer that you want to use as a terminal. Following are
the types of terminal connections that are possible at Stanford.
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Connecting to a Local Host: If you have a host computer in your department or building,
you can connect a terminal by running your own cable from the terminal to the host.
Communication Services charges for cabling on a time and materials basis. For more
information, contact Communication Services at 725-HELP.

Connecting to a TIP: If you have a TIP in your department or building, you can arrange to
connect a terminal to it by contacting your departrment administrator about installing a circuit to
connect to the TIP. A TIP (Terminal Interface Processor) is a specialized device that allows
termninals connected to it to log in to host computers on the network.

Connecting to the Gandalf Data Switch: You usually connect a terminal 1o the Gandalf
data switch to access Forsythe, the Stanford Data Center’s IBM mainframe computer. You
can also connect to other SUNet host computers through a Gandalf connection. Contact
Communication Services at 725-HELP for information about ordering a Gandalf data switch
connection.

Using a Modem: You can purchase a modem for use with your terminal or personal
computer. After connecting the modem to your computer and to the telephone line in your
office, dormitory, or home, you can use it 10 connect 10 campus host computers that are
equipped to receive modem communication. (Most campus host computers have this
capability.)

Software for Terminal Connections: If you have a terminal, you don’t need addidonal
software for computer communication. But if you want a personal computer to act as a
terminal, you need terminal-emulation software. A wide variety of software exists, including
Kermit for the IBM PC systems and Sun workstations and MacTerminal, Red Ryder or
MacKemmit for Apple Macintosh systems. Those with IBM PC and Apple Macintosh systems
who want to access Forsythe should use Samson, terminal-emulation software produced by
the Stanford Data Center.

6. Off-Campus Computer Networks

By connecting your computer or local area network to SUNet, you gain access to a great number
of computers on campus and 1o computers on other wide area networks—large off-campus
networks with hundreds or thousands of host computers. This section provides summary
information about the kinds of off-campus computer networks thart are accessible to computers
connected to SUNet.

The document Off-Campus Computer Networks provides more detailed information, including a
list of the off-campus networks accessible to SUNet computers. The list includes general
information about each network and its administration, the services it provides, and any costs or
restrictions involved in its use. Copies of this document are available in the AIR document racks
on the third floor of Sweet Hall. :

Off-campus nerworks are categorized in terms of their administration and intended purpose.

* Research networks are designed to facilitate research in various fields. Often research
networks are supported by the government and are centrally administered. Examples of
such networks are: BARRNET, CSNET, and NSFNET.

+ Cooperative networks are made up of various institutions that often bear the cost of
administering the network. Examples of such networks are: BITNET, EARN, and
Usenet.
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+ Company networks are administered and funded by commercial organizations such as
IBM, for internal use.

* Public networks are commercial enterprises that provide computer connections and on-
line services to paying customers; they are operated by communication companies. - Some
private networks buy services from public network suppliers. Examples of public networks
ar¢; Telenet, Tymnet, and Datapac (Canada).

SUNet has active connections to the BARRNET and NSFNET research networks, and to the
BITNET and Usenet cooperative networks.

7.

For More Information and Assistance

The material in this document should help you define your communication needs and determine the
equipment and software you must have to use your computer for communication. This section
describes additional sources of information and assistance; it also references other documentation
about computer communication,

12

On-Campus Sources

Various sources on campus offer the information and assistance you may need when learning
about and using your computer for communication.

Local Experts: Often a local expert in an area such as a department, office, or computer
cluster on campus serves as a source of computing help and information for others using
computers in that area. The local expert may be someone who just has an interest in
computing, not necessarily someone hired in a computing capacity. On the other hand, some
schools or departments on campus provide a full-time consulting staff (e.g., the Graduate
School of Business, the Medical School).

Contacting your local expert about your computing communication needs and any related
problems can save time and effort. That person has computing knowledge and information
unique to your area.

In addition, each campus department or office with a local area network should have a local
network administrator who works with Network Systems to provide network planning,
information, installation, and roubleshooting for their group.

Expert Partners Program: If your local expent is also participating in the Expert Partners
Program offered by Information Resources (IR), he or she has special access to IR computing
resources and training and can often provide the information and assistance you need more
quickly than if you pursued other consulting resources on campus. Local experts in your area
who may be interested in participating in the Expert Partners Program can contact David
Lumadue of the Stanford Data Center at 5-1422, ge.wiz@forsythe or Tom Goodrich of AIR at
4-4747, ephelp@jessica.

Academic Information Resources (AIR): This group offers faculty, students, and staff a
broad range of free technical advice and consulting about academic computing applications at
Stanford. This includes information on microcomputers, workstations, on-campus mainframe
computers, and supercomputing. AIR consultanis can provide:
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« assistance in selecting a computer or software,

+ assistance in solving problems with 4 computer or a program you are using, and

* advice about using your computer in the Stanford academic environment and with other
computing systems at Stanford.

Consultants are available on a scheduled basis to help you with brief computing questions;
more complex or lengthy questions are handled by an appropriate specialist. You can also
send computing questions to AIR consultants via computer, nsing the electronic mail address
consult@air. For more information about AIR consulting services, contact ATR at 723-1055.

If you have a computing question, but are not sure where to go for an answer, begin with the
consultants in Sweet Hall. They are available Monday through Friday, 9:00 a.m. to 5:00 p.m.
to address general and specific computing questions.

To assist you with using AIR computers (mainframes, workstations, and microcomputers),
student consultants are available in Sweet Hall, 723-0325 and in the AIR Tresidder Union
Macintosh Cluster, 723-1315. These consultants handle guestions regarding AIR
introductory classes; accounts for the AIR mainframes and workstations; and sponsorships for
disk space and additional computer resource allocations. They also support faculty and
teaching assistants using the AIR computer systems for Stanford courses.

If you are a UNIX system manager or developer at Stanford you may want to take advantage
of the services provided by an AIR initiative, SPUDS (the Stanford Program for UNIX
Development and Support). SPUDS provides development, licensing, and support for
widely-used versions of UNIX. This includes advising UNIX system managers on network
procedures and problems. For more information, see the SPUDS flier in the document racks
on the third floor of Sweet Hall or contact Liz Hayes, 723-5754 (ehayes@jessica) or Felix
Limcaoco, 723-4942 (flk@jessica).

Networking Systems: Stanford departments and offices who are planning and installing
computer network connections can contact Networking Systems for assistance. Consultants
in Networking Systems work in cooperation with consultants at AIR and the Stanford Data
Center to offer such services as preparing bid packages, coordinating equipment orders, and
overseeing cabling contractors’ work. Consulting is available by appointment. There is no
charge to academic departments for these services, except for very large or extended network
projects. For more information, call Networking Systems at 723-3909.

Networking Systems also provides copies of SU-Mac/IP and SU-PC/IP, Stanford-developed
communication software for the Apple Macintosh and IBM PC systems, respectively. Each
program costs $10 and comes with an administrator’s manual and a user’s manual.

Communication Services: This organization can provide dedicated data connections to the
Gandalf data switch, specially conditioned telephone lines for use with modems, and point-to-
point circuits for local area networks, Communication Services can also provide estimates and
installation management for specialized data cabling projects. Any Stanford department’s
authorized telecommunications representative (known as a STAR) can request these services
with the Communication Service Order (CSQ) form. Trouble reports can be made twenty-
four hours a day, seven days a week to the Systems Control Center at 723-1611. For
consulting and information, call 725-HELP.

Stanford Data Center: The Stanford Data Center provides consulting advice about the
software and services on its IBM 3090 mainframe computer (Forsythe), as well as the
administrative applications of computers. These services are available to members of the
Stanford community who use Forsythe or who work in administrative departments. Walk-in
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consulting hours are from 10:00 a.m. to noon and 2:00 p.m. to 4:00 p.m., Monday through
Friday, at the Consulting Office in Forsythe Hall. Phone consulting (723-2046) is also
offered during these days and times, although it begins a1 9:00 a.m. You can use the
CONSULT command on Forsythe for on-line questions.

You can get free copies of Samson, the Stanford Data Center’s communication software for
IBM PC and Apple Macintosh systems in exchange for a blank diskette at the Forsythe Hall
Information Desk.

Other Documentation

The following documentation provides more information about computer communications at
Stanford. Copies of the documents are available in the ATR document racks on the third floor
of Sweet Hall or from Networking Systems at 723-3909.

Note that Using Computers to Communicate is part of the series of documents, Connection
Alternatives for Data Communication at Stanford, which describe computer communication
alternatives at Stanford. The other documents in the series are preceded by an asterisk in the
following list. A summary of the information in these indicated documents is included in the

. section Communication Hardware and Software on page 9.

A Quick Guide to Electronic Mail, September 1988, 2 pp. Describes how 1o use
electronic mail to correspond with off-campus colleagues. Available from AIR.

Acquiring a Local Network at Stanford. November 1985, 14 pp. Steps involved in

local network acquisition as illustrated by three case studies. Available from Networking
Systems,

*Apple Macintosh Computers—Connection Alternatives for Data Communication
at Stanford. March 1989, 21 pp. Provides IR recommendations for the hardware and
software needed to use an Apple Macintosh computer to communicate at Stanford.
Available from AIR and Networking Systems.

Catalogue of Networking Materials; Documents, Video Tapes, and Software.
March 1989, 8 pp. A bibliography of materials distributed by Networking Systems and of
documents distributed by AIR as part of their program for UNIX development and support.
Available from Networking Systems and AIR.

Electronic Mail Across SUNet. Revised February 1989, 9 pp. A brief summary of the

electronic mail systems accessible via SUNet. Available from AIR and Networking
Systems. .

*IBM Personal Computers—-—Conﬁection Alternatives for Data Communication at
Stanford. March 1989, 16 pp. Provides IR recommendations for the hardware and

software needed to use an IBM Personal Computer to communicate at Stanford. Avaﬂablc'
from AIR a.nd Networking Systems.

*Local Area Networks (LANs) Compatible with SUNet—Connection Alternatives
for Data Communication at Stanford. In progress

*Off-Campus Computer Networks. February 1989, 9 pp. Summary of cxtcmal
networks accessible to campus computers connected to SUNet. Avaﬂablc from AIR and
Networking Systems.
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Stanford University—Macintosh/Internet Protocol (SU-Mac/IP), Yersion 3.0 with
the Macintosh Mail Handler (Mac/MH) Version 1.0, User’s Manual, September
1988, 111 pp. and Administrator’s Manual, 64 pp. Manuals for SU-Mac/IP users and
local network administrators inside and outside Stanford. One paper copy of each manual is
included in SU-Mac/IP software package; additional copies of the manuals cost $2 each.
Available from Networking Systems only,

Stanford University—Personal Computer/Internet Protocol (SU-PC/IP), Version
3.1: A Communication Program for IBM Personal Computers, May 1989,

101 pp., Administrators Manual, May 1989, 40 pp., and Quick Reference Guide,
May 1989, 2 pp. Manuals and a reference card for SU-PC/IP users and local network
administrators inside and outside Stanford. One paper copy of each manual and one copy of
the reference card are included in the SU-PC/IP software package; additional copies of the
manuals cost $2 each. Available from Networking Systems only.

*Terminals and Terminal Emulation—Connection Alternatives for Data
Communication at Stanford. In progress.

The SUNet Connection—Brachure. Revised September 1988. A brochure explaining
what SUNet is, the services it offers, who provides SUNet connections, what SUNet
services are available from Nerworking Systems, what costs are involved, and how to get
more information. Available from AIR and Networking Systems,

Using Electronic Mail: the mm Program. April 1989, 22 pp. An overview of how to
use the mm program on Hamlet and Macbeth, TOPS-20 systems operated by AIR.

Where to Find Help with Networking at Stanford. Revised March 1989, 2 pp. A
summary of sources of help for users of Stanford’s data, video, and voice communication
systems. Available from AIR and Networking Systems.

*Workstations and Host Computers (Mainframes and Minicomputers)—
Connection Alternatives for Data Communication at Stanford. In progress.
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Glossary of Technical Terms

This glossary contains terms used both in this document and in the other documents in the series
Connection Alternatives for Data Communication at Stanford. (See the section Other
Documentation on page 14 for a list of the other documents in the series.)

Adapter: A printed circuit board that is inserted into a computer to add some function to it, such
as networking capability. An adapter is also called a board or a card.

AppleTalk: Apple Computer’s name for its network architecture. The name was formerly used
for Apple’s cabling system, which is now called LocalTalk. See also EtherTalk, LocalTalk, and
Network Architecture. :

Application: A software program, such as a word processor, spreadsheet, or electronic mail
program, that is actually used by a computer user, as opposed to lower-level programs that are part
of the computer system itself.

ARPANET: The nationwide network established by the Advanced Research Projects Agency of
the United States Department of Defense in the early 1970's to support research in computer
resource sharing. The ARPANET network is part of the Intemnet. See also Internet.

BARRNET: The Bay Area Regional Research Network is a cooperative network, using the
TCP/IP protocols, that connects SUNet with Bay Area universities, corporations, and research
centers. BARRNET is part of the Internet. See also Internet.

Baseband: A system of cabling that allows only one signal at a time (only one channel of network
traffic). Also called Ethernet, baseband systems are easy to install and support high data
ransmission rates. See also Ethernet, Broadband.

BITNET: A worldwide network of computers in University computer centers, mostly consisting
of large IBM mainframe computers. BITNET stands for Because Its Time NETwork.

Bits per second: The basic measurement for the speed of data communication. Since one
character normally takes eight bits (one byte), you can calculate characters per second by dividing
the bits per second rate by eight. See also Byte.

BNC: The name for the type of twist-on, locking connector used with thin Ethernet coaxial cable,

Broadband: A system of cabling that supports multiple channels of network traffic. For example,
an entire baseband network such as an Ethernet computer network can be carried on a single
broadband channel, while video signals or other forms of data are carried on other channels,
Broadband systems are more expensive to install and maintain than baseband systems. Broadband
is also used for cable TV systems. See also Baseband. ‘

Bulletin board: An electronic message system that you can use to post or obtain information
about a variety of subjects. A bulletin board is also called a bboard.

Byte: A unit of information processed by a computer that is equal to eight bits. A byte is often
equivalent to one character. The letter “A,” for example, can be represented by the eight binary
digits 01000001. See also Bits per second.

Using Computers to Communicate 19



Coaxial cable: A type of communication cable used for networks and for connecting some
terminals to mainframe computers. Used in most high-speed networks, coaxial cable consists of a
central, insulated conductor around which is wrapped a braid or foil (sharing the same axis). This
concentric design allows coaxial cables to carry high-frequency signals, and the foil or braid on the
outside protects the signal from interference from outside fields. See also Twisted pair cable.

Data switch: A piece of equipment that allows a terminal or a personal computer to connect to a
computer network. Stanford terminals and personal computers use the Gandalf data switch to
connect to the Stanford telephone system for communication among computers. See also Gandalf.

DECrnet: Digital Equipment Corporation’s name for its network architecture. See also Nefwork
Architecture.

EtherTalk: Apple Computer’s name for its AppleTalk protocols when they are used on an
Ethernet network. See also AppleTalk, Ethernet.

Ethernet: A local area network cabling system and signaling method designed by Xerox
Corporation and now supported by most computer manufacturers. Ethemet is a standard for high-
speed computer networking; it operates at 10 million bits per second over distances up 0 1500
feet. SUNet is made up of Ethernet networks. See also Baseband.

Gandalf: The manufacturer of terminal-oriented communication equipment that supplied the data
switch in use at Stanford. Gandalf also supplies the line interface devices through which terminals
and personal computers on campus connect to the data switch. See also Data switch.

Gateway: A special-purpose computer that connects two or more parts of a network, or two
different kinds of networks. A gateway can also be called a rowzer.

Hardware: Any piece of equipment in a computer system, e.g., printer, cable, modem.

Host computer: A multi-user computer that provides services both to users logged on to the
system and to other computers on the network.

Interface: In the network hardware sense, an interface is a connector that meets the requirements
of a specific communication standard, such as Ethernet.

Internet: An interconnected set of networks, mostly funded by agencies of the U.S. government
for research purposes, all using the TCP/IP protocols. The Internet is mostly within the United
States, but does have connections to Europe and Asia. SUNet is connected to the Internet.

Local area network (LAN): A network that operates in a limited area, such as a single
building. A LAN consists of a transmission medium (cables) and the machines connected 1o it.

LocalTalk: Apple Computer’s name for the cabling system and signaling method it designed for
use with Macintosh computers. LocalTalk operates at a speed of 230,000 bits per second. See
also AppleTalk, PhoneNET.

Mainframe computer: A computer that is larger and usually more powerful than a
microcomputer or a workstation. It can run large programs and handle many users
simultaneously. Examples of Stanferd mainframe computers are: Forsythe, an IBM 3090

operated by the Stanford Data Center, and Portia, 2 VAX 8800 operated by Academic Information
Resources,
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Microcomputer: A small computer designed to serve a single user. Examples of
microcomputers include the IBM Personal Computer and the Apple Macintosh systems.

Modem: A modem is a device that connects 10 a computer or a terminal and acts as a translator. It
converts data from the computer or terminal into tones that can be transmitied over telephone lines
and converts tones sent over telephone lines into data that can be understood by the receiving
computer. The modem is connected to the phone line; many can be used without a telephone
instrument.

Network: The wiring, hardware, and software that connect devices such as host computers,
personal computers, and printers so that they can share information.

Network architecture: The set of hardware, protocols, and applications that has been defined
by a computer manufacturer or other organization for adding networking capability to a computer
system.

Node: Any computer on a network.

| NSFNET: A nationwide network established by the National Science Foundation to promote
computer communication between science researchers. The NSFNET network is part of the
Internet. See also Internet. :

Operating system: A program that directs all the activities of a computer and its peripheral
devices {e.g., printers, terminals, disks). Examples of commonly-used operating systems at
Stanford are: UNIX, TOPS-20, and VM/CMS.

OS1 (Open Systems Interconnect): A proposed international standartd for network architecture
which is expected to become widely used in the next few years,

Packet-switching: A method of computer communication in which all computers share a
common network cabie. When a computer has data to send, it bundles up the data in a “packer”
that includes the address of the destination computer and sends it over the network. Packet
switching allows for remarkable flexibility, efficiency, and speed in communication.

Personal computer: A computer (as used in this document) refers to both microcomputers
{e.g., IBM PC and Apple Macintosh systerns) and workstations (e.g., Sun and NeXT systems).
A personal computer can operate on its own, or it can access the services of other computers.

PhoneNET: Farallon Computing, Inc.’s wiring and and signaling method that is used in a local
area network of Apple Macintosh computers. An alternative 1o Apple Computer's LocalTalk
system, PhoneNET operates at the same speed as LocalTalk (230,000 bits per second), but uses
standard telephone cable and connectors. See also LocalTalk, '

Port: In the networking sense, any hardware communication interface that allows a computer to
send and receive data.

Protocol: A set of rules incorporated into a sofrware program that govern how information is
exchanged over a network. Protocols provide for sharing a communication medium, addressing
the nodes on a network, and achieving reliable communication between nodes. See also TCP/IP.
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Repeater: A device that amplifies an Ethemnet signal, allowing an Ethernet network to cover a

longer distance. A multi-port repeater allows multiple Ethernet segments to be combined into a
single network. .

Router: See Gatewa}j.

Serial communication port: A kind of communication interface found on almost all personal
computers and most larger computers that allows low-speed terminal-oriented communication.
These ports usually conform to the standard known as EIA RS-232-C. See also Port.

Server: A computer that provides services such as file storage and printing to other computers on
a network.

Software: The name given to a program (a set of sequenced instructions) that directs the
operation of a computer, ¢.g., an operating system, protocols, or application software. See also
Operating System, Protocol, and Application.

SNA (Systems Network Architecture): IBM’s name for its network architecture.

SUNet: Stanford’s computer and video communication network, composed of the SUNet Spine
network, the SUNet video network, and all local-area networks connected to the SUNet Spine.
Sce also SUNet Spine.

SUNet Spine: A high-speed computer and video network at Stanford that connects to almost all
buildings on campus. Managed by Networking and Communication Systems, SUNet is an
Ethernet network; it is pant of Internet, a larger nationwide network, See also SUNet.

TCP/IP: Transmission Control Protocol/Internet Protocol or TCP/IP is a series of protocols
originally developed for the Department of Defense’s nationwide computer network, ARPANET.
TCP/IP is the protocol standard for SUNet and NSFNET. See also Protocol.

Terminal: A device used to access the services of a host computer. A terminal has a keyboard
and display screen like a personal computer, but it cannot run programs by itself. See also
Mainframe Compuier.

Terminal emulation software: A type of software program that allows a personal computer to
behave like a particular computer terminal (e.g., the DEC VT-100) and access the services of a host
computer. Sce also terminal.

Terminal-oriented: A method of computer communication that is based on a fixed connection
between two communicating computers. In a terminal-oriented network (also called a point-to-
point network), each node (which can be a computer or a terminal) is connected to a large central
switching system. A connection can be made to only one other computer at a time. Terminal-
oriented communication provides simple, low-speed services.

Thick Ethernet: Coaxial cable with a diameter of about 1/2 inch, the type of cable used for
SUNet tronk lines.

Thin Ethernet: Coaxial cable with a diameter of about 1/4 inch. It can be used to connect
computers to local-area networks and to connect local-area networks to SUNet.
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TIP: A Terminal Interface Processor is a specialized nctworl_t device that a]lows_ terminals (or
personal computers acting as terminals) that are connected to it to use remote login to connect to
host computers on a network.

Transceiver: A small device that attaches directly to an Ethernet cable to allow a single computer
to connect to an Ethemnet network. Most Ethermet adapter boards for personal computers contain
" built-in transceivers.

Transceiver cable: A cable that connects a transceiver (attached to an Ethernet cable) to the
Ethernet interface connector on a computer.

Twisted pair cable: A type of wiring used in computer networks that consists of two stranded
wires separately insulated and twisted together. Twisted pair cable is less expensive and easier to
install than coaxial cable, but it cannot normally carry data at rates as high, and it is more
susceptible to interference. See alse Coaxial cable.

Usenet; A worldwide network of cooperating computers using the UNIX operating system.

UUCP: A file transfer protocol specific to UNIX computers. UUCP is used to communicate over
Usenet.

Wide area network (WAN): A computer network that covers distances from one hundred to
several thousand miles and generally includes hundreds or thousands of nodes. Examples of wide
area networks include BITNET, NSENET, and Telenet.

Workstation: A computer similar to a microcomputer that can do more than one thing at a ime
(multi-tasking) or support more than one user (multi-user). Workstations usually run the UNIX
operating system or some variant of it. Examples of workstations include the Sun-4, DEC
VAXstations, and the NeXT systems.
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Computer Instruction
Facilities

Have You Heard the News?

Over the past year, changes have taken place on The Farm. Computers
and other instructional technologies are making their way into many
Stanford classrooms, and faculty can now use

several on-campus computer facilities for
course-related instruction. On the next
pages are descriptions of computer facili-
ties where faculty may choose to teach
classes. '

And this Autumn...

This Autumn, twe pilot projects are due from the Office of the Regis-
trar. For details about either project, please contact the Office of the
Registrar at 725-1884.

The first project is the introduction of overhead projectors into all class-
rooms in History Corner and in the Mitchell Earth Sciences building.
This year, the Registrar’s Office will monitor faculty use of the projec-
tors. Depending on the results of this project, the Registrar’s Office
will decide if wider distribution of overhead projectors in classrooms is
advantageous.

Secondly, the Office of the Registrar has initiated a pilot project to de-
termine faculty demand for microcomputer and liquid crystal display
technology as classroom teaching tools. The Office of the Registrar will
loan on a short-term basis:

* a portable Macintosh Icx microcomputer,
* a connected Chisholm Looking Glass LCD panel, and
¢ an overhead projector.

This equipment allows projection of the computer’s display on a large
screen at the front of the room.

AIR—October 1989




Classroom for Freshman English, Building 60

The Classroom for Freshman English in Building 60 on the Quad is
specially furnished with eighteen Apple Macintosh II computers with
two-page monochrome monitors. The instructor’s Macintosh is con-
nected to an LCD projector. An AppleShare file server and access to
SUNet are also available,

For details, call Course Scheduling, Office of the Registrar at
725-1892.

Computer-Projection Classrooms, Building 50

Two computer-projection classrooms in Building 50 on the Quad are
now equipped with Macintosh SE systems, overhead projectors, and
liquid crystal displays (LCD’s). The LCD’s allow instructors to project
computer images from the Mac SE computers on large projection
screens. Although this equipment is the property of Computer Scx-
ence, other departments may arrange to use it.

For details, call Course Scheduling, Office of the Registrar at
725-1892. ;

ICE Facilities, Sweet Hall

The Interactive Classroom Experiment (ICE) facility is located on the
ground floor of Sweet Hall and maintained by AIR. Currently avail-
able is a multi-media classroom with dual projectors (video and data)
and a network of twenty Apple Macintosh II computers with access to
SUNet. Five of the Macintosh IIs are set up as multi-media stations,
each controlling a laser disk player; these systems are used to intro-
duce videodisc-based courseware. Seven Sun 4/110 and seven NeXT
computers are available in another classroom.

For details, call Steve Loving of AIR at 723-9214, ‘ ;




The Meyer Library Forum Room

The Meyer Library Forum Room, Room 124 has a seating capacity of
120, This room contains a Macintosh SE and an IBM AT, both con-
nected to SUNet. The images from the microcomputers go through a
ceiling-mounted video/data projector and onto a large sereen in front
of the room. Instructors using the equipment in the Forum Room op-
erate in a self-service mode. They receive some introductory train-
ing, but regutar operation of the various machines is the instructor’'s
responsibility.

Besides the two microcomputers, equipment in the Forum Room
includes:

a 16 mm film projector,

a carousel slide projector,

an gverhead projector,

an opaque projector,

a VHS video cassette recorder,

a three-quarter-inch video cassette recorder, and
a sound system with microphones.

For details, call Course Scheduling, Office of the Registrar
at 725-1892.

Rooms 040 and 041, Jordan Hall

Rooms 040 and 041 in Jordan Hall are auditoriums with capacities of
297 and 180, respectively. These auditoriums have twin installations
of computer/video projection systems. Tentative plans include the in-
stallation in each room of a Macintosh Ilex, an IBM AT, a laser disc
player, a VHS VCR, a new public address and sound system, and a
ceiling-mounted color data/video projector—in addition to the more
traditional film and slide projectors.

For details, call Course Scheduling, Office of the Registrar at

725-1892. ;




Room 263, Language/Engineering Corner

Room 263 in the Language/Engineering Corner, has a video data pro-
jection system with a special VCR that handles both videotapes in
the European PAL and SECAM formats and videotapes recorded in
the American standard (NTSC). The equipment is for foreign lan-
guage instruction, but is also available for other courses. Although
this classroom is not currently equipped with computer hardware, its
ceiling mounted projector handles images from microcomputers.

For details, call Course Scheduling, Office of the Registrar at
725-1892.

Room 320, Geology Corner

The upgrade of Room 320 in Geology Corner is the result of a col-
laborative effort of the Office of the Registrar and the Stanford
Instructional Television Network (SITN). The complete face-lift
includes installation of special lighting, a sound system, and equip-
ment for the production of high-quality videos.

For details, call Course Scheduling, Office of the Registrar at
725-1892, ;

Room 410, Meyer Library

Room 410 in Meyer Library is a computerized classroom. Itis a spe-
cial-purpose computer facility with sixteen student stations, each with
an IBM XT microcomputer connected to SUNet. This room has a
video/data projector, which allows the instructor to project images from
his or her computer onto a large screen visible to the entire class.
Homework machines for classes taught in this room are available in
the Meyer Microcomputer Cluster.

For details, call Course Scheduling, Office of the Registrar at
725-1892,




AIR/IRIS
September 1987

GUIDELINES FOR CHOOSING A MICROCOMPUTER

Deciding which microcomputer to purchase can be a frustrating and time-consuming process.
There are many products from which to choose and many questions to be answered. This handout
provides information that can help make the selection process easier.

Before you begin choosing a microcomputer system, consider answers to the following questions.
Do you need 2 microcomputer?
You may want to purchase a microcomputer for any number of reasons:

* Typing papers and completing homework assignments
* Organizing data for a research project

+ Writing a dissertation or a book

* Learning about computer technology

Does your reason justify the cost of a microcomputer system, the time it takes to find the right
combination of software and hardware for that system, and the time it takes to learn how to use it?
(A “software” program is a set of instructions for the computer; “hardware™ is the physical
equipment that makes up a microcomputer system.) Is a computer available that you could use
(e.g., a computer system on campus, microcomputer clusters on campus, or the microcomputer of
a friend or colleague)?

How do you plan to use jt?

Do you have a specific task (or tasks) and can you complete it more quickly and efficiently using a
microcomputer? If your task is complex, time-conrsuming, or repetitive, the answer is probably
“yes.” If your work could just as easily be completed using tools you already have or that are less
expensive to purchase (e.g., a typewriter or a calculator), you may want to reconsider.

How often will you use it?

Using a microcomputer frequently means that you won't have to think about how it works. (Just
as you don’t have to think about how to drive a car when you drive it regularly.) You also won't
have to spend time re-learning how to use it.

If you decide 1o purchase a microcomputer, follow these steps. (Each step includes a page
number, indicating the section in this handout that contains information to help you complete that
step.)

» Determine your microcomputer needs (p.2).

« Consider some selection guidelines {p. 3).

= Choose software programs that meet your needs {p. 3).
« Choose hardware that can be used with your software (p. 4).

The final sections of this handout describe other sources of information and assistance and where
to purchase a system.



DETERMINING YOUR MICROCOMPUTER NEEDS

Following are descriptions of some tasks that can be completed on a microcomputer, as well as the
types of software programs that are necessary to complete these tasks. These descriptions should
help you identify your immediate microcomputer needs, as well as what your future needs may be.

Word Processing: A word processing program allows you 10 enter, edit, format, and print text.
If your work involves considerable typing and editing, such a program can increase your speed
and efficiency. Note that if you decide to get a word processing program, you will also need a
printer (unless you have access to a printer that is compatible with the program and the
microcomputer you choose).

Graphics: Many use graphics 1o urn lists of numbers into diagrams that make it easier to
understand or compare the data. If you use such charts or graphs for presentations or to illustrate
1ex1, you may want to consider graphics software. With such software, you may also need a
specialized video display screen and a printer or plotter to adequately display your graphics.

Communicating with other Computers: Communications software allows you 10
communicate with other computers on campus (and worldwide) and to transfer information among
these computers. More specifically, you could use your microcomputer for tasks such as
searching Socrates (the computerized version of the Stanford Libraries’ card catalog),
communicating with a distant colleague, and exploring bulletin boards available on various
computer systems. With communications programs, you may also need 2 modem (described in the
section, Choosing Hardware).

Financial Planning and Analysis: If your work involves financial planning and analysis
requiring complex and repetitive calculations, a spreadsheet program provides added power,
versatility, and speed. You enter numerical data and formulas into a grid of rows and columns;
you can subsequently change some values and the rest will be automatically recalculated.

Filing Information: If you want to collect, organize, and manipulate large amounts of
information quickly and efficiently, consider a database management program. A database is
simply a collection of information, organized for easy retrieval. Examples of databases nsed in
everyday life include an encyclopedia, a telephone book, or 2 library catalog,

Statistical Analysis: Statistical software allows you to explore, describe, and summarize
numerical data, and to test hypotheses about patterns in the data. Although you don’t need an
extensive knowledge of staistics to run statistical software, you should know enough about
statistical methods to plan your analyses and to interpret the results meaningfully.

Programming: Programming is writing your own programs (or sets of instructions) for a
computer in a specific programming language such as BASIC, Pascal, or C. To write your own
programs, you must not only know (or learn) a programming language but also leam at least some
technical information about the microcomputer you choose.

Education: You may want to use a microcomputer as an educational tool. There are programs
for almost any subject, covering material from kindergarten through graduate courses. Examples
include drills for typing, spelling, and languages, as well as tutorial programs for history,
architecture, and biclogy.

Recreation: There are game programs for most microcomputers that are similar to those found in
video arcades, as well as other more sophisticated games and simulations.
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SELECTION GUIDELINES

Keep the following guidelines in mind as you choose the hardware and software for your
microcomputer system.

Personal Preference: Although the recommendations of others may help you make a decision,
it is important to choose the microcomputer that you prefer; the one that you feel most comfortable
using.

Working Environment: Consider where you will be using your microcomputer and if others
will be using it. If you want to share files with a colleague or classmate who has a microcomputer,
be sure that the two systems are compatible. Additionally, think about the software you may want
to include for your family or friends.

Learning Curve: Try out the software programs you need, as well as the micrecomputers you
are considering, to see if you can learn the basics quickly.

Ease of Use: Will you have to spend so much time “using” your system that you won’t be able
to concentrate on your work?

Cost: Decide how much you want to spend for a microcomputer system now and how much you
would consider spending on that system in the future. (Once you have used your system, you may
need additional software programs, the systern may need repair, or you may want o purchase
additional equipment.) Be sure to include the cost of the basic system, the software programs, and
any add-on equipment that you need (such as a printer).

CHOOSING SOFTWARE
When choosing software programs in general, consider the following guidelines.

Features: Be sure that the program you choose has the features you require. Examples: You may
want a word processing program that handles large documents, a table of contents, indexes, and
footnotes. If your work involves the use of special foreign characters, diacritics, or complex
mathematical formulas, you may want a word processing program that handles them. You may
want graphics software to plot research data or just for presentation or business graphics.

Evaluation: Be sure to “test drive” the software you are considering, preferably with some of
your own work. Any reputable software dealer welcomes prospective buyers who want 1o try out
various programs. Some programs are available in the Microcomputer Consulting Lab, co-located
with the AIR/IRIS consulting service on the third floor of Sweet Hall. (See the section, Other
Sources of Information and Assistance, for details about the microcomputer lab.) You can also
check the software reviews that appear in computer magazines.

Menus or Commands: Those new to computing usually find a menu-driven software package
easier to leamn and use. Menus allow you to choose from a selection of actions to be taken by the
computer; you gon't have to remember commands. Some more experienced computer users prefer
command-driven software programs because they offer more flexibility and direct control of the
computer. You initiate an action by typing a command on the keyboard. Some software packages
are based on menus that you can bypass for commands, once you become more experienced.

Documentation/Support: The more complete, clearly-written, and well-organized the
documentation is, the less time it takes to learn and become proficient in using the software. Many
software companies also provide support for program owners by notifying them of updates to the
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software. Many companies have a customer support phone number which is staffed by those who
know the software dnd the computers on which it runs.

Memory Requirements: The memory needed to store and use software is a temporary storage
area in the tnicrocomputer called Random Access Memory or RAM. Check to see how much
memory the software requires o operate. Sometimes the amount of RAM determines the amount
of data or information that can be conveniently handled by the software. In general, the more
complex the software, the more memory it will need.

Compatibility: Consider the following to ensure that each software program you purchase is
compatible with the rest of your microcomputer system and with other microcomputers that you
may want to share information with.

+ Does the software require the same operating system as the microcomputer you want to
purchase? {An operating system is the software program that controls the basic operations in a
microcomputer. It is necessary for the other software 1o work.)

+ Is the software compatible with the other software you might use with it? For example, can text
created with your word processing program be transferred to another computer using your
comrnunicaticns program or can the graphics you create with one program be inserted into taxt
created with your word processing software? It is difficult to anticipate the uses you might
make of a microcomputer that would raise these compatibility questions. On the other hand,
the more they can be anticipated, the more likely you will be satisfied with your choices.

* What peripherals can be used with the software? (A peripheral is a piece of equipment such as
a printer, a display screen, or a disk drive that can be added to a basic microcomputer system.)
For example, you should find out whether a graphics program needs a color display screen or
whether a word processing program works with the printer you are considering,

* Is the software compatible with the software used by your friends and colleagues who have
microcomputers? If you plan to share files created on your microcomputer with others who
have microcomputers, this is an important consideration. Additionally, if you have the same
software as your friends or colleagues, it may be easier to get help or advice on using the
program.

CHOOSING HARDWARE

Following is a list of the types of hardware you should be familiar with when choosing a system.
(You may or may not need all of them.) A basic system usually consists of the first five items.

Keyboard; other input devices for entering information and controlling the computer

Display screen for displaying data

Central Processing Unit (CPL)) where the processing of data and instructions occurs

Internal memory for temporary storage of software and data; RAM

Disk storage device for permanent storage of software and data

Printer for printing copies of your data on paper

Modem for communicating with other computers

Cables and connectors for printer, modem, display screen, etc.

Optional internal boards for communications, color graphics, additional internal
memory, etc.

Additional disk storage to accommeodate software or data that requires more disk
storage than your microcomputer has

Power supply enhancements to protect against electrical fluctuations and blackouts

that can cause a loss of data

4
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When choosing your basic microcomputer system and its components, consider the following
guidelines.

Keyboard: As you try out the keyboards of various systems, notice the following:

Size : Is it a full-size, typewriter-style keyboard and do your fingers fit comfortably on the keys?
{Can you type without accidentally pressing keys next to the key you want to press?)

Layout : Are the keys that you will be using frequently located so that they are not difficult to
reach? For example: Are the Shift keys in the same position as typewriter Shift keys? Are the
cursor movement keys positioned so that their use is almost intuitive? A good semp would be
four keys arranged in a “cross” so that the key that moves the cursor left 1s on the left, and 50 on.
(The cursor is a visual indicator, usually a small rectangle, that indicates your actual working
point on the microcomputer screen.)

Touch : Notice as you type whether the keys' resistance to your touch is comfortable for you.

Special Keys : Are there function keys that can be programmed for specific functions by
software or by instructions stored in the system? Some people find that function keys can make
a microcomputer easier to use.

Flexibility; Is the keyboard detached? Can it be tilted? Is the cable unobtrusive?

Other Input Devices: There are other devices, besides the keyboard, for entering information
and controlling a microcomputer. Examples are the mouse (a small hand-held device, with one or
more buttons, that is moved around on a flat surface), a graphics tablet (a combination mouse and
clectronic drawing board), and a touch display screen that allows you to control your system by
touching the screen. You may want to consider one of these devices if it is necessary for your
work or if you find it easier to use than the keyboand.

Display Screen: The most common display screen for 2 microcomputer system is a video screen
using a cathode-ray tube (similar to a TV). Monochrome (one-color) displays are usually sufficient
for textual and simple graphics displays; color displays are most useful for sophisticated graphics
systems but they may not have the resolution preferred for extended word processing sessions.

Monochrome displays are usually referred to by the color of their display: amber, green, or white.
You can usually choose whether to have the image displayed in black against the background color
or as the display color against a black background. Try out the various display combinations to see
which is most comfortable for you.

When trying out display screens, be sure to notice if the image is clear and sharp, Also find out
how many characters can be displayed on the screen. For wond processing, a format of at least 25
lines of 80 characters is preferable.

Internal Memory: The internal memory you can temporarily store data in and make changes,
additions, or deletions to is calied random-access memory or RAM. You should know how much
RAM comes with your microcomputer systern and how much you can add. The amount of RAM
you need largely depends on the memory requirements for the software programs you plan to use. .

Note that when a microcomputer is referred to as a “512K system” it means that it has 512
kilobytes of RAM. (A kilobyte is equal to 1024 bytes. A byte is a unit for storing data in a
computer; it is usually equal 10 one typed character. A single page of double-spaced typewritten
words will take up approximately 1500 bytes or 1.5K.)




Disk Storage Device: A disk storage device allows you to store information (e.g., the text you
prepare using a word processing program or the data you enter into a spreadsheet). There are two
kinds of disk storage devices for microcomputers: the floppy disk drive and the hard disk drive.
The one most commonly used is the floppy disk drive. Information is stored on a disk (also called
“floppy disk” or “diskette’) that is removable. Most microcomputer users agree that two floppy
disk drives are preferable to one, since dual drives cut down on the amount of disk-swapping that
is necessary when using a microcomputer.

The other storage device for microcomputers is a hard disk drive (also called a “fixed disk drive™).
Information is stored on a hard disk that is not removable. Although hard disks drives are more
expensive than floppy disk drives, they hold much more data and operate at a much higher speed.
To make backup copies of your data on a hard disk drive, you use floppy disks or you have to
purchase another hard disk or a piece of equipment to backup your data on magnetic tape.

Printers: Most microcomputer users want printed copies of the text, graphics, or data they
produce with their software. Consider the following when choosing a printer:

Print quality: Do you want draft, letter-quality, or camera-ready output? Do you want graphics
capability? When comparing printers, you should print sampies of the kinds of output you
require.

Features: Do you want to print on single sheets (such as letterhead) at times? Do you want to
print on envelopes? Do you need superscripts, subscripts, foreign characters, multiple fonts?
Do you need various paper widths?

Speed: How fast do you want your output to be printed? Many printers are rated at a print
speed in characters per second (cps), although such ratings are usually higher than the actual
speed. Some printers print faster at drafi-quality than at letter-quality.

Compatibility: Be sure that the printer you choose is supported by the software programs you
require. {Such information should be included in the documentation for the software,)

Ease of Use: How easy is it to change paper, ribbons, and other parts? Does the paper feed
without jamming? Do you need a printer stand?

Noise level: How much noise does the printer make? Will it need a sound cover?

Communications: In addition to communications sofrware, you may need a modem to
communicate with other computers, A modem is a piece of hardware that translates a computer’s
digital signals into modulated audio tones that travel on a telephone line, and translates audio tones
from a distant computer and modem back into digital form, (The word “modem” is a contraction
of “modulator/demodulator”, the technical term for this type of device.) A modem is either a
small box, separate from the microcomputer, or a circuit board that is inserted into an expansion
slot inside the computer,

Connecting Hardware Components: The external components of a microcomputer system,
such as display screens and printers, often require cable connections to operate. When purchasing
cable connections for the components of your microcomputer, test your software to be sure that
your basic system and the external components are communicating properly.

Potential for Expansion: Can you add additional memory and components to your
miCTocomputer as your computing needs change? Check to see if there are expansion slots in your
system for such additions. Also find out how many types of expansion boards are available for
your microcomputer, -
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Documentation/Support: Is the documentation casy to understand and o use? Does the
manufacturer provide a toll-free number that you can call for information and assistance? Does the
manufacturer or the computer dealer provide a service arrangement for the microcomputer you
want to purchase? How long is the wammanty? Most hardware comes with a 90-day warranty.
Computer dealers (or a computer maintenance center) offer maintenance contracts that cover the
equipment after the warranty expires.

Physical Dimensions (also called “footprint™): Be sure that the system you chobse will fit
comfortably in your work area. If you want a system that is portable (e.g., 50 you can use it at
home and at your office), be sure that it is not too cumbersome or too heavy for you to transport.

OTHER SOURCES OF INFORMATION AND ASSISTANCE

The following sources of information and assistance may prove useful when deciding which
microcomputer to purchase, »

Instruction and Research Information Services (IRIS): Instruction and Research
Information Services, a division of Academic Information Resources (AIR), provides informarion
about microcomputers to the Stanford academic community, IRIS consultants are available to help
you with technical problems and questions, and with choosing a computer system. For more
information, contact the IRIS office at 723-1055, or come 1o the third floor of Sweet Hall.

IRIS Microcomputer Consulting Lab: Members of the Stanford academic community can
evaluate hardware and software appropriate for academic applications at the IRIS Microcomputer
Consulting Lab. A variety of software is available for evaluation, as well as IBM PC AT personal
computers, and an Apple Macintosh SE and a Macintosh Plus. The lab is co-located with the IRIS
consulting service on the third floor of Sweet Hall; it is open Monday through Friday from

9:00 a.m. to 5:00 p.m.

Friends and Colleagues: Often your best sources of information are computer enthusiasts in
your dorm or depaniment, or friends who are using microcomputers.

Users Groups: A microcomputer users group is usually formed by owners of & specific type of
microcomputer who want to share information and experiences with other users of that system.
Most users groups have regular meetings and they welcome non-members. You can attend the
meetings of several different groups to get firsthand advice and recommendations from those nsing
the systems you are considering. There are several users groups on campus; for more information,
contact IRIS at 723-1055. Compurer Currents, a bi-weekly computer periodical, contains a list of
current microcomputer users groups. It is distributed free around campus and wherever magazines
are sold.

WHERE YOU CAN PURCHASE A SYSTEM

Microdisc: Eligible members of the Stanford community can get substantial price reductions on
selected microcomputer systems and some software through Microdisc, a discount purchase
program located on the second floor of the Stanford Bookstore. Many products from Apple,
Hewlett-Packard, and IBM are currently available, and consultants are on duty during normal
business hours to help you choose a system to suit your needs. For more information, faculty,
students, and staff should contact the Bookstore at 329-1217.

Computer Dealers: As you try out various microcomputer systems, go to several computer
dealers. Find one you feel comfortable with, just as you would when choosing a mechanic. A
computer dealer who is an excellent source of information and assistance may be the one to
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purchase your system from, even if that dealer’s prices are not the lowest. You may want to ask
others who own systems like the one you are considering to recommend a local dealer.

Mail Order: If you purchase through mail order, you can save money on your microcomputer
system and software programs. However, there is some risk associated with mail order purchases;
the level of support for the products may be substantially lower than that provided by a dealer.
Because of Stanford’s proximity to Silicon Valley, many large mail order houses have retail
locations within easy driving distance. Check comiputer magazines that focus on the system you
are considering for mail order ads.
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INTRODUCTION

The Academic Data Service (ADS), a joint endeavor of Stanford University Libraries
(SUL) and Academic Information Resources (AIR), is a coordinated service program for the
acquisition and use of research materials in machine readable form (Machine Readable Data
Files, or MRDFs). These are distributed to Stanford by the [nter-university Consortium for
Political and Social Research (ICPSR), the Roper Center, and other national and international
archives, and include census records, election returns, public opinion polls, and statistics and
other information covering a wide variety of topics.

This guide is intended to assist you, the faculty, students, and staff researchers at
Stanford, in using data files through the service, It describes the steps you typically go
through to use the service, from knowing about a desired data file, to using the data file on the
ADS host computer.

FINDING DATA FILES AT THE STANFORD LIBRARIES

Knowing About A Data File

Computer files are part of the Stanford University Libraries collection. Researchers
affiliated with Stanford University and interested in accessing computer data files usually
come to the Libraries with a certain amount of information about the data file they want. Some
individuals are very knowledgeable about the data files made available by data archives and
approach reference staff with a specific citation for the data file they want to use at Stanford.
Computer files are catalogued in Socrates, the on-fine catalog. Individuals who have located
records for a spedific data file or codebook then approach reference staff or a bibliographer to
find out what they should do next.

Other researchers have a very general idea of the kind of data they need-—-they
consult with the reference staff to determine if a data file that meets their needs exists in the
Library's collection or elsewhere. You might know, perhaps from a colleague whe has used the
file before, that the University Libraries have already acquired a data file you want to use, or
that it is available from an outside agency. Contact reference staff or the bibliographer who
works with your department or school to find out how to get access to the data file.

Looking up Pata Files in Socrates

Stanford University Libraries have been acquiring data files for many years. The
Camputer Files file in Socrates lists all the data files acquired by the Libraries. Reference
Librarians can assist you in searching this file in Socrates, or for on-line assistance you can type:

HELP DATA FILES

Most data files have accompanying documentation. These codebooks are also cataloged
in Socrates and shelved in one of the Stanford University Libraries {most often Green Library).
One copy of each codebook wiil circulate to individuals with valid borrowing privileges.

Once you have located the data file you desire, you can request that it be made
available to you. See "Requesting a Data File", below, or use the HELP DATA FILES command
in Socrates, for instructions on making the request.

Data Files Not Among Current Library Holdings

There are data files not currently in the Library's collection that may be obtined from
various organizations. The Library's acquisition decisions are based on support for the graduate
academic and research programs at Stanford, individual doctoral research support, cost of
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acquiring the data file, and the assumption that any data file purchased will become part of
the Academic Data Service and be accessible to the Stanford community. Some sources of data
files are described here,

Stanford is a member of the Inter-university Consortium for Political and Social
Research (ICPSR), and Eddy Hogan, at the General Reference Desk in Green Library, is the
Official Representative. This large data archive organization produces a yearly listing of its
data file holdings, the Guide to Resources and Services (H61.G85, at the General Reference
Desk, Green Library; Jonsson Library of Government Documents; Cubberley Education Library;
and there is a circulating copy in Green Library stack).

Data files from the ICPSR may be requested directly through Eddy Hogan or Eric
Heath of General Reference. Librarians in other locations may verify that the data files
desired by their clients are listed in the ICPSR Guide and make order referrals to Eric.

Stanford is also a member of the Roper Center for Public Opinion Research and data
files may be acquired through this center. The Roper Center produces some documentation about
its data file holdings, but it is not as detailed as the ICPSR guide. If you are interested in a
study conducted by the Roper Center, contact Eddy Hogan or Eric Heath to verify the
availability and cost of the data file.

.Generally, acquiring ICPSR data files is inexpensive compared to data files from
Roper. Roper will also produce reports especially taifored for the individual researcher, thus
eliminating the need for the researcher to process data. These reports are very expensive and
are approved only after serious consultation, negotiation with Roper, and written support by a
Stanford faculty member, See Eddy Hogan for more information.

Often agencies of the United States Federal government have produced data files that
are not made available through ICPSR or the Roper Center. SeeJoan Loftus in the jonsson
Library of Government Documents. '

International governmental agencies, such as the World Bank, may also produce data
files not made available through ICPSR or Roper. See David Rozcuszka in the Jonsson Library
of Government Documents.

You may know of more elusive data files that are not included in the categories
mentioned above. Consult with Eddy Hogan about acquiring these. The General Reference
Department has a collection of data archive catalogs which may be helpful in locating the
data file you need.

Sometimes a scholar or group of scholars have produced a data file as part of a research
project sometime in the past. No attempt will be made by Library staff to locate such data
files. As a general principle, data files produced by individual scholars that are not well
documented and not formatted according to specifications acceptable to the Academic Data
Service will not be acquired. ‘

When Your Data File Arrives

After your data files are received by the Stanford University Libraries, you will be
informed that the data files have been sent for processing into the ADS Library. When these
have been processed, an entry for the new data files is made in Socrates, providing you with
the information needed to request the files be made available for personal use. (The following
section, "Requesting a Data File," provides instructions for making this request.) The codebook
for the data file will be rush cataloged and the requestor will be notified when it becomes
available at the Loan Desk of the library where the book will reside,
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REQUESTING AN ADS DATA FILE

The ADS H mputer: W, N

Data that you request through the ADS are made available on the AIR [BM 4381
VM/CMS ccomputer, WATSON. You can work with the data on WATSON (using the statistics,
graphics, and other software there) or transfer the data from WATSON to another computer
for processing. When you request a data file, you are provided an account on WATSON and the
data file is loaded onto disk for you there.

The Academic Data Service may be used only by Stanford University faculty members,
students and staff. The WATSON computer may not be used for research that is sponsored
(funded) by any agency external to Stanford (i.e., goverrunent or industry sponsored research),
WATSON accounts are granted to individuals. You may use only your own account. You may not
grant permission to any other person to use your account.

The ADS Request Form

Once you have located the desired data file in Socrates, you need to request that it be
loaded onto disk and an ADS WATSON account be created for your use, In Socrates, typing

HELP DATA FILES
or
HELP REQUESTING

will give you general information on requesting data files through the ADS. From the Socrates
entry, note the following three pieces of information for each file you will request:

(1) the File Title,
(2) the Tape Number, and
(3) the File Number.

You request a data file by completing and handing in an Academic Data Service Data
File Request Form. This form is available at the Reference Desk of Green Library, the Jonsson
Library of Government Documents, and the Cubberly Education Library. See Appendix A fora
sample filled-out form. If you already have a WATSON account, you may make the request
electronically by copying a Request Form Template, modifying this template file to include the
request information, and sendding it to the WATSON account ADS. To do this, type

COPYFILE ADS REQUEST P ADS REQUEST A
XEDIT ADS REQUEST A

SENDFILE ADS REQUEST A TO ADS

Requests are processed daily, Monday-Friday, and an account is generally ¢reated
within one working day. Data files may take longer depending on the availability of disk
space,

PLEASE NOTE: Although you may already have a WATSON account as an affiliate of
the departments of Communications, Economics, Political Science, Sociology, the Law School or
IMS5SS, a separate account will be created for ADS use. A separate account is provided because
- of the large amount of disk space typically needed for working with the characteristically
large data files, and to enable the ADS to record computer usage rates and pattems,
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Loan Periods

ADS data files are library holdings, and as such, are provided to you on a loan basis.
You are given access to the data files and WATSON for specified "loan periods”. The loan
period for a data file is five weeks; the loan period for your WATSON account is ten weeks.
These dates are displayed on your terminal when you log in. The assumption is that the early
-stages of processing a raw data file include the generation of files containing the data in forms
used for all subsequent processing (e.g., data file samples or subsets, SAS data sets, SPSS*
system files); such files derived from the original data are stored on the private disk of your
WATSON account and remain available for the entire account loan period. '

L@n Renewals

You may request loan renewals toward the end of the five week data file loan period, or
the ten week period of your WATSON account by sending electronic mail to account ADS or by
sending an ADS Request Form through the Library. Such requests are considered on a case-by-
case basis, and approval depends on the availability of ADS resources on WATSON.

USING YOUR ADS DATA FILES ON WATSON

Getting Started with WATSON and VM/CMS

WATSON is host to a number of statistical packages and programming languages,
including SAS, SPSS* , BMDP, Minitab, VSFortran, Pascal /VS and PL/1, Terminais for access
to WATSON are located on the 2nd Floor of Sweet Hall. Other terminals and terminal
emulators connected to the Stanford network, or those with modems, can be used to work on
WATSON. -

WATSON uses the VM/CMS operating system. The AIR documents entitled,
"Introduction to VM /CMS Services”, and, "VM/CMS - WATSON Connections” (available on
the 3rd Floor of Sweet Hall) provide background information on subjects such as connecting to
WATSON from a terminal or dial-in, and use of the text editor, XEDIT. Once you are logged
onto WATSON, an extensive on-line help facility is available for your use. To see an overview
of how the help system works, use the command:

HELP INTRO

Another good place to begin learning about WATSON is by using the on-line news
system. Use the command:

NEWS
Classes on VM /CMS use are scheduled on a quarterly basis. To see the current schedule,
use the NEWS command and select the Intro Classes topic. A printed schedule is also available
on the 2nd Floor of Sweet Hall.

The WATSON text editor, XEDIT is used to create and save files. XEDIT instruction is
available through an on-line tutorial. To access this tutorial use the command:

SLFTEACH
ngu |t rvi
Consultants are available to help you with general and specific questions regarding
the use of WATSON and VM/CMS. To find out who these consultants are and their schedules,

use the command:
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HELP CONSULT

Statistical package consultants are also available to help you with questions regarding
statistical software sech as SAS and SPSS* ; call 723-1055 or visit Sweet Hall, 3rd Floor.

For mstanu: with an ADS WATSON account or an ADS data file, contact Felix
Limcaoeo, 3rd Floor, Sweet Hall, 723-4942 (electronic mail: ADS@WATSON).

ADS Disk Space Information

There are three storage areas that you should be familiar with while using your ADS
WATSON accomnt: your default minidisk A (A-disk), the ADS data disk{(s) which stores your
requested data files (C~disk), and temporary disk space (T-disk). _

A-Disk

Your A-disk allows you unrestricted READ and WRITE privileges and is created at the
same time as yomr ADS account. You should be able to use the A-disk to store all the working
files, data extractions, statistical package system files, listings, logs, and programs, that you
create while working with your data file. This disk remains available as long as your account
is active.

C-Disk

Your requested data file is loaded onto a separate data disk, a C-disk. You have READ
ONLY privileges for the files on the C-disk. 'Ihsmxsthatyoummotwntetot}edxsk
preventing you from corrupting the data file in any way with editors or
onmehlesycumquest.yuumnybegwmﬂneREADONLYhnkmmmﬂ\anonedwk and
these additicnal disks will have filemode letters other than “C". In addition ko your account
and disk access due dates, the contents of all of your ADS READ ONLY disks are also
summarized when you log in. These disks remain available for 5 weeks. Directing the software
you use to read data in from your data disks and to route output to your A-disk will be discussed
in a later section.

T-Disks
Altrongh space provided by your A-disk should generally suffice, you may need to
access temporary disk storage for short periods of time. More information on setting up and
using T-Disks will follow later in this docoment. If you find that you need to access a temporary
disk please rexmember to release the disk space at the end of your CMS session. BE CAREFUL:
As the name mmpiies, fles on the T-disk are erased at the end of your session. Copy any files
needed later to a permanent READ/WRITE disk, like your A-disk, before logging off.
Statistical Software on WATSON
To see a list of software available on WATSCN, use the command:
HELF PRODUCTS
On-line help for SPSSX, SAS, BMDP, and Minitab are found by using the command:
HELP

and selectimg the desired topic.
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Programs such as SAS and SPS5* can be run in both interactive and batch mode.
BATCH processing can be of particular use to the ADS user. When working with long programs
or extremely large ADS data files, batch processing may be the only reasonable method for
processing your programs. For more information on batch processing use the command:

HELP BATCH

An example of using batch processing on SAS and SPSSX jobs is also given and discussed within
the appropriate on-line help file. Use the commands

HELP SAS
or
HELP 5PSSX

to view these help files.

Further information on the use of the statistical packages in the VM/CMS environment
can be found in the following AIR documents: "Using SPSSX on the VM/CMS System”, "Using
BMDP on the VM/CMS System”, "Using SAS on the VM /CMS System”, and "Using MINITAB
on the VM/CMS System.” These documents also point you to consultants and other sources of
more detailed information.

File Naming in VM/CMS
In the VM/CMS operating system each file is named using a three part name:
filename filetype filemode

: These specifications are often abbreviated fn ft fm. You give all files an arbitrary
filename, however the filetype and filemode names may have special significance. The
filetype can name the application or type of file. Some applications require specific filetypes
such as: SAS, SPSSX or EXEC. The filemode names the minidisk where the file is stored. Your
ADS data files are normally stored on a disk your CMS session accesses as the C-disk, 50 you
will specify C for the filemode when naming these files. If other data disks are linked and
accessed by your account, use the appropriate filemode letter to access the data files on them.
All files that you create, like programs or system files, are generally stored on the disk
accessed as the A-disk, so the filemode is A. If the filemode is not specified on the command
line the defauit, A-disk, is used. -

SAS And Your ADS Data File

To access an ADS data file which has been loaded into your C-disk, you need to issue a
FILEDEF command within the SAS program. The CMS FILEDEF is used to Jink the SAS System
through the operating system to the location of permanently stored files. The syntax of the
FILEDEF statement as used in a SAS program is:

CMS FILEDEF DDname DISK fn ft fm;

In constructing the FILEDEF statement you will use a DDname, an arbitrary name for
raw data files (or a LIBREF when referring to SAS system files) and the fn ft fm of the file to be
used. For example, if a raw data file on your ADS C-disk is named SURVEYS84 DATA , the
DDname can be arbitrarily chosen to be rawdata and the FILEDEF statement in your SAS
program would be: :

CMS FILEDEF rawdata DISK SURVEY DATA C;
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You are then able to access this file through the standard INFILE statement by pointing to the
DDname rawdata from the FILEDEF.

INFILE rawdata;
S5P$5% And Your ADS Data File

To access an ADS data file which has been loaded into your C-disk, you need to use the
SPSS* FILE HANDLE command within your SPSS* program. This command is used to define
the location and the name of the file to be read or written by the SPSS* program. To use the
FILE HANDLE statement an arbitrary nickname, or handle is used. The syntax of the FILE
HANDLE statement as used in a SPS5% program is:

FILE HANDLE nickname | NAME = 'fn ft fm*

The file is defined by specifying the fn ft fm of the file to be used. For example, if your
ADS data file on your C-disk is named SURVEY84 DATA and the handle is arbitrarily chosen

to be rawdata, the corresponding FILE HANDLE statement in your SPSSX program would be:
FILE HANDLE rawdata / NAME = "SURVEY84 DATA C

You are then able to access this file through the standard DATA LIST statement by
pointing to the handle rawdata from the FILE HANDLE:

. DATA LIST FILE = rqwdata

. Scratch Files

Both SAS and SPSSX create and use temporary system files during execution. These
files are normally written to your A-disk and are erased after completion of a program. They
are generally never seen by you; however, if the program is unable to write these temporary
files to the disk because of insufficient room on the A-disk, an error message similar to the
following wiil appear:

DISK 'A{0191)' IS FULL

This means you would then need to make room on your A-disk by ixsing the ERASE
command to delete files no longer needed, or acquire a temporary disk (T-disk) for the
temporary storage of these files.

LISTING Files

If you submit a noninteractive SAS program residing on your A-disk to SAS, after
execution the A-disk will contain the SASLOG and LISTING files under the filename of your
SAS program. Similarly, SPSS* will place the listing file on the same disk as the program
file, and will use the same filename as that of the command file with the filetype of LISTING.
You should be aware that these LISTING files-can be quite large if you request many procedures
within a single run. If they are not required on-line it is suggested that you print the files and
erase them from your A-disk.

If SAS or SPSSX tries to write a LISTING file to your A-disk and the disk is full, you
will receive a message on your terminal screen.
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Temporary Disk Storage

If you are unable to write either system files or output files to your A-disk, and you
have erased any files that are no longer needed, you may want to use a temporary minidisk.
The temporary disk is a valuable resource allowing you to expand the avaitable minidisk
space. For more information on how to obtain a T-disk use the command:

HELP TDISK

Perhaps the easiest way to utilize the T-disk is to follow these steps:

i. Copy your program file onto the T-disk using the COPYFILE command:
COPYFILE mftA fnft T

2. Renamne the program file left on the A-disk using the RENAME command:
RENAME fnft A newname newtype A

3. Execute the program named on the T-disk.
4. Look for the output files generated by the program on the T-disk.

Please note that if you do not RENAME the original program file still on the A-disk as
suggested in step 2, when you run the program, you will run the copy of the program file on the
A-disk, not the T-disk copy where all additional available space is located.

Programs that are copied to the T-disk can still point to files on the A- or C-disks using
either the FILEDEF or FILE HANDLE statements. The location of the file to be read or written
must be coded on these statements using the appropriate filemode,

After you have obtained a T-disk you need to be aware that when you LOGOFF the
CMS session the T-DISK and ALL of its contents are erased. If you want to store any of the files
for future use, you can copy them to another permanent disk or to tape.

USING ADS FILES ON OTHER COMPUTERS

You are encouraged to use WATSON's up-to-date software facilities for analyzing your
ADS data. If you prefer to use ADS files on another computer, you will have to transfer your
files from the WATSON account to it. Even if you indicate on your request form that you will be
using another.computer for your work on ADS files, you will be given a WATSON account. Since
you will not be processing data files on WATSON, however, a smaller A-disk will be assigned
to you. Your account and disk links will be active long enough for the file transfers to be made,
expiring 2 weeks afler your account is opened.

Transferring ADS Data Files

Please note the files requested through the ADS are typically quite large; before
moving the data to another computer, be sure it can handle the storage demands,

To another host computer
The File Transfer Protocol (FTP) is one method to electronically transfer files from
WATSON to another SUNet host (e.g., Lear, Othello, How) which supports the same protocol.

Type:
HELP FTP
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to obtain a description of the procedures and options for using this program.
To a microcomputer on SUNet

FTP may be used to transfer data from WATSON to a microcomputer which is connected
to SUNet. The programs, SU-PC/IP and SU-MAC/IP (available from Networking, Pine Hall)
are used on the IBM PC and Apple Macintosh respectively. Each program comes with a guide to
its use.

To @ microcomputer that is not on SUNet

The file transfer protocol, KERMIT, which is supported by WATSON, can be used for
copying files to and from microcomputer disks. Documentation for this software can be found by
typing:

HELP KERMIT
Another CMS command,
KERMIT DOC
lets you browse the KERMIT docﬁmentation in the XEDIT environment.
By Magnetic Tape

It may be more convenient or even necessary to transfer the data file to another host via
magnetic tape. The WATSON tape drives are self-service, and are located in the tape drive -
room in the CERAS building. You must supply your own tapes; they are available from most
stores that sell data processing supplies. To find more information on creating tapes in the
VM/CMS environment use the cormnman:

HELFP TAPES

When creating copies of any data file on tape be sure that the tape you create is
readable by the alternate host machine. The tape facilities and tools on WATSON allow you
to create tapes at either 1600 or 6250 BP!, and in either CMS, unlabeted, or IBM Standard Label
format. Check with the systems staff of the alternate host machine to learn the tape formats
supported there.
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APPENDIX A: Sample ADS Request Form

ACADEMIC DATA SERVICE
DATA FILE REQUEST

Please leave completed forms at the Reference Desk

Name:___Ronald Reseqrch ___Date: 1/10/89
Stanford Department: __Stanford Center For Chicano Studies

Check One:

[ 1 Faculty [x] Doctoral [ ] Masters { 1 Post Doc
{1 Undergrad [] Visiting Scholar [ ] Staff

Phone Number(s):___home () 23800 work () 2

A new account on the WATSON computer will be created for you exclusively for use with your data files. If you
have an existing WATSON account, please choose a different Account Name for this, )

Account Name:__RONREES
(not more than 8 alphanumeric characters, no spaces, the first character must be a letter.)

Password:___ SOMEPASS ‘
(between 4 and 8 characiers ong; any characters are allowed, make sure that you remember it)

You can oy loggin on to WATSON using the Account Name and Password you've supplied in 1-2 working days. A
- message will be displayed when you log on telling you how to access your data files, when your link to these files :
expires, and when your account expires. If you are unable to log on please contact a WATSON consultant.

Will you be using your ADS files on WATSON or transferring them to another
computer?

[x] WATSON ' [] Other
Data File Request:

Obtain the information requested below from the Data File Directory entry for the ﬁlé Ask the Reference Desk for
help if needed.

FILE TITLE TAPE NO. FILE NO.
Current Population Survey: 1980 AS2506 ]
rent Populati rvey: 1983 AS2879 ]
............................................. FOROE-F[CEUSEONLY
Created: C Size:

CExpuwe:____ C Number:
AcctExpire: Renewal:
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Netwaorking and Communication Systems
Revised February 19898

Oft-Campus Computer Networks

This paper gives a brief summary of the off-campus networks accessible to computers ¢onnected
to tha Stanford University Network (SUNet). Specific information an connecting to these
networks is not covered here; Section 3 lists sources of more information.

1. AN INTRODUCTION TO OFF-CAMPUS NETWORKS

SUNet is Stanford’s cross-campus computer network. By connecting your computer or local area
network to SUNet, you gain access to a great number of Stanford’'s computers. In addition,
SUNBst links you to computers on large off-campus networks with hundreds or thousands of host
computers. This document describes some of those off-campus networks.

Off-campus networks fall into several categories in tarms of their administration and intended
purpose:

1. Research networks: Dasigned to facilitate research in varicus fields. Often research
networks are supported by the government and are centrally administerad.

2. Cooperative networks: Costs are often bormne by the Institutionat members of the network.
BITNET, described in section 2, is a good exampie of a cooperative network.

3. Company networks: Administered and funded by commércial organizationé, such as [BM,
" for intemnal use.

4. Public networks: Commercial entérprisés that provide computer connections and online
services to paying customers, They are operated by communication companies, Telenet is
ona example. Some private networks buy servicas from public network suppliars.

Every network has two basic components: the physical connection, a communication medium
between the computers (hardware); and the rules or protocols (software) that the computers use
to communicate over the connection.

Common communication media are coaxial cable, twisted pair, telephone _Iine‘s, optical fiber, and
satellite links. Many networks use a combination of these hardware items. Common protocols
are TCP/IP, XNS, DECnet, and SNA. There are many other protocols as well. -

- This document does not generally mention the communication media or protocols a network
uses, with one exception. The TCP/IP family of protocols is the protocol set used by SUNet and
the Internet, a network of networks. TCP/IP networks are particularly widespread among campus
networks. This document notes when a network runs these protocols because the services
provided and the addressing schemes used will be similar to the methods used on SUNet,
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providing a general frame of reference.

Computer networking is a growing and changing field. As new protocols are designed and

standards are approved, we are seeing a consclidation of protocols and greater connactivity
between networks.

2. A LIST OF OFF-CAMPUS NETWORKS

The following is a list of some of the impeortant off-campus computer networks accessible 1o
computers connected to SUNet. This list is by no means complete, but it does include the
netwaorks most commonly used or referred to at Stanford. Some of the networks described below
can only be accessed via other networks. You may need to investigate communication paths to
the various netwarks; see the section “Sources of Further Infermation” below,

Also, the networks listed below may have differing policies about who can use each network for
what purpose. Check with polential correspondents about whether you can send mail through a
network or use other services it provides.

Each entry includes general information about the network and its administration, what serviges it
provides, any costs or restrictions for using the network, and possible sources of further

information. The networks are divided into major groupings to halp you find tha information you
naed.

The Internat

The Intemet Is Stanford’s main link to other universities and research Institutes. The natlonwide
National Science Foundation Network (NSFNET) Is the backbone network of the Intarnet. Many
other govemment-sponsored, university, and corporate networks are part of the Internet, internet
networks all run the TCP/IP set of protocols and use the same naming and addressing
conventions. The following networks are all part of the larger Intermnet.

ARPANET

ARPANET is the research branch of the U.S. Detense Data Network. Funded by the Defense
Advanced Research‘ Projects Agency (DARPA) atthe U.S. Depanment of Defernse, ARPANET-
is far non-military uses and is restricted to a small group of researchers at institutions doing
projects funded by the government. Its mititary counterpart is MILNET.

ARPANET runs TCP/IP protocols, providing its users inih remote login, file transfer, mail
service, and other network information services. It is administered by the Network Information

Center (NIC) at SRi and the Network Operations Center {NOC) at Bolt, Beranek and Newman
(BBN). ‘
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BARRNET

The Bay Area Regional Research Network (BARRNET) provides high-speed connections
between universities and research organizations in northem California. BARRNET also
provides access to remote computing facilities, such as the NSF supercomputer centers.
Currantly, Stanford, the Universities of California at Berkeley, Davis, Santa Cruz and San
Francisco, and eleven other research arganizations are linked to BARRNET.

BARRNET runs TCP/IP protocols and supports efectronic mail, remote login, and file transter.
It is funded by the National Science Foundation.

MILNET

MILNET is the military counterpart of ARPANET. 1t runs TCF/IP protocols. MILNET split off
from the ARPANET in 1983, but gateways connect the two networks.

MILNET has a classified component. Like ARPANET, MILNET is funded by the Department of
Defense.

NSFNET

NSFNET is a research network administered and funded by the Office of Advanced Scientific
Computing at the National Science Foundation (NSF). NSFNET is actually a network of
networks. It Is the backbone of the Internet, linking NSF's six supercomputing centers and
thirteen regional research networks in the United States, including BARRNET. By building on
axisting networks and adding new networks, NSFNET continues to expand and may grow to
encompass other existing wide-area networks.

The objective of NSFNET is to provide high-speed supercomputer and general network access
to the scientific and academic communities. NSFNET runs TCP/IP protocols; it provides
elactronic mail, remote login, and file transfer services.

Other U.S. Research Networks

The following are other research networks in the U.S. that are not part of the Internet,
CSNET

The Computer Science Network (CSNET) is a research network connecting academic,
industrial, and govemmental research organizations to one another, to the internet, and to
foreign academic research networks in Europe, Canada, Asia, and the Pacific.

CSNET membership is limited to organizations involved in research or advanced development
in the sciences and engineering. Electronic mail is the baseline service provided to CSNET
members; some members also have TCP/IP-based connections to the network and can
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perform flle transters, remote logins, and other interactive applications. CSNET is
administered by a Coordination and Information Center (CIC) located at Bolt Beranek and

Newman Inc. in Cambridge, MA. The possibility of merging CSNET and BITNET nstworks is
under review.

MFENET

MFENET (the Magnstic Fusion Energy network) was designed to give supercomputer access
to physics departments doing research in nuclear fusion. Funded by the U.S. Department of
Energy, MFENET maintains gateways to the Internet and other networks.

MFENET provides slectrenic mai, file transfer, remote command execution, and remote login
services.

BITNET Networks

The following networks ars all based on BITNET protocols and together make a large
international BITNET network.

BITNET

Becausa It's Time Network ( BITNET) is a cooperative network of colleges, universities and
research institutions. Started in 1981, BITNET currently links over 2000 computers at member
institutions. BITNET was originally based on IBM software and is available to SUNet through

the Forsythe, SLACVM, and Watson computers. .BITNET has associated networks in Canada
{NETNORTH) and Europe (EARN).

EDUCOM and the City University of New York (CUNY) jointly operate the BITNET Network
Support Center. Electronic mail services are availabie {through Forsythe) to ail éomputers
connected to SUNet; interactive messages and file transters are available directly to users of
Forsythe, SLACVM, and Watson, which-ara registered BITNET hosts.

EARN
The European Academic Research Network (EARN) is the European branch of BITNET. ltis
an integral part of BITNET, and EARN hosts are considered BITNET hosts from any BITNET .

site.

EARN provides the same services as BITNET: electronic mail, file tiar_qsle[, femole login, and
remete job execution. Each country has an EARN administra_tbf. ‘

NETNORTH

NETNORTH is the Canadian branch of BITNET, linking Canadia_n colleges and universities
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and running the BITNET protocols. It has direct links to EARN and BITMET in the United
States.

Like BITNET in the United States, NETNORTH provides electronic mail, remote login, file
transfer, and remote job execution services.

UNIX networks

The following are networks of computers that run the UNIX operating system.

EUNET

The European UNIX Network (EUNET) is a cooperative network based on the UUCP and
Usenet networks in the United States. EUNET has gateways to EARN, JANET, CSNET,
UUCP, Usanst, and ACSNET, among others.

EUNET provides mail and news services to its members. Mail Is charged to originating hosts;
mail originating outside of Europe may be charged to central administrative hosts.

JUNET

The Japanese UNIX Network {JUNET) is a cooperative network of universities and research
institutions in Japan. JUNET supports English, Japanese in Roman characters, and Japanese
in Kanji characters.

JUNET provides electronic mail and news services. [tis primarily administered by students at
the Tokyo Institute of Technology.

UUCP/Usenet

UUCP is an international network of computers running the UNIX operating system. Usenet
was built on UUCP but uses the Intemnet for & large portion of its communications.
UUCP/Usenet has thousands of hosts in the Unite¢t States, Europe, and Asia.

Mail is the only service provided across the entire UUCP network, and Usenet provides the
distribution of news. Pgople send news fems to specific news groups (bullatin boards), which
are sometimes moderated. The set of news groups is sent to all Usenet hosts, whers the
groups are posted as bulletin boards. Topics vary widely, ranging from gardening lo science
fiction. UUCP/Usenet mail can be slow and unrefiable. There is no cantral administration,

Foreign Research Networks

The following are major research networks in other countrigs.
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ACSNET

ACSNET is the Australian Computer Science Network, connecting research, academic and
industry users across the Australian continent. It has links to UUCP and CSNET in the United
States, and to networks in Europe and Canada.

ACSNET provides mail and file transfer services. There is currently no ¢entral administration
for this network,

CDNNET

CONNET is a Canadian network linking research, development, and educational institutions in
Canada. In 1986 it had approximately 65 hosts. It is refarred 1o as an EAN network because

of the protocols # runs. CONNET has gateways to CSNET, BITNET, UUCP, and other
networks.

CDNNET provides electronic mail, remote login and news services, The Canadian
govermnment has funded the network, but CONNET is to become self-sufficiant.

JANET
The Joint Acadermic Network (JANET) is a research network connecting universities and
academic research canters in the United Kingdom. JANET has gateways to the Internet,
BITNET, CSNET, and UUCP,
JANET provides electronic mail, fils transfer and remote login services. 1t is funded by the

British government, and administered by the Network Executive at Rutherford Applaton
Laboratory.

Corporate Networks

The following are corporate networks,

DEC ENET (or Easynet)
DEC ENET is an internal engineering network in Digitai Equipment Corporation (DEC). Like
the company, the network is international in scope. DEC ENET has gateways 1o the Internet

and UUCP. -

DEC ENET provides electronib mail and file transfer services for DEC employees. It is funded
and administered by DEC.
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VNET

VNET is IBM’s intemnal natwork. It provides mail, remota legin and file transter for registered
company users.

For security reasons, IBM limits VNET access. Usars on IBM's VNET must be registered to
send and raceive mail from outside networks. For mors information, contact
postmaster@IBM.COM,

XEROX

XEROX is Xerox's internal network, It provides mail, remote login, remote procedure call, file
transfer, and distributed file system sanvices for Xerox research and corporate personnel. For
more information, contact postmaster@XEROX.COM.

Commerclal Networks

Telenet

Telenet is a commercial network that provides remote login to a wida variety of computer
systems and services, including Dialog, BRS, and CompuServe. Connections to host
computers on foreign public networks such as Datapac (Canada), Transpac (France), and
Catex-P (Germany) may also be made through Telenet.

File transfer and ejectronic mail exchange with SUNet computers are not generally available
through Telenet, but Networking and Communication Systems is testing a servige that would
provide access from SUNet to external Public Data Networks like Telenet. Telenetisa
commercial network operated by GTE Telenel.

3. SOURCES OF FURTHER INFORMATION
The following documents are good sources of further information:

Electronic Mail across SUNet, a Networking and Communication Systems document,
describes how to send mail to many off-campus networks. Copies are available from
Networking and Communication Systems {3-3909), from the document racks on the third floor
of Sweet Hall, or from the PUBLISH utility on the Data Center (type PUBLISH.) You may also
FTP an online copy from Jessica, file netinfo/email. doc, Identification anonymous, and
password guest, all must be typed in lowercase ietiers.

"Notable Computer Networks,” an article by Quarerman and Hoskins, in Communications of
the ACM, Vol. 29, No. 10, October 1986, is a good source of information on national and
international networks.
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4,

Using BITNET, available from the PUBLISH utllity on the Data Center, gives information on

BITNET. An overview of BITNET is available on Macbeth in the file HLP:BITNET.HLP via
anonymous FTP.

Information on accessing off-campus networks is available from AIR/IRIS at 723-1055.

Additional copies of Off-Campus Computer Networks are available from Netwarking and
Communication Systems, 723-3909, or from the document racks on the third floor of Sweet
Hall. An anline copy of this document, netinfo/ofic.dec, can be cbtained from Jessica with the

FTP program, identification anonymous, and password guest; all must be typed in lowercase
letters.

NETWORK SERVICES AVAILABLE TO SUNET USERS

The foilowing notes match the numbered items in the table of network services on the last page:

1

2.

. ARPANET services are restricted to govemment-funded research.

File transfer services are only available to Forsythe, SLACVM, and Watson, which are
registered BITNET hosts.

. Mail sent to EUNET from outside Europe is charged to central administrative hosts; bulk

mailings to EUNET are tharafora not advised.

. Usenet also provides a news sarvice.

. Mail can only be sent to VNET users who are registered to send and receive mail from outside

networks., Contact postmaster@iBM.COM for more information.

— 118 —




The following tabla summarizes network services avaitable on each netwark to SUNet-connected
computers. (These do not necassarily include all services available to registered hosts for each

netwaork.)

Natwork Mail Remote Login File Tranafer
ACSNET X - -

—— x x  ox@m
—— x x x
—— x - x@
omEr x - T
cswer x - -
oec meer x - -
;;;;l --------- x - i x
gower <@ - -
vremmr x x x
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over x ST -
wever x - S
wuer x x x
NETNORTH x - x
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xerox x - -
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Responsible Use Policy

Stanford expects each person affiliated with the University to be a responsible user of its
resources. Such resources include computer systems: computer hardware, software, and SUNet,
the campus-wide computer network. Misappropriation of these resources can be prosecuted
under applicable statutes. Students will be held accountable for their conduct under the
Fundamental Standard. Complaints alleging a Stanford person’s abuse of computing resources

will be referred immediately to the University Judicial Affairs Office or the cognizant Staff
Affairs Officer,

Additional copies may be obtained from AIR, Third Floor, Sweet Hall, 723-1055

©Copyright 1989 by the Board of Trustees of the Leland Stanford Junior University
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Introduction

This guide summarizes the computing facilities and services offered to Stanford
faculty and students. Intended as a directory, About Computing at Stanford lists
resources and provides references for additional information. See the map in the
Appendix of this publication for the locations of offices and computing facilities
mentioned in this document. Academic Information Resources (AIR) prepared About
Computing at Stanford; AIR supports faculty, students, and staff in their computer-
related academic endeavors.

As a member of Stanford’s academic community, you may use computers for a wide
varicty of tasks. You may use a computer to teach a course or analyze data. You
may send electronic mail messages, search library catalogs, or write scholarly
articles on computers. Perhaps you analyze data or develop your own software on
computers. In any case, you should find About Computing at Stanford useful.

Stanford University enjoys one of the most extensive and varied computing
environments of any university campus in the country. The Stanford University
Network, SUNet, connects over 2,500 mainframe computers, microcomputers, and
advanced workstations, plus approximately 5,000 computer terminals. One of the
largest campus-wide, Ethernet-based, high-speed computer networks currently in
operation on a university campus, SUNet also provides access to off-campus
computers—including national supercomputer centers,

Stanford furnishes diverse computing resources for its academic community. Various
departments, schools, and research groups provide resources for their students,
faculty and staff. Stanford’s central computing organization, Information Resources
(IR} also provides resources for public use.

General Information about Computing

Responsive to the Stanford academic community’s computing needs, Academic
Information Resources, the Undergraduate Advising Center, and the Office of
Graduate Studies ail seek to provide support in computer-related areas.

Academic Information Resources (AIR)

Sweet Hall, Third Floor, 723-1055
8:00 a.m. to 5:00 p.m.; Monday through Friday

AIR offers faculty, students, and staff a variety of computing support services. This
includes providing information about on-campus computing alternatives and activities
and advice about using microcomputers, workstations, and on—campus mainframe
computers. -

Undergraduate Advising Center (UAC)

Sweet Hall, First Floor, 723-2426
8:00 am. to 12:00 noon, 1:00 p.m.to 5:00 p.m.; Monday through Friday

As part of its role in assisting undergraduates with program planning and in setting
long-term goals, the UAC helps students in the selection of introductory computer
science coursework, supplies information regarding computer facilities and resources,
and refers students to faculty and staff who work in computer-related areas.

About Computing at Stanford 1
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Office of Graduate Studies

Bldg. 1, Bldg. 10, Bldg. 590
8:00 a.m. to 12:00 noon, 1:00 p.m. to 5:00 p.m.; Monday through Friday

The Office of Graduate Studies is generally responsible for policies concerning
graduate instruction and financial aid within the University and advises graduate
students about issues affecting graduate study. This office works with AIR to keep
informed of graduate computing needs and to see that the University makes efforts to
meet those needs. It also sponsors the graduate dissertation lab in Green Library.

Each School’s Computing Resources

The program of instruction in the University is organized in seven schools. These
schools operate and maintain a variety of computing equipment, in order to support
the specific instruction and resecarch requirements of their areas. In most cases,
within an individual school, computing resources vary among the academic
departments that comprise it. For information about computing equipment
maintained by a specific school or department, contact that school or department.
Following are general descriptions of the computing resources that each school offers.

Graduate School of Business

The Graduate School of Business operates a student computer laboratory for usc by
Business School students only, Students have access to IBM, 1BM compatibles, and
Apple Macintosh computers. Software includes a variety of word processors;
spreadsheets, graphics, and statistical programs.

In addition to microcomputer facilities, students have access to a MicroVAX 3800
running VMS and a DEC-20 system. Consulting support is available during certain
hours throughout the school year. For further information, contact Marlen Paez or
Eliza Lim at 723-3833.

The School provides computing support for research. This includes a VAX 8550
computer, a DEC-20 system, and diverse personal computers, e.g., IBM PC/286 and
P52/80 computers, Apple Macintosh SE and Il computers, and DECstations. For more
information, contact Mike Cummins at 725-7254.

School of Earth Sciences

The School of Earth Sciences has a variety of compulting resources spread throughout
its departments and research groups. Normally, any faculty or student in a
department can obtain an account on that department’s computers; access to a
research group’s computers is controlled by the director of the research group.

These resources include:

*  multi-user departmental computers for general use that run UNIX and connect
to SUNet. Currently, these are VAX 750 systems, but an upgrade is planned
to a new DECsystem 5810.

* multi-user research computers that run UNIX and connect to SUNet, e.g., a
Convex C-1 and IBM RT, Sun 3, Apollo, and DECstation 3100 systems.

About Computing at Stanford
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* public terminal rooms equipped with text or graphics terminals to connect
to the multi-user computers, IBM PC or Apple Macintosh computers, and
LascrWriter. printers.

* specialized peripherals such as scanners, digitizers, and plotters.
* Apple Macintosh and IBM PC computers in research labs and offices.

While all computers are maintained by students, the School Computer Manager
promotes integration of computer systems within the school and assists and trains
individual managers of research machines. The manager also maintains system
software and oversees hardware maintenance and acquisitions. For more
information on the School of Earth Sciences” computer resources, contact Phillip
Farrell, School Computer Manager, 723-9575, farrell@erebus.

School of Education

The School of Education operates a student microcomputer laboratory for use by its
students only; all other use is prohibited. The laboratory has Macintosh SE and
IBM PC XT, PC AT, and P5/2 systems. There are dot matrix and laser printing
facilities. Software available includes WordPerfect, WordStar, Lotus 1-2-3,
MacWrite, and MacDraw. Help from a Computer Technician RA is available during
certain hours. For more information, contact Roger Beatty, Manager of Computer
Systems, 723-5694.

Other resources available to students in Education include statistical consulting
through the School of Education Math Methods Program. Consulting includes
assistance with design and with selection of appropriate statistical software. The
consultants are located in e326 in the School of Education Building. Check the door
to see posted hours or to schedule an appointment.

Located on the sccond floor of the School of Education, the Cubberley Library has
various software packages available for checkout. Check with the library
information desk for more details.

School of Engineering

The School of Engineering has an array of computing resources available to students,
faculty, and staff. The School operates two public clusters of microcomputers. The
Engineering Microcomputer Cluster is located in Room 104 of the Terman Engineering
Center and contains Apple Macintosh Il and 1BM PC XT computers, along with
several printers. The Engineering Library Microcomputer Cluster, in the library on
the second floor of the Terman Engineering Cenler, contains Macintosh Plus computers
(with some upgrades to Macintosh 1l systerns planned during the 1989-90 academic
year). Both clusters are commonly used for engincering courses offered by all of the
departments of the School. For more information about the clusters, stop by the
cluster manager’s office in Terman 10 or call 723-0523.

Most departments alse provide computer clusters for research and teaching within
the departments. Equipment ranges from basic 1BM and Apple microcomputers to Sun
or DEC workstaticns to mainframes to specialized computers and peripherals
dedicated to particular courses or projects. Most research groups within the School
also maintain computers and peripherals for members of the groups. Finally, almost
every office and laboratory in the School contains at least one computer. Many, if
not most, are connected to local networks and SUNet, For information about these
local resources it is best to contact the department or laboratory directly. For more
general information about computing in the School, please call 723-9106.

About Computing at Stanford 3
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School of Humanities and Sciences

The Schoot of Humanities and Sciences contains twenty-nine departments and
approximately thirty programs; computing resources, needs, and interests vary
greatly across the School. Some departments maintain clusters of microcomputers or
workstations for their students and faculty. For example, each of the seven Social
Science departments have computer clusters of IBM Personal Computers where
students can do coursework. Other departments provide mainframe computer access
for their students and faculty. The Departments of Chemistry, Commaunication,
Economics, Political Science, and Sociology share access to two IBM 4381 systems.
Some departments provide line printers or LaserWriters for their students and
faculty. In addition, computerized classrooms are often used for classes in various
departments. Freshman English, for example, uscs a classroom of eighteen Macintash
II systems in Building 60 on the Quad. For details on computing resources provided
by a particular academic department, conlact the department administrator.

To facilitate the use of computers in scholarly text analysis, the School of
Humanities and Sciences has recently purchased a text scanner, the Kurzweil Medel
4000. Under an operator's supervision, the Kurzweil is taught to recognize the
characters of printed material and record them in a computer file. This file can then
be used in any word processing or database program on any computer system.
Although the scanning service is available to faculty and graduate students in the
School of Humanities and Sciences, faculty and graduate students in the Humanities
have top priority. The cost of scanning a book is roughly equivalent to the purchase
price of the book. To acquire more information or to use the scanning service, contact
Malcolm Brown, AIR, 723-1248, mbb@&air.

School of Law

About Computing at Stanford

The School of Law provides a student micrecomputer laboratory for law students
exclusively; all other use is prohibited. In the laboratory, the following hardware
and accompanying software are available for students to use in conjunction with law
school courses:

* 1 Macintosh II, with Expert Systems Development support;

» 2 1BM AT computers, with Expert Systems Development support;

*  11BM AT used for development of Interactive Video programs; and

* 11IBM AT with 5PSS, Lotus 1-2-3, and miscellaneous Computer Assisted Legal
Instruction programs;

In the laboratery, for word processing, law students can use:
* 3 Macintosh SE systems with Microsoft Word;
» 8 IBM XT systems with WordPerfect 4.2;

* an Apple LaserWriter, shared by Apple computers, and an 1BM Pageprinter
shared among the 1BM systems; and

* a 2-floppy IBM PC with Ictter quality printer, with which students may use
their own software.

Presently, computing fees and consulting shppor: are in the process of review. For
more information, contact Joan Galle, 723-5470, rg.jxg@forsythe.
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Various student organizations within the School of Law have word processing
requirements, e.g., student-edited journals, Moot Court. These organizations have
cither IBM or Apple SE computers; their use is restricted to organization members
and organization business.

Most law faculty use computers for word processing, as opposed to analysis of data.
The School of Law partially subsidizes its faculty members in purchases of IBM or
Apple Macintosh personal computers.

School of Medicine

Information Systems Group (ISG} provides a variety of computing support services to
faculty, staff, and students in the School of Medicine. These include electronic mail
and/or telephone support for quick advice about computing or communications;
guidance for systems, hardware, and software planning and procurement decisions; PC
software and hardware installation; and computer skills training. ISG operates an
evaluation lab with popular Apple Macintosh, IBM PC, and UNIX workstation
configurations. In addition, it maintains MedNet, the portion of SUNet within the
Medical School. For more information, send electronic mail to consult@med-isg or
calt 723-8390.

Lane Medical Library maintains two microcomputer clusters for use by Medical
School students and faculty. The Medical Informatics Training Lab (MITL) has 1BM
systems, including software for medical computer assisted instruction and
telecommunications. The Fleischmann Learning Resource Center (FLRC) has
Macintosh computers, including a coliection of general application software and
medical computer assisted instruction. There is also a variety of interactive
videodisc/computer systems. The Library’s Lane-Medline service, by arrangement
with Dialog Information Services, provides SUNet access to the National Library of
Medicine’s bibliographic databases for the Medical Center community. For more
information, call 723-6831.

Stanford’s Computing Organization:
Information Resources

As Vice President for Information Resources, Robert Street has responsibility for both
academic and administrative computing at Stanford. In addition, the University
Libraries report to him on those aspects of the Libraries related to technology, such
as the computerized card catalog. Information Resource has four divisions, as
described below.

Academic Information Resources

Directed by Ralph Gorin, Academic Information Resources (AIR) seeks to support and
enhance instruction and research through the application of computer technology. 1t
provides the Stanford academic community with access to computers and software.
Through courses, publications, and consulting, AIR educates and assists community
members so they may become knowledgeable users of computers. By developing and
supporting applications of computer technologies for learning, AIR supports Stanford
faculty, students, and staff in their computer-related academic endeavors. In
addition, AIR develops system software environments for distribution on campus. For
morce information about AIR programs, call 723-1055.

About Computing at Stanford 5
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Networking and Communication Systems

Directed by Bill Yundt, Networking and Communication Systems supports data,
video, and voice communication for Stanford. This division operates the campus
telephone system and SUNet, the University-wide computer and video network. It
offers seminars, publications, videotaped courses, and consulting services. In
addition, it evaluates networking products and provides hardware and software that
allow access to SUNet services. For more information, contact Networking and
Communication Systems at 723-3909.

The Stanford Data Center

Directed by John Sack, the Stanford Data Center (SDC) supports administrative
systems in the University’s central and academic departments and assists in the
movement of information among these systems, SDC provides support for:

* the Forsythe mainframe computer (an IBM 3090);

¢ databases of University information, developed and maintained by coffices
throughout the University; and

* programs such as Folio that run on the mainframe.

The Cooperative for Linked Administrative Systems at Stanford (CLASS) is a joint
effort of SDC and various University departments. It ensures that all departments
have the computer access, skills, and tools necessary to use central administrative
systems on the Forsythe mainframe computer. For more information, contact the SDC
Director’'s Office at 725-86486.

Library Information Systems

This division allews IR and the Stanford University Libraries to collaborate on
planning strategy and support for the technological aspects of the library system.
Bruce Jones, Assaciate Director of Administrative Services in the Libraries, is also

the Director of Library Information Systems. For more information, contact Bruce
Jones at 723-2018.

Mainframes, Workstations, and Microcomputers

Apart from those offered through the various Schools and their departments,
Stanford has a variety of public computing resources for the academic community.
They range from microcomputers (e.g., Apple Macintosh and IBM PC systems) to
advanced workstations (e.g,, Sun SPARCstation 1 and DEC VAXstation) to
mainframes computers (e.g., IBM 4381 and VAX 8800).

Mainframe Computers

Academic Information Resources operates several mainframe computers for the
Stanford academic community. In general, Stanford students and faculty can use the
computers free of charge, for purposes of instruction and unsponsored research only;
sponsored research and commercial use are prohibited. Users receive allocations of
computer resources in proportion to their coursework and research needs.
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The time sharing services on the AIR mainframe computers are:

» UNIX, .
+  VM/CMS, and
*  TOPS-20.

These services are also introduced in separate handouts, which include information
about opening an account; they are found in the document racks on the second and
third flcors of Sweet Hall. For more information about the AIR computets, call AIR
at 723-1055.

UNIX time sharing services are available on a VAX 8800, called Portia. Interactive
services include text editors; statistical packages such as isp and $; and programming
languages such as Pascal, FORTRAN, C, and Kyoto Common LISP.

VM /CMS interactive time sharing services are available on two IBM 4381 computers,
called Watson and Oberon. Interactive services include the graphical display
manager GDDM, statistical packages such as BMP, S5AS and SPSS, and
programming languages such as FORTRAN and Pascal/V5. Because these computers
were made available through a grant from 1BM, their use is limited primarily to
rescarch and instruction in the School of Humanities and Sciences, in particular the
departments of Chemistry, Communication, Economics, Political Science, and
Sociology. The Law School, the School of Education, and the Institute for
Mathematical Studies in the Social Sciences also use the VM/CMS computers. In
addition, Stanford researchers can use these systems for vector program development
and simulation prior to execution on the IBM 3090 at the Stanford Data Center.
Other users with special needs for the statistical and numerical analysis programs
under VM/CMS may apply for access to these systems; for more information, contact
AIR at 723-1055.

TOPS-20 time sharing services are available on a DECSYSTEM 2065 and a Systems
"Coneepts SC30M computer. The two systems are called Macbeth and Hamlet,
respectively. Interactive services include text editors and many programming
languages such as Pascal, FORTRAN, BASIC, APL, and LISP, and statistical
packages such as SPSG*, BMDP, and Minitab. The NAG and IMSL subroutine
libraries are also available.

The Stanford Data Center operates an IBM 3090-400eVF mainframe computer called
Forsythe, located in Forsythe Hall. Forsythe is comprised of four CPUs and three
vector processors. Although this computer is dedicated primarily to administrative
computing, it may also be used for instructional and research computing, Batch and
interactive scrvices are available; software includes WYLBUR, SPIRES, SCRIPT,
APL, FORTRAN, PL/I, SAS, and SPSS*. Also on Forsythe are Folio and Prism. An
online information resource for academic and public information, Folio includes the
online catalog of the Stanford Libraries called Socrates. Prism is an online system
for using University information much like Folio, but it is directed more toward the
use of administrative computing.

To open an account on Forsythe, contact Data Center Account Services in Spruce Hall,
723-4795. Depending on the type of work you plan, there may be a charge for using
the 1BM 3090. However, faculty and students can often obtain funds to defray these
costs; some departments have computing funds allocated for these purposes. To
investigate computing funds, contact your department administrator.

For more information about the services and software provided at the Data Center,
contact the Information Desk in Forsythe Hall, 723-4392.
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Public Clusters

Members of the Stanford community can use the public clusters of microcomputers or
workstations on campus. Note that the equipment in these clusters changes so only
summary information is provided below. Public Computer Clusters at Stanford
University is in the document racks on the third floor of Sweet Hall; this brochure
describes each cluster: its hardware, software, priority for use, and hours.

AIR Terminals and Workstations in Sweet Hall: Located on the second floor of
Sweet Hall, this ctuster is open twenty-four hours a day for Stanford faculty,
students, and staff. The terminals located here are used to access the UNIX,
VM/CMS, and TOPS-20 mainframes operated by AIR. In addition, at this location
printers are available for the AIR mainframes. UNIX workstations such as Suns and
VAXstations are provided currently in Sweet Hall, and NeXT computer systems and
Sun SPARCstations are planned for the upcoming academic year. Software unique to
workstations will become available at this location during the upcoming year.

AlRport, the Tresidder Union Macintosh Cluster: Located on the second floor of
Tresidder Union, AIRport contains approximately 70 Apple Macintosh [I and
Macintosh Ilcx personal computer systems. These systems connect to the AIR
mainframe computers and other University computing resources via SUNet. Printing
facilities are available in the cluster. Priority for use of the Macintosh (I systems
goes to students in selected courses. Instructors wishing priorily access for their
courses should send electronic mail to tresidder-request@air. Any cluster user must
obtain a cluster [D from the monitor at the entrance desk, For more, contact the
cluster via phone at 723-1315 or via the electronic mail address tresidder@air.

Meyer Microcomputer Cluster: Located on the second floor of Meyer Library, this
cluster contains Apple Macintosh I and IBM PC XT systems. Access to SUNet is
provided. Software is available at the Loan Desk. Priority for the use of the
Macintosh II computers goes to students in the Freshman English Program, and the
IBM P'C XT computers are homework machines for classes taught in Room 410 of
Meyer. Printing facilities are available in the cluster. Facully members who want
to make their courseware available at the cluster should contact the cluster
consultant. The Meyer Cluster also provides access to MedLine, a database of
Medical Journal articles through AppleShare and a CD ROM drive. For more
information about the cluster, contact the cluster consultant at 723-9760.

EMCC, the Engineering Microcomputer Cluster: Located in Room 104 of the
Terman building, this cluster has Apple Macintosh II and IBM PC XT computers.
Access to SUNet is provided, Priority for the use of the computers is given to
students required to use course software placed on reserve in the cluster. Printing
facilities are available in the cluster. Software is available in exchange for a
Stanford ID. For mere information, contact EMCC at 723-0523.

Engineering Library Microcomputer Cluster: Located on the second floor of the
Terman building, this cluster contains Apple Macintosh Plus computers, with some
upgrades to Macintosh 11 systems planned during this academic year. Printing
facilitics are available in the cluster. and access to SUNet is provided. Folio
accounts are available at the Engineering Library Reference Desk. Priority for use of
the computers is given to students required to use course software placed on reserve in
the cluster by Engineering or Computer Science instructors. Software is available
upon presentation of a Stanford ID. For more information, call the cluster, 723-0001.

Green Library: Two clusters of [BM microcomputers are located in Green Library: The
IBM PC Cluster and the Dissertation Lab. Stanford students, faculty, and staff can
use the IBM PC Cluster by presenting a Stanford ID. Since software is not available
at the cluster, you must bring your own. There are no printing facilities in this
cluster. The Dissertation Lab consists of IBM PC AT personal computers, Word
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Perfect software, and printing facilities. It is dedicated to Stanford graduate
students who are writing their dissertations. Printing facilities are available in the
cluster. To use this lab, students present a Doctoral Borrower’'s Card, obtained from
the Green Library Privileges Desk. Doctoral candidates in the schools of Education
and Humanities and Sciences receive prierity use of the lab.

In addition, there are three terminals in the Green Library communications reoms
which members of the academic community can use to access their Data Center or
Folio accounts.

Miscellaneous Terminals: Terminals to access on-campus mainframes are also found
in the Terman Engineering Cenler and Forsythe Hall.

Residential Electronic Classrooms

Computer

As part of the Residential Electronic Classroom Project, some Stanford dormitories
have electronic classrooms with computing and teaching facilitics, Offering a
variety of learning opportunities for students, these facilities contain primarily
Apple Macintosh systems and some IBM PC systems. Students can use Apple
Macintosh microcomputers for activities such as writing compositions for Freshman
English or analyzing research data with the aid of a spreadsheet.

The c¢lassrooms offer access to SUNet, Stanford’s computer network. Students in those
dormitories can access a campus mainframe computer for tasks such as reading or
sending electronic mail, compleling a programming assignment, or using Folio.

The public Macintosh clusters in Meyer, Terman, and Tresidder, the interactive
classroom in Sweet Hall, and the Residential Electronic Classrooms are configured so
they are visible to each other across SUNet. Macintosh computers in any of these
locations have access to ApplcShare servers and other resources in any of these
clusters or classrooms. This allows students to accomplish tasks such as accessing
courseware that an instructor has made available in the classroom from a public
cluster or submitting assignments electronically.

Stanford faculty and staff are becoming increasingly involved in the use of these
clectronic classrooms. In the past few years, faculty have created software for course
assignments and demonstrations. During the 1989-90 academic year, instructors will
use the classrooms to teach such diverse subjects as Computer Science, Economics,
French, English, and Philoscphy. :

A number of campus organizations and departments provide instruction and consulting
services for the classrooms, including the Office of Residential Affairs, Academic
Information Resources, and the Computer Science Department. In addition, Resident
Computer Coordmators students living in the dormuones, serve as tutors and support
staff for the classrooms.

For more information about residence-based computing, contact Jeff Merriman at
Residential Affairs, 725-2800.

Instructional Facilities

~ Computers and other instructional technologies have been making their way into a

number of Stanford classrooms over the past year. Stanford faculty can use several
on-campus computer facilities for course-related instruction. Unless otherwise noted,
faculty interested in arranging for the use of arg of the equipment or facilities
described here should call Course Scheduling, Office of the Registrar at 725-1892.

The Meyer Library Forum Room, Room 124 is the most ambitious presentation
equipiment installation; it has a seating capacity of 120. The computer hardware in
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- Two Computer Science Classrooms in Building 50 on the Quad are now equipped
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this room is a Macintosh SE and an IBM AT, both cennected to SUNet. The images
from the microcomputers go through a cciling-mounted video/data projector and onto
a large screen in front of the room. Instructors using the equipment in the Forum
Room operate in a self-service mode. They receive some introductory training, but
regular operation of the various machines is the instructor's responsibility.

In addition to the two microcomputers, other equipment in the Forum Room includes:

a 16 mm film projector,

a carousel slide projector,

an overhead projector,

an opaque projector,

a VHS video cassette recorder,

a three-quarter-inch video cassette recorder, and
a sound system with microphencs.

* @ @ & ® a =

Room 410 in Meyer Library is a computerized classroom. [t has been converted to a
special-purpose computer facility with sixteen student stations, each with an IBM
XT microcomputer connected to SUNet. This room is also equipped with a
video/data projector, which allows the instructor to project images from his or her
computer onto a large screen visible to the entire class. Homework machines for
classes taught in this room are available in the Meyer Microcomputer Cluster.

The Eugene McDermott Room is located in Green Library and maintained by the
Stanford University Libraries. The McDermott Room is not a drop-in, public tacility
but a classroom reserved for instructional use. It can provide up to ten people with
hands-on access to Apple Macintosh Plus computers. The computers can also be used
as terminals connected via modem to other computer systems. The room is equipped
with a projection system for displaying information from the instructor’s station. To
reserve the McDermott Room, contact the General Reference Department, Green
Library, 723-1811,

Room 263 in Language/Engineering Corner has a video/data projection system
including a special VCR that has the capability of handling videotapes in the
European PAL and SECAM formats as well as tapes recorded in the American
standard (NTSC). This equipment is intended specifically for foreign language
instruction, although it is also available for other courses or one-time events. And
although this classroom is not currently equipped with computer hardware, the
ceiling-mounted projector is capable of handling images from microcomputers. If
demand is sufficient, the Registrar's Office will equip the classroom with a computer
to meet faculty needs. A system similar to the one in Room 263 is in Classroom 241A
of the German Studies Department.

with Macintosh SE systems, overhead projectors, and liquid crystal displays (LCD's)
that will allow instructors to project computer images from the Mac SE computers on
large projection screens.  Although this equipment is the property of Computer
Science, other departments may arrange to use it through Course Scheduling in the
Office of the Registrar, ’

Rooms 040 and 041 Jordan Hall, auditoriums with capacities of 297 and 180,
respectively, have twin installations of computer/video projection systems.

Tentative plans include the installation in each room of a Macintosh Ticx, an IBM PC
AT, a laser disc player, a VHS VCR, a new public address and sound system, and a
ceiling-mounted"color data/video projector—in addition to the more traditional film
and slide projectors.

The Classroom for Freshman English in Building 60 on the Quad is specially
furnished with Apple Macintosh IT computers. In a cooperative effort, Freshman
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AIR Labs:

English, Academic Information Resources, the Dean of Undergraduate Studies, and
the Office of the Registrar have installed eighteen Macintosh II computers here.

Room 320 in Geology Corner is the result of another collaborative classroom
improvement effort. The upgrade of Room 320, which was done in close cooperation
between the Office of the Registrar and Stanford Instructional Television Network
(SITN), included a complete face-lift and the installation of special lighting, a
sound system, and equipment for the production of high-quality videos.

The Interactive Classroom Experiment (ICE} facility is located on the ground
floor of Sweet Hall and maintained by AIR. In the past few years, the classrooms
have been used for classes taught with interactive courseware, that is, instructional
software that allows a student to give input and receive immediate feedback.
Currently available is a multi-media classroom with a network of twenty Apple
Macintosh Il computers with access to SUNet. Five of the computers have been sct
up as multi-media stations, each controlling a laser disk player. These multi-media
systems are used to introduce videodisc-based courseware. Advanced function, UNIX-
based workstations are found in two classrooms; Sun 4/110 workstations are in the
first classroom, and NeXT compulers are in the other. Faculty interested in using ICE
should contact Steve Loving of AIR at 723-9214,

New in Autumn: Two pilot projects are due from the Office of the Registrar during
Autumn of 1989. For details about either project, contact the Office of the Registrar.

The first project is introduction of overhecad projectars into all classrooms in History
Corner and in the Mitchell Eartth Sciences building. This year, the Registrar’s
Office will monitor faculty use of the projectors. Depending on the results of this
project, the Registrar’s Office will decide if wider distribution of overhead projectors
in ¢classrooms is advantageous.

Sccondly, the Office of the Registrar has initiated a pilot project to determine
faculty demand for microcomputer and liquid crystal display technology as classroom
teaching tools. Beginning Autumn Quarter, the Office of the Registrar will permit
short-term loan of a portable Macintosh [lex microcomputer, a connected Chisholm
Looking Glass LCD panel, and an overhead projector. This equipment allows the
projection of the computer’s display on a large screen at the front of the room.

Consulting, Development, and Multi-Media
As an adjunct to some of their services, AIR provides several labs,

AIR Consulting Lab: As part of their consulting service, AIR operates a lab located
in Sweet Hall. Faculty, students, and staff may experiment with a variety of
microcomputers and software such as word processing programs, spreadsheets,
programming languages, and graphics packages. The lab also provides a facility
used to transfer files between:

* an Apple Macintosh and an IBM Personal Computer and
¢ an Apple Macintosh computer or [BM PC and a campus mainframe computer.

Production work other than file fransfer is not permitted. Lab hours are concurrent
with consulting hours: Monday through Friday, 9:00 a.m. to 5:00 p.m. For more
information, contact AIR at 723-1055.

Courseware Development Lab: AIR provides the Courseware Development Lab on
the ground floor of Sweet Hall where faculty and students can design and build
academic microcomputer software or “courseware.” The lab provides advanced
development systems for special projects. If a professor or a student has an idea for
software development and can provide the programmer(s), AIR can provide space,
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hardware, software, and advice. The facility contains Apple Macintosh, 1BM PC,
and NeXT development environments. Faculty and students interested in using the
lab should contact Steve Loving, 723-9214 (loving@air).

The Lab for Authoring Multimedia Programs (LAMP) cnables faculty members to
create a new type of instructional software: computer programs that use video and a
combination of slides, computer graphics, and clips from existing films.

Examples of projects include a tutorial in American Sign Language for the Special
Language Program, an exploration of the circulatory system for the Human Biology
Department, and an interactive story set in Paris for teaching French. For more
information about this lab or about developing videodisc-based courseware, contact
Barbara Jasinski at 725-3153, bjj@air.

Supercomputing Resources

Both off-campus and on-campus supercomputing resources are offered to Stanford
faculty members and researchers,

Off-Campus Resources

On-Campus Resources

About Computing at Stanford

Faculty members and researchers can access several supercomputers through
Stanford’s institutional memberships in the following supercomputing organizations:

*  San Diego Supercomputer Center (SDSC)
* National Center for Supercomputer Applications (NCSA)
*  Cornell National Supercomputer Facility (CNSF)

Stanford has a limited amount of “seedtime” for using the facilities. Seedtime is
available to Stanford faculty members and their graduate students for the following

purposes:
* gaining supcrcomputing experience;

* investigating projects while a larger grant proposal is under review by a
granting agency;

* teaching a course; or

* completing certain projects of limited duration,
On a quarterly basis, faculty members of the Supercomputer /Communications
Working Group review applications for seedtime. To acquire larger blocks of time,
faculty members can apply directly to one of the above supercomputing facilities or
to the Natiorial Science Foundation. For application forms, send mail to
supercomputer-request@air; for more information, contact Randy Melen, 723-5359.

For help in accessing or using these remote supercomputing facilities, send electronic
mail to supercomputer-help@air or call AIR at 723-1055.

AIR provides a vector service and a supercomputing mailing list for Stanford
supercomputer users.

Vector Service: With vector processing, supercomputers can greatly decrease
calculation time. AIR has arranged for access to a vector processing service on the
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Stanford Data Center’s IBM 3090 mainframe. For those with research grants, CPU
time is priced at extremely low rates; for those pursuing unsponsored research, grants
of CPU time are available. In either case, allocations are made after peer review of
a proposal application. Contact Randy Melen, 723-5359 for more information.,

Supercomputing Mailing List: Supercomputer users at Stanford can use a
supercompuling mailing list in the same way they would use an electronic bulletin
board: to post messages about supercomputing and read messages about
supercomputing activities at Stanford. Unlike an electronic bulletin board, the
messages are sent via electronic mail addresses. Typical messages include:

= announcements of grants for supercomputing time,
= information on using supercomputers at the facilities mentioned above, and
* information about supercomputer workshops or publications.

To distribute a message using this mailing list, send it to the electronic mail address,
supercomputer@air. To add your name to the mailing list, send your request to
supercomputer-request@air.

Computer Education and Assistance

There are many on-campus alternatives for learning both about computing in general
and about Stanford’s computing resources. They include:

education,

publications,

consulting services,

microcomputer users’ groups,

UNIX support and development, and
instructional applications development.

Education

Courses: AIR introductory classes about how to use the AIR computer systems are
scheduled during the first few weeks of the quarter. These short, no-credit courses do
not require registration. '

Typical courses provide introductory information on:

the AIR mainframe systems: TOPS-20, UNIX;, and VM/CMS;
the text editor EMACS;

AlRport, the Macintosh cluster in Tresidder Union; and

the X Window System (available on many workstations).

The AIR Introductory Classes schedule describes each course, including dates, times,
and locations; it is found in the document racks on the second and third floors of
Sweet Hall and in AlRport, the Macintosh cluster in Tresidder Union.

If you prefer, you may watch videotapes of some of the classes either at home, in
certain libraries, or on SUNet. Faculty may want to borrow these videotapes to
show to their classes. All videotapes are available in the Math/Computer Science,
Terman Engineering, and Meyer Libraries. For more information on viewing the tapes
on SUNet, consult the flier called Enjoy the View: Computer Training Videotapes on
SUNe!. Found in the document racks in AIRport and on the second and third floors of
Sweet Hall, this flier gives the broadcast schedule.

The Computer Science Department offers introductory computing courses for students
with non-technical majors. Taken for credit, these courses cover the basic concepts of
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computing and offer hands-on use of microcomputers. In CS1C, Using the Macintosh
Microcomputer, non-computer science majors can learn how to use the Macintosh. The
course covers the basic functions of the system, including word processing,
communications, and other softwarc applications. For further details and
descriptions of other CS courses, see Courses and Degrees 1989-1990, or contact the
Computer Science Department at 723-2273,

Lane Medical Library offers courses about computerized scarching of medical
literature, telecommunications, and reprint file management. For more information
about eligibility for enrollment, course content, and schedules, call 723-6831 or stop by
the Lane Medical Library Reference Desk.

The Stanford Data Center offers short, non-credit courses on using its IBM 3090
mainframe computer and the Apple Macintosh and the IBM PC microcomputers.
Topics include vector FORTRAN, word processing and text formatting, database
management, statistical application packages, graphics, communications and
networks, and specific applications. All courses are open to faculty, staff, and
students. Most courses are offered at no charge, but some microcomputer courses do
require a fee. The schedule and course descriptions for the current quarter are at the
Forsythe Hall Information Desk, 723-4391,

Videotapes and Tutorials: If you want more information about how to use SUNet,
the Stanford University Network, you may be interested in the instructional
videotapes on this subject. You may borrow them from AIR or from Networking and
Communication Systems. Or you can watch them on SUNet cable television.
Broadcast over SUNet, the videotapes air on Channel 48 of the on-campus universal
cable and on Channel 11 on the residential cable in dormitories. The flier called
Enjay the View: Computer Training Videotapes on SUINet gives the broadcast schedule
for the current academic quarter and describes cach videotape, It is available in the
document racks in AlRport, the Macintosh cluster in Tresidder Union and on the
second and third floors of Sweet Hall.

AIR has a variety of tutorials and videotapes that students, faculty, and staff may
be interested in borrowing to study at their leisure. Faculty in particular may be
interested in showing these videotapes to their students. The topics cover software
applications, information for Stanford network administrators, and mainframe,
microcomputer, and supercomputer systems. These materials are described in the
Self-Paced Computer Training Materials flier that can be found in the document racks
on the second and third floors of Sweet Hall. For more information, call AIR at 723-
1055. Networking and Communication Systems also offers self-paced tutorials and
seminars on local network administration, current services, and new developments in
networking. For more information, call 723-390%.

Presentations and Seminars: Networking and Communication Systems offers
presentations to academic departments and conducts a series of meetings and training
sessions for system and network administrators. These sessions typically cover
networking within the departments, links to SUNet and external networks, and
future networking setvices. For more information, contact Networking and
Communication Systems at 723-3909, :

AIR offers seminars designed to keep the Stanford community up-to-date on
developments in computing, Check the calendar sections of the Campus Report and
the Stanford Daily for announcements of these seminars. AIR also provides seminars
by special arrangement for Stanford instructors, departments, or academic groups who
wish to familiarize students, faculty, or staff with the computing software and
services available on AIR mainframes and workstations. For details, contact Janet
Lasher at 723-1518. ‘
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Publications

You may be interested in acquiring computing documentation produced by various
organizations on campus.

Academic Information Resources: AIR prepares a rich variety of computing
documentation to assist faculty and students using computers at Stanford,

Published quarterly, Speaking of Compulers is a newsletter about campus computing
activities. Speaking of Computers covers Stanford’s computing resources and includes
articles about campus computer clusters, classrooms, projects, and courses. It also
describes new and upgraded products relevant to the academic community. Copies
are distributed to the faculty, on-campus student residences, academic departments,
and key distribution points such as Meyer Library and Sweet Hall. In addition, the
newsletter is online in Folio on the Forsythe computer.

Pocumentation about the various AIR computer systems is found in the document
racks on the second floor of Sweet Hall. These include publications about opening
accounts on the different AIR computers. Other documents cover using electronie
mail, the text editor Emacs, and the X Window System.

In the document racks on the third floor of Sweet Hall, there is a variety of other
documents providing information about computing. For example, Public Computer
Cluslers at Stanford University describes the public computer clusters located on
campus. Guidelines for Choosing a Microcomputer helps you select microcomputer
hardware and software. Traveling Abroad with Your Microcomputer furnishes advice
about taking your microcomputer on trips outside the United States. Revenge of the
Macintosh helps you prevent, delect, and remove virus infections on your Macintosh.

The Stanford Data Center: Documentation describing services and software on the
Data Center mainframe is available through an online printing facility, PUBLISH.
A free handout about how to use PUBLISH and some introductory documentation
about the Data Center is at the Document Distribution Center, behind the
Information Desk in Forsythe Hall. The Data Center also provides production
support for Around the Office, a monthly publication written by Stanford staff.
Areund the Office contains information about administrative and automation matlers,
such as the latest computer hardware and software for the office, training
opportunitics, and administrative tips. This newsletter is ontine in Folio on the
Forsythe computer.

Networking and Communication Systems: Networking contributes articles to
Stanford publications and distributes documents that provide information on the
campus-wide Stanford Universjty Network (SUNet), local networks on campus, and
networking software. These items are described in the Calalogue of Netwerking
Materials: Documents, Video Tapes, and Software. Copies are available in the
document racks on the.third floor of Sweet Hall or at Networking, 723-3909.

Others: The Stanford Daily and the Campus Report include news about computer
courses and seminars, Microdisc activities, and recent computing acquisitions. In
addition to computer supplies, the Stanford Bookstore carries a variety of books,
petiodicals and other publications about computing:

Consulting

Faculty, students, and staff who need computing consulting services can contact the
local expert in their area or these divisions of Information Resources: Academic
Information Resources, Networking and Communication Systems, and the Stanford
Data Center.
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A “Local Expert” is a student or a member of the faculty or staff in an arca such as
a department, office, or computer cluster on campus who serves as a source of
computing help and information for others using computers in that arca. Contacting
the local expert in your area about your computing needs and problems can save time
and effort. If that person is also participating in the Expert Partners Program
offered by Information Resources, he or she has special access to IR computing
resources and training. As a result, you may receive information and assistance more
quickly than if you pursued other consulting resources.

The Expert Partners Program: Anyone who supports other computer users within a
working group can be an Expert Partner. The Expert Partners Program is a way of
helping these local experts do their jobs more effectively; it enhances the flow of
information about academic and administrative computing issues on campus.
Whenever computing problems arise in a department or office, the Expert Partner
can direct their questions through dedicated online mail accounts and phone lines.
In addition, TR develops training opportunities and vendor demonstrations for Expert
Partners.  Students, faculty or staff, formally trained professionals or seat-of-the-
pants beginners are all welcome to join.  For mare information about participating in
the Expert Partners Program, contact Tom Goodrich, AIR, 4-4747, ep-hclp@air.

Academic Information Resources offers faculty, students, and staff a broad range
of free technical advice and consulting about academic computing applications at
Stanford. This includes information on microcomputers, workstations, on-campus
mainframe computers, and supercomputing. AIR consultants can help with:

selecting a computer or software,

solving problems with a computer or a program you arc using,

applying computers to courses and research, and

using your computer in the Stanford academic environment and with other
computing systems at Stanford.

4 & o 2

Consultants are available on a scheduled basis to help you with brief computing,
questions; more complex or lengthy questions are handled by an appropriate
specialist. You can send computing questions to AIR consultants via computer, using
the electronic mail address consult@air. You can stop by Sweet Hall to ask a
computing question in person. Or you can telephone AIR consultants at 723-1055.

If you have a computing question, but are not sure where 1o go for an answer, begin
with the consultants in Sweet Hall. They are available Monday through Friday,
9:00 a.m. to 5:00 p.m. to address general and specific computing questions.

To assist you with using AIR computers {mainframes, workstations, and
microcomputers), student consultants are available in Sweet Hall, 723-0325 and in
AlRport, the Macintosh cluster in Tresidder Union. These consultants handle
questions regarding AIR introductory computer classes; accounts for the AIR
mainframes and workstations; and sponsorships for disk space and additional
computer resource allocations. They also support faculty and teaching assistants
using the AIR computer systems for Stanford courses.

Networking and Communication Systems offers consulting assistance to academic
organizations that are planning and installing network connections for data and
instructional video applications. With respect to data applications, Networking
consultants work in cooperation with other IR consultants; with respect to
instructional video applications, they work in cooperation with the Stanford
Instructional Television Network (SITN) staff. Consulting services include:

* preparing bid packages,

* coordinating equipment orders, and
* overseeing cabling contractors” work.
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Consulting is by appointment. There is no charge for the consulting services, except
in the case of very large or extended network projects. For more information, cali
Networking at 723-3909.

Communication Services, a division of Networking and Communication Systems,
provides information on ordering data cormnmunication links such as the Gandalf
data switch, local area networks, or modems. For more information, call 725-HELP.

The Stanford Data Center cffers consulting advice about the software and services
on its 1BM 3090 mainframe and about the administrative applications of computers.
Walk-in consulting is from 10:00 a.m. to noon and 2:00 p.m. to 4:00 p.m., Monday
through Friday, at the Consulting Office in Forsythe Hall. Phone consulting (723-
2046) takes place from 9:00 a.m. to noon and 2:00 p.m. to 4:00 p.m., Monday through
Friday. The CONSULT command is available on the Forsythe mainframe computer
for online questions.

Microcomputer Users” Groups

If you are a microcomputer owner or user, you may choase to join a users’ group to
learn from and share experiences with other users of your system. Users’ groups that
meet on campus include one for Apple Macintosh users and one for IBM PC users. For
informatien on other users’ groups, call AIR at 723-1055.

Stanford Macintosh Users” Group (SMUG) is chartered under the ASSU
{Associated Students of Stanford University), 5o it is a student volunteer
organization. However, anyone who uses an Apple Macintosh is welcome, including
non-Stanford people. The membership fec is $25 a year to membets of the Stanford
community and $35 a year to others. It includes admission to all mectings, one
software distribution disk, a newsletter, periodic bulk purchases of hardware and
software, and other benefits (e.g., members can purchase shareware program disks
through SMUG). Open to all SMUG members are special interest groups in a variety
of arcas including novice users, development, music, and desktop publishing, SMUG
also sponsors an electronic bulletin board connected to FIDOnet for those who have
modems. The regular SMUG meeting is usually held on the first Monday of each
month at 7:00 p.m.; admission to non-members is $3. For more information, contact
SMUG at 723-7684,

Stanford/Palo Alte PC Users’ Group is also affiliated with the ASSU. However,
anyonc who uses an IBM PC or compatible is welcome, including nen-Stanford people.
Membership is $10 a year for students, $25 a year for others. It includes a monthly
newsletter, a library of public domain software, an clectronic bulletin board, and
access to various special interest groups. This users” group meets on campus the last
Wednesday of each month; mectings are held at 7:30 p.m. in Turing Auditorium,
Polya Hall. For more information, contact Beverly Altman at 329-8252.

UNIX Support and Development

AIR provides a wide range of support services for owners of UNIX computers. The
services include acquiring campus-wide licenses for widely used versions of UNIX,
distributing these versions of UNIX for use on campus computers, and providing
UNIX system managers with Stanford specific installation and setup instructions.
AIR provides advice to UNIX system managers about operating system, networking,
and system administration procedures and problems. It also addresses UNIX system
security, providing secure versions of UNIX utilities. AIR ports and distributes site-
licensed and public domain utility software, maintains electronic distribution lists
for UNIX information exchange, and coordinates Usenet network news distribution to
the campus. These services are part of the AIR initiative, the Stanford Program for
UNIX Develepment and Support (SPUDS). For more infermation, contact Liz Hayes,
723-5457, ehayes®@air, or Felix Limcaoco, 723-4942, fkl@air.
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SPUDS furnishes advice to UNIX systems programmers, and undertakes small and
large scale development projects to enhance the functionality of UNIX
implementations. Currently, major efforts are ongoing in the areas of security and
distributed services through SUNet.  For further information, contact Dan
Kolkowitz, 723-5414, kolk@air.

Instructional Applications Development

Through the Courseware Authoring Tools Project (CAT), AIR provides Stanford
faculty with an array of authoring tools which minimize the programming effort
required to develop courseware, i.e., instructional softwarc support. CAT team
members meet with faculty 1o discuss and formalize their courseware idcas,
determine which tools would be appropriate for their applications, demonstrate
these tools, and train the faculty and/or their student programmers to use them.
CAT further supports facully projects with consulting advice and programming
support for selected projects using CAT development tools.

Development tools include Aligs, a HyperCard-bascd toolkit for generating
stmulations in the social sciences; YOW!, a software crector set for applications in
the engineering-related disciplines and a collection of multi-media authoring tools
for developing videodisc-based applications. For more information about the project,
contact Barbara Jasinski, CAT Project Manager, 723-1542.

In addition, there are twe development labs: the Courseware Development Lab
where faculty and students can develop their applicalions and the Lab for Authoring
MultiMedia Programs (LAMP) for faculty who want to develop videodise-based
courseware. Faculty also can use the Interactive Classroom Experiment (ICE)
facilities to deliver their courseware to students.

Communicating with Computers

Using SUNet to Communicate

18

‘image retrieval. Computers connected via telephdne connections have access to such

About Computing at Stanford

Using a computer often involves communicating, i.c., sharing information among
computers. For example, you may send a message from your microcomputer to your
department’s computer to check on an upcoming meeting, or you may transfer public
domain software stored on a large campus computer to your microcomputer.

A brief overview of computer communication at Stanford follows. The AIR document
Using Computers to Communicate provides more detail. - It describes the
cemmunication allernatives and the communication services at Stanford, summarizes
the equipment and software required, and lists references for more information and
assistance. Copies of this document are in the AIR document racks on the third floor
of Sweet Hall. .

If you are using a computer to communicate at Stanford, you are connected to other
computers via SUNet, the Stanford University Network or via the telephone
system. Computers connected via SUNet have access to such services as file transfer,
remate login, electronic mail, and video transmission for instructional television and

services as file transfer; remote login, and electronic mail.

Fhysically, SUNet is a network of networks; local arca networks within most
campus buildings are connected by the SUNet Spine network to form the campus-wide
SUNet network. SUNet connects almost all buildings on campus and offers high-
speed communication among all of the campus computers generally available to
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faculty and students. The nominal speed of data transmission is very fast, usually
between 100,000 and 1 million bits per second. One million bits per second translates
into about 100, 000 characters of text or data per second. The actual speed depends
upon the speed of the communicating computer.

To use SUNet, a Stanford department must first install a local area network in its
building and then attach its computers to that network. SUNet connections for
student-owned, properly-equipped microcomputers are provided in an increasing
number of locations, e.g., dormitories and clusters. If you would like to order a
SUNet connection or to obtain information on current or planned SUNet access, contact
Networking and Communication Systems at 723-3909,

Networking and Communication Systems has developed two programs for
microcomputer communication with on-campus mainframe computers directly
connected to SUNet, e.g., AIR mainframes Watson or Portia. The programs are:
SU-PC/IP for use with IBM PC models and 5U-Mac/IP for use with Apple Macintosh
computers. For a Stanford user, a copy of SU-PC/IP or SU-Mac/IT with
documentation costs $10.00 at Networking and Communication Systems, 723-3909.

The Stanford Data Center has developed Sarnsen/IP, a version of SU-PC/IP that
features commands for use with Forsythe. It is available at the Forsythe Hall
Information Desk. Samson/IP for the Macintosh is under development.

AIR publishes guides, which describe how UNIX system managers should configure
their systems for communicating via SUNet. Distributed with the UNIX operating
systems from the Stanford Program for UNIX Development and Support (SPUDS),
the guides are also found in the document racks on the third floor of Sweet Hall.
Electronic copies are also available via anonymous ftp from Alleyn (36.83.0.22).
UNIX system managers can address questions about UNIX system network
configuration to Liz Hayes, 723-5457, ehayes@air or to Felix Limcaoco, 723-4942,
fkl@air.

Using the Telephone System to Communicate

Stanford’s telephone system permits communication between computers in two ways:
through a dial-up voice line or through a circuit to the Gandalf data switch. For
more information on ordering a standard voice line for a dial-up connection or a
Gandalf connection, contact Communication Services at 725-HELP,

Telephone Connections to On-Campus Computers: You can use dial-up telephone
lines to access many on-~campus computers, You must have an account for the computer
you want to access, a properly equipped microcomputer or terminal, and a standard
telephone line, Information is transmitted at speeds ranging from 300 to 2400 bits per
-second or 30 to 240 characters per second.

Listed below are the telephone numbers for the AIR mainframe computers {e.g.,
Macbeth, I’orna and Watson) and Forsythe, the 1BM 3090 operated by the Data

Center:
AIR mainframes: . 723-8643 (300, 1200, or 2400 bps)
723-8511 (300, 1200, or 2400 bps)
. Forsythe: . 723-8012 (300 or 1200 bps)

723-8000 (2400 bps)

The AIR mainframes and Forsythe allow access at 300 bps, 1200 bps, or 2400 bps.
That js, data can be transmitted across the phone line at 30 characters per second
(300 bps}, 120 characters per second {1200 bps}, or 240 characters per second
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(2400 bps). For more information about connecting via a dial-up telephone line,
contact AR at 723-1055.

Gandalf Connections: The Gandaif data switch allows a personal computer or
terminal located on campus to connect to Stanford’s computer networks. This
conncction is more reliable and faster than a connection via a dial-up tclephone line.
Information is transmitted at speeds up to 9600 bits per second or 960 characters per
second. While the Gandalf gencrally connects terminals to Forsythe, the Stanford
Data Center’s TBM 3090 mainframe computer, it can also connect terminals to other
campus mainframe computers.

Mail

One of the most commonly-used computer communication services, clectronic mail is
available to Stanford faculty, students, and staff who use computers in their work or
study. Electronic mail or e-mai! allows you to send and receive messages between
computers on campus, across the nation, and around the world. Using electronic mail
can replace some of your paper memos or telephone calls, and it allows you to keep
copies of the messages you send and receive.

You may use electronic mail to keep in touch with a colleague on the East Coast, to
check with another department about an upcoming meeting, or to ask a computer
consulting group about a problem you are having with your microcomputer. Electronic
mail also offers access to mailing lists that provide usefu! information on a specific
topic. For example, you may put your name on a supercomputer mailing list so you
can receive campus supercomputing news.

When you send an electronic mail message to someone, you do so by using softwarce
called a mail program. It helps you compose your message, address it, send it
through the mail system, and deposit it i the clectronic mailbox of your
correspondent. Following is a list of the most commonly-used electronic mail
programs at Stanford:

*  CMS Mail is on IBM 4300 scries computers using the VM/CMS Cperating
System, e.g., CORVMA and Watson.

* Contact EMS is on Forsythe, the Data Center's IBM 3090 computer using the
MVS Operating System.

* MH or Mail Handler can be used on Apple Maciniosh and [BM Personal
Computer systems. 1t is available with SU-Mac/IP software (Version 3.0 and
all later versions). It is also available with SU-PC/IP software for 1BM PC,
XT, AT, and PS/2 systems (Version 3.0 and all later versions).

*  MMis on DEC-20 computers using the TOPS-20 operating system, e.g., CSLI,
GSB HOW and WHY, Macbeth, SCORE, Sierra.

* UNIX MAIL and MH are on computers using the UNIX operating system,
e.g., Ararat, Polya, Portia, and Sun workstations.

*  VMS Mail is on DEC VAX computers using the VMS Operating System, e.g.,
GSB-WHAT, Star, and DEC VAXstations.

*  WYLBUR Mail is on Forsythe, the Data Center’s 1BM 3090 computer using
the MVS Operating System.

Faculty and students can obtain free accounts on AIR computer systems for electronic
mail purposes.
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Microdisc:

AIR consultants can provide advice and information about using electronic mail. To
find out about obtaining an account or more information about using electronic mail,
contact AIR at 723-1055.

UNIX system managers needing system assistance in setting up their systemns for
electronic mail can contact Liz Hayes, AIR, 723-5754 or Felix Limcaoco, AIR,
7234942, Sendmail configuration files appropriate for the Stanford environment are
available via anonymous ftp from Alleyn (36.83.0.22).

The documents Electronic Mail Across SUNet and Off-Campus Compuler Networks
summarize the clectronic mail systems that the Stanford community can use. A
Quick Guide to Electronic Mail describes how to use electronic mail to communicate
with off-campus colleagues. Copies are available in the document racks on the third
floor of Sweet Hall.

Renting and Repairing Hardware

As a member of the Stanford community, you may buy some microcomputers and
warkstations at discounted prices or you may qualify for a student lean program.
Through your affiliation with the University, you may also utilize on-campus
alternatives for computer rental, installation, maintenance, and repair. Information
about these opportunities follows,

On-Campus Discount Program

Stanford students, faculty, and staff may make personal purchases of selected
microcomputer products through the Stanford Microdisc plan at the Stanford
Bookstore. Microdisc currently offers selecled hardware and software products from
Apple, IBM, and NeXT, as well as third-party hardware and software. Located on
the second floor of the Bookstore, Microdisc features a computer demonstration.area
for experimentation, staff to assist you in choosing a computer, and an authorized
Apple service center that offers warranty and nen-warranty service, In addition,
some vendors periodically offer special promotions on packages of hardware and
software. For more information, drop by the Bookstore or call 329-1217, Monday
through Friday, 9:00 a.m. to 5:00 p.m.

Academic departments wishing to place orders through Microdisc should contact
Procurement at 723-1034 for more information.

Educational Discounts and Student Loans

Many vendors offer educational programs to university faculty, staff, and students.
These educational programs may include substantial discounts or student computer
loan programs. If you are planning to purchase hardware or software not carried at
Microdisc, contact the vendor directly to inquire about educational discounts or loans.
Microage is an alternate source for the same IBM products and discounts that
Microdisc offers to Stanford students, faculty, and staff, Microage is located at 1910
wW. El Camino Real in Mountain View, 964-5555. -

The Apple Student Loan-to-Own Program is a plan to help college students purchase
Macintosh computers. The program is designed primarily for parents of students who
do not qualify for traditional student assistance programs or need to supplement
federally-sponsored aid. To receive more information or to request an application,
call or drop by Microdisc in the Stanford Bookstcre, 329-1217.

Zenith Data Systems’ educational program includes substantial discounts to Stanford
students, faculty, and staff and a student loan program similar to that offered by
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Installation,

Apple. Discounts range from forty-five to fifty percent off at the Heath Zenith
Store in Redwood City. For more information, call 365-8155 or visit the store at 2001
Middlefield in Redwood City. :

Hardware Rental

Communication Services Ficld Operations is a group within Networking and
Communication Systems that provides rental of personal computers and printers from
Apple. Besides a few terminals and IBM PC’s, some printers from Hewlett-Packard,
DEC, or IBM may be available. As Field Operations focuses increasingly on Apple
products, it will not replace non-Apple rental equipment that wears out. For more
information, call 723-0577.

Maintenance, and Repair of Computer Hardware

Microcomputers and terminals may require installation or data connection service or
occasional maintenance and repair, Several groups on campus provide these services.

Data and Video Connection Services; Networking and Communication Systems is
the division of Information Resources that provides data connection services to
SUNet, the Stanford University Network. Networking and Communication Systems
installs, moves, and repairs SUNet connections for equipment such as mainframe
computers, terminals, microconiputers, and printers. For details, call 723-3909.

Communication Services is a division within Networking and Communication
Systems that handles all requests for data connection services via telephone lines
and the Gandalf data switch. Besides maintaining all telephone voice lines,
Communication Services installs, moves, and maintains telephone data lines that
connect equipment such as terminals, microcomputers, and printers to mainframe
computers. For installation requests, contact your department’s Stanford
Telecommunications Representative or STAR. For repairs, call the Systems Control
Center at 723-1611.

Maintenance and Repair: Two groups on campus provide maintenance and repair for
Apple Macintosh systems. The Stanford Bookstore provides Apple Macintosh
computer maintenance and repair services, both warranty and non-warranty. For
more information, contact the Bookstore at 329-1217. Communication Services Field
Operations also provides warranty and non-warranty maintenance and repair for
Apple Macintosh family of computers, printers, and other related peripherals. You
drop off your Apple equipment for repair. If you request it, once the repair is
tinished, Field Operations will deliver it to you free of charge. For more
information, call 723-0577.

For a sampling of maintenance opticns for a printer, personal computer, or terminal
from other vendors, you may want to consult the flier Maintenance Alfernatives for
Personal Computers and Peripherals. Found in the documents racks on the third floor
of Sweet Hall; this flier covers both maintenance contracts and time and materials
maintenance services available from off-campus facilities.

Acquiring Software

With software such as word processors, databases, and spreadsheets, you can
accomplish many kinds of work on a computer. Generally, when you use a Stanford
comnputer system, the software you require is provided. However, you must purchase
the software you need far your own microcomputer or workstation.

2 About Computing at Stanford
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Stanford’s Software Copying Policy

Stanford’s policy on copying computer software states that “unlawful software
copying is not permitted.” The policy applies to all Stanford faculty, students, and
staff and pertains equally to “software for microcomputers, minicomputers,
mainframes, or any other device.” Details about the policy are presented in a
handout, Guidelines and Information on Seftware Copying. Included is a description of
your responsibility as a member of the Stanford community to comply with laws and
contractual obligations in connection with software, and an outline of the sanctions
for violation. These sanctions can be as severe as termination of employment or
student status. For a copy of Guidelines and Information on Software Copying, contact
AIR, Sweet Hall, Third Floor, 723-1055. The guidelines are also found online by
typing help copyright in response to the @ prompt when connected to Macbeth; or
Hamlet. You do not need an account on the computer.

Discounted Microcomputer Software

Discounted software for microcomputers is available through Microdisc, located on
the second floor of the Bookstore. This includes software from Apple, Claris , and
Microsoft for the Apple Macintosh and software from Microsoft and Lotus for IBM
PC’s and compatibles, See Microdisc for their software product and price lists. For
mere information, drop by the Bookstore or call 329-1217, Monday through Friday,
9:00 a.m. to 5:00 p.m. Stanford students, faculty, and staff can make personal
software purchases through Microdisc, and departmental software purchases can be
made through Microdisc. To erder software throngh Microdisc, academic
departments should contact Procurement at 723-1034.

Departments can make direct purchases of discounted software for Apple and [BM
personal computer systems and a full line of computer supplics through Stanford
Central Stores, 330 Bonair Siding, 723-9606. Hours are Monday through Friday,
8:00 a.m. to 4:30 p.m. Al purchases must be charged to a University or Hospital
account.

Through Electrical Engineering Stores, Stanford students, faculty, and staff can
purchase discounted software and computer supplies for use in University research or
academic programs. Payment is by cash, check, or charge to a University or
Hospital account. You can stop by EE Stores in the Electrical Research Laboratory or
call 723-1791. Hours are Monday through Friday, 8:00 a.m. to 4:30 p.m.

Many vendors do offer educational discounts to faculty, students, and staff,
Thercfore, if you are considering purchasing personal purchases of software not
available through Microdisc, contact the vendor directly to inquire about discounts.

Software Licenses

AlIR participates in the negoliation of software licenses to aid the Stanford
community in identifying software available at a cost savings. Licenses range from
those that allow Stanford faculty, staff, and students to acquire commercially-
available software for their personal use to those for software used on campus
mainframe computers. Licenses are available for software used on microcomputers,
for UNIX operating system and utility software, and for software used on DEC
computers. For details about software licenses at Stanford, contact AIR, 723-1055.

Microcomputer Software Licenses: The Stanford Bookstore; has site licenses for
the following microcomputer software:

* Notebook II from ProTem, a text-oriented database for IBM PCs:
¢ PC TeX from Personal TeX, Inc., a computer typesetting program for 1BM PCs;
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* TeXtures from Blue Sky Rescarch, a computer typesetting program for Apple
Macintosh computers;

These programs are available at Microdisc in the Stanford Bookstore. You can see
demonstrations of the software there. For details, contact the Bookstore at 329-1217.

Stanford University has a site license for the statistical analysis package SAS PC.
SAS PC runs under the DOS operating system on IBM PC’s and compatibles. A full
function statistical package, SAS PC is a complete implementation of the SAS
system available on other mainframe computers on campus. The following products
are included in the site license: Base SAS, SAS/Stat, SAS/Graph, SAS/IML,
SAS/FSP, SAS/ETS, and SAS/AF. Microdisc handles purchases of the license, and
AIR distributes the software and coordinates updates. The license must be rencwed
annually, For details, contact Janet Lasher, AIR, 723-1518, janet@air.

UNIX Operating System and Utility Software: AIR acquires campus-wide licenscs
for the most popular releases of UNIX; currently, these are: Sun0S, ULTRIX, IBM
AQS 4.3, the NeXT Q85, Apple A/UX, Berkeley 4.3. Generally, AIR handies on-
campus distribution of the different flavors of the UNIX operating system and
utility software. Licensing arrangements include rights to new operating system
releases. AIR also distributes important site licensed and public demain utility
software for UNIX systems. For licensing information, contact Cathy Smith,
723-4378, csmith@air.

Software from DEC: Information Resources has made arrangements with Digital
Equipment Corporation (DEC) to participate in three DEC programs that
significantly reduce the costs of Digital software for the VMS and ULTRIX
environrnents:

* The Campus Software License Grant Program (CSLG)
* The Education Market Basket (EMB)
* The Education Software Library (ESL)

The Campus Software License Grant Program grants licenses for more than 160 VAX
software products at no chargo to campus owners of DEC computers. The license
portfolio includes the VMS operating system, and YMS and ULTRIX layered
products. The ULTRIX aperating system is also granted to VAX processors under
Stanford’s AT&T site license agreement. The Education Market Basket includes
many additional licenses not included in the CSLG. The EMB offers program licenses
at specially reduced prices. The CSLG and EMB provide licenses for VAX software;
media, documentation and support for the licensed software products are available
through either the Education Software Library or through the purchase of
media/documentation kits and support services from Digital.

The Education Software Library provides media, documentation, support, and
software updates for 42 VAX software products including the VMS and ULTRIX
operating systems, VAX compilers, and many VMS layered products, Campus DEC
computers may be enrolled in the ESL for a very modest annual subscription fee
which varies depending on the central processing unit type. Enrollment provides
access to software media, including updates, local technical support with access 1o
Digital technical support, and documentation purchases at a 50 percent discount.

Many Stanford DEC computer owners are already taking advantage of these
programs, enabling them to run new programs, and newer versions of old programs, at
very reduced costs. To join or find out more about these programs, VMS system owners
can contact Mike Durket, Stanford Data Center, 723-2866, gg.mpd@forsythe; ULTRIX
system owners can contact Cathy Smith, Academic Information Resources, 723-4378,
csmith@air.
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Software Distribution: The Office of Technology Licensing

The Office of Technolbgy Licensing (OTL) provides a means to distribute software
created by Stanford faculty, students, and staff. Currently there are approximately
75 programs distributed through OTL in the following manner.

The Software Distribution Center handles direct licensing of software to academic
and commercial organizations for internal use only. The center maintains a catalog
of Stanford software currently available. [t also provides distribution, tape
production, mailings, appropriate license agreements and other services. If you are
interested in utilizing the Software Distribution Center’s services, please contact Jane
McLean at OTL, 723-0651 or via electronic mail, cs.jml@forsythe.

Commercial licenses allow a company to distribute Stanford software as one of its
own products. The form that distribution takes depends on the agreement reached
with the company. The company may provide technical support and marketing or
supplement it with other commercial application programs. In return for the right 1o
distribute the software commercially, a royalty bearing license agreement is
arranged. For more information, contact Dave Charron at OTL, 723-0651, or via
electronic mail, ca.dav@forsythe.

Library Computer Services

The Stanford University Libraries provide several computerized services for faculty
and students.

Socrates

Socrates is the computerized online catalog of the Libraries of Stanford University.
It contains records of approximately half of the Libraries’ collections: all items in
the Meyer Memorial Library and records for items acquired since 1973 for the Green
Library and branch libraries. It also holds records of materials acquired since 1977
in the coordinate libraries: the Hoover Institution Library, the Jackson Business
Library, the Lane Medical Library, and the Robert Crown Law Library. The SU
Libraries are working to add records for pre-1973 acquisitions to Socrates.

Socrates is available through the Folio system 24 hours a day, except for early
morning hours on weekends and Thursdays. Through the Folio system, you can

* electrenically mail or copy Socrates citations to most other campus computers. You
can also print citations or save them to a disk on your microcomputer.

Socrates terminals can be found at Green and Meyer Libraries, all the branch
libraries, the Law Library, and the Hoover Institution Library. Socrates terminals
are always logged on to Folio and ready to use. Currently, there are printing
facilities at Green and Meyer. You can also use a personal Folio account to search
Socrates from terminals or microcomputers in your home or office, or in public
terminal areas on campus. To obtain a Folio account, present your Stanford 1D at the
service desks in the libraries where Socrates terminals are located. Use of Socrates
is free to the Stanford community.

Although Socrates is self-teaching and easy to use, the Libraries provide workshops
for faculty and students to learn about the system., Green Library offers hands-on,
introductory Socrates workshops using Apple Macintosh computers and a workshop
for advanced Socrates users. Other libraries on campus also provide introductory
Socrales instruction on a one-to-one or group basis, upon request or as part of a
scheduled series. For more information, contact the General Reference Department at
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Green Library, 725-1065. Socrates: A User Guide o the Online Catalog of the Stanford
Libraries and a two-page Reference Guide to Socrates arc available at library reference
and service desks.

Search Service

The Computer Search Service provides faculty, students, and staff with access to
hundreds of databases covering virtually all fields—engincering and technology, life
and physical sciences, social and behavioral scicnces, humanities, business, law, and
current events. These databases contain references to journal and newspaper articles,
technical reports, conference proceedings, patents, dissertations, government
documents, books, and statistics. Many databases include summaries of items and
some offer full text. Often you can have your results downloaded to a microcomputer
diskette. Your options for access include searches of:

* online databases that the library staff do for you,
= online databases that you do yourself, and
* (CD-ROM (Compact Disk Read Only Memory) databases that you do yourself.

Costs for these searches vary; some searches are free, some cost a $5 flat-fee, and
others are based on a sliding scale. The Support for Online Searching (SOS} program
enables library staff to accomplish an online search on any topic for qualified
Stanford students for a flat-fee of $5. To qualify for the reduced rate, students need
to complete a form and obtain the signature of a faculty member who attests that
the search is in support of the student's honor's thesis, master’s thesis, dissertation,
or other significant research. These forms are available at most libraries.

Unlimited online access to the Physics Briefs database is furnished free of charge
through the Physics, Engineering, and Earth Sciences Libraries. Online access to the
Chemical Abstracts database is provided by the Chemistry, Engineering, and Earth
Sciences Libraries at 15 percent of the normal cost.

Meyer Library offers a free, easy-to-use, do-it-yourself online option to Stanford
students and faculty. Over 70 databases covering a wide range of subject areas are
available for searching on a system called Knowledge Index. There is a limit of
three thirty-minute search appointments per quarter. Many libraries offer free,
easy, do-it-yourself access to CD-ROM databascs such as Dissertation Abstracts,
Modern Language Association Bibliography, Medline, Life Sciences Collection,
LegalTrac, Hydrodata, 1EE/IEEE Publications, NTIS, and ERIC. Hours of
availability and length of scarch appointments vary. Library staff throughout
campus or the Data and Information Services Libranan at Green Library

(725-1054, en.dat@forsythe) can answer questions about the Computer Search Service.

Data Service

The Academic Data Service (ADS), a joint endeavor of Stanford University Libraries

" (SUL) and Academic Information Resources (AIR), is a coordinated service program

for the acquisition and use of research materials in machine-readable form. Over a
period of years, SUL has acquired diverse data for the Stanford community from the
Inter-university Consortium for Political and Social Research (ICPSR), the’ Roper
Center, other data archives, and government agencies. There are now more than 700
data files. They cover a wide range of topics and time periods and include census
records, election returns, public opinion polls, and international financial statistics.
All data files obtained by SUL are listed in Socrates, the online catalog.

Stanford faculty and students may access the machine-readable data files of the
Academic Data Service, and process the data with statistical packages such as SAS
and 5PS5* by using Watson, the IBM VM/CMS systern operated by AIR. For

complete details about locating and using ADS data files, see the document,
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Academic Data Service Users’ Guide, available from the Green Library Reference Desk
or the document racks on the third floor of Sweet Hall. For more information about
the Academic Data Service, call Eddy Hogan, Green Library, 725-1054,
cn.dat@forsythe or Felix Limcaoco, AIR, 723-4942, fkl@air.

Online Information Sources

At Stanford there are a variety of information sources available through mainframe
computers. These sources provide an easy way to share or obtain a variety of
information and to communicate with other computer users.

Folio

Folio is an online system that gives Stanford faculty, students, and staff easy and
convenient access to a variety of information at Stanford. Folio is available on the
Forsythe computer all day, every day. It gives more up-to-date and complete access
to information than is possible in traditional paper files. Although experts can omit
them, instructicns guide novices at every step.

Folio includes the following files of information. New files are added periodically.
* Socrates (Online catalog of the Libraries of Stanford)

« Qther Bibliographic Files

HBR Abstracts and full text from recent articles in the Harvard
Business Review

Hoover Posters Hoover Poster Collection

IR Newsletters Articles from various information Resources newsletters,

inciuding Speaking of Computers and Around the Office

MLK Bibliography Martin Luther King, Jr., bibliography
Reserves Reserved reading at Mcyer Library
Stanford Bookstore Catalog of the Stanford Bookstore

. Acac_lemiclAdvising Files

Awands Graduate and undergraduate scholarships and fellowships
Course Guide ASS5U Course Guide

Faciilty [nterests Research interests of the Stanford faculty -

Odyssey Student internships and research opportunities

Student Activities Voluntary student organizations

s  General Public Information

Commurity Info Services available to San Mateo County residents
Investments Stanford University investment information
JOBS ‘ Job opportunities builetin for staff
Off-Campus Housing Off-campus rental housing listings
Public Events Public events calendar
Student Jobs Jobs available to students on financial aid
About Computing at Stanford 27
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You may search these information files at public Folio terminals in:

You can also use a free Personal Folio Account to log on to Folio from terminals,
microcomputers, or workstations in your dorm, home, or office, or in public terminal
areas on campus. To obtain a Folio account, present your Stanford ID at one of the
locations listed above, or at the service desk at most campus libraries.

most campus libraries,

the Career Planning and Placement Cenler on White Plaza,
the Off-Campus Housing Office in Old Union,

the T'ublic Service Center in Owen House,

the Stanford Bookstore,

the Undergraduate Research Office in Sweet Hall,

the Undergraduate Advising Center in Sweet Hall, and
Bechtel International Center.

Folio is a cooperative effort between Information Resources, the Libraries of
Stanford, and other campus offices. For more information about Folio, contact Tony
Navarrete at the Stanford Data Center, 723-1662.

On-Campus Electronic Bulletin Boards

Electronic bulletin boards, often called bboards, offer a convenient way for you to
comrmunicate with others—across campus or across the country. You can usé electronic
bulletin boards to convey or obtain information about almost any subject you could
imagine. Electronic bulletin boards arc similar to non-computerized bulletin boards;
they both allow you to read or post notices. But electronic bulletin boards offer
greater freedom: wherever there is a terminal, micracomputer or workstation that
connects to Stanford University’s computer networks, the bulletin board comes ta you.

A wide variety of bulletin boards are available via Stanford’s computer networks.
Although direct personal computer access is under development, you must currently
login to a mainframe computer to access bboards. To find out how to access a bulletin
board on a TOPS-20 system operated by AIR, type help bboard in response to the @
prompt. To find out how to access a bulletin board on the Forsythe computer
operated by SDC, type help bboard in response to the Command > prompt. For
information about bulletin board access on other on-campus mainframes, contact the
department or system administrator responsible for the mainframe.

There are two popular bboard systems on campus: SU bboards and Usenet bboards.

SU Bboard System: You can access the SU bboards on many campus computers (e.g.,
Macbeth, Polya, GSB-How, Sierra, Forsythe). These bulletin boards cover a variety
of topics including computing, upcoming events, employment listings, and items for
sale. Following is a list of some of the SU bboards and their subject areas.

* SU-Computers Comments or questions concerning computer software
and services
= SU-Events Announcements of seminars, concerts, and other events

on of off campus
*  SU-Jobs Help wanted and offered listings

*  SU-Macintosh Questions, answers, comments on the Apple Macintosh
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» SU-Market Itemns for sale; comments on merchants and services

» SU-Eic . Notices not appropriate for other SU bulletin boards

Usenet Bboard System: Uscnet is a worldwide computer network for UNIX systems.
Its bboard system is available through Stanford UNIX systems such as Portia. The

way you access the Usenct Bboard System varies, depending on which UNIX system
you are using. To access this bboard system on Tortia, type rn at the Portia> prompt.

Through Usenet you can access some 600 bboards (also called newsgroups on UNIX
systems), which cover a wide variety of information. For example, the comp topic
area covers discussions related to computer issues. Examples of bboards under the
comp area are: comp.sys.sun and comp.unix.ultrix. These bboards are related to
discussions of Sun workstations and the Ultrix operating system, respectively. Note
that it is possible to access the SU Bboard system through the su topic area.

Consortia

This a sampling of the consortia in which Stanford University holds membership. It
is not intended as an exhaustive list.

Apple University Consortium (AUC)

Begun in December 1983, the AUC consists of 33 colleges and universities chosen by
Apple to integrate the use of the Macintosh computer into higher education. Besides
Stanford, the consortium includes schools such as Carnegie-Mellon, Harvard,
Dartmouth, and the University of Chicago.

AUC members exchange information about their Macintosh development activities on
campus and compate ways to integrate microcomputers into the academic curriculum.
At Stanford, equipment and software provided by Apple through the AUC have
allowed the faculty to author instructional materials on microcomputers and students
to complete class assignments requiring the use of microcomputer software. For mare
information about the Apple University Consortium, contact AIR at 723-1055.

DEC University VAXstation Consortium

Stanford is a member of the DEC University VAXstation Consortium, It is a forum
by which universities express their needs in terms of Digital Equipment
Corporation’s YAXstation product direction. As a result of Stanford’s participation
in this consortium, academic departments can purchase DEC workstations off the
Consortium’s price list. This list reflects averages of 50 percent discount on regular
retail prices for both VAXstations and DECstations. For details, call AIR, 723-1055.

EDUCOM

Founded in 1964, EDUCOM is a non-profit consortium of over 500 colleges,
universities, and other institutions committed to the introduction, use, and
management of information technology in higher education. EDUCOM is funded by
membership dues, service fees, and grants from foundations, corporations, and
government. The organization is governed by a member council and a board of
trustees, and maintains a staff in Princeton, New Jersey,

As a member of EDUCOM, Stanford can take advantage of services that include an
EDUCOM Consulting Group that provides evaluation and recommendation on uses of
information technology; the BITNET international computer-to-computer
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communications nctwork for higher educalion and research; and the activities of the
Educational Software Initiative, a scrics of task groups working toward the
cncouragement of educational software development use, software accessibility, and
the effective delivery and pricing of instructionai software.

Inter-University Consortium for Political and Social Research
(ICPSR)

Stanford is one of 300 members of ICPSR, which is headquartered at the University
of Michigan in Ann Arbor. For more than two decades, 1CPSR has served social
scientists around the world by providing:

* a central repositery and dissemination service for machine-readable social
science data;

* training facilities in basic and advanced techniques of quantitative social
analysis; and

* resources that facilitate the use of advanced computer technology by social
scientists.

As an institutional member of the consortium, Stanford can request data files and
codebooks from ICPSR’s extensive tape archive and can send representatives to
institutes and workshops in Ann Arbor. For mere information, contact the Stanford
ICPSR liaison, Eddy Hogan, General Reference Department, Green Library, 725-1054,
cn.dat@forsythe.
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A Quick Guide to Electronic Mail 21
Academic Data Service (ADS) 26
Academic Data Service Users’ Guide 27
Academic Information Resources (ATR)
1,2,5,6-8, 11, 13-19, 21, 24, 25
consulting 16
introductory classes 13, 16
mainframes 6-8, 13, 15, 16, 19, 20
Macintosh cluster (AlRport) 8, 13
publications 15
terminals, workstations, Sweet Hall §
videotapes and tutorials 14
accounts
on AIR computers 7, 15, 16, 20
on Forsythe 7
administrative computing, 7, 15, 17
advice (see consulting)
AlR (see Academic Information Resources)
AIR Introductery Classes schedule 13
AlRport 8, 13
Alias 18
APL7
Apple
A/UX 24
Macintosh Il and Macintosh Ilex
computers, public 8
Macintosh Plus computers, public 8
Macintosh systems maintenance 22
purchases 21
service center 21
Student Loan-to-Own Program 21
Apple University Consortium 29
application of computers to courses and
research 16
Around the Office 15, 27
ATE&T site license with Stanford 24

BASIC 7

Batch computing 7

bboards 28 (see also electronic bulletin
boards)

Berkeley 4.3 24

BITNET 29

BMDP 7

BMP 7

c7

campus computing activities 15

Campus Report 15

Campus Software License Grant
Program (CSLG) 24

catalog of the Stanford Libraries, on-line

(see Socrates)

Claris software purchases 23

Classroom 241A, German Studies
Department 10
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Classroom for Freshman English,
Building 60 10
clusters, public microcomputers and
workstations 8, 9
CMS Mail 20
communication alternatives 18
Communication Services 17, 19, 22
Communication Services Field
Operations 22
computer instructional facilities 9, 10
cemputer networks 1, 18-19
computer purchases 21
Computer Science Classrooms,
Building 50 10
Computer Search Service 26
computerized classrooms (see computer
instructional facilities)
computing books, periodicals 15
connections to on-campus computers via
dial-up voice lines 19
consortia 29
consulting,
AIR consulting 16
AIR Consulting Lab 11
applying computers to courses
and research 16
computer advice 16
consulting services available 15
courseware development 18
electronic mail 21
networking 16
Stanford Data Center 17
Contact EMS 20
Cooperative for Linked
Administrative Systems at
Stanford (CLASS) 6
coordinating equipment orders 16
Cornell National Supercomputer
Facility (CNSF) 12
courses
AIR (classes and videotapes)
13-14
applying computers to 16
Engineering or Computer Science 8 -
Computer Science Department 13
Lane Medical Library 14 ’
Stanford Data Center 14 o
systern and network administrator
training sessions 14
Courscware Authoring Tools Project
(CAT) 18
Courseware Development Lab 11, 18
courseware development 18
Cubberley Library 3
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Data and Video Connection Services 22
data communication links 17
data, video, and voice communication
for Stanford &
database searches, all fields 26
DEC software 24
DEC University VAXstation
Consortium 29
DEC workstations, departmental
purchases 29
departmental computer resources 1
dial-up voice line connections to
an-campus computers 19
Dialog Information Services 5
Dissertation Abstracts 26
Dissertation Lab 2, 8
documentation, computing
AIR 15
networking 15
Stanford Data Center 15

Education Market Basket (EMB) 24

Education Software Library (ESL} 24

Educational Software Initiative 30

EDUCOM 29

Electrical Engineering Stores 23

electronic bulletin boards 28

electronic mail 15, 18, 20
communication with off-campus

colleagues 21
electronic mail programs at
Stanford 20

Electronic Mail Across SUNet 21

EMACS 13, 15

EMCC, the Engineering Microcomputer
Cluster 8

Engineering Library Microcomputer
Cluster 3, 8

engineering-related disciplines 18

Enjoy the View: Computer Training
Videotapes on StNet 13

ERIC 26

Eugene McDermott Room 10

Expert Partners Program 16

file transfer 11, 18

Fleischmann Learning Resource Center
(FLRC) 5

Folio 7, 15, 25, 27, 28

Forsythe 7, 15, 17, 19, 20, 27

FORTRAN 7,

Freshman English 4, 8, 9, 10

Gandalf data switch 17, 19, 20, 22
GDDM 7

Graduate Dissertation Lab 2, 8
Graduate School of Business 2
graduate student computing needs 2
Green Library 8

34 About Computing at Stanford

— 138 —

Guidelines and Information on Software
Copying 23
Gutdelines for Choosing a Microcomputer 15

Hamlet 7

hardware purchases, personal and
departmental 21, 22

HER 27

Heath Zenith Store 22

help with computers (see consulting)

History Corner 11

Hoover Posters 27

Hydrodata 26

IBM A0S 43 4

IBM PC Cluster 8

1BM PC XT computers, public B

IBM products and discounts 21

IEE/IEEE Publications 26

Information Resources (IR} 1, 5, 16, 24,
27,28

Institute for Mathematical Studies 7

instruction and unsponscred research,
applying computers to 6-7

instructional applications 18
multi-media software 12
software support 18
video applications 16

instructional television, video
transmisssion for 18

Inter-university Consortium for
Political and Social Research
{ICPSR} 26, 30

Interactive Classroom Experiment
(ICE} 11, 18

isp 7

Knowledge Index 26
Kyota Common LISP 7

Lab for Authoring MultiMedia
Programs (LAMP) 12, 18

Lane Medical Library 5, 14

Lane-Medline service 5

law faculty 5 (see also School of Law)

LegalTrac 26

Libraries of Stanford 28

Library Information Systems 6

Life Sciences Collection 26

liquid crystal displays 10

LISP 7

local area networks 18, 19

local expert 15, 16

Lotus software purchases 23

Macbeth 7, 19, 23

machine-readable materials 26

machine-readable social
science data 30




mainframes on-campus 6-7,
terminals to access 8-9

Maintenance Alternatives for Personal .
Computers and Peripherals 22

maintenance options for computer
equipment 22

Martin Luther King, Jr. bibliography 27

Medical Informatics Training Lab
(MITL) 5

MedLine &, 26

MedNet 5

Meyer Library Forum Room 9

Meyer Microcomputer Cluster 8, 10

MH or Mail Handler electronic mail
program 20

Microage 21

Microdisc 21, 23, 24

Microsoft software purchases 23

Minitab 7

Mitchell Earth Sciences building 11

MM electronic mail program 20

modems 17

Modemn Language Association
Bibliography 26

multi-media authoring teols 18

multi-media classroom 11

NAG and IMSL subroutine libraries 7

National Center for Supercomputer
Applications (NCSA) 12

National Library of Medicine's
bibliographic databases 5

Networking and Communication
Systems 6, 14, 15, 16, 17, 19, 22;
nclworking documentation 15
training sessions for system and

network administrators 14

tutorials and seminars, 14
videotapes on SUNet 14

networks (see compuler nefworks)

NeXT computer systerns, public 8

NeXT OS 24

NeXT purchases 21

Notebook 11 23

NTIS 26

Oberon 7
Office of Graduate Studies 2
Office of Technology Licensing (OTL) 25
Office of the Registrar 9, 10
computer projects 11

Pascal 7

Pascal/VS 7

PC TeX 23

Physics Briefs database 26
PL/L7

Portia 7, 19

presentations on computers 14
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Prism 7

public clusters of microcomputers or
workstations 8

Public Computer Clusters at Stanford
University 15

public domain software 18

public computers
clusters §, 9
mainframes 6-9
microcomputers 6, 8, 9
workstations 6, 8

PUBLISH 15

purchasing hardware 21, 22

purchasing software 23

Reference Guide to Socrates 26
remote login 18
rentals, personal computers, printers 22
research
applying computers to 16
groups 1
materials in machine-readable form 26
residence-based computing 9
Residential Electronic Classroom
Project 9
Residential Electronic Classrooms 9
Revenge of the Macintosh 15
Room 263, Language/Engineering
Corner 10
Room 320, Geology Corner 11
Room 410, Meyer Library 8, 10
Rooms 040 and 041, Jordan Hall 10
Roper Center 26

57
Samson/IP 19
San Diego Supercomputer Center
(sD5C) 12
SAS 7, 26
SASPC 24
School of Earth Sciences 2, 3
School of Education 3, 7
School of Engineering 3
School of Humanities and Sciences 4, 7
School of Law 4, 5, 7
School of Medicine 5
schools 1, 2
SCRIPT 7
sclecting a computer or software 16
Self-Paced Computer Training Materials 14
seminars
by special arrangement 14
on developments in computing 14
sendrail configuration files 21
site licenses 23
Socrates 7, 25-27
terminals 25
training 25
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A User Guide to the Online Catalog of the
Stanford Libraries 26

software and hardware evaluation 11

software created at Stanford, distribution
of 25

software discounts 23

Software Distribution Center 25

saftware licenses 23

software purchascs. personal and
departmental 23

SPARCstations, public 8

Speaking of Computers 15, 27

SPIRES 7

spreadsheet analysis 9

SPSSx 7, 26

SPUDS 17, 19

Stanford Bookstore 15, 22, 23
on-line catalog 27

Stanford Central Stores 23

Stanford Daily 15

Stanford Data Center 6, 15, 17, 19
consulting 17
courses 14
documentation15
mainframe computer 7

Stanford dormitories 9

Stanferd Instructional Television
Network (SITN) 11, 16

Stanford Macintosh Users’ Group
(SMUG) 17

Stanford Program for UNIX
Development and Support
(SPUDS) 17, 19

Stanford Telecommunications
Representative or STAR 22

Stanford University Libraries (SUL) 25, 26

Stanford University Network {(SUNet)
1,6, 8,9, 10,11, 14, 15, 18, 19 (see also
SUNet Spine network and SUNet
connections,)

Stanford /Palo Alto PC Users’ Group 17

Stanford’s Computing Organization 5

Stanford’s Software Copying Policy 22

statistical and numerical analysis
programs under VM/CMS 7

student computer loans 21

SU Bbeard System 28

5U bboards access 28

S5U-Mac/IP 19

SU-PC/IP 19

SUNet connections 18-19
for student-owned computers 19
installing, moving and repairing’
22
ordering a SUNct connection 19

SUNet Spine network 18

SunQ5 24

Suns, public 8
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supercomputers 1, 12-13, 20
applications for seedtime 12
resources 12
supercomputing organizations 12

Support for Online Searching {SOS) 26

telephone data lines, installing,
moving, and maintaining 22

telephone system 6

telephone voice lines, repair 22

text scanner {(Kurzweil Model 4000} 4

TeXtures 23

TOPS-20 7, 13, 20, 28

Traveling Abroad with Your
Microcomputer 15

ULTRIX 24
Undergraduate Advising Center (UAC) 1
undergraduate computing needs 1
UNIX 7, 13, 29 ,
campus-wide licenses 17
consulting 17, 18
development projects 18
suppott and development 17
system managers 17, 19
system network configuration 19
system security 17
UNIX MAIL 20
UNIX Operating System and
Utility Software 24
utilities 17
Usenet 17
Usenect Bboard System 29
users’ groups 17
Using Computers to Communicate 18

VY AXstations, public 8
vector
FORTRAN 14
program development and simulation 7
service 12
vendor discounts 21, 23
video/data projection system 10
videodisc-based
applications 18
courseware 11, 12, 18
videotapes, AIR classes 13
videotapes, instructional, SUNet 14
virus infections 15
VM/CMS 7,13, 24
VMS Mail 20

Watson 7, 19, 26
WYLBUR ?
WYLBUR Mail 20

X Window Syslem 13, 15
YOW! 18
Zenith educatienal program 21
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APPLIED LEARNING




STRATEGY FOR WINNING

Applied Learning is the world’s largest

training organization. Qur unique combination
of consulting services, courseware and -
_custom development capabilities develops the
‘'skills necessary to impleément our clients’
strategic objectives.
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PERFORMANCE THROUGH PEOPLE

“Information technofogy is a tool that keeps
us ahead of the competition. Applied Learning
helps us keep pace with the high demands
we place on our camputers and our data
processing professionals. Applied Learning’s
interactive videodisc instruction helps us
provide the best and fastest training for aur
applications programmers.

Transamerica Insurance Services

As competition intensifies in the 1990s, fueled
by a growing worldwide market, investment in
people will be a major contributor to gaining
competitive advantage.

More than ever before, employees will need to
be ready to perform to a standard of
excellence for their companies and
customers. Organizations will need to use
their technology to achieve that critical
advantage over rivals — by making it easier for
customers to do business with them, by
improving their quality of service and by
paring down their gperational costs. in short,
the challenge facing business and industry is
one of competitive readiness. Applied
Learning works in partnership with clients to
develop a vision for the future — a vision that
provides the strategies and methods to
ensure their readiness to compete and to
improve their performance through people.
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THE APPLIED LEARNING SOLUTION

A new economic framework is emerging. It is
dominated by a shift to a service economy
where the scarce resource will be knowledge*
rather than people.

The evidence is overwhelming that people are
the driving force behind economic growth.
Unfertunately, tco many workers iack the
skills to perform more demanding jobs and
haven't yet acquired the new skills necessary
to replace those that are outdated. In other
words, our ability to compete is threatened by
inadequate investment in human capital.

Applied Learning spacifically targats this
problem. We help clients move away from a
“fragmented” approach where training is a
peripheral activity, to a “focused” approach
where the development of people is the
lifeblood of the arganization.

This approach emphasizes that much of the
training is done in the workplace, with
learning becoming a totally continuous
activity. Line managers and individuals
themselves assume the main responsibility
for development, while trainers adopt a wider
role as agents of change.

Improved performance through people is
made possible by our unique combination of
consulting services, courseware and custom
development capabilities. Applied Learning is
the world’s largest training resource, working
in partnership with over 7000 clients through
a network of 81 worldwide locations. We are
ideally positioned tc ensure your people have
the skills of excellence and your organization
achieves a state of competitive readiness.
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“We turn to Applied Learning to help us
increase the productivity of our human and
capital resources. Applied Learning found
what skills we needed, built training centers in
New York and Chicago, and is keeping them
on target with on-site facilities management
consuftants. They are helping us reach a key
strategic goal: maximizing our investment in
technology.” . .

£

Dean Wittar

SKILLS FOR THE FUTURE

The Applied Learning program includes an
outstanding range of interactive courseware to
help organizations get the best return on
investment in people and technology. A
partnership with Applied Learning gives you
the opportunity to access our state-of-the-art
training library — over 10,000 hours of training.
This resource is designed to bridge almost
every skills gap in your organization.

Technology Management - an innovative
range of Information Technology perspectives
to spark the vision of senior management.
The series includes objective information
about new technologies, planning technology
strategies to meet business objectives and
equipping your organization to take
advantage of the changes in IT.

Information Processing Skills — a dynamic
series to build skills in every discipline in the
information processing environment. This
unrivaled selection of courses will trigger the
faster and more effective implementation of
your systems.

End User Computing - training to satisfy the
demands of both advanced and
inexperienced users in every department in
your organization, using IT to improve
productivity and performance.

Human Resource Development - courses to
develop individuals to their highest possible
performance level. Practical and lively
training covering management and
supervisory skills, sales and marketing,
interpersonal and business skills.

Manufacturing and Industrial Skilis —
training to cut the time it takes to manufaciure
a product and to integrate gquality into every
aspect of production.
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TECHNOLOGY-BASED TRAINING

The personal computer on many desks, the
mini-computer serving various departments
and the mainframe at the heart of the
organization are poised to provide the power
to transfer skills directly to each learner.

Applied Learning is a world leader in the
development of Technology-Based Training -
Interactive Video Instruction (IV1) and
Computer-Based Training (CBT). These
techniques are collectively known as Distance
Learning because there is no need for an
instructor to be there all the time.

Applied Learning has pioneered the
application of the latest interactive technology
to iearning and we are committed to
maintaining this position. Our product
development includes constant modifications
and refinements that extend far beyond the
initial release of courses.

Sound instructional design by our team of
over 250 training and subject experts ensures
that the training achieves its objectives. A six-
step product development process and quality
assurance team certifies every course for
accuracy of content and software integrity.

In addition to our in-house expertise, Applied
Learning has established relationships with
acknowledged subject and industry experts.
This results in a constant flow of high quality
Distance Learning courses that reflect the
changing skills requirements of our clients.
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A BETTER WAY TO LEARN

PERSONALIZED

Offers each individual a
personal training path by
assessing existing
knowledge — so they
don't get out of their
depth or go over ground
aiready covered.

CONSISTENT

Guarantees uniformity of
training throughout the
organization. Your
message is communi-
cated in the same way
avery time.

of computers with the
impact of television.

INTERACTIVE Simulates live INVOLVING Employs a range of
experiences with effects not practical with
opportunities for any other single
exercise and practice. presentation (moving
Errors are made in pictures, still pictures,
simulated situations, not voices, music and
real ones. graphics).

EXCITING Combines the flexibility : MEASURABLE Progress can be

evaluated and results
measured.

COST EFFECTIVE Based on the principle of

learning by doing ~ so
employees learn faster

and retain more.

“We developed a training path for each job
and looked for suitable material to support it.
Distance Learning is one of the techniques we
use to deliver the training we've selected. It
allows us to be flexible - someone can arrive
on Monday morning and start training by
Monday afternoon - regardiess of their skills
fevel. Applied Learning proved to have the
best courseware and provided a strong team

to help us set it up”

Ford Motor Company
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CONSULTING SEéV“l"CEg_

The Consulting Services division helps
organizations to develop a vision for the future.

We design performance strategies and build
training programs to meet the overall
objectives of the organization, to impiement
the resulting change through each
department and to improve the performance
of each individual,

New Ways of Thinking - Consuiting Services
identifies the culture and attitude changes
necessary 10 accommodate new ways of
working and to improve performance through
pecple.

New Ways of Working - We enabie you to
implement and manage the changes
throughout the organization by gaining
department-wide adoption of change through
the commitment of each individual.

New Ways of Training - We are uniquely
placed to design and develop tailor-made
training programs to clients’ specific needs.
This unrivaled position is passible because of
our 20 years experience of building state-of-
the-art training solutions.

NEW WAYS .
oF .

TRAINING
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INITIATIVES FOR CHANGE

“We decided fo launch a major partnership
with Applied Learning’s Consulting Services
division because of its expertise In training for
high-tech manufacturing technology. This
division is overseeing the entire project from
planning to implementation, and is able to
offer us a total training service with a’
searnless join between custom training, oft-
the-sheff training and consulting”

British Aerospaca PLC

Through our work with Fortune 1000
corporations, Applied Learning has an in-
depth perspective on the business challenges
facing crganizations today.

We know how corporate training initiatives
can be used to fulfill a planned strategy
because we have a thorough understanding
of our clients and the markets in which they
operate. Financial Services, Manufacturing,
Retailing, Government and the |T sector are
just some of the areas where Applied
Learning has designed a variety of business
solutions.

Applied Learning consulting teams work in
close partnership with client management to
develop the technology, skills and
organizational strategies needed for total
performance readiness.

By studying your needs and identitying your
priorities our consultants will work with you to
develop initiatives for change and
subsequently to implement them.

Whether the initiative is, for example, a new
quality program, a new service orientation or
the deployment of new technology,
Consulting Services will devise a strategy to
gain the acceptance of everyone involved and
help you to manage the resulting change.
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SERVICE AND SUPPORT

Being an Applied Learning customer means
much more than having access to the world's
largest library of Distance Learning courses.

A complete range of services is channeled
through an Account Management team —
comprising an Account Manager, Education
Consultant and a Customer Service
representative. A quality service and support
structure is at your disposal.

Customer Service Center - a direct hotline
for advice on training programs and updates
on the latest products and services.

Client Support Services - provides specific
expertise 10 help you successfully implement
and optimize your Technology-Based Training.

Distribution and Production Center — is
dedicated to supplying you with a quality
product, when and where you need it.

Our commitment as your strategic training
partner is to offer the best in-depth client
service and support in the training industry.

— 172 —

Z

APPLIED LEARNING




HOW TO MAKE IT HAPPEN

To find out more about how to improve
performance through people, please contact
your nearest Applied Learning office.

“Applied Learning heips us afign technology
training with our overall business plan. '
They've helped us to establish Learning
Centers and provided consulting support to
ensure that we capitalize fully on our
investments in new technology. As a resuft,
we maximize our competitiveness in the world
airline market."

British Airways
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losing the gap between worker competence

and workplace requirements will be the

major issue in organizational development

throughout the 1990s. Demographics show
that fewer entry-level workers will be available: many of
them will lack the skills needed to handle complex tasks
of sales, manufacturing, and service work. And et
worker productivity will be the prime determinanr of
competitive success in the global economy of the 21st
century.

Applied Learning International is commitied to
helping corporations meet the productivity challenge.
We have more than 50 years of leadership experience
in the development of innovative traming systems for
improving employee performance. Building on that
experience, we began in the mid-80s o design and
implement what we call “Performance Systems.” Unigue
in both approach and effectiveness, these systems
provide our clients with a continuing process lor
developing and maintining employee performance.

At the core of a Performance System is our ability
to forge a synergistic link between client strategies and
technology-based learning environments. Working in
partnership with our clients, we tailor a cost-ellective
system that assures worker competence as well as the
consistency and currency of warker skills. The result is
increased productivity and enhanced readiness to
perform—with measurable benelits 1o profitability.

Applied Learning’s Performance Systems have
been designed for numerous Fortune 500 companies in
diverse industries, including financial services, manu-
facturing, and transportation. Fach of these clients was
driven by a vision of individual and corporate excel-
lence. We are pleased to have been their partner, sharing
in and helping thern achieve this vision.

In the pages that follow, we invite you to consider
this proven approach w achieving performance through

people.

Kenneth G Riedlinger. President
Applied Learming International
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The Applied Learning Performance System

Over the past three decades, information systems have
revolutionized American business by coordinating
and wansformirig data into a valuable strategic asser
Technology made storing and distributing information
economical, and corporations implemented ever
more powerful means of bringing timely and accurate
information to their workers.

If cormpanies are to close the widening
“competence gap,” the next generation of information
systens must develop and distribute nor just daw,
but knowledge and skills. Most corporations to date
have {ound few economies of scale for what has rradi-
tionally been considered the labor-intensive “training
problem” Even lewer companies link human resource
development to strategy: historically, corporations
assess performance only in terms of “training days
delivered” not the “readiness” of employees to do
their job.

For many corporations, meeting the perfor-
marnce challenge seems too complex, wo time-
consuming, and wo expensive ta :ackle with the
same creariviry and determination required to over-
come other large-scale, strategic problems. What has
been fundamentally missing is an approach—one thar
is performance-hased, cost-effectave, and capable of
keeping pace with changes in strategy. producrs, and
processes.

The cost-elficient linkage of strategy (o per-
formance forms the basis for Applied Learning’s nexi-
generatian information system, which we call the
Performance System. Each element within the sysrem
gains in locus and value from the elements thar
precede it This closed-loop model generates a self-
renewing dynamic of continual improvement and

relevance to current needs. The result 1s an economical,

well defined process that enables our clients to:

> Better assess their human resource requirements,

> More quickly respond o changes in their producs,
processes, and markets.

> Tmprove their ability to define and motivate
superior perlormance.

> Ellectively monitor and evaluate individual skills in
terms of readiness to perform at superior levels.

In short, to make their strategies fully operational

in today’s dynamic international markets

1
Strategic Plan
for Human 7
Capital # Critical
o B Jobs

—

The Perfermance Systern model cptimizes
productivity through the following eight elements:
1. Strategic Plan: We work closely with our clients
to define the humnan capital requirements [or success
in realizing short- and long-term business cbjectives.
2. Critical Jobs: We help identify the critical jobs
needed o implement the strategic plan.

3. Performance Standards and Audits: We then

define excellence in these critical jobs in terms of the -

knowiledge and skills of superior performers. We
conduct baseline audits to learn where employee

performance fails short of the standards of excellence.

“Gap analysis” targets specific areas requiring
additional performance improvements.

3
Performance

Standards

Cap

Analvsis

Performance

Audits

6
Assessment

and
Certification

4. Technology-Based Courseware and Produc-
tivity Tools: Our performance experts develop a
knowledge and skill database thar can be accessed by
individuat employees. We integrate proven instruc-
tional design technology with a setection of appropriate
delivery media to ensure that employees receive
only the information they need, when they need it
And, to protect our clients’ information systems invest-
ment, we analyze their technology infrastructure so
our systems can link o existing information networks.
In addition 1o technology-based performance
improvement programs, Applied Leamning designs
workflow-based productivity tools, such as desk-top
sales aids and expert systems.

5. Updating: Courseware updating is a critical factor
in assuring that the learning experience meets
ever-changing corporate strategies. New informarion
must be periodically fed into the system, and update
briefings should be available to inform employees
about the existence of new material. Despite canstant
changes 10 the leamning environment, the system should
always provide the employee with quick access to
critical refresher material as needed.

6. Assessment and Certification: We develop
procedures to assess and certify thar the performance
improvement program and tools are in fact bringing
skills and knowledge up to the desired standards of
excellence. These procedures include measures of
actual performance benefits that result from training and
tools (for examnple, an increase in sales commissions)
as well as measures of performance readiness, or the
capacity 1o perforre, Mastery tests are created within
learning materials to indicate when the emplovee has
successfully met course objecrives.

7. Incentives and Rewards: Motivauon is an essen-
tial element of performance. By linking incentives and
rewards o readiness, the model ensures that employees
wilt have the motivation w maintain the current
knowledge and skills required 1o achieve desired
levels of productiviry.

8. Readiness Reports: The lecdback loop is closed
with readiness reports that detail employee prepared-
ness in key areas such as product knowledge, echnical
krIOWledge, and interpersonal skill levels Performance
can be managed if it can be measured, and readiness
reports provide the needed measurement feedback

System Staging and Rollout

Performance Systems are often implemented in three
stages 1o minimize workplace disruptions and 1o
allow oppormunities for progressive evaluations. In the
first stage, employees receive training based on
individual needs. In the second stage, clients add
updating mechanisms and processes lor certificaton
and monitoring, In the third stage, the assessment of
readiness is linked 10 a perlormance appraisal and
monitoring systern and expert system toals are
created. In this way, the Performance System is
introduced in an evolutionary manner and smoothly
mtegrated into the company’s operating procedures,
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Measuring Results

s a Performance Systern is implemented,

clients can expect to see significant results.

For each client, we develop a return on invest-

ment model so bottom line improvements
can be projected and tracked. As the accompanying table
shows, return on investment flows from three primary
sources: increased revenues, decreased costs, and
improved quality. The resulting effects on profitability are
sustainable due to the constant updating and feedback
built into the system.

Sources of Return on Investment
from Performance Systems

Increased Revenue

> Shorter learning curves for earlier productivity

> Increased productvity through focused wraining

> Sustained productivity through updates and
reviews

Decreased Costs

> Fewer hiring mistakes

> Lower rurnover

> Reduced errors and rework

> Bemr deployment of trammg resources
Ly T L k

i

> GI’(’S[GI’ customer sansfacnon

> Consistency of product/service delivery

> Improved responsiveness due to linkage of
| strategies and performance
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If you have a vision of your company
as the pteeminent provider in your
industry, if you believe your employees
are the greatest potential source of
competitive strength, if you know that
the key to excellent perlormance is
proper preparation and tools, and if
you can see the link between today's
information technology and the
distribution of knowledge and skill,
then you are already thinking about

a Performance System. Let the experts
at Applied Learning be your guide.

Partial Client List

Allstate Insurance

American Airlines

American Express

Apple Computer

AT&T

Bank of America
Bridgestone/Firestane, Inc
Chrysler Corporation
Deloitte Haskins + Sells

Du Pont E1 De Nemours & Company
Federal Express

Ford Motor Company
General Motors

BM

KPMG—Peat Marwick
Massachusetts Mutual Life Insurance
Mellon Bank

Merck and Company

Mutual Benefit Life Insurance
Sears Roebuck & Company
Unisys Corporation

Xerox
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Applied Learning

9 Oak Park Drive

Bedford, MA 01730

Tel (617) 271-0500

FAX (617) 275-5644

TOLL FREE 1-800-227-1127
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ATHENA REPORT

PART 1

- A Second Wind for

- ATHENA

The Experiment

Scheduled to Finish in 1988 is in
Some Ways Just Beginning

BY SIMSON L. GARFINKEL, ‘87

hen M.LT. announced the
Wlaunch of Project Athena in the

spring of 1983, it was clearly la-
beled an experimental undertaking. Dig-
ital Equipment Corp. and IBM would
provide $50 million in hardware, main-
tenance, and expertise; M.L.T. would pro-
vide faculty, students, technical staff, and
$20 million in development support.
Together they would find out if a network
of high-performance computer worksta-
tions could be used to help undergradu-
ates learn better. .

That was an ambitious enough project,
even for so impressive an alliance. But the
question first posed didn’t compare to the
questions that were actually confronted:
Could one campus system serve the needs
of everyone from aeronautical engineers
to students of Spanish? Could incompat-
ible products from two or more vendors
be integrated into a single system so that
the differences were irrelevant to users? If
50, what was the practical strategy for ac-
complishing that? How do you administer
a system that includes 5,000 user accounts
on 1,000 workstations, plus file servers,
prirtters, and oodles of special-function
hardware and special-purpose software
seeping in at the sides? For that matter,
how do you manage the logistics of just
getting 1,000 workstations out of the box-
es and running?

In July, Professor Earli M. Murman took
up the reins from Athena’s founding direc-

tor, Professor Steven Lerman, 72, ready
to steer the project through its three-year
extension. This seems like a logical time
to bring alumni and alumnae up to date.
In a series of articles beginning here and
continuing in future editions of Tecknolo-
gy Review, Simson L. Garfinkel, ‘87, will
report on what faculty, students, Athena
staff, and M.LTs industrial partners have
to say about the project.

n 1983, there
Iwere primarily
§ Ltwo kinds of
computers at M.1.T.:
mainframe “time-
sharing” machines,
anda ing num-
ber of desktop
microcomputers,
such as the IBM PC
and the Apple Mac-
intosh, that often
featured interactive
graphics but lacked
the power required
for large numerical calculations.

Project Athena envisioned using a new
kind of computer—a “workstation™with
the power of a time-sharing machine on
a desktop, completely at the disposal of
one user at a time. In addition to high

speed and compact size, these machines
would have exceptional graphics, able to
display whole pages of textbooks, com-
plete with equations and drawings.

Because the fabled workstations were
not available in 1983, Project Athena was
broken into two discrete phases. During
the first phase, says Lerman, Athena built
a campus-wide fiber-optic network and
operated 63 Digital VAX 11/750 minicom-
puters as time-sharing machines. Phasel
also called for 500 experimental worksta-
tions from IBM. Terminal rooms called
clusters—that would later house
workstations—were carved out of every
possible space. This set-up gave students
and software developers a feel for how the
new computer environment would even-
tually operate.

Phase II, in which the time-sharing
VAXes and the experimental IBM
machines would be replaced with work-
stations, was originally supposed to com-
mence in August 1985, Lerman says.
Instead, delays in hardware and softwarg
held it off until 1987.

Athena’s mission was always to develop
educational software that would be used

SIMSON GARFINKEL, '87, a freelance jour-
nalist based in Somerville, Mass., worked on
the Chemistry Department's Athena Project.
He holds a master’s degree in journalism from
Columbria University,
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by undergraduates, not to do basic com-
puter science research. “The purpose of
Athena is to deliver computing to students
to do homework,” says Technical Director
Jerome H. Saltzer, '61. But those involved
in the project soon learned that many fun-
damental software developments were
. prerequisites to the operation of a large
network of workstations, From the oper-
ating system to the screen-management
system, a lot of underlying work had to be
accomplished before the educational soft-
ware could be developed and deployed.

Says Lerman: “[M.IT, and its industri-
al partners} were talking about worksta-
tions that were in the development labs at
the time. We overestimated our ability to
take these and [in a relatively short time]
turn them into networked workstations.”

Today, Lerman proudly points to some
of those basic developments as Athena's

main accomplishments. The X-Window
System, a program for managing text and
graphic “windows” on the workstation,
has become a standard throughout the
computer industry. Kerberos, a system for
enforcing rigorous computer security over

a public computer netwark, has attracted !
interest from DXEC and [BM., SMS, a data- |

base system that manages the accounts of
Athena's 5000 users, and Hesiod, a system
that lets any user sit down at any Athena

workstation and automatically access his -
or her files and electronic mail, are alsobe- |

ginning to attract outside attention,
These are also the results that seem to

have pleased Athena’s sponsors the most.
“From the technical standpoint—how do

you set up a large, complex, distributed !

system—we've learned a great deal,” says

sity Development Products, which over-
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» sees [BM's grant to Athena.

“The X-Window System has been very
valuable to us. Because of our close work-
ing relationship with Athena, we were
able to ship the first commercial release of
X11{an advanced version of X| en the mar-
ketplace” she adds. Next year, Saltzer
says, X—in conjunction with [BM's own
version of the Unix operating system—uwill
be available on the full line of IBM's main-
frame computers.

Digital, meanwhile, has incorporated
the X-Window Systern, which it calls DEC
Windows, into its entire line of VAX
products. Some sources inside DEC say

i privately that the development of the win-

- dow system alone was worth DEC's dona-

tion ta M.IT,
So far, however, the impressive techni-

| cal developments haven't had a big impact

on students, who continue to use the
equipment primarily for word processing.
According to a 1988 survev by Project
Athena, students use the system an aver-
age of 1.95 hours per week for word
processing, 141 hours for writing pro-
grams, and 1.34 hours for doing problem
scts. However, as more course-specific
software goes from the hands of the de-
velopers in the academic departments into
the classroom, and as professors assign
more problem sets that depend on Athe-

: na, the patterns of usage can't help but

change.

Lerman notes that the Athena pro-
grams, or "modules,” in Course XV] have
been so successful that the faculty mem-
bers in the Department of Aeronautics and
Astronautics have virtually reworked the
curriculum around Athena.

In the Beginning, There Were the
Engineers

Gerald L. Wilson '61, dedn of the School
of Engineering, traces Athena's roots to a
1979 report from the director of the Labora-
tory of Computer Science, Michael L. Der-
touzos. In that report, Wilson says,
Dertouzos recommended “that the ad-
ministration begin to think about network-
ing a large set of mainframe computers in

- order to broaden the avaitability of com-

puters ta students, both graduate and un-
dergraduate.”

"That report was submitted at the time
that {Jerome B.] Wiesner was president,”

! says Wilson. “It died. Nothing ever hap-
Carol Crothers, manager of IBM's Univer-

pened to it
After several years of waiting, Wilson




says, the School of Engineering decided
to go ahead: “We in the school decided not
to wait for M.1.T.,, but to make it our
highest priority to [create] an environment
in which we could explore the uses of com-
puters in education.” The school wanted
to focus on undergraduates, Wilson says,
because at the time undergraduates had
no access to computers unless they were
enrolled in Course VI subjects that specif-
ically used the machines. Wilson thought
that undergraduates were not being given
a realistic education, because at the same
time computers were being used all over
M.LT. in a variety of research applications.

n 1982, Wilson wrote a proposal to the
Imaior computer manufacturers looking

for a partner for his school’s project.
Then he went to the Academic Council
and spoke with the deans of other schools.
“There was relatively little interest in some

schools and none in others,” reports Wil-

son. “Some of them said outright that
computers are not a new tool for teaching”
Frustrated by the lack of interest on the
part of their colleagues, the engineers
decided to go it alone,

The School of Engineering finally settled
on Digital as the sole equipment supplier
for its project. “When that started happen-
ing . .. the Corporation—particularly the
Executive Committee—wanted to hear
what we were proposing. [President] Paul
Gray ['34] thought that we really should
do this for all of MLLT. . . We were asked
to go back and see if we could get addition-
al resources ta do atl of M.LT” So began
a long series of negotiations with IBM,
which had just formed its Academic Infor-
mation Systems {ACIS), a branch of the
corporate giant that had the potential to
be the kind of collaborator M.1.T. would
require.

As aresult of those negotiations, Athe-
na became a project for the entire [nstitute
rather than one for only the School of En-
gineering. Because DEC had already
made commitments to the School of En-
gineering, Wilson says, it was decided that
IBM would have responsibility far provid-
ing equipment for use by all the other
schools. (At the time, about 70 percent of
the undergraduate students were major-
ing in engineering. The figure is about 62
percent now.)

Qut of this intentional mix of hardware
manufacturers was born the idea of “co-
herence,” meaning that there would be no
perceivable difference between running
programs on an IBM workstation or a DEC

Although computer
science research and
technical develop-
ment were never the
objectives of Athena,
it became obvious
that Athena's require-
“ments by way of

workstations and a

network could not be met until a lot of

fundamental work was completed.

workstation. The screens might be larger
or smaller, the keyboards might have a
different layout, but programs would run
basically the same.

In 1983, coherence seemed like a radi-
cal proposal. With a few minor éxceptions,
computers martufactured by the two com-
panies had never been compatible, Pro-
grams developed on an IBM mainframe
simply would not run on a DEC minicom-
puter. Even the computers’ “operating
systems—the basic programs that allow
the user to instruct the computer what to
do—have different vocabularies, com-
mand sets, and ways of approaching the
equipment.

By developing a standard workstation
environment, Athena was going to change
that, “There was also some sense,” Ler-
man recalls, “of not wanting to come out
at the end of five years and find ourselves
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wedded to [one vendor).”

Digital's initial shipment of 63 VAX
11/750 computers (serving a total of more
than 240 users at a time) was to be matched
by the shipment of 500 experimental work-
stations from IBM that would each consist
of “a coprocessor on a PC/XT with an ex-
perimental display,” and would run the
Unix operating system, Lerman says, The
machine would hold IBM's place on cam-
pus while [BM developed its workstation,
which eventually became known as the RT
PC. ; .

Due to technical difficulties, Lerman
says, the experimental machine was never
produced. "The ship date for the ex-
perimental box and the RT were getting
awfully close [together],” Lerman recalls.
Eventually, Athena decided to simply wait
for the RT and accepted a large delivery of
high-performance IBM PC/AT computers




[n the beginning,
Digital served the
School of Engineer-
Ing (at the time it
enrolled about 70
percent of the un-
dergraduates); IBM
was to serve under-
graduates in all the

other schools. Removing that division was

one of many steps in the right direction,

in the meantime.

“It was our idea,” Lerman says. “Tt let us
expand the base of PCs and get some ex-
perience with something that is sort of a
workstation.” Even though the machines
could only support a single user runriing
asingle program at a time, they were net-

worked and they were “relatively high- .

performance.” (Today, the AT are being
used to.monitor and run experiments in
laboratories, and some have been made
available to student organizations.)
eanwhile, a growing number of
MVAX—based clusters had been set
up for use by students in the
School of Engineering. The idea that stu-
dents would use the intermediate system
was at the very heart of the Athena experi-
ment. That meant that students used pro-
totype hardware and software. And
because of the vendors’ different delivery

schedules and the decision to split the In-
stitute, inequities were inevitable,
Because programs for designated
Athena-assisted subjects were instalied on
particular time-sharing machines, stu-
dents enrolled in those subjects were re-
stricted to working in a specific cluster.
These students were then free ta use the

equipment for word processing, to write |
papers for their “non-Athena” subjects. -
Students who were not enrolled in any :

Athena-sponsored classes were initially
confined to the Student Center cluster,
where there were often long lines to use
averburdened, very slow computers and
printers,

“We had a network but we didn't have
a central distribution of software,” Techni-
cal Director Saltzer explains. To make mat-
ters worse, at the times the lines at the
Student Center were longest, students
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! were aware that Athera computers in

other clusters were often idle many hours
of the dav.

When the workstations began artiving
in 1986, a new problem cropped up: mav-
ing programs from the time-sharing
machines to the new DEC machines was
trivial, but alot of basic software had to be
rewritten for the [BM RTs. The gap was
further widened because Athena received
the RTs six months after receiving the
MicroVAXes, Lerman says; the software on
the IBMs toak two years to catch up with
the DEC workstations.

In March 1987, the first IBM workstation
cluster began operation, and by that Sep-
tember the entire Athena systermn had been
shifted cver to “Phase [1” At that timne, the
last of the VAX 750s were taken out of time-
sharing service and set up instead to pro-
vide files to workstations over the M.LT.
Campus Network. Because any work-
station can use any fileserver on campus,
the restrictions that prevented most
students from using clusters other than
the Student Center were removed.

“Phase I to Phase Il was a very impor-
tant transitjon,” Saltzer says, “from scar-
city to plenty” One student, responding
to an Athena survey, wrote: “T used to
complain to anyone who would listen
about how bad Athena was, but the new
workstations are a great improvement.”

Today a student can sit down at any
Athena workstation lacated anywhere on
campus, type his or her user name and a
password, and immediately begin access-
ing files or reading mail. According to
Athena’s survey, 92 percent of M.I T's un-
dergraduates have used an Athena work-
station at least once—and at least 25
percent of the undergraduate communi-
ty uses it every day, Saltzer says.

Also gone with Phase [ was the idea of
dividing the Institute between the two
vendors, "It didn’t make sense,” Lerman
says. Project Athena's new video cluster,
in which [BM color monitors are attached
to DEC workstations, illustrates the degree
to which equipment from the two
manufacturers is now being blended, he
adds. )

oday there are 722 workstations on

| and off campus that students can
use, in 12 public clusters and 21
clusters reserved for departmental, living
group, or other private use, “The main rea-
son why there aren’t more workstations on
campus is Teal estate,” Saltzer contends.
“If someone were to wander in magically




and say ‘you can have 10,000 square feet
in this building,’ we would have 200 more
workstations out in six to 12 months.”
But the emphasis of Project Athena from
now on will be more expansion into pri-
vate settings, such as theliving groups and
the offices of faculty, Saltzer says. And
with the cabling that is accompanying the
installation of the new MUIT campus

phone system, Saltzer says, it willbe alot

easier to put workstations off in remote
corners of the Institute.

Other changes from the oniginal plan in-
clude Athena's definition of “coherence.”
“One of the things I found when [ came
on board was that there were five defini-
tions of coherence,” Saltzer recalls. “Some
of the original goals of coherence were
tesearch problems,” he says, and not
prerequisites for an educational computer
environment.

One such objective was to be able to
write large programs in a variety of
languages—such as Lisp, C, and
FORTRAN—simultaneously, using each
language for what it does best, “We decid-
ed that was not an important educational
goal” Lerman explains.

“The biggest contribution to coherence
has been [the X-Window System],” Saltzer
continues, It has always been the case
that a Unix pregram written in C js mild-
ly portable [from one brand of hardware
to anuther). The place you get in trouble
is where you try to put things on the dis-

play.” With the XWindow System to stan-

dardize display interaction, Saltzer says,
“all of a sudden you discover that most
programs are portable”

X has even masked seemingly insur-
mountable differences between DEC and
IBM hardware. The DEC workstation’s
mouse—a handheld device that the user
ralls around on the table to move a pointer
on the workstation’s screen—has three
buttons on its top, while IBM's mouse has
two: Athena’s solution: DEC's middle
button can be simulated by pressing both
of the IBM buttons together.

If so much has been accomplished, why
extend the project for another three years?

“We had more work to do,” Lerman an-
swers. Under the initial plan, M.1T. was
to have had two or three years experience
with the workstation environment before
having to make a decision about Athena's
success. “Realistically, we only turned it
on in September 1987

While software could be developed and
used by students on the time-sharing

machines, prugrams that were originally
envisioned for the project needed the
power of a workstation to perform the
necessary calculations. One example Let-
man points to is Professor Earll M. Mur-
man’s Computational Fluid Dynamics
programs, in which a student can watch
the flow of a fluid over an airfoil. “Simulat-
ing what is going on with the movement
of fluids really requires high perfor-
mance,” Lerman says.

“We're just beginning the more extensive
use of color Lerman adds. The “fish
bowl"-the glass-walled cluster along the
Infinite Corridor that is often ringed with
campus visitars—has become the defini-
tive video cluster, where up to 12 students
can work, each with his or her own high-
resolution color display and laser disc
player. Video disc projects are under de-
velopment in biclogy, civil engineering,
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and foreign languages, Lerman says.

And so, at least three more classes of
M.IT. students will participate in this ex-
periment. In a sense, the challenges ahead
are much more complicated than the ones
that have been solved: Professors can re-
quire that students use computers to solve
their problem sets, but do the students ac-
tually learn better as a result of the exer-
cise? Will that be equally true for
non-technical subjects? Will the aptitudes
of most students be sufficiently improved
to justify the continued maintenance ex-
pense of such an elaborate network, let
alone the cost of any future upgrading?
Will what has been learned at M.1T. be ap-
plicable to other colleges at reaspnable
cost? In the final analysis, it is these issues,
rather than the success of the window sys-
tem, that will determine the project’s even-
tual impact on education. O
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Project Athena As A Distributed System

by

George A. Champine
Digital Equipment Corp.

April 27, 1989

Abstract

Project Athena was initiated six years ago as a vision to provide ubiquitous and high
quality computing for education on the MIT campus. Athena is now a distributed
workstation system in use 24 hours per day with 7000 users and 900 workstations. The
Athena model of computing is that of a unified distributed system where a single login
provides access to a variety of authenticated network services. The distributed services
supported by Athena convert the timesharing model of computing supported by Unix into a
distributed system operating environment.

Other network services supported include a name server, a real time notification server, a
mail aystem, an electronic conferencing system, a network file system, and an on-line
consulting system., The system has extensive failsoft capabilities that permit continuous
operation in spite of equipment failures. The system is designed to scale to support 10 000
workstations by minimizing the use of the scarce resources of network bandwidth, mass
storage, and manpower. The centralized management approach also helpa to minimize
support and operations cost.

The workstation types presently supported include the Digital VAXstation and the IBM
RT/PC.

Communications is provided by a campus.wide local area network. The backbone is a 10
MHz fiber optic token ring. Attached to the backbone are 23 IP routers, each of which
supports an Ethernet subnet using TCP/1P.

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 workatations
being used: therefore only one training program and one set of documentation is needed no
matter what workstation hardware is used. Students need to learn only one system during
their stay at MIT, thus improving their productivity.
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Project Athena was established in 1983 to improve the quality of education at MIT by
providing ubiquitous and high quality computing based on a large network of workstations.
The two major sponsors of Athena in addition to MIT are Digital Equipment Corp. and
IBM. The early vision and technical plans for the system are documented in [Balkovich
84].

The purpose of this paper to to document the design of the distributed workstation
system that resulted from the project implementation effort. The project is & large
undertaking, and this paper describes only the distributed system aspects of Athena. Other
activities of the project not described here include the multimedia workstation development
{Hodges 89}, the human interface activities, the X Window System {Schiefler 87], and the
pedagogical aspects of the project [Cohen 87].

Although the spproximate outline of the system was understood very early in the project,
the design evclved to a considerable extent over the first few years as the requirements
became more clear.

Today, Athena has met its system design goals and is a fully operational production
syetem. There are 16 public clusters of workstations for use by students. These public
clusters include 20-65 workstations each, and are open 24 hours per day. One of the 16
public clusters is an electronic classroom. In addition to the public clusters, there are nine
development (usually department) clusters and two projection-equipped facilities,
Workstation clusters have been installed in five independent living group facilities, with
some having workstations in the bedrooms and others having them in common areas. A
total of 900 workstations is now in use, with the number increasing daily.

Presently there are 32 Network File System (NFS) file servers, 17 Remote Virtual Disk
(RVD) file servers, about 30 printers, three each of name servers and post office servers,
and two authentication servera. In addition to the "generic” Athena monochrome
workstations, there are 15 multimedia workstations which can support full motion color
video. The system has 40 G bytes of rotating storage in the workstations, and an additional
30 G bytes of rotating storage in network file servers.

There are presently about 7000 active user accounts. These accounta generate 4000
logins and about 9000 mail messages per day. The average student uses the system eight
hours per week. In aggregate, the users generated 12 000 questions for the on-line
consulting system, and printed 3 million pages during the past year. Excluding first
semester freshmen, about 86 percent of all undergraduate students use the system. The
usage of Athena is increasing about 15 percent per year.

The project is probably unique in that it is one of the largest educational workstation
networks that is centrally managed. A major benefit to students is that they need learn
only one aystem for educational computing.

The initial equipment deployment for Athena was a timesharing environment installed
in late 1983, utilizing about §5 VAX 11/750 and associated ASCII terminals running
Berkeley Unix. The first workstations were introduced in early 1985 for staff use. The first
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public cluster of workstations for student use opened in March of 1985. Deployment
continued on an aggressive basis from that time on. As workstations became more
pleatiful, the timesharing system was used less and less. 1t was phased out entirely in
September, 1987 in favor of a completely workstation environment, and the time sharing
main frames were converted to file servers. The following considers only the workstation
environment.

1 Requirements
Initial work on Athena considered the requirements of the system. Some of the
requirements established were generic to campus computing in general. Other
requirementa were unique to MIT. In order to meet the needs of instructional computing
on campus, the following requirementa relative to distributed systems were identified.
e Scalability--the system must scale to support 10,000 workstationa.

» Reliability--the gystem must be available on a continuous basis 24 hours per
day even though equipment failures would occur frequently in a system this
size. '

» Support public workstations--any user could use any workstation.

» Security—~the system services must be secure even though the workstationa
were not.

» Heterogeneity--the system must support a variety of hardware platforms.
» Coherency--All applicationa software must run on all workstations.

» Affordability--the cost to operate should not exceed ten percent of tuition on a
sustaining basis.

The support of public workstations ia necessary because workstations are too expensive
to be purchased by an individual. The plan is to allow (but not require) the purchase of
workstations by individuals when they became affordable.

There was early concern about the complexity of the system that might result because of
ita size. Therefore a policy of eliminating needless complexity has been followed throughout
the project.

2 Definitions
The following definitions will be used.

A user is a human who uses a subsystem (e.g. workstation), program, or service. A client
is a generalized entity which uses services. A client can be 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 ita path. A binding of the name to the object necurs when the name is
associated with the address. Often part of the address is contained in a context of the
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name. Some systems use an address for a name. While this may simplify 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 architectures 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 system can cooperate on a
single task as client and server since they support the same network protocol.

Security has two major aspecta: authentication and authorization. Authentication is
determining the identity of the user. Authorization is determining if the user has
legitimate access to the requested resources.

Fatlsoft refers to the ability of & system to continue to operate in spite of the failure of a
subsystem, possibly with degraded perfermance.

3 Models of Distributed Systems

Many different models of distributed systems have been proposed. One extreme model
might be called the "main frame” model. In this model, each workstation or other node in
the distributed system can exchange files with other nodes subject to security resatrictions,
but nodes cannot work together in any other manner, In this model, all resource allocation,
security accees, and functional access are handled on & per-node basis.

If a user in a distributed system based on the main frame model wants access to a printer
on another node, the user must log in to that node, gain security authorization on that
node, move the file to be printed to that node, and then command the print function.

A major benefit of the main frame model is that presently available time sharing
operating systems (such as Unix) support this model, and can be used to implement it with
minimal development.

Angther extreme model could be called the "unified” distributed system. In this model,
all nodes in the distributed system are 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 in a distributed system based on the unified mode! wanted 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 resourcea in the entire
system are acceastble 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.

— 190 —




Although the time sharing system model would have been easier to implement, it would
have serious drawbacks in the Athena distributed system environment. The time sharing
model maintains system integrity by preventing users from obtaining access to the kernel
of the operating system. In the Athena environment, users can get access to the kernel of
the workstation by either obtaining the superuser password, or by booting their own
operating system. Thus, workstation integrity cannot be aesured. Since usera can corrupt
the kernel of the operating system, they could (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.

Also, with the workstation physically available to the user, the user can boot the
workstation in a single user mode. The user may therefore corrupt the operating system
without knowing the root password. Because of these problems, the workstations must
therefore be assumed to be insecure.

The time sharing model also assumes that users are attached to a particular machine.
User files exiat on that machine, and mail is sent o the user on that machine. Since in the
Athena environment the objective was to let any student use any workstation, neither of
these was desirable. Instead, the objective was to provide mail and file access as network
services, accessible from any workstation independent of location.

Network access to these services has security implications. If user files or the system
software were stored on a public workstation, the previous user could have damaged (or
deleted) files. They could have corrupted the operating system, perhaps by inserting a
Trojan horse that would capture passwords of subsequent users. Since any user could use
any workstation, the concept of sending mail to a machine was not suitable for the Athena
environment. Inatead, the objective was to send mail to "username” using a network
service, and allow mail to be read, written, and filed from any workstation.

The time sharing model alsc had undesirable support implications. The classical support
model for time sharing is that there is a syatem manager per system. At a scale of the
order of 10,000 systems, this was clearly not appropriate. The ohjective is to have a
"system manager” per 1000 workstations, requiring a three order of magnitude
improvement over conventional approaches. (Presently, five operations programmers
support 900 workstations.)

4 Existing Distributed Operating Systems .

Several other distributed operating system projects have addressed requirements similar
in some reapects to Athena. These include Amoeba [Tannenbaum 85, Mullender 86},
Andrew [Morris 85}, Dash [Anderson 87}, Eden [Black 85], Emerald [Jul 88], Grapevine
[Birrel 82, Schroeder 841, HCS [Black 85], [SIS (Birman 85], Locus [Walker 83], Mach
[Rashid 87}, Sprite [Ousterhout 88], and V {Cheriton 88]. Although Amoeba and Grapevine
are designed for larger environments than a single campus, they have addressed many of
the same issues that Athena has,
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Amoeba is designed to run in both a local and extended network environment. A typical
local environment might consist of perhaps 16 processors connected to a pool of several tens
of workstations. Beyond that, multiple Amoeba sites can be interconnected through a wide
area network to form a single system. The research focuses on the use and management of
the processcr set in addition to communications and protection as well. An extended
system currently exists which inteconnects local Amoeba systems in a wide area network
extending 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. Both systems support on the
order of 1000 midrange workstations in a Unix and Ethernet environment, with plans to
scale to 10,000 workstations. Both assume that the user has complete control over
workstation functions, with a central mechanism controlling and supporting network
services. A distributed file system called Vice was developed as part of Andrew, and is now
being used as the basis of a nation-wide file system experiment. The Vice 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 network and is publicly accessible.

In contrast to the systems described above, Dash is designed for very large future
hardware and systems rather than the present or past. It is designed for far faster and
cheaper processors and networks, implemented in numbers of thousands to millions, with
dimensions of scale world-wide.

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

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

Grapevine is an older system design for much larger geographic distribution. It has
rapidly come to be used throughout 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. Grapevine consists of about 1500
computers and 17 servers in 50 local area networks,

Locua is a distributed operating system which supports transparent access to data
through a network-wide filesystem. It permits automatic replication of storage and
transparent distributed process execution.

Mach provides support for both tightly coupled and loosely coupled general purpose
multiprocessors. It also aupports transparent remote file access between autonomous
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systems. It has a large, sparse virtual addresa spaces, copy-on-write virtual copy
operations, and memory mapped files. Multiple threads of control are provided within a
single address space. Large amounts of information can be transferred by the interprocess
communications facility by using copy-on-write techniques. Mach has a binary applications
program interface compatible with Berkeley Unix 4.3.

Sprite is an operating aystem that supports multiprocessing and distributed files. The
user level facilities are identical to BSD Unix. All files and I/O devices are uniformly
accessible to all systems, and they appear as s single shared hierarchy. There are no
private partitions to manage and devices can be accessed remotely an well as files.
Complete Unix file semantica are provided, including locking and consistent access.

V is a testbed for diatributed system research. The four logical parts are: the distributed
Unix kernel; the service modules; the runtime support libraries; and the added user-level
commands. It manages a cluster of workstations and servers, providing the reacurces and
information sharing facilities of a conventional single machine.

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

5 Issues in Distributed Systems
Several issues arise immediately in the design of such a distributed system. Among the
most important of these are naming, authentication, and compatibility.

5.1 Naming

A name service in a distributed system converts a logical name into a physical address by
an algorithm, a table lookup, or a combination of the two. The purpose of a name service is
to decouple the logical support of a function (such as printing) from the physical
implementation of that function. This makes it far easier to change the configuration of a
system. It is only necessary to change the logical to physical mapping, not all of the code
that references the function.

System objects that can be named include:
* main frames
¢ printers
* services
o files

* usere

Factors affecting the design of name servers include the number of object types, number
of objects, frequency of queries, and update frequency.

The simplest implementaticn of a name server is by means of a centralized service. If
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that is inappropriate for reasons of network bandwidth, distance, or load, the service can be
distributed. If the impiementation is by means of a data base, the usual methods of data
distribution can be used. These include replication or partitioning.

A replicated data base is created in multiple copies. Replication has the advantage of
providing good performance and reliability, but update is difficult because of
synchronization requirements. Replication also usea considerable storage.

In partitioning, the data base is aplit into multiple, disjoint data bases. Some means
must be provided to identify the correct partition holding the data of interest. This can be
done through a directory or with a broadcast search. The advantage of a partitioned data
base is that only one copy of the data exists, thus saving storage and simplifying update.
The drawback is that the correct partition must be found for the access, and in some cases
multiple partitions muat be accessed to resolve the name.

Most of the systems referenced above use a combination of replication and partitioning to
achieve a balance between performance and storage requirements. Most name servers also
use caching of frequently-used names.

5.2 Scalability :

Design approaches that work well with a few nodes in a distributed system may not be
usable with many nodes. For example, protocols using broadeasting work well for small
numbers of nodes but do not scale well to large numbers. More generally, any design
approach where a scarce resource such as storage or manpower scales linearly with the
number of nodes is likely to be too coatly to implement. Thus, techniques such as putting
complete system configuration lists on every workstation {storage intensive), or making all
workstation software configurations different (labor intensive), are not usable for large
configurationa (e.g. order of 100 workstationa). Issues of scale are addressed in [Neuman
88).

5.3 Security

Two issues that must be considered in security design are root pasawords and user
passwords.

On a distributed system of more than a few dozen workstations, the root password cannot
be different on each workatation because the support task quickly becomes unmansgeable.
Therefore, Athena has made all root passwords the same.

For user passwords, Unix systems store encrypted passwords for all users on each
workatation. It is very difficult to maintain pasawords for users for of the order of 100
workstations and completely impractical to provide complete password and group files for
each machine in a large network. This (replicated data base) approach to authorization
does not scale well, and suffers from the usual problems of replicated data bases. A natural
alternative is to provide a centralized password checking service. In order to access remote
services, passworda must be sent over the net. This makes the system vulnerable to
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eavesdroppers who can steal passwords.

A solution to problems in sending passwords across the net is to encrypt the passwords.
Two approaches have been developed to implementing encryption-based authentication:
public key cryptography and key distribution servers. '

With public key cryptography, the keys come in pairs. Each key in the pair is used to
decrypt messages encrypted in the other. 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 approech scales well but requirea a third party. The method generally used
employs private keys and a trusted third party. It was developed by Needham and
Schroeder [Needham 78).

Authorization can be handled in many ways. One way is to delegate the function to the
servers and implement it by access controt lista showing membership in groups (used in
Grapevine). A second way ia to use capabilities implemented as a bit pattern passed to the
server showing that the user is authorized to perform a particular operation (used in
Amoeba). Capabilities are usually encrypted to prevent forgery.

5.4 Compatibility
Various levels of system compatibility are possible, including the binary level, execution
level, and protocol level. '

In binary compatibility, all processors execute the same binary instruction repertoire and
are compatible at the binary level with differences only in performance and input/output.
Emereld and VAX systems exhibit this level of compatibility. Although this greatly
simplifies system development, it restricts the source and architecture of systems greatly,
and is not often used in large systems for this reason.

A more commeon 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
systems. Andrew and Athena both support the Unix execution abstraction.

The least restrictive form of compatibility is one that achieves interoperability by
requiring all aystem components to support a common set of protocols, The X Window
System (Scheifler 87] is an example of this level of compatibility. The protocol level of
compatibility allows a distributed system to be built based on common protocols for
essential system services such as naming and authentication. Athena supports this level of
abstraction as well. The execution abstraction could be given up and diverse operating
systems could still be supported within Athena through the protocol compatibility.
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6 The Athena Model of Distributed Systems
The distributed systema model for Athena has three major components:
» workstations

» network

* 8ervers

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 are available to
the user with only a single submission of a pasaword at login time. The actual delivery of
the services is physically distributed over the system and communicated to the user gver
the network in a transparent manner.

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

In order to minimize development cost, the protocols to date have been implemented in
only Berkeley Unix on all hardware platforms. A side benefit of supporting only Berkeley
Unix is the minimization of training and support cost.

The computational model seen by the users, therefore, is Berkeley Unix.

To meet the Athena objectives, the following strategy was used.

e Scalability--partitioned network, centralized servers, identical workstation
software.

* Reliability--redundancy of all system elements required for operation.
» Support public workstations--deployment of public clusters.

o Security--development of a trusted third party authentication facility.
= Heterogeneity—~standard interfaces to workstations.

» Coherency—~the same operating system is used on all workstations.

» System Management--tools were developed to allow dynamic change of the
system configuration through the use of a service management system.

» Affordability--Centralized operations, development, and maintenance.
Development of software tools to allow remote installation and maintenance.

Each of these will be discussed in greater detail below.
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6.1 Scalability
Design approaches have been used to improve scalability by minimizing the demands on
scarce resources in three areas. These are network handwidth, mass storage, and labor.

The campus network [Schiller 88] was designed with a backbone using optical fiber and a
token ring protocol running at 10 MHz. Network routers are attached to the backbone,
with each router supporting one Ethernet. Because of the routers, traffic local to a subnet
does not load the backbone. This approach gives a good measure of growth capability,
because as more workstations are added, more Ethernet subnets can be added to the
backbone.

All workstations have local hard disks which are used to eliminate paging traffic on the
net. System software libraries are replicated on all subnets, so communications traffic for
loading of system software remains local to a subnet.

To minimize mass storage, files that would normally be replicated on a per-workstation
basis are centralized. These include pasaword files and most configuration files.

To minimize labor requirements, all workstations are anonymous and interchangeable.
They all have the same root paseword and the same software configuration. The only
unique items are the workstation name and net address. Initial loading of the software is
dene over the net.

6.2 Reliability ,

In order to improve reliability, no systems other than network routers are attached to the
backbone. This limited the number and types of problems that could bring the entire net
down. All other systems are attached to the Ethernet subnets. As a general rule, a
hardware failure may prevent the updating of master filea for adding new user accounts or
changing the hardware configuration. However, system operation can still continue.
Hardware subsystems whose failure would stop system operation, such as authentication
service, name service, or access to system software are replicated with automatic cut-over.

6.3 Public Workstations

Clusters of workstations are provided in about 16 locations around campus, located so
that students will not have to walk more than about 5-10 minutes from any location to get
to a workstation. In addition to the clusters for student use, there are several dedicated to
development of departmental instructional software.

Any user can 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 aystem at any time with no adverse consequences. By default, the
workstations refuse remate services such as login or rsh.
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6.4 Security

The assumption is made that the security of the workstations cannot be maintained. To
obtain system security with insecure workstations after login, an authentication server
called Kerberos was developed. This is described in much greater detail below.

The Kerberos authentication server [Steiner 88] is a trusted third party private key
network encryption system that validates the identity of individuals to network servers. It
is based on the mode!l developed by Needham and Schroeder [Needham 78]. Each user and
network server has a key known only to it and the Kerberos authentication server.
Timestamps have been added to that model to assist in the detection and prevention of
replay. Kerberos operates without imposing any additional burden on the user as a part of
the normal login process.

Kerberos establishes a secure session key for servers and clients. The server then has
the responsibility to use the key in an appropriate manner, ranging from ignoring it to
encrypting all transactions.

6.5 Heterogeneity
Since there were two major aponsors of the project along with MIT, it waa asaured that

there would be at least two incompatible workstation platforms supported by the system.
In addition, there are multiple generations of hardware from each vendor. The following
minimum workstation requirements were imposed to bound heterogeneity and thereby the
range of hardware for which instructional courseware must be developed.

» Ethernet interface

* one million instructions per second processing speed

* one million pixel display (monochrome)

* local hard disk of at least 40 MByte

* four Mbytes of main memory

» pointer device (mouse)

At this time, personal computers and other 300 000 pixel devices are not supported.
However, some level of support is planned for the future.

6.6 Interoperability and Coherency
Athena supports both interoperability and coherency. As with the X Window System, the
subeystems in Athena interoperate by using a common network protocol

provides a high level of coherency so that the same source code code can be compiled and
executed on all workstations regardless of architecture.

Coherency at Athena included standardization of three lower level interfaces [Balkovich
85). They are:

* system interface, between the applications and the operating system
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* applications interface, the interface between applications

» user interface, the interface presented by applications to the users.

To obtain system cocherence, the same operating system and the same communications
protocol were used on both hardware platforms. Operating system options considered were
MS.DOS and Unix. Berkeley Unix was selected based on functional power and multi.
tasking capability. It provides the same virtual machine interface to applications on all
workstations. About 85 percent of the source code for the operating system is common for
the two workstations. Essentially all of the source code is common for applications.
Separate binaries complied from the same sources are supported for the two workatations.
To obtain communications coherency, TCP/IP was selected to implement the same virtual
network interface to all applications.

Applications coherency is a much more difficult problem. It has been approached in part
by supporting a amall number of languages on Athena. Presently supported languages are
C, PASCAL, Lisp, and FORTRAN. PASCAL may be dropped from support due to lack of
use.

Another part of the problem is solved 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. In a similar manner, standard applications including a 2-D drawing
package (GKS), a text editor (Gnu EMACS), a spread sheet, a laboratory data managemeat
system, and & document formatter have been adopted.

The user interfaces for the twa types of workstations are as identical as the keyboards
and mouses will allow. The X Window System waa developed at Athena and the MIT
Laboratory for Computer Science to provide applications coherency to the human interface.
However, X aolved only part of this difficult problem. Recently, the MOTIF human
interface development environment from Open Software Foundation has been installed to
provide a more powerful level of abstraction in obtaining user interface coherency.

Since the two different workstation architectures supported two different floating point
and byte orders to represent integera, the system must handle these differences in a
method {ranaparent to the users. Each workstation knows its own type (VAX or IBM RT).
Separate sets of binaries are stored for each system type. Text file formate are the same for
both hardware platforms. When binary data are accessed, each workstation type accesses
its own type based on data from the name server.

6.7 Affordability

It was realized at the beginning of the project that any suppert approach where the labor
requirement scaled linearly with the number of workstations was doomed to failure. To
achieve affordability, the decision was made to use centralized management and support of
the system even though the hardware was distributed. Athena experience indicates that
centralized management and support provides significant benefits in reduced support cost
and improved quality of services compared to distributed management and support. (It is
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true however, that distributed management can solve political and organizational problems
that the centralized approach cannot solve as easily),

7 Athena System Design

The system design that waa developed 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).

A block diagram of the Athena distributed system is shown in Figure 1. The system is
network oriented. Workstations attached to the network are all identical in software
configuration. These communicate with a variety of network servers that provide services
to the users. Because all services provided are network services, they are available to all
users without regard to location. Theae network services include:

* service management system
* name pervice
* file gervice
* printing
* mail
e real time notification.
Files that would normally be provided for the entire system at every workstation are

centralized, normally with a small number of copies to provide fail soft capablhty and
improved performance.

Figure 1 here

7.1 Service Management System

The configuration management of large numbers of workstations and servers is very
labor intensive and cannot be done effectively by manual means. Therefore, Athena has
developed the Service Management System (called Moira) {Levine 87, Rosenstein 88] to
automate much of the management task. Moira includes a central data base of system
informatien, tools for manipulating that information, and tools for updating the services
from the data base. The use of a centralized data base has proven to be both effective and
economical because each piece of data is stored only once and is easily updated.
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7.2 Name Service

In timeaharing systems, names are translated into addresses by using configuration files.
These files tend to be relatively static and reside in each node. In order to meet system
needs for dynamic reconfiguration, this static approach is not appropriate for workstation
networks. Also, it is wasteful of storage if replicated on all workstations.

The purpose of the Athena name server, called Hesiod [Dyer 88), is to allow centralized,
dynamic linkage between names and objects. For example, Postscript printing for building
E40 third floor might initially be provided by a printer named NIL at address
PS.MIT.EDU. At some later time this service is moved to a different printer at address
LQP.MIT.EDU. It would not be feasible te update a configuration file on each of 10 000
workstations to reflect the change. Instead, the name server provides a single, centralized
location for the configuration file for all workstations, thus providing very significant
eavings in storage and making changes in system configuration manageable with minimal
manpower.

Hesiod includes the Berkeley bind name server [Bloom 86] with some extensiona. It
provides information on users, location of user private files, mail delivery addresses, and
locations for network services such as authentication and printing.

Hesicd is updated by Moira every few hours,

7.3 Authentication Service

To validate the integrity of the system software at login, the system software (except for
the kernel) is purged on each logout. When the next user logs in, new system software is
down-loaded from a secure network file server, thus assuring a validated initial operating
system.

When no one is logged in at a workstation, it automatically goes to a "deactivated” state
after a short timeout. No network connectiona (for example to external files) are retained,
and the window eystem is not running. A program called Toehold solicits a key depression
from the user. When the key depression is received, Toehold executes a shell script that
attachea the system libraries from RVD (described in the next section) and starts the X
Window System. A login window then is activated for the user and login is solicited.

Login proceeds with the user submitting username and password. The user ia
authenticated by the Kerberos authentication server (see discussion below) in a
transparent manner. Information about the user is cbtained from the Hesiod name server.
The user home directory is then attached from the appropriate NFS file server (described in
the next section). The Zephyr real time notification service is activated and a Zephyr
windowgram client is started. Login continues with the usual execution of the login files.

When the user logs out, Toehold "deactivates” the workstation. All attached filesystems
are detached insuring that remote access is impossible. All temporary storage areas are
cleaned out and the window system is terminated, Finally, the next login is solicited by a
"Press any key" prompt. If a new system library is loaded onto a server while the
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workatation is deactivated, it will be used at the next login.

Subsequently, Kerberoa authenticates the identity of the user to the desired service in a
fully transparent manner through the use of "electronic credentials”. Kerberos only
establishes identity (authentication) and does not become involved in the decision of
whether an individual is allowed to use a specific service (authorization). The normal Unix
mechanismae are used for authorization.

The generz! information flow in Kerberos is shown in Figure 2.

Figure 2 here

Two types of credentials are generated by Kerberos: tickets and authenticators. A ticket
is used to transmit the identity of an individual to a server in a secure manner. 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
isaued.

7.4 Athena File System

Athena has two different file systems. One file system, called Remote Virtual Disk (RVD)
is used to hold read-only files such as system software libraries and some applicaticns
software. The other file system, Network File System (NF3) developed by Sun
Microsystems, is used for read/write files.

Additional file system can be mounted upon user request via the attach command. Also,

RVD and NFS file aystems are named objectsa. The names are resolved to {location, type,
mount point} by Hesiod.

7.4.1 RVD -

Workstation software includes a considerable amount of library software. Stering this
software of each individual workstation would give good performance, but would lead to
excessive cost. In addition, it would greatly complicate the software update and software
integrity problems.

To solve these problems, Athena uses RVD (Greenwald 86] to store aystem software
libraries. RVD was originally developed at the MIT Laboratory for Computer Science and
subsequently enhanced at Athena. RVD supporta "packs” on network server machines that
appear to a workatation to be the same as local physical disk packs. All file system
information is maintained by the workstation, and the RVD servers simply delivers
requested disk blocks. An RVD pack may be used by many workstations in a read-enly
mode, or by a single workatation in a exclusive read/write mode. Because of the efficiency
of the block level service, an RVD server can support about ten times as many users as a
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generalized file server.

7.4.2 NFS

An Athepa requirement is that any user can use any workstation. NFS [Sandberg 85,
Sun 87] provides the capability for private user files to be available at any workstation.
Private files are stored in "lockers”. Lockers are stored on network file servers distributed
across the system, but they appear 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
manner in the .login file. Normal NFS security and privacy facilities are provided.

7.5 Printing
Conventional timesharing systems prowde centralized 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 possibilities exist that if the user logs off, the next
user may trash the spooled file before it geta printed. The possibility also exists that the
spooled file may never get printed because the printer is not accepting jobs.

In Athena, /pr has been modified to queune the print file at the remote print server. If the
print server is not available, an immediate error meseage is generated.

A second problem is similar to the password problem. The printeap file would normally
be stored on every workstation in a static form. Athena has moved the printcap function to
the Hesiod name server.

7.6 Electronic Mail

In a timesharing system, users send mail to remote individuals using a mail address of
username@machinename, or to local individuals using an address of simply username with
the remainder of the address as a default. An Athena requirement is that any user can use
any workstation. Therefore the remote sddress is not appropriate because individuals are
not limited to one system.

The approach developed by Athena, shown in Figure 3, combines the best of local and
remote approaches. All individuals are addressed as though they were local, without using
a machine name. The mail is sent to a central mail hub and then to a “post office” where
the mail is queued until the addressee decides to pick it up. When the mail is "picked up", it
is transferred to the private (NFS) mail file for that individual (based on information from
the name server), who can then read, write, and edit mail just as if everyl'.h.mg were '
actually local from any workstation.

Figure 3 here
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To accomplish this, Athena uses the MH mail system [Rand B5]. An improved graphical
front end has been added to MH (called XMH) based on the X Toolkit {Swick 88] so that all
commands are entered through mouse selection of active objects instead of the command
line interface, The Post Office Protocol [Rose 85] utilized by MH has been retained and is
modified to use the Kerberos authentication server. Multiple post office servers are
supported to improve performance and reliability. The proper post office for each
individual is selected using information in the Hesiod name server. All changes to MH to
support a distributed system are transparent ta the user, and the user uaes the software
the same as if it were on a single centralized time sharing system.

Users outside of Athena can also send mail to individuals within Athena as if it were a
single, centralized system. They send mail to addresa username@athena.mit.edu. This
mail goes to the mail hub and is distributed by the same mechaniam as internal mail.

The mail hub also handles distribution lists within Athena. At this time there are three
post office servers supporting the 7000 users.

7.7 Real time notification

There are occasions when real time notification of an individual is useful, for example
when new mail has arrived or when a file server is going to be taken out of service
temporarily. This is easily accomplished on a centralize timesharing system because the
identity of all individuals logged in is available in a single location. In a distributed system
this ie much more difficult because there is no central file holding this information.

To meet this need, Athena has developed a real time notification server called Zephyr
(DellaFera 88} Using this system, a message can be sent to an individual immediately by
using a single command and without knowing the location of the individual (or even if the
user is logged in.) Zephyr searches the active workstations to locate the individual, and if
the user is logged in it creates a popup window immediately with the message. The user
can select classes of Zephyr messages of interest and suppress the rest. This capability
operates within the constrainta of privacy and permiasion.

7.8 On Line Consulting

An on-line consulting system (OLC) [Coppeto 89] has been developed where users can
direct questions to consultants or other expert users logged in elsewhere on the network. A
get of stock answers is maintained for quick response to common questions. If the
consultant is not available, questions are automatically queued. Answers are often
returned by electronic mail if the questions are difficult, or if the question remains unsolved
when the user logs out.
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7.9 Discuss

Discizss [Raeburn 89] is an electronic conferencing system that allows Athena users to
communicate easily and effectively on specific subjects. The approach used is to support
the "meeting” model, and there are presently about 100 concurrent meetings in progresa.
Discuss is authenticated by Kerberos and uses Zephyr to send real time mesaages. The
gystem evolved frum an earlier system called Forum supported on Multice.

8 System Software Development

Because of coherence, much of the source code for the operating environments is the same
on the two different workatation platforms. The source code is partitioned into a machine-
independent section (e.g. the applicationa and most of the operating system) and a machine-
dependent section to simplify the system building process.

The baasic operating system software used on all Athena workstations and servers at this
time is BSD 4.3, with machine-dependent software (e.g. device drivers) supplied by the
manufacturers. All workstations include the NFS client support and use the X Window
System. The standard Berkeley distribution is augmented by several third party saftware
packages and local Athena modifications and additions.

To maintain control of the software configuration, all seftware is completely built from
source code about once each year. Module updates are provided 3-4 times a year.

The new source code for the Athena distributed services is about 20 M bytes [Davis 89].
The total amount of source code for the Athena system, including Unix, the Athena
distributed services, and applications amounts to 400 M bytes. This source code ia
atructured into a hierarchy of about 1300 makefiles and generates 12 000 binary modules,

To control the labor content and quality of the development, management, and support of
this large amount of source code, a number of software toola were developed. These include
{Davis 89]: '

» Prot_sources--to manage access privileges
» Track (like rdist [Nachbar 86])-to manage distributed files

¢ Maksrv--a script set to convert workstation software to servers.

Prot_sources is a tool that manages access privileges so that system builds are not
ahorted by lack of privileges for access, but which provides some measure of protection. It
allows software developers to start a build at any time without using root access. It
traverses the 400 M bytes of source code in about 1.5 hours.

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 complete, the system build process can compare
local copies to the update status contained in ¢rack instead of comparing against remote
files, thus saving thousands of remote file accesses.

Ideally, all software update should be entirely automatic, and should propagate to all
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workstations essentially simultanecusly. Tools to do this at Athena are aveilable for non-
kernel code, but not for kernel code. Presently, changes to the kernel require that each
individual workstation be visited and the kernel ioaded from a floppy disk (the "rollerskate”
approach). Work is proceeding to largely automate workstation kernel software update.

Server systems (e.g. printers, name servers) are built as modifications from a standard
workatation system using a tool called makesrv. The workstation software is initially
installed on servers. Building a server from a workstation then becomes a standard
operation. Makesrv presently can build the server types of NFS, Hesiod, Kerberos, Moira,
On-line Conaulting, RVD, Zephyr, Diacuss, and Printer. '

8 Future Plans

Because of the significant value of Project Athena to its two industrial sponsors, funding
has been committed through June, 1991. The new initiatives planned for the distributed
systems area during the next two years are as follows.

+ Move to private ownership model. To date, all Athena workstations are owned
by MIT and are made available to students and faculty at no cost. When prices
for a workatation meeting Athena standards drop to an appropriate level
{currently aeen as $2500), MIT may sell workstation to students and faculty
through the Microcomputer Store. Eventually the number of workstations
supported (primarily privately owned) will approach 10 000. The network,
servers, and infrastructure must scale in accordance with the number of
worketations in a transparent manner.

Shift to supported software. The strategy of Athena is to move away from the

Berkeley Unix to a vendor supported Unix. Since both major sponsors belong

to the Open Software Foundation, the use of the OSF/1 operating system looks
attractive. (Project Athena also belongs to the Open Software Foundation and
has a research grant relationship with them).

Automatic software update and integrity check. Installation of a major new
vergion of the system software is 5 major undertaking because it requires a
visit to every workstation. Toocls are now being developed to install a new
vergion of the system software over the network and to verify its integrity after
installation.

» Dynamic network reconfiguration. One of the most common current problems
for Athena workstation installation is the installation of an incorrect Internet
address. Experiments are underway 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 adm:.mstratlon Work on dynamic
reconfiguration is also in process.

L]

Support of personal computers. The widespread availability of personal
computers with screen resolution of 300 000 pixels makes support of them
attractive. The degree support and methods of support and now being
investigated.

¢ Deploy to other universities. Part of the original vision of Athena was to make
it available at no coat to other research labs and universities once it was fully
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operational. Parts of the system have been installed and are in use at the
University of Karlaruhe, Germany. In late 1988, the system was installed at
the Cambridge Research Lab of Digital Equipment Corp. During early 1989
the entire distributed system was installed at Bond University, a new, private
university in Australia. Other installations are now being considered.
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ABSTRACT

Maintaining, macaging, and supporting an unbounded number of dismribyted pet-
work services on multiple server instances requires new solutions. The Athena Service
Management System provides cenmalized control of data administration, a protocol for
interface to0 the database, tools for accessing and modifying the database, and an

automated mechanism for data distribution.

1. Introduction

The purpose of the Athena Service
Management Sysiem (SMS) is to provide a single
point of contact for authontadve informacon
about resources and services w a disuibuted com-
putog environment. SMS is a cenmalized data
adminisirator providing petwork-based update
and maintenance of sysiem servers.t

¢ Conceptuaily, SMS provides mechanisms for
managing servers and resources. This aspect
comprises the fundamental design of SMS.

» Economically, SMS provides & replacement
for labor-intensive band-menagement of
server configuration files,

¢ Technically, SMS consists of a database, a
server and its protocol interface, a data dis-
tribution manager, and tools for accessing
and modifying SMS da.

SMS provides coherent data access and data
update. Access to data is provided through a

t Care must be wken to distinguisk among different
senses of the word 'server’”: the SMS server, which
manages » dasbase; the servers which provide Lyiem
scrvices and whose maintznance wre SMS's reason for
existence; and the update ser7en which allow SMS w af-
fect these sysiam services.
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standard  application  ioterface.  Programs
desimed to reconfgure perwork servers, edit
mailing lists, manage group membership, eic., all
use this application interface, Applications used
25 administrative tools are invoked by users:
applications that update servers are (automati-
cally) invoked at regular intervals. Management
reports and operational feedback are also pro-
vided.

1.1. Requirements

The requirements for the initial Athena
SMS include:

o Management of 15,000 accounts, including
individual users, course, and project
accounts, and special accounts used by sys-
tem services.

» Management of 1,000 workstations,
timesharing machines, and network ssrvers,
including specification of default resource
assignments.

» Allocation of coowolled petwork services,
such as creating and seming quotas for new
users’ home directories oo network
fleservers, consistent with load-balancing
coustraints.

e Maintenance of other ¢ontrol information,




including user groups, mailing lists, access
controt lists, etc.

« Maintenance of resource directories, such as

the location of printers, specialized file sys-
tems (including privately supported file sys-
tems). and other network services.

This must be accomplisbed with the utmost
robustness.

The system must be easily expandahle,
both to support additonal instances of a partcular
service and to offer addidonal services in the
future. At this time, SMS is used to update thres
services (with RVD 10 be added shornly):

* Hesiod: The Athena Name Service, Hesiod,
provides service-to-server and label transla.
tion. It can be thought of as a high-
performance, read-only front-end to the
SMS database. See'the comparion paper in
this volume. !

* NFS: Al Athena, most shared-gccess read-
write file sysiems are provided by a locally
modified form of the Network File System.?
SMS manages the NFS server hosts, provid-
ing quots-based resource allocation, and
load balancing. Also refer to the companion
paper in this volume.?

s Mail Service: Alhena's mail service is
through & central routing hub to muldple
post office servers (mail repostiories) based
oo the Post Office Protocol® (POP) of the
Rand Mail Handler’ (MH) package. SMS
allocates individual post office boxes to post
office servers, and builds the /usrflib/aliases
control file used on the central mail b,

e RVD: At Atbenz, most shared-access read-
only file systems are provided by & Remote
Viral Disk cystem. SMS manages the
RVD server hosts, providing access control
lists and sarver configuration fileg.

Each of these server hosts are controlied by
some number of server-specific data files; over 50
stparate files are required to support the services
described above, SMS currently supports three
Hesiod servers, 17 RVD file sarvers, 32 NFS file
servers, one mail bub and three post offices.
Each RVD server requires one file, and each
server's fle is different. A Hesiod server
requires 9 separate files containing 64000 resolv-
able queries, but each Hesiod server receives the
same 9 files. Each NFS server requires two files,
ope file identical acruss most NFS servers, one
file different. The mail hub requires ooe file,

tusriliblaliases.

1.2. Design Points

There are five factors to be taken into
account when making design decisions. In order
of importance, to this project they are:

1. Reliability

2. Consistzncy

3. Plexibility
4. Time Efficiency
5. Space Efficiency

SMS must be reliable. In particular, it must -
be designed to allow strajghtforward recreation of
SMS oo replacement hardware from backups,
should the need arise. The backup regime for
SMS consists of frequent dawbase backups in
ASCT format to redundant sites. All com-
ponents of the SMS system are desigoed such that
a duplicate configuration can be kept running a3 a
test platform without interfering with normal,
“real,”’ operations. Service updates are verified
by testing the server before calling an update suc-
cessful Failed operanons ring alarms that are
beard, disabling parts of the sysiem if required,
but without interactions with logically uncoo-
nectad parts of the service management system.
Services which are duplicated for availability are
updated such that the service is always available;
i.e.. it is not permirted for server updates to drift
into unwarranted syochrooy, bringing down all

' instances at the same time. The eptire life-cycle

is considered part of the package, so tight change
and source-code control {reviewing each change
to source, running only what can be built from
source) is part of the design.

In addition to having authoritative control
of the data, SMS must see that the data is kept
consistent. To gusrantee internal consistency,
SMS clients do pot touch the database directly:
they do not even see the database system used by
SMS. Each application uses the application
library to access the database. This Library is a
collection of functions allowing access to the
database by communicating with the SMS server
using the SMS protocol. Many of the databass
consisiency constraints are handled by the library,
A mumber of cousistency verification applications
also exist. To make this consistency reliable, the
protecol is designed to be tamper-procf, with-
standing both denial-of-service attacks and mali-
cious attempts to corrupt the data  Securty is
provided with the help of authentication by the
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Kerberos private-key authentication system. See
the companion paper in this volume,?

Beyond these goals, SMS must be flexibie
in both its darabase¢ underpionings and the ser-
vices it supports. As discussed later in the design
section, the particular Database Management Sys-
tem used is insulated from SMS through a Global
DauBase (GDB) library,® making SMS plug-
compatible with otber database foundations. It is
independent of the individual services—while
each service updated by SMS has its own particu-
lar data format and structure, the SMS datzbase
stores data in one coberemt format A separate
program, the Daa Cootrol Manager (DCM). con-
vents SMS database (internal} structure 1o server-
approprials structure (such as a configuration
file). When a new service is supported. the data.
base can be changed and only minimal updates
are pecessary in the SMS server, and a pew
module is added to the DCM specifying the addi-
tional specific output data format to be manoufac.
rwed

Also, in the interests of flexibility, ne
admimstrative policy decisions are coded into the
design. These are datermined only by the data in
the database.

Simplicity of the design is more important
than the speed of operation; other syswems, such
as the Hesiod pame service, provide a high
bandwidth read-only interface 1o the database.
To this end, the server only supponts simple
queries. Processing efficiency for complex
queries is maximized by local applications run-
ning on the workstation, not on the central server,
Any set of changes that must be atomic to main-
tain datahase consistency are performed on the
server, sets of non-atomic changes and complex
lockup operations are supported in the server only
through combining simpler queries.

1. System Desim
There are three sides to the SMS system:
¢ The inpw side, which comtains all of the
user-interface programs, allowing the user w

enter, examine, or modify data in the daa- -

base.

e The database side, which consists of the
actual database, the SMS server which mani-
pulates the database, and utility programs to
backup, restore, and verify the internal con-
sistency of the database,

+ The output side, which extracts information

from the database, formats it into server-
specific configuration files, and updates the
various servers by propagating thess files,

Various amounts of glue are required to
connect these three sides. At the lowest level,
there is the network protocol that client programs
use 10 pain uccess to the database. This, however,
depends on the actual model of bow darabase
quenies are done, which is influenced by the
orgamzation of the database (but not its exact for-
mat, which is hidden through the protocol).

2.1. The SMS Protocol

The SMS pratocol is the fundamental inter-
face t0 SMS for client applications. It allows ail
cliems of SMS w0 speak & common, network-
transparent language.

The SMS protocol is & remote procedure
call protocol based on the GDB library, which in
tum uses a TCP smeam. Each client program
makes a connection to a well known port to con-
tact the SMS server, sending requests and receiv-
ing replies over that stream. Each request con-
sists of & major request oumber, and several
counted strings of bytes. Each reply consists of a
single stams code followed by zero or more
counted strings of bytes. Requests and replies also
contin a protoco] version mumber, to allow clean
handling of version skew,

The following major requests are defined
for SMS. It should be noted that each query
defines its own signature of arguments and
results. For some of these actions the server
checks authorization based on the authenticated
identity of the user malking the request.
noop Do nothing. This is useful for testing

and profiling of the server,
authenticateThere is one argument, a Kerberos’
authenticator. Al requests received
after this request are performed on
behalf of the principal identified by

the authenticator,
query The first argument is the name of &
pre-defined  query (a  ‘“‘query
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bandle'"), and the rest are arguments
to that query. Queries may remieve
information ¢r modify what is is the
database. If the server query is
allowed, any retrieved data are
passed back as several retum values.
All but the last retumed valoe will
have a status code indicating more
dawa, with the final one returning the
real status code of the query.

access There are a variable number of argu-
ments. The first is the name of a
pre-defined query usable for the
“‘query’’ request, and the rest are
query arguments. The server rewurns
a reply with a zaro status code if the
query would have been allowed, or a
reply with a noo-zerv status code
explaining why the query was
rejecred.

Nommal use of the protocol conmsists of
establishing a connection, providing authentica-
uon, then performing a series of queries. As long
as the applicaton only wants to retrieve data or
perform simple updates, only an authenticate fol-
lowed by queries are necessary. The access
operaton is useful for verifying that an operation
with side effects will succeed before anempung
it.

22, Queries

All access to the database by clients is pro-
vided by the application library via the SMS pro-
tocol This interface provides a limited set of
predefined, named queries, allowing tightly con-
‘trolled access to datebase information. Queries
fall into four classes: retrieve, update, delete, and
append. An atnempt has been made to define a set
. of queres that provide sufficiemt flexibility to
meet all of the needs of the Data Control Manager
as well as the individual application programs,
since the DCM uses the same interface as the
clients to read the database. Since the database
can be modified and extended, the application
library has been designed to allow the easy addi-
tion of queries.

The generalized layer of functions makes
SMS independent of the underlying database. 1f a
different dawabass management system is
required, the only change oeeded will be & new
SMS server. It is made by linking the pre-defined
queries 10 a set of data manipulaton procedures
provided by a version of GDB suited to the

-

alternate DBMS,

At this time there are over 100 supported
queries. See the complete technical description
of SMS for a listng.® Some sample queries
inciude:
get_ofs_quotas

Arguments: machine, device

Returns: list of login/quota tuples

Errors: po match, bad machine

Remieves disk quota assignments for ail

users on the specified disk partition.
get_user_by_login

Arguments: login name :

Returns: login, uid, sbell, bome, last, first,

middie, status, ID number, year, expiration

date, modification time

Errors: no match, not unique

Retrieves information about a puarticular

user, searching by login name. Similar

queries exist to search by last name, first
name, user [D, and Registrar's ID number,
add_machine

Arguments: name, type, model, status,

serial number. system type

Returns: nothing

Errors: already exists, bad type

Appends a new machine 10 the list of

machines known by SM5.
update_server_info .

Arguments: service, update interval, target

file, script, dfgen

Returns: nothing

Errors: no match, not umque

Updates a service entry, allowing anything

but the service name to be changed.
delete_filesys

Arguments: label

Returns: nothing

Errors: no match, not umique

Deletes the specified file system informa-

ion from the database. Does not gutomar-

cally reclaim the storage at this time.

Each query bas two possible retumn status values
in addition to any errors given above: success and
permission_denied.

2.3, The Database Management System

The database is the core of SMS. It pro-
vides the storage mechanism for the complete
svstem. SMS expects it database to consist of
several tables of records with strings, integers,
and dates. Tables are keyed on one or more Gelds
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i each record allowing efficient retrieval by key
or wild cards.

The database currently in use at Athena is
Ingres ? from Relational Technology. Inc. Ingres
provides a complete query system, a C library of
routines, and a command interface language. Its
advantages are that it is available and that it
mostly works. By design. SMS does noi depend
oo any special feature of Iogres so as to retain the
option to utilize other relational database systems.

The database is an independent entity from
the SMS system. The Ingres query bindings and
daubase-specific routives are layered at the lower
levels of the SMS server. All applications are
independent of database.specific routines. An
application passes query bandles to the SMS
server which then resolves the request inio an
appropriate database quary.

The database contains several types of
objects. Each object in the database has an access
conmtrol list (ACL} associated with it indicating
who is allowed to modify that object. Each object
also has records who last modifisd it and when
that modification was performed The ACL's are
just references to lists in the database. The data-
base contains the following:

» User information: full name, login name,
user ID, registrar's ID, login shell, home
directory, ciass year, status, modificadon
tme, nickname, bome address, home phone,
office address, office phone, school affilia-
tion, an ACL

¢ Machine information: name, type, modzl,
stams, serial number, system type, an ACL

o Cluster (mapping of machines to default
printer and RVD server) information: name,
description,  lecaton, default  servers,
machine assignments, an ACL

+ Geperal service information: service name to
network port mapping

¢ File system configuraiion: nams, type, server
bost, name on server host, mount peimt on
client bost, access mode, an ACL

¢ NFS information: bost name, physical disk
partition, quota by user on each partition, an
ACL

¢ RYD information: bost name, physical disk
partion, virtual disks assigned 1o sach parti-
tion, pack ID, access passwords, size, an
ACL

+ Prnter information: pame to /efc/printcap

e0Iy mapping

» Post office location: for each user post office
server and box on that server

e Lists: name, descripion, modification date,
members (which can be users, other lists, or
literal strings), attributes {mailing list. UNIX
group end gid), an ACL

¢ Aliases: includes allowed keywords for cer-
tain fields in the database, alternate oames
for file systems, altsmate names for services

¢ DCM information: services to be updated,
bosts supporting each service, warget files on
each bost, last update ame,
enabie/override/success flags for updates

¢ Iniernal control information: next user ID,
group ID, machine D, and cluster [D w
assign (these are just hints); an ACL for each
query; usage statistics

2.4, SMS-to-Server Update Protocol

SMS provides a reliable mechanism for
updating the servers it manages. The goals of the
server update protocol are: -

» Rational, automatic update for normal cases
and expecied kinds of failures.

o Ability to survive clean (target) server
crashes,

» Ability to survive lean SMS crashes.

e Easily understood state so that straightfor-
wand recovery by hand is possible.

All actions are initiated by the SMS system.
Updates of managed servers are performed such
that a partially completed update is bammless.
Updates ot completed are simply rescheduled
for retry unti] they succeed, or untl an update can
not(fb%fmitigt:d In the latter case, a human opera-
tor will be notified.

The update protocot is based on the GDB
library just as is the SMS protocol jtself. In the
update protocol, there are four commands:

authenticate A Kerberos authenticator is sent.
The update server on the target
server uses this authenticator to ver-
ify that the entity contactng it is
authorized to initiate updates,

This command is used for sending
information, usually entire fles,
The protocol is capable of effi-
ciently sending a half-megabyte
binary file. .

transfer
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instructions This sends over a command script.
which when executed on the target
server will install the new confi-
guraticn files just sent.

This instructs the update server to
execute the instructions just sent.

In typical usage, all four commands are
used in the order presented above. Multiple
transfers may be necessary for some server types.
Note that when data files are wansfered, they do
not directly overwrite the existing data files.
Instead, they are put in a temporary positon.
When the update is executed, the old files are
renamed 10 another temporary name, and the new
files are given the correct names. This minimizes
the interval during which a server system crash
would leave an inconsistent set of configuration
files. If all portons of the preparation are com-
pleted without error, the executon is then
allowed This usually consists of moving files
around, then sending a signal to or restarting a
server process. The update server then performs
a plausibility check oo tbe result by verifying the
operation of the sysiem server, and seods SMS an
indicative return code.

execute

. System Components

Six sofrware componests make up the SMS
system,

# The database, currently built on the commer-
cial database system RTI Ingres,

o The SMS server, a program always rumning
oo the machine containing the database. It
accesses tbe darabase for the cliemt pro-
grams.

s The application library, a collection of rou-
tines implementing the SMS protocol. It is
used by clien! programs to communicate
with the SMS server. ) ’

¢ The client programs, a collection of pro-

~ grams that make up the user interface to the
system.

e The data control manager, & program run
periodically by cron and driven by data in
the database. It constructs up-to-date server
configuration files and installs these files on
the servers.

e The update servers, which run on each
machine containing a server that SMS
updates. These are contactsd by the data
control manager 1o install the new configura-
don files and notify the real servers being

managed by SMS.

Because SMS has a varniety of interfaces, a
distinction must be maintained berween applica-
tions called clients that directly read and write 10
SMS (i.e., administrative programs) and services
which use information distributed from SMS (ie.
a name server). In both cases the interface 1o the
SMS database is through the SMS server, using
the SMS protocol The significant difference is
that server update is handled automatically
through the Data Control Manager; administrative
programs are exscuted by users.

3.1. Clieats

SMS includes a set of specialized manage-
ment tools to grant system administrators overall
control of system resources, For 2ach system ser-
vice there is an administrative interface. To
accommodate povice and occasional users, a
mepu interface is the defanlt, For regular users, a
command-line switch is provided that will use a
line-oriented interface. This provides speed and
directness for users familiar with the system,
while being reasonably helpful to novices and
occasional users, A specialized menu building
tool has been developed in order that new
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application programs can be developed quickly.
This user interface does pot depend op the X
Window System.!® It must be possible for system
operators to use dumb termipals 1o comect
resource problems, Le. it cannor be & requirement
that a high level of functionality be present before
the service management system can operate.

Fields in the darabase have associated with
them lists of legal values. A nmull list indicates
that any value is possible. This is useful for fields
such as user_name, address. and so forth. The
application programs., before aftempting to
modify anything in the database, request this
information, aod compare it with the proposad
new value. If an invalid value is discovered. it is
reported to the user, who is given the opportunity
to change the value, or “insist’” that it is a new,
legal value. (The ability to update data in the
database does not necessarily indicate the ability
1o add new legal values to the database.)

Applications should be aware of the ramifi-
catons of their actions, and notify the user if
appropriawe. For example, an administrator delet-
ing 2 user is informed of storage space that is
being reclaimed, mailing lists that are being
modified, and so fonh Objects that need to be
modified at once (such as the ownership of a
mailing list) presant themselves 1o be dealt with.

The following list of client programs are
currently ino use al Project Athena Thesec are
rewrites of standard UNIX programs, and are
available to regular users:

» Chfn - change finger information
8 chsh . change default shell
These are new programs available to regular
uSers:
» register - allow pew students to claim an
Athena account

» mailmaini - allow users to add/delete them-
selves to mailing lists
These are used by system administrators:

® astachmaing - map file system names to phy-
sical server configurations

¢ chpobox - change forwarding post office for
8 user

o clustermains - associate 8 machine with a set
of defanlt servers

e demmaint - update DCM table entries,
including service/machine mapping
» listmainr - creawe and mainmain groups,

mailing licts, and access control lists
s afsmaint - configure NFS file servers
e poromaint - maintain the list of well known
contact ports
¢ replape - ooz oew studeots Eom the
Registrar's tape
» rvdmains - configure RVD servers
o ustermainl - maintain user information
including file service and post office location
Finally, this program is used only in debugging
SMS;

* smstest - perform any query manuaily

3.1.1. New User Registration

A specialized client is the new user regis-
tration program. A pew student must be able 10
claim an Athena account without any intervention
from Atbens user sccounts staff. Without this the
user accounts staff would be faced with maoually
creatng hundreds of sccounts at the beginming of
each academic term.

Athena obtains a copy of the official List of
registered students from the MIT Registrar
shordy before the stant of each term. The regrape
client adds each swudent on the Registrar's tape
who has oot already been registersd for an
Athena account to the ''nsers’’ relaton of the
database, and assigned a unique user [D; the stu-
dent is oot assigned a login name or any other
resources at this ime. A one-way encrypted fom
of the student's ID number is stored along with
the name. No other database resources are allo-
cated at thet time. This [D number and the exact
spelling of the studemt's full name as recorded by
the Registrar are all that are needed for 4 student
to claim an account Thus the [D aumber is
something of a password until a real account has
been set up.

When the smdent decides to register with
Athena, be or she walks up to apy workstation
and logs in using the username of ‘‘register’’,
This produces a form-like interface prompting for
the user's first name, middle initial, last name,
and student ID oumber. The register program
does not talk to the SMS server directly, but goes
through a registraton server first The registra-
ton server deals with access control 1o the SMS
server and the Kerberosr administration server.
Repgister encrypts the ID oumber, and sends &
verify_user request 1 the registration server. The
server responods  with  already_registered,
not_found, or OK. After this the register server
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will do work o behalf of the user, the user sgll
cannot contact SMS directly untl be or she
obtains a login name and yser ID,

If the user has been validated, register then
prompts the student for a choice in login names.
It then goes through a two-step process to verify
the login name: first, it simulates a login request
for this user name with Kerberos; if this fails
(indicating that the useruame is free and may be
registered). it then sends a grab_login request.
On receiving a grab_login request, the registra-
tion server then proceeds 1o register the login
name with Kerberos; if the login name is already
in use, it rerurns a failure cods to register. Other-
wise, it allocates a bome directory for the user oo
the least-loaded fileserver, sets an imitial disk
quota for the user, builds a post office entry for
the user oo the least-ioaded post office server, and
returns @ success code to register. SMS keeps
track of loading on servers in the datahase, incre-
menting and decremendng its estimate of the load
as it allocates and deallocates resources on each
SETVEr.

Register then prompts the user for an initial
password. It sends a set_password request to the
registration server, which decrypts it and for-
wards it to Kerberos. At this point, pending pro-
pagation of informaton to the Hesiod name ser-
vice, the cenrral mail hub. and the user's bome
fileserver, the user's account has been esta-
blisned. These updates may take up to 12 hours
to complete.

32. The SMS Server

As previously stated, all remote commurm-
cation with the SMS database is dooe through the
SMS server, using the SMS protocol. The SMS
server mns as a single UNIX process oo the SMS
database machine, It listens for connections on &
well knowm service port and processes remote
procedure call requesta on each comnection it
aceepts.

GDB, through the use of BSD UNIX non-
blocking 1/O, allows the programmer to set up a
single-process server that handles multiple simul-
taneous TCP connections. The SMS server will
be sble to make progress reading pew RPC
requests and sending old replies simultaneously,
which is important if 8 reasonably large amount
of data is to be sent back. The RPC system from
Sutt Microsystems was alse considered for use in
the RPC layer, but was rejected because it cannot
bandle large return values, such as might be

returned by a complex query.

A major concemn for efficiency in some
DBMS’s is the tme it takes 10 begin accessing the
database, somelimes requining staring up a back-
end process. Sipce this is a heavyweight opera-
ton. the SMS server will do this only once when
it starts.

The server performs access coarrol checks
on all queries. An access control list {ACL) is
associated with each query handle, and with
many objects within the database. For instance,
to add scmeope to a list, it is sufficient to either
be on the ACL associated with the
add_member_to_list query, or to be on the ACL
of the list in question. In addidon, lists, users,
machines, and file systems have lists of addidonal
users who are allowed to modify them. The con-
cept of an all powerful database administrator is
oot necessary with SMS, although could be
implemented by baving the same ACL for all
queries that affect the database.

Because one of the requests that the server
SUpports is & request to check access o & particu-
lar query, it is expected that many access checks
will bave to be performed twice: once to allow
the cliert to find out that it should prompt the user
for informanon, and again whep the quety is actu-
ally executed. It is expected that some form of
access caching will eventually be worked into the
server for performance reasons. ’

3.2.1. Input Data Checking

Without proper checks on ioput values, a
user could easily enter data of the wrong rype or
of a nonsensical value for that type into SMS.
For example, consider the case of updating a
user's mail address. If instead of typing
*‘athena-po-1'" (a valid post office server), & user
accounts administrator typed in *‘athena-pol”’ (a
nonexistent machine), all the user’s mail would
be returned to sender as undeliverable,

Input checking is dooe by both the SMS
server and by applicatons using SMS. Each
query supported by the server may have & valida-
tion routine supplied which checks that the argu-
ments to the query are legiimate. Queries that do
oot have side effects on the database do not need
3 validation routine.

Some cheeks are better done in applications
programs; for example, the SMS serverisnotina
good position to tell if & user’s pew choice for &
login shell exists. However, other checks, such as
verifying that a user's bome directory is a valid
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file system name, are conducted by the server.
An error conditon will be retumed if the valua
specified is incorrect. The list of predefined
queries defines those fields which require explicit
data checking.

3.3, Backup

It is not critical that the SMS database be
availatle 24 hours a day; what is impontant is that
the database remain internally consistent and that
the data pever be lost With that in mind, the
database backup system for SMS bas been set up
to maximize recoverability if the databass is dam-
aged. Backup is done in a simple ASCH format
to avoid dependence on the actwal DBMS in use.

Two programs (smsbackiyp and smsre-
store) are generated automatically (using an awk
script) from the database description file.
smsbackip copies each relation of the current
SMS database into an ASCII file. Smsbackup is
invoked nightly by 3 command file that maintains
the last three backups on-line. These backups are
put oo a sepawate physical disk drive from the
drive contaiming the actal database and copied
over the petwork to other locations. Smsrestore
does the inverse of smsbackup, takng a set of
ASCI files and recreating the databass, These
backups by themselves provide recovery with the
loss of po more thao roughly a day's transactions,
To obtain complete recovery, it is necessary to
examine the iog files of the servers. An
automated procedure to do this has not been writ.
ten since it 15 comphcated and has not been
nezded yet

3.4, The Dats Control Manager

The Data Coouool Manager is & program
responsible for distributing information to
servers. The DCM is invoked by cron at regular,
frequent intervals. The data that drives the DCM
is read from the database, rather than being coded
into the DCM or kept in separate configuration
files. Each time the DCM is rup, it scans the

" database to determine which servers need updat-
ing. Oualy those that need updating because their
configuration bas changed and their update inter-
val has been reached will be updated.

The detzrmmination that it is time to check a
service is based on information about that service
in the database. Each service has an update inter-
val, specifying how often providers of that ser-
vice should be updated, and an enable flag. For
each servertost tuple, the database stores the

time of the last update anempt, whether or not it
was successful, and an override flag. If the previ-
ous update attempt was not successful, the over-
ride flag will indicate when to try again. The
administrative user's interface provides a
mechanism o set the override flag manually, so
as o update a server sooper than it otherwise
would be updated.

Locking is also provided since an update
may still be in progress the pext time the DCM is
invoked Without this focking the new DCM pro-
cess would atempt to update the same service
that the older process is still working on.

If it is pecessary to update a server, a
separate program (also named in the database) is
ingvoked to extract the information from the data-
base and format into the server-specific files. The
DCM then comtacts the update server on the
machine with the target server, sends the peces-
sary datz files and the shell script that is invoked
on the server machipe tc install the new files. The
success flag is set or cleared based oo whether the
update anempt succeeded. If the attempt failed,
the override flag is set, requesting that another
attempt be made to update this server spoper than
indicated by the default update imerval.

For performance reasons, some parts of the
DCM currently touch the database directly rather
than going through the SMS server. Nothing is
being done that could not be dope through the
server. However, bypassing the server makes
exwactung large amounts of information much
faster and avoids slowing down the server for
these operations.

4. System Performance

The system is more reliable than the one
previously in usz at Athena The old version had
an update mechanism more suited to the scale of
tens of timesharing hosts rather than thousands of
workstations. System crashes have becn rare.
The spead of the system is fair, being fast enough
to use interactively, although some queries do
take a while to complete. The database currently
occupies about 13 megabytes og the server,

Most of the system as describad bere has
been in use for over six months. A few of the
points mentiontd here are just now being imple-
mented and put into service. Note that thiy is the
only management tool for 5000 actve users, 650
wonkstations, and &5 servers.
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4.1. Availability

The SMS server has pearty always been
accessible. Some queries, such as listing all pub-
licly accessible mailing lists, will Ge up the server
for a short period of dme. Regular users are
prohibited from the longer queries such as listing
all users, which will lock op the server for several
minutes. The server is occasionally down for
safery when an SMS admimstrator wishes to
modify the database direculy through Ingres.

4.2, Security

Kerberos authentication on all npetwork
access and physical secunty of the machine have
been sufficient (o prevent brealins. However, the
systemn bas not had enough exposure to believe it
is really resistant to concerted attacks.

COnpe problem with the current implementa-
tion has 1o do with security and access control
lists, It is difficuit to administer the oumerous
ACL'’s in the systern, and it is oot always obvious
when differsnt queries are used to predict the
effects of changing an ACL. Currently this prob-
lem is avoided by having two classes of quenies:
those that anyone can do, and those that only the
database administrators can perform. There need
10 be more imermediate levels. For instance, it
would be useful to allow some system operalors
to change the information describing public
workstations, but not the tmeshariog machines
and service hosts.

43, Consistency

The current database suffers from decay.
The database grows indaxes and reference counts
that are wrong, post office boxes that do oot
belong to any user, and groups with no members.
These are assumed to be caused by coding errors
in the clisnt library and clients. Any problem is
potentially compounded by the very raison & fire
of SMS. With hundreds of workstations in the
field thers is no guarantes that SMS client pro-
grams installed on them are all at current revision
level. There are also a few problems suspected in
the database system itself (Ingres), but these are

difficult 10 pinpoint: However,; the various data- -

extraction programs used by the DCM are robust,
they skip cver any inconsisient reconds 50 these
cause few problems. ' _

A datsbase consistency checker, in the
spirit of fsck, is run regularly, but only for infor-
mational purposes. Because of the dangers
involved in modifying the database outside the

SMS server, it is not modified by this checker at
this time.

A shortcoming of the current system is that
it is occasionally necessary to use Ingres directly
1o make some modification to the database. For
example, it was recently pecessary to modify
every instance of a particular Jogin shell in the
user account information. A special client could
have been written to do this, but it would only be
used once, 50 the operation was dope interac-
tvely with the Ingres query interpreter. A large

oumber of similar operations 1o be exscuted

would pormally imply a oead for a generalized -
baich processer. This is is too complicated for
our needs, bence such operations are either done
by hand through the regular clients, or edited into
a script that can be run through the raw Ingres
interpreter.  Availability of this interpreter makes
such operations relatively easy; yet thers is the
temptation 1o fix too many things that way,
bypassing the checks built in to the client library
and SMS server. .
Care must be taken to aveid hardcoding
into the SMS design cumrent policy decisions
about accounts and resources bere at Athena Yer
by maintaining this flexibility, it sometimes is too
easy 1o break the rules. This is more often an
error than an intentonal breaking of the rules.
For instance, there bave been users whe did not
have a post office box because of administrative
mistakes; they were unable to receive mail

§. Condusion

Systems for managing the otherwise
unmanageable need to be designed well, burned
in realistically, and provided with seamiless
upgrades. With the Athena SMS, we have an
example of a system that is working for the scale
of 1,000 worksmations, but oeeds sigmificant
refinement 10 go to the 10,000 workstation level
The iniual vision has proven correct; the remain-
ing question is whether the design as we now
have it will be capable of the next leap in scale.
We believe it will and will be back to report to
you with our results.
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PROJECT ATHENA
VISUAL COMPUTING GROUP

For mare information please contact
Ben Davis (253 0178) or Matthew Hodges (253 1913), Project Athena
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Visual Computing Group

Bep Davis directs the Visual Computing Group and is 2 Semior Applications Developer at MIT. Mr.
Davis was 3 a Fellow at MIT's Center for Advanced Visual Studies, an instroctor at the MIT Media.Lab in
the Visible Language Workshop, is Chair of the Research Consortivm for the National Demonstration
Laboratory for Interactive Educational Technology ar the Smithsonian Institution, and is currently teaching
Aspects of Visualization at Teacbers College. Columbis University, Department of Communication,
Computing, and Technology. '

Maetthew Hodges conducts research in educational tecimology and manages software development for
the Visual Computing Group. A Visiting Scientist from the Digital Equipment Corporation, Mr. Hodges is
assigned fall-time to Project Athens and is the principai degigner of the Athena Muse austhoring langunge.
He is a doctorat candidate at the Harvard School of Edncanion.

Jud Hareard bas recently joined the Visual Computing Group from the Center for Remote Sensing at
Boston University. There he served as Co-Direcior of the Perseus Project, a Macintosh based multimedia
database project oo Ancient Greek art and archaeology. Dr. Harward is working on building new Muse
applications and is patticularly interested in the crestion of interactive editors and museun applications
under the Mose environment. He holds a doctorate i Classical Archasology from Harvard University,

Brian Michoo is Visiting Scieotist from Digital Equipment Corporstion’s International Engineering
Group. At Athena he will continue his rescarch in the design and interface evaluation of cinematic’
computing systems. Brian is a recent graduate of Stanford University, where he eamed a Masier's degree
in Computer Science specializing in User Interface Design. He also holds & Bachelor's degree in Computer
Science and Engineering from MIT.

Russell Sasnett is a Visiting Scientist from the GTE Laboratories. Mr. Sagnett has 3 broad background in
video and computer graphics. He is an award-winaing documentary filmmaker, and has co-produced an
intetactive videodisc oo mediation. He has worked as 2 human interface developer for Locasfilm’s The
Droid Works, and as a consuitant on the design of graphic interfaces to video editing systems. He bolds a
Masier's degree from the MIT Media Laborstory, where he resesrched fotre applications of vides
databases.

Roman Buodzianowaki provides sysiem and programming support for educational software projects in the
areas of Common Lisp, graphics, and user interface. Dr. Budrisnowskri holds a Ph.D, in Phyzics from the
Polish Academy of Sciences/Institute of Geoplryiscs and a Masters Degree in System Engineering from
Warsaw Polytechnic Institute.

Paul Booun does systems suppont of UNIX and relsted software including the DNGRES Relational
database mmnagement system. He is the principal implementor of the Visual Workstation
hardware/software coafiguration.
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Coastantinos Doukcas received his Bacheiors Degree from National Technical University of Athens,
Greece, in Electrical Engineering and Computer Science and a Masters Degree from Teachers College

Columbia University in Computing and Educacation. At Project Athena he designs and programs interfaces
for multimedia applications.

Evelyn Schiusselberg bolds Masters Degree from the Harvard School of Educarion. Her undergraduate
degree from Boston University is in Special Educaron Evelyn's wotk involves interface evaiuation,
MUSE evaiuation. prototyping applicadons and documentation.

In addition. several full-time Athena staff members devots significant atention to the work of the Vispal
Computng Group:

Iacqueline A Slewart is Manager of Project Athens User Services and Applications Development. the
parent group of the VCG. Formerly a manager at Digital Equipment Corporation, Ms. Stewan bas
responsibility for Atbena's groups i documentation. applications programmitig, training, consulting,
faculty liaixon, and computer resources.

Dr. Dan Geer, Manager of Athena Systema Development. coordinates the standardization of the Athem
Visual Worksuation, X11 development, and the integration of visual computing into the Atbena petwork.
Research Associates

Mark Ackerman. formedy a software eogineer with the Visual Computing Group, is now a PhD.
candidate in Information Technology at MIT. His major arexs of interest are information retrieval, buman-
computer interaction, and reference systems.

Steven Wentheim is a Visiting Scientist in the Department of Brain and Cogritive Sciences at MIT. Dr.
Wenbeim's Neuroanalomy Leaming Eovirooment is one of the major projects in Visual Computing. He
consults with the group oo user interfsce and digital imaging issoes. Dr. Wertheim is currently a Research
Fellow at Children’s Hospital in Bostoo. -

Wendy Mackay is a doctoral candidate at MIT's Sloan School of Managememt, specialiring in
management of techoological innovation. Prior to coming to Project Athepa, Wendy Mackay managed
Digital's Compater-Based Course Development Group and later estahlizshed and managed the Educational

Services Resesrch and Development group. Wendy joined the Project Athens staff in 1986 to consult on
multi-media user interfaces.

Solange Karseoty was a Visiting Scientist from INRIA (Institute Nationale de Is Recherche en
Informatique et Automatique, Paris). She is currendy with the Digital Equipment Corporation in Paris and
consults with the VCG oo user interface issoes in Muse.

Dany Guindi was & Visiting Scientist from Georgia Institute of Technology and continues to consult with
the VCG on X11 Video Server issues and system development.
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I Visual Computing Initiatives

The Visual Computing Group (originally called the Visual Courseware Group) was begun in 1985 as an
effort to accomodate certain MIT faculty who were interesied in integrating video into computational
courseware. This early efforl has grown over the last three years into a development situation that now
employs 8-10 people full-time, has created a Visual Workstation, has invested more than a million dollars
in hardware and software, has created a public cluster of experimental visual workstations, has sought
financial resources outside of the spomsors, and has become a world recognized leader in the field of
Visual Compuring that will have a very significant impact on education and educational technology.
All this in addition to producing interactive videodiscs and evaluating/implementing image capture and
storage technologies,

The Visual Computing Group at Project Athena is doing continued development in four basic areas:
interactive videodisc, visual reference, telecommunications, and image processing.

These four uses of visual databases are orchestrated by developments in Athena Muse, an authoring
langauge that will allow smdents and faculty to create, quickly and without programming skills, highly
interactive multi-media curriculum applications. This language has been developed on the Athena Visual
Workstation: DEC MicroVax and IBM RT/PC platforms running under the UNIX, XWindow System
environment with 8 bit color graphics and full motion digitized video supported by the Parallax Graphics
1280 series boardset.

Currently, the design of Arhena Muse is being shaped by ten applications already utilizing its basic
tools. These include three foreign language imteractive videodisc projects (Arhena Language Learning
Project) in French, Spanish, and Japanese. The Mechanica! Engineering Project on Bearings alsc uilizes
interactive videodisc, computer graphics, and expert system software. New Orleans: A Ciry in Transition
has a visual database of more than five hours of moving video concerned with urban planning, design,
and the implementation of cultural change. The visual computing system for this project allows a smdent
to respond to prepared questions by selecting information from libraries of maps, documents, moving
interviews, documentary footage, still photographs, and graphics and actualty using the system to edit and
present the informtion on the workstation.

Visual reference projects include the Bosron Archirecture Collecrion from the Rotch Visual Collection.
This videodisc and text database provide an in deptb study of city planming, architecture, and transitional
images from 1620 to the presemt. The Newroanaromyv Learning Environmenr combines an illustrated
videodisc glossary, 3D computer graphics.a slide browser, and dissection film for exploration of the
human brain. This project also plans to employ image processing to enhance areas of the brain for
identification. Inroduction 1o Biology is a set of basic learning modules written around existing

videodiscs of Cell Biology that employ narrated audio tracks and still frame/motion video of molecular
materials.

The Image Delivery Sysrem s designed 1o use telecommmuncation technology 1o remoiely serve the
workstation visual images from the Boston Architecture videodisc. A student can call for still video
images from the Roich Library by using the MIT cable TV sysiem connected to each workstation and
associate the image with an on-line text database.
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2 Additional Research Initiatives

Project Athena is also 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 Smithsoman Insititution in
Washington, D.C. This project (MITSI) will innially provide Visual Workstation support for curators and
researchers using the Southwest Collections. A subsystem will also be created for the Navajo Nation as a
prototype for for other tribal museums. The use of Apple technology is anticipated as an appropriate
vehicle for the dissemination of this project.

The Visual Computing Group alse works with MIT's Center for Space Research Man Vehicle
Laboratory "telescience” experiments. By adapting the Visual Workstation to receive digital data, voice,
and live satellite video links to the Kennedy Space Center, faculty and students can monitor real time
experimenis anticipating the use of the multi-media workstation as a NASA system link to the Spacelab
and Space Shuttle.

Other areas of interest include the use of image caprure and storage devices like Write Once Read
Many (WORM) optcal media, CD-ROM databases, digital video camera input, networking of digital
imagery, "jukebox” (videodisc, WORM, and CD-ROM) delivery systems, digital imagery file systems,
digital audio, and high resolution graphics.
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Project Athena:
Multimedia
Learning

Project Athena was launched in 1983 at
the Massachusetts Institute of
Technology (MIT) with $20 million
funding from MIT and $50 million
worth of hardware and technical
support from DEC and IBM. The aim
was to install a network of
workstations throughout the MIT
campus for the development and use
of multimedia learning systems. Part
of the network consists of a cluster of
32 bit visual workstations capable of
combining full-motion colour video,
cable television, digital audio, high
resolution graphics and digital data
from videodiscs, CD-ROMs, cable
television and magnetic discs.

The aim of installing the netwarked workstations was
1o promote the use of new technologies to develop
systams that would improve the quality of student
learning. The Project Athena group is committed to
exploring the ways visual information can be set free
from its dependence on rext. It is the belief of the
team that the technelogy to do this will only reach its
full teaching and learning potential when it is in the
hands of dedicated educators. The Project Athena
Visual Computing Group was formed to facilitate this
process by providing the faculty and students with
the tools on which to develop applications.

In all, Project Athena has seven interactive learning
projects underway and is developing its awn
authoring language, Athena Muse. The aim of Athena
Muse is to create a construction set for multimedia
educational software, and ta red uce the time and skill
required to build educational projects. Athena Muse
is based around a systemn of “packages” containing
the different types of displayable material.
Applications are developed by specifying the content

- of the packages and creating control links between
them to form a network of packages. Athena Muse is
capable of two systems of representation: a network
system (eg semantic networks, associative networks,
hypermedia webs), and a spatial ang tempora)
scheme allowing descriptions of dynamic state
changes.

Also in an experimental phase is the Athena Muse
Reference Facility (AMFR) which examines two major
issues of electronic information: haw ta formulate
and implement a conceptual structure for indexing
and retrieval, and how to allow dynamic and flexible
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presentations of visual and text materials. The AMFR
provides the ability to display a selection of images as
active windows, represented by reduced size icons
that can be brought to full-screen by clicking the
approprizte button, Unlike HyperCard, which links
data objects to data objects, AMFR links concepts to
concepts presenting infortnation on a dynamic
electronic page. The approach is an attempt to
provide the aesthetic quality of the printed page with
the flexibility of the computer.

At the courseware development level, the Athena
Visual Computing Group is doing research in four
basic areas; interactive video, visual reference,
telecommunications and image processing The
Athena Language Learning Program consists of three
interactive video programmes teaching French,
Spanish and Japanese. The Spanish programme,
NoRecuerdo (I Don't Remember), has been developed
as an interactive novelia set in Bogota, Columbia.
Similar ta a computer adventure game, the student
must guide a Spanish-4peaking scientist who has lost
his memory to a vial containing a genetically-
engineered amnesia-causing micro-organism. The
programme makes use of artificial intelligence to
respond to user requests and actiens, The introduction
to Mechanical Engineering: Bearings project uses
computer graphics and expert system software
alongside interactive video. In a similar vein, the
Introduction to Biclogy project is creating a set of basic
learning modules from a number of existing
videodiscs on cell biology.

The visual reference programme concentrates on two
projects: New Orleans: A City in Transition - an urban
planning, design and cultural change programme
including Ave hours of video - and the Boston
Architecture Callection videod:sc, from the Rotch
Visual Collection, which comprises image and text
databases for the in-depth study of city planning and
architecture. The telecommunications project
concentrates on the development of an lmage
Delivery System. The project is currently warking
with the Boston Architecture videodiss allowing
students to call up images and text from remote
servers via the MIT cable television system to which
each workstation is linked. The image processing
project provides the Newroanatemy Learning
Environment, a three-dimensicnal graphic
representation of the brain with videodisc glossary,
slide browser and fitm of a brain dissection.

With the hardware in place and courseware under
deveiopment, Project Athena is exploring the gaps in
our knowledge of the handling of multimedia
information networks and courseware design and
development. By involving “dedicated educators and
learners” in the design and developtnent process,
Athena aims to further our knowledge of multimedia
learning and communication while developing real
applications and tools.

This feature is based on a report made by Ashly Pinnington
of Henley Managemen! College, following a visit to the
Massachusetls institute of Technology 's Project Athema.
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A Construction Set for
Multimedia
Applications

The Athena Muse |
system combines
four representation
schemes to simpiify

the construction of
mulitimedia
educational sofiware
that lets teachers
and students
oxplore subjects
from many views. |

January 1989

Matthew E Hodges. Russell M. Sashett. and Mark 3. Ackerman

Project Athena

onlent vanishes withoul ftorm. We
Ccan have wordswithout aworld but i

no world without words or other
svmbols,” wrote Nelson Goodman in his
book Ways of World Making' In some re-
spects, as Goodman points out, world mak-
ing is a symbolic affair. Especially in the
case of computer-based realities, worlds
exist only as descriptions. World makers
are confined 1o the expressive limits of
their symbol sysiems, and so the range of
possible worlds is limited by the available
means for defining them.

With §100 million in funding primarily
from Digital Equipment Corp. and 1BM,
the Massachuseus [nstitute of Technology
established Project Athena as an eight
year research program (o explore innova-
tive uses of computing in the MIT cur-
riculum. One fo¢us is to create an
experimental conswuction set for build-
ing multimedia learning environments.
The systemn, called Athena Muse, was de-
signed to support MIT facuity in develop- |

(0704-7 - 1590001,0017,/501 00 © 1999 |EEE.

ing worlds — fictional places for students
1o experience remote or intangible phe-
nemena, to traverse conventional struc-
tures of knowledge, and 1o pracdce the
skills of research.

The goal of Muse is to reduce the ime
and skill needed to construct such learn-
tng environmenis, The basic approach is
to diversify the tcols of symbolic repre-
sentation available Lo the computer-based
world maker. Rather than restrict the
world's author 1o just one method, asmost
authoring systems do, our aim is to offer
several compiementary approaches o
beuer match the parterns of human ex-
pression and representation.

To create the hardware platform for
Muse, the project’s Visual Computing
Group modified a standard Athena work-
station o support 256-color graphics as
well as fullmotion digitized video. The
group, which focuses on the uses of still-

! and full-motion imagery in educational

software, supports MIT faculty members

37
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ing aof high-level abstractions rather than
the simple linking of data objects.

To implement hypermedia applica-
nons, the Muse packages are linked in a
newwork, Crossreferencesare fired bvacu-
vaten signals sent from one package 1o
annther. The displayofinformadon iscon-
irolled by the acnvadon and deactivation
ot packages, so a whole chain of packages
can he displaved as the cross-references
are triggered.

* State-ransition networks. In a differ-
ent branch of educational computing —
nne related more o simulation than docu-
ment management — the direcled graph
aguln emerges as a fundamental organmiza-
tivnal structure. Inthe state-uansition net-
work. nodes of the directed graph repre-
sent a system's finite states and arcs
indicate branching paths from one state to
another.

The Language Learning Project uses
wo forms of this model. The first is a
branching movie, which is a simulated in-
teraction with acast of ficiional characters.
Each scene occupies a node in the net-
work. The order of scenes is based on
input from the viewer, which 1s generally
gathered at the end of each scene. The
film’s entire structure can be represented
asa ree. where viewer choices determine
which path through the tree is followed
and. ultimately. which conclusion is
reached,

The second example is a fixed-route sur-
rogate travel system, In a French-language
application, Direction Paris, students are
asked 10 visit and explore apariments in
Paris as part of the interactive story. The
aparlment_s are reprexnled as scquem:cs
of photographs that step through the
various rooms. [n this case, each sequence
of photographs becomes a node in the
newwork. The branch points are intersec-
tions in the aparunent where the student
can choose ta turn left or right, continue
straight ahead, or turn around. Here, the
graph does not follow a tree structure but
15 anetwark of nodes (see Figure 1).

Limitadens. While using the directed-
graph model extensively, the foreign-lan-
wuage projects also indicate some limita-
tions that this approach has as a
representational scheme. These projects’
design calls for dvnamic subdtling for the
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Figure 1. {a) This floor plan of an apartment in the Direction Paris application shows now
Muse packages aranged ina directed graph can constructan interactive surogate travel
environment. Each package contains a series of photographs that show the passage
from one point to another. The current position af the dimension determinas which pho-
tograph is displayed at any time. () A Direction Paris photograph,

full-motion video. Subtite texts are dis-
played on the screen phrase for phrase
with the native speakers. Also. intermittent
cultural flags appear when the speaker
usesan idiomalic expression or reterences
something of cultural interest.

Students controt the video: They can
stop atany point and back up an arbitrary
amount to repeal the presentation, The
problem, of course. 15 that with the subr
titles and cullural flags, this means the text
must be rewotind to stay matched with the
video.

We could have achieved Lhis with a
directedgraph madel, bur it would have
heen an awkward implemenuaiion. In-
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stead. we used a second —and very differ-
ent — system of representition, one tha
1ses a spatal framework w organize infor-
mation.

MulRtidimensional
information

Information like that nf the foreign-lan-
guage subtitles is a mauer of timing. In
such cases, we use a convenuonal ume line
with onset and offset Limes for each infor-
mation unit. The dme line implies a struc-
ture fundamentally different from the
spaceless weh of nodes that muke up a
directed gruph. In this case, time fune-
lions as a dimension, with infermadoen or-
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Figure 2. internal struciure of a package showing the synchronization of subtities and
full-mation video. The time dimension controis the choreographed dispiay of text and

video.

ganized by position. Muse lets spaces ufar-
bitrury dimensionality exist within each
package. Dimensions need not represent
real time or physical space: theycan repre-
senl any changing value in a dynamic sys
Lent.

First dimension. The subtitles for for-
cign-language fllms described earlierare a
ghud exampie of how 1o use dimensional-
itv tin this case, one dimension), The easi-
est wiv 10 couple subtitles with video is 1o
create links between frame numbers on
the videodisc and text fragments in the
subtitle siream. With this arrangement,
the video stream becomes the repre-
sentuive of ime inthe displayand the sub-
udes ook directly 1o the video for iming
mtonmagon,

[nstead of using frame numbers direcly,
we created a laver of absuraction beween
the two channets. We used an indepen-
dentdimension of tme and attached both
the video and 1ext io this abstraction sepa-
rately. This way, no two componenits of the
display are direcily ved (0 one another,
which makes it cusy o add and remove
channebs of intormauon withow disrupt-
g the whole presentation.

The dimensions themselves are
buunded integer ranges, with maximum
and minimum values. Each dimension
MWD NS 3 current posidon in s range.
Set-positiva signals adjust the current
pesitions. Usersnterface controls, such as
viiscreen command butlons and scroll
burs, can generate these signals. as can the
wstem clock as it drves time [orward and
thus deermines when the ext and video
appear and disappear. You can attach any
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number of channels (o the dimensions, so
a dimension of time can handle multiple
sireams of subtitles, cultural flags, and so
on, inacompiex display choreography (as
Figure 2 shows).

This provides a general mechanism for
annotating video material. With the spa-
tial framework, it becomes possible 1o cut
and paste video without losing the annota-
tions. This capability has utility in several
Project Athena rarger applications.

For example, the New Orleans: A Citvin
Transition project has a databasc of three
hours of full-motion documeniary foot-
age stored on videodisc, These materials
were produced in 1983-84 and document
the planning and development that ok
place for the New Orleans World's Fair.
The video is being used in both urban
planning and filmmaking classes. Stu-
dents are asked (o draw illustratons from
this archive and to prepare small docu-
mentary pieces represenung different in-
terests and perspectives. [Lisimportant for
the users to be able to artach annotations
and data reflerences 1o specific poinw in
the video.

Second dimension. [U'sa small step lrom
one to two dimensions, where x and y di.
mensions define a Cartesian space. Again.
the dimensions function as an abstract
spatial framework 10 organize and
manipulate display data.

Such a space is commonly used to
manipulite imageson the screen — znom-
ing and panning, for example. Cnce the
image is mapped (o the dimension space,
these etfects are achieved by manipulating
the dimensions. Anychangein the current
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posiion of xor yaffects the image displaw.
[1n this respect, the diniensions provide 4
coherent swstem for bandling ditferem
kinds ol display information.

The Muse pritotpe lets the vand ¢ oli-
mensions be defined as virtal coordi
nutes, so the display window becomes
viewportinta a larger spuce. Zooming and
panning over an image become a maer
of moving the viewport within this virtual
space and chunging the scope vl its dis
play. All the displuy muaterials. including
still video images. are scaled and repisi-
tioned appropriacely.

The neurcunatemy project uses this
wechnique (o view crosssectional phote-
graphsof the brain. The student can zeom
in on any region of an image. Because
Muse defines the image in avirtual space,
it can resolve the coordinates of anatomi-
cal features no matter where the features
appear on the screen or at what scale they
are dispiayed. This lets different ureas be
agged as endpoints to a cross-reference
while still leting the student manipulate
the image.

You can apply the same technique to
view more than onc image. Consider the
Boston Architecture Collection project,
which has an archive of 30,000 images of
Boston architecture from MIT's Rotch
Visual Collection. These images are used
for comparatve analysis of architectural
stvle; the teacher or student vpically wanis
1o select images and organize them inwo
prescnrations.

A query to the Boston database will re-
turn alist of images, which can then be dis-
played and maniputated in a 20 virwal
space. You can control these images the
same way as in the neuroanatomy ex-
ample, so you can view any subset of im-
ages al anv scale. Muse allows multiple
simulianeous views of this space, so vou
can create more Lthan one viewport. each
showing different regions at different
scales. You can add textand graphic anno-
tations and interface-control mechanisms
such as scroll bars. As vouwork, vou canor-
ganize these virwal light tables inwo the
pages of 4 personal nutebook,

Nth dimension. Muse does not litnit the
number of dimensions thit can be
created. Dimensions can represent not
only phyical space and rime butany ehang-
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ing parameler in a dynamic svstem. Dy-
namic systems are ofien modeled as astate
space, which is a set of coordinates or di-
mensiens that define the range of move-
ment along each degree of lreedom (di-
mension) in the system. A dynamic
funciion or process governs how the posi-
tiva of the system changes and moves
through its state space.

You can use dynamuc svstems of this kind
w implement some forms of simulation.
Because simulation is a classic method of
using computers in education, itisa highly
imporiant focus of the Muse system.

In Muse, the dimensions are well-inte-

grated into ihe indexing and crossrefer-
encing machanisms. Taking advantage of
this. a teacher can easily make crossrefer-
ences directy into the state space of a dy-
namic system. This provides a generic
method for querying the simulation state,
changing the simulation state. and setting
trgger conditions in the simulaton that
can change state in other nodes of the
directed graph.
. The Navigation Learning Environment
project is an example of a time-driven
simulavon implemented with Muse. This
praject simulates a boat moving through
two square miles of coastal waters in
Maine. using a library of abour 10,000 im-
ages o represent the environment. The
entire simuiation is implemented as a
single interactive document and uses
seven dimensions. Two dimensions repre-
sentthe boat's x yposition. Another two di-
mensions represent the boat's heading
and speed (the systems uses these to com-
pute the boat’s position). A fifth dimen-
sion tracks the user’s viewing angle, since
vou cun look in any directon from the
boat regardless of is heading. The sixth
and seventh dimensions manage a simu-
Luted compass that can be positioned any-
where on the image.

The elfect is that the user can sizer
through a virtual world, using command
buitons and scroll bars te control the boat
and 4 mouse to take compass bearings
direciy from the images. The simulation
hecomrs active whenever the document is
opened, and the user can choose whether
w tke conrol or simply watch. A svstem
timer updates the boat's position every 0.1,
seconds.

Toimplement such asimulation, a fairly
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high level of orchesiration is needed
among the various display elementis. The
directed graph and spattal framework pro-
vide a foundation for organizing and con-
trolling the displav elements, but vou also
need some facility 1o coordinate the be-
havior of these elements. In many cases,
you can define the desired relationships as
simple functions and thus implement
them as declarative constraints.

Declarative constraints

Constraints are functional bindings
within a system that define relationships
among different components and auto-
matically propagate change among
them.* [n Muse, constraints are limited to
bidirectional equality relations: You can
appiv such bindings o auributes of the di-
mensions and display elements.

An example constraint is the relation-

R is usually important to
have a visibie
representation of the
dimension, elther to
controi & or to see what
stato R Is In. You can use
a scroll bar for both.

ship between ascroll bar and adimension.
Itis usually important to have avisible rep-
resentation of the dimension, either to
control it or 10 see what siate it is in. You
can use a scroll bar for both operations: If
you use the mouse to reposition the slide
bar indicator, the change will be propa
gawed to the dimension. Conversely, any
changesin the dimension that oceur from
some other input or timing cvent will be
propagated back to the scroll bar, asFigure
3 shows.

A similar case is a dynamic graphic ob-
ject that modifies ivs appearance based on
aconstraintbinding to adimension. In the
navigation project, we created a simulated
hand-bearing compass by using con-
straints, The compass moves 10 1he loca-
tionofamouse click inawater-level view of
the environment and prints a value be-
tween Dand 359. The systerm can compute
the bearing because it knows the camera
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Figure 3. The appearance of scroll bar
reprasanting time is a function of the time
dimansion's current position. Conversaly,
you can control the current value of time by
dragging the scroll bar.

orientation for the panoramic views.

This example uses three constraints,
one each for the xand y locations un the
screen and one for the text label that indi-
cates compass direction, When a mnuse
click occurs, the system uses the mouse’s x
and y position to adjust the compasss's x
and y directions in the simulation docu-
ment. The changes in these dimensions
are then propagated via the constraini 1o
repasition the graphic object. The num-
ber printed on the screen isconsuained to
the compass x dimension, which ranges
from0to 359,

Constraints are a common feature in
Muse applications, They rdnge from
simple one-way bindings on a graphical
abfect 10 complex interactions among a
group of dimensions used to implement a
simulation. They are declarative in that
they generally consist of simple mathe-
matical expressions that include refer-
ences 1o dimensions and display auri-
butes.

Asan editing environment for such con-
straints, we have experimenied with a
modified spreadsheet calculator. Our aim
is 10 embed small spreadsheets in the
Muse environment as editing utilities for
defining and managing consuaints. A cell
can direcdy reference a dimension in any
package as its input value. Values can be
picked up from nne or more dimensions,
processed through a series of mathemau-
cal funcdons on the spreadsheet, and out-
puttoother dimensions or display objects,
Inasimple case, the spreadsheet canactas
a patch panel or routing switch, directing
the propagation of data values to different
compenents of the system. In amore com-
plex case, the spreadsheet can maintain
the constraint relations that form the core
of a simulation.

The declarative constraints in Muse
maintain reversible linear functions
amang the system components. In many
cases, however, constraints are not suffi-
cient to define all of the actions and be-
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Display )
elements

Compited
code

Figure 4, The Muse aichitecture. P1, P2, and P3 are packages in a directed graph. Each
package contains bounded dimensions and display elements. You assign display ele-
mants ¢ a posiion through mapping. You can link attributes of the display elements
through unidirecticnal or bidirectional constraints. Display elements can also have inter-
preted scripls for specialized user actions. These scripls have access to extemnal data

and compiled procedural code.

ooy needed iy an application. Proce-
duritdescripiinns il this need.

Procedural descriptions

I Muse, ane design principle is to min-
imize the use of lpmredural code. since
daitt specitfication tends w be gquicker wo
crwe and to require less-specialized skill.
However anv purely daca<driven svstem is
hound o fall short because there wall be
soie application requirements, such as
ditabiuse queries and user interactions,
thit cannot be accommuodated effectively
with g stnedy datsdriven paradigm.

Thus. we included procedural descrip-
tons us one of the four major resources
provided 1o developers. You can incor-
porite two kinds of procedural materials
in Muse applicabons:

* in the simplest case . single actions can
be defined asattributes of Muse packages
and their display elements. Often, asingle
action s sufficient, as in one package send-
g actvation signad 1o another. This
foreszalls the need to use a more formal
procedund description.

* [ more complex cases, you use an in-
wrpreted language called Event Script.
Event Seript was developed as the proce-
durad conponent of Muse. It tets vou av
tich speciai-purpose behaviors to in-
dividual display elements. Event Scriptisa
sunplitied objec orfened Linguage that is
sed primarily lor creating nser-imerface
event handlers. T nor meant w be a
general-parpose programming environ-
N,
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Event Script follows an uncomplicated
s, similar 10 Apple's Hypertalk lan-
guage, using uncvped variables and event
orenged construction.? In addition, Event
SUipil pernis transparent access to any C
variables or functions in the program
space. Thus, any object’s methods can
gain access 10 general system libraries or
resources, pro\nding an extension mecha-
nism (o Muse,

Delegation strategy. Event Script uses a
variant of the delegation strategy for shar-
ing cbject behavior.” In Event Script, you
can specify an object to use the contenwis of
one or more existing prototype objects. [f
a message handler is not found in the re-
cipient object'smethods, asearch isbegun
in the recipient's prototypes {and in their
pratotypes} until the method is found or
the chain is exhausted. If found, the meth-
od is then borrowed and executed in the
scope of the original object. Event Script
addresses the problem of preserving local
context through an inheritance chain by
builtin functens that return the name of
the client and delegate objects, which can
be used inside any method. {The clientis
the original recipient of a message; the
delegate is the owner of the borrowed
method. }

An important feature of delegation is
Lhat any existing object can be duplicated
and given a new name. The duplicated ob-
ject has its own local siate variables but
shares the method dictionary and proto-
wpe listof the original object. This permits
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great flexibility in defining new objects dy-
namically. Developers can duplicate and
modity prototype objects for specialized
applications and their interfaces.

Applications. The primary use of Event
Script so [ar has been as a programmer’s
interface w0 X Windows. Objects can he
hound to windows: thereafter any X Win-
dows events occurring in that window are
translated into messages o the Event
Script object, Normally, an Event Script
object is associated with a display element
i a Muse package. When the display ele-
ment's window is activated, the object is
registered ta handle all the window's
events. Often the desired behavior is
shared by many display elements, asin the
case of window exposure events, This sit-
uation is wellsuited 0 the method-bor-
rowing form of delegation we have imple-
mented.

Editing in Muse

The human interface begins with the
dawa model. Ifthe data model does not ful-
fill the purposes of the system as a whole,
any eflorts on the more superficial aspecys
of the interface will be largely wasted.
Given a sound model to work from, the
next step is 10 design efficient editors and
make the development process easier.

One Muse design goal has been 10 write
the editors that manipulate the data
model in Muse itself. This work iscontinu-
ing as a primary focus in the second ver-
sion of Muse,

Muse uses a direct-manipulation style of
editing. One example is a Muse video cdi-
tor, which we have implemented as a test
case. The editor is modeled after a two-
buffer text editor, where two buffers of
video are displayed on the screen side by
side. The two buffers are defined as Muse
packages, with time as the principal di-
mension. Cutting and pasting video seg-
ments is a matter of selecting a region of
lime in one buffer and then cutting ali
data resources referencing thatpart of the
time dimension. You can then paste these
cut materials into the other video stream.
justas a text editor would pasie text into
another buffer. We implemented the cut
and paste functions as compiled C func-
tions. but thev are conuolled through the
Event Scnipt section of Muse.
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Coepynight

o be useful. the four representations
— direcred graphs, dimensions, de-
clarative constraints, and proce-
dural descripnons — must be combined
o o coherent ramework. Muse inue-
aresthemintovne daci madel, as Figure
4 shows. We hive tied w achieve o svstem
where the strengths and weaknesses of the
NATLEEs xlppr‘hlfhk‘ﬁ Cnmplemenl une
aother and adlaw for [ree interacuen so
that the combination otfers much greater
petential than four separate sisiems
watlid
The prowepe versian of Muse has
s promise inspeeding up the process
atworld making that is the basis for teach-
ersanel students 1o explore their subjects
and encourage them o investigate many
potnts of view. Muse has also shown prom-
ise I reducing the need for specialized
programiming skitls. >
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FUSION: HOT OR COLD?

Fusion was a hot area of research long
before anyone thought that the pherome-
non might oceur at room temperature.
Since the early 19605, a major interna-
tional effort has been under way to
hamess the enormous energy released
when the nuclei of isotopes of hydrogen
are made to fuse together at extremely
high temperatures and pressures.

Funding for thermonuclear fusion
power research got a shot in the arm after
the oil erisis in 1973 highlighted the need
for alternatives to fossil fuels, rising to
about $500 million a year in the U.S. in
1980. But with oil prices falling back into
line in recent years, support has slipped
steadily down to just over $300 miltion.
According to Professor Ronald R. Parker,
Director of MIT’s Plasma Fusion Center
(PFC), this trend may have serious long-
term consequences for our nation. “We
are on the verge of a new energy crisis
that is much more insidious than the Jast
one," he warns. "It takes years for.the
effects of burning fossil fuels, including
pollution, acid rain, and global warming,
to produce visible damage to our environ-
ment. The sky isn't falling, but we know
something is happening out thece,”

Thermenuclear fusion has extraordi-
nary appeal as an energy source even
aside from its role as the process that
powets the sun. The hydrogen isotopes
required as fuel are found in abundance
in seawater, and a little more than 3
grams of the fue] produces the energy
equivalent of 1,000 gallons of gasoline.
Furthermore, a fusion plant would
produce little long-tived nuclear waste
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and poses no threat of “meltidown.”
Although cold fusion may indeed exist,
Parker explains, it is a distinctly different
phenomenecn from “hot" fusion, and it
appears to have litile potential as a major
energy producer.

While the debate has raged on since
last spring about cold fusion, the thermo-
nuclear lusion communily has guietty
edged closer to the brink of a major
milestone. The Joint European Torus
(JET), a giant fusion research reactor in
England, is now well positioned 1o be the
first Lo reach breakeven -- a point where
the energy produced by the fusion
reaction equals the amount of power used
16 cause the reaction. This is the first step
in the long road to building a commer-
cially viable fusion power ptant, a
process of research and development
expected to take about 20 more years.

Much of the fusion research at MIT
loday is aimed at the next step: ignition.
ALCATOR C-MOD, a prototype for an
ignition reactor, is now under construc-
tion at the PFC., Its research goal is to
prove the feasibility of a relatively small,
high-field tokamak to produce a self-
sustatning fusion reaction. MIT's
involvement in fusion power is an
outgrowth of its basic research in the
field of plasma physics as well as its
work in high-field magnets, which are
used to contain the ultra-hot clouds of
randomly moving charged particles.
Other research at the Center focuses on
such divetse topics as space plasmas, free
electron lasers, electron beam devices,
and materials processing.

At present, major research efforts in
the Soviet Union, Europe, the U.S., and
Japan are exploring the potential of
thermonuclear fusion. A joint project
involving the cooperation of all four --
the International Thermonuclear Engi-
neering Reactor -- has been proposed to
integrate the expertise of these groups
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and to spur progress toward the goal of
commercialization.

But Parker is concerned that slipping
U.5. funding may preclude our ability 10
participate, or even to keep up the pace of
research. “If the Japanese or the Europe-
ans develop fusion technology first,” he
warns, “we will be buying it from them.”

For more information on fuston
research at MIT, circle number 53 on the
Preprines Order Card.

MANAGEMENT IN THE 19905

How to manage the organizations of
the 1990s effectively, and what role the
revolutionary capabilities of information
technology can play in that process, is a
people problem, not a technology prob-
lem. All functions of an organization and
all levels of management will have to be
reassessed and carefully coordinated in
order to respond constructively to the
changing nature of information technol-
ogy and to take advantage of the ways it
can transform the structure and the work
of an organization.

This is one of the central messages
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arising from the Management in the
1990s Reseurch Program, launched in the
fall of 1984 by MIT s Sloan School of
Management in conjunction with 12
diverse major intemational organizations.
The broad purpose of the program was (o
begin te develop a factual and systematic
base of understanding for both the prac-
ticing manager and the management
educator on such issues as the potential of
information technology and the types of
skills needed by today’s and tomomow’s
managers.

Qver the past four years, nearly 30
research projects have been carried out,
involving 25 faculty drawn from through-
out the Sloan School as well as MIT's
Department of Economics and Depart-
ment of Political Science. The 12 partici-
pating sponsors not only provided the
funds to support the research, but they
helped shape the research agenda by
sharing their knowledge and insights into
the issues faced by their organizations.
Sponsors alsa provided field sites for
researchers to examine leading edge
applications of infermation lechnology,
including strategy formulation, market-
ing. sales, manufacturing, engineering,
purchasing, and human resources.

Four of the sponsors are vendors of
information technology: Digital Equip-
ment Cotp., International Compuiers
Ltd., MC] Communications, and
BellSouth. Three are users of the 1echaoi-
ogy in the manufacturing sectar: British
Petroleum, Eastman Kodak, and General
Maotors. And five apply the technelogy in
services: American Express, Emst &
Young. CIGNA, the U.S. Internal
Revenue Service, and the U.S. Army
Headguarters.

Program research has shed Light on
effects ranging from those seen at the
individual level to those that affect entire
industries. Stepping back from the
specific findings, six major trends emerge
from the 905 Program,

The Changing Nuture of Wark-Untit
Tairly recently, information technology
has been used 1o reduce costs by automal-
ing jobs. Future applications will depend
upon applications te supporl knowledge
waorkers, a much larger and more diverse
group, There has been little prior experi-
ence 1o guide how and where to apply the
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technology. Studies of early applications
have shown that, when successful, they
can have a profound and often unantici-
pated impact on task definitions and roles
played by both professional and support
staff.

Electronic Integration~Since the power
and plummeting costs of information
technology makes possible a much richer
variety of ways to coordinate activity,
firms should reassess the way both
internal and external functions are
managed. Such an evaluation requires
some real mental stretching, because the
basic patterns of caordination—between
engineering and manufacturing, for
example, or between a principal manu-
facturer and its suppliers-have not seen
major change in nearly 50 years.

Changing Organizational Structures—
For knowledge workers, the changing
nature of work usually includes a
broadening of skills. This effect, coupled
with the introduction of electronic
communication networks, is leading to
the emergence of the “netwarked
organization,” an entity which is likely
not only to be less hierarchical and more
responsive but also 1o vary over time and
and contain parts of legally separate
entities,

New Competitive Cltmare—Althongh
the competitive consequences of these
changes will vary widely from industry to
industry, they will be substantial in
almost all businesses. Firms must
respond strategically 1o this trend, re-ex-
amining long-gstablished patterns of
competition and collaboration in the light
of the new capabilities of information
technology.

Changes in Management Systems—New
sirategies, structures, and individual rotes
can live up to their potentials, only with
corresponding changes in managemen:
systems. The traditional many-layered
hierarchy is not likely to be effective
when some critical team members are not
even employees of the firm. And tradi-
Lional ways of monitoring employee
performance break down when the work
15 being done by ad hoc, geographicaliy
dispersed teams, some of whom may be
waorking at home for a significant portien
of the work week.

The Challenge of Change-The 90s




Program has identified four conditions
that can help make the process of change
successful. First is leadership and a
shared vision, a requirement that is
especially critical when the changes are
likely to be major and protracted. Second
is the availability of the necessary
information technology infrastructure,
Third is the commitment to training and
education needed to prepare for and
motivate change. Fourth, human resource
practices must not only be flexible, but
they must be crafted to provide the proper
incentives ta encourage innovation and
cooperation.

A book summarizing both the specific
results and the broad trends uncovered by
the Program is scheduled to be published
by the Oxford University Press in fate
spring.

For more information on the Manage-
ment in the 19905 Program, circle
number 54 on the Preprints Order Card.

REAL ESTATE IN THE 19905

Caution is the word for the next decade
in most sectors of the real estate market,
according to Professor William Wheaton
who holds a jeint appointment MIT's De-
partment of Economics and the Depart-
ment of Urban Studies and Planning.

Two significant factors are cutting
back demand in U.S. commercial real
estate markets in the the "90s , Wheaton
explains. First of all, most economists are
predicting a downturn in the economy
around 1990, and commercial real estale
is typically sensitive to general economic
slowdowns. Moreaver, Commerce
Department projections show that the
growth in the labor force that fueled the
rapid expansion of real estate over the
past two decades wili goind 1o a halt by
the year 2010.

To complicate matters, large institu-
tions in the U.S. have embraced real
estate as an investment, raising its share
in their portfolios 1o as much as 15
percent today, up from insignificant
levels in 1990. The influx of additional
investment funds has led (o overbuilding.

[nstitutional interest has been spurred
by studies that have shown real estate to
be a low risk investment with high
returns. But Whealon argues that since

these studies typically rely on appraised
values, their conclusions can be mislead-
ing. After taking a look at actual income
data and applying factors to account for
risk, Wheaton has concluded that real
estate is not quite so ideal an investment.

The above comuments were extracted
from a talk presented at a recent
meeting sponsored by MIT's Center for
Real Estate Development. For more in-
formation on research on returns to real
estate investment, circle number 55 on
the Preprints Grder Card,

BREAKTHROUGHS ON ICE

In the Arctic, ice is not only a raw
material for sculpting ice islands that
serve as offshore platforms but also a
shifting, lowing hazard capable of
destroying both conventional offshore
structures and frozen ones. Engineers
presently design arctic structures using
empirical.data about ice’s properiies, but
that is insufficient to predict the full
range of ice behavior. Now, MIT
researchers under the direction of
Professor S. Shyam Sunder of the
Depariment of Civil Engineering ars de-
veloping a more sophisticated theoretical
model of ice behavior that will allow
engineers 1o predict the formation and
propagation of cracks in ice under
mechaneal load.

Sea ice is a surprisingly complex
matertal. [t is basically a jumble of
randomly oriented crystals complicated
by the presence ol air bubbles, pores, and
pockets of brine. Stresses applied 10
porous polycrystalline ice hit chaotically
arranged crystal boundaries in chaotic
directions, resulling in a mix of shearing,
friction, and tension stresses.

Sunder has developed a new mathe-
matical model of crack nucleation that
can predict the influence of the stress
state and the effect of pre-existing pores
on crack nucleation, The theory predicts
that the nucleation of crack in compres-
sion requires a significantty larger stress
thain in ension; that the tensite étrcngth in
ice depends on the size of the crystals:
and that pores, which arc present even in
the relatively dense ice samples made in a
laboratory, can significantiy affect erack
nucteation. The first two ol these

predictions have been recently confirmed
in experiments in other labs, and the third
resolves a major debate in ice research.

Further work is under way to develop
equations to account for the evoluticn of
tiny defects in ice and to develop
sechniques to track defects in ice by
monitoring its acoustic emission re-
sponse. Ultimately, the scientists’ goal is
fo lay the foundations for the safe,
reliable, and efficient design of a wide
variety of arctic structures, ranging from
icebreakers to offshore platforms.

For more information on this research,
circle number 56 on the Preprints Qrder
Card.

CONTROLLING MICROMOTORS

Micromotors are tiny electrical
“motors-on-a-chip” that are produced
uging the techniques of integrated circuit
fabrication technology. These devices
have rotors that are just 50 10 200
mictons across and they can whiz along
at thousands of revelutions per minute.
They hold great promise for applications
requiring extremely precise motion
control, such as aligning optical fibers,
for example. There is alsa the possibility
of producing *“‘microtools™ for holding,
manipulating, and modifying micron-
sized objecls.

A number of barriers must be over-
come, however, before this promise can
be realized. One barrier is the design of
appropriate control systems, which are
required to guarantee siable, accurate
performance. Professor Jeffrey Lang of
MIT's Depariment of Electrical Engi-
neering and Computer Science has
recently developed a model of the
¢lectiromechanical dynamics of a rela-
tively general micromotor to test various
control schemes.

His apalysis has led to several conclu-
sions. First, the strong similarities
between the dynamics of micromators
and thase of conventional-sized motors
implies that the considerable accumulated
knowledge of the dynamics and controf
of the tatter is applicable to the former.
Second, the least understood aspect of the
dynamics of micromotors is the friction
component of their loud torques. Further
research on the role of friction is essential
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to further progress in the control of
Micrometors.

Third, because of its particular dynam-
ics, it is simpler to design a closed-loop
centrol system for what is known as a
variable-capacitance micromotor. And
fourth, there is a likelihood thar electric
micromotors will display a performance-
limiting instability under open-loop
control, which is simpler to implement
than ¢losed-loop schemes.

Although closed-loop controls for
micramotors are sitnple in principle, they
may be a challenge to implement. In
addition to the unknown complications
due to friction torgue, closed-loop
schemes require motion microsensors,
which have yet to be designed and
fabricated.

Far more information on this research,
tircle ntimber 57 on the Preprints Order
Card.

FIGHTING SCIENTIFIC ILLITERACY

Science and technology are inextrica-
bly interwoven into the fabric of our
society. Not only are they the basis of aur
current quality of life, but a scientificaily
literate workforee is crucial to the
competitiveness of our nation’s industries
in the glabal marketplace. Yet scientific
illiteracy is on the rise in the U.S.

Now, an MIT program under the
direction of Professor Ron Latanision of
the Department of Materials Science and
Engineering has sparked a grassroots
movement to combat this problem. Last
summer, 51 high school science Leachers
from around New England came 10 MIT
for a week-long program of lectures, lab
tours, and hands-on demonstrations
designed to help convey the exciternent
of scienceto students and 1o address the
problem of scientific illiteracy. Spon-
sored by MIT’s Materials Processing
Center (MPC), the program included
talks by six academic department heads
and four center directors.

While at MIT, the teachers drafied a
slatement on the problems behind
scientific illiteracy and planned a follow-
up meeting o brainstorm solutions. As a
result, 43 of the teachers reconvened late
last fall with MPC staff and formed a
new organization--New England Science
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Teachers (NEST)--that they fell could as-
sume a more active role in pursuing the
issue than existing groups.

NEST’s first initiative was o organize
five committees to pursue five key
follow-up initiatives. The commuitiees are:

Briefing Packuge—NEST members plan
to create a briefing package which will be
sent alorg with a videotape of the
original teacher program to other
educators, news media, and government
to help educate the public about the value
of a science education.

Newsletrer—To help bring the commu-
nity of 6,000 New England science
teachers together, members are creating a
NEST newslenter.

Elementary Resource!Mentor-The
object here is to encourage teachers 1o
reach back to elementary schools to serve
as mentars or to help with curriculum de-
velopment.

Accreditation Review Critique—This
initiative is aimed at providing advice to
school administrators, who ofien den't
understand or attach a high prierity to
science issues. A related aim is to relax
teacher accreditation standards to make it
possible for retired scientists to help
overcome a projected naticnwide
shortfal) of 300,000 science teachers in
elementary and secondary schools by the
turn of the century.

Gaovernment Affairs—This commitiee
will develop a strategy for introducing
NEST goals to all levels of government,

For more information on this effort,
please civele number 58 on the Preprints
Qrder Card.

PROJECT ATHENA REACHES
MILESTONE

In mid-December, MIT's Project
Athena, a $100 million joint educational
project sponsored by IBM, Digital
Equipment Corporation {DEC), and MIT,
installed its 1,000th workstation. The
Athena network, which has been de-
signed to scale up to 10,000 workstations,
is reputed to be the largest centrally
managed single-site installation of
workstations in the world.

The Athena system, developed through
530 million‘in grants from IBM and DEC
and an additional $20 million investment
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by MIT, is a major computing resource
for ail MIT students and faculty. Project
Athena users can 2o to any one of
hundreds of networked 1IBM or DEC
workstations in more than 40 locations
about the campus, log in with their
personal password, gain immediate
access Lo their private files, and start
working. The system is available 24
hours a day to its more than 10,000 active
student, faculty, and staff users, who
generate about 3,000 log-ins and 10,000
electronic mail messages a day. Last
year, users printed out 3 miilion pages of
text and graphics.

Nearly 3,000 visitors from around the
world come to see the Athena system
each year. It is being made available at no
cost to universities and laboratories
throughout the world. Athena systems
have recently been installed at universi-
ties in West Germany and Australia, as
well as at DEC's Cambridge laboratory.

The project has developed some
industry standard software, such as X
Windows and Kerberos, that is made
available to the public at nominal cost. X
Windows permits different computers to
communicate with each other to display
graphical output, as well as for an
individual workstation to have an almost
unlimited number of window panes of
different program information on its
monitor. Kerberos is a security system
that authenticates all users. It aided in
barring the November, 1988 national
computer virus from infecting Project
Athena machinery.

Athena users may access more than 40
special courseware lockers, including a
cardiovascular simulator, modules for the
teaching of fluid mechanics, thermody-
namics software, a program for simulat-
ing and designing structures, and control
theory packages. Over 100 subjects give
assignments each semester on the Athena
system, A newly instalied Cray 2 super-
computer may also be accessed from any
Athena workstation.

Headed by Professor Earll Murman,
Athena has a staff of 50 programmers,
consultants, and operational personnel.

For more information on Project
Athena, circle mumber 59 on the Pre-
prints Order Card.




RESEARCH

OPPORTUNITY

DEFENSE AND ARMS
CONTROL STUDIES
PROGRAM

Revolutionary changes that are now
sweeping through the countries of
Eastern Europe, coupled with continuing
reforms in the Soviet Union in the spirit
of glasnost, have cast a new light on our
current national security policy. Adapt-
ing our policies in a way that is respon-
sive 10 these as well as other trends re-
yuires a full understanding of available
options through a thorough and unbiased
examination of defense strategies and
defense technologies.

MIT’s Defense and Arms Control
Studies (DACS) Program has become a
leading center for examining the complex
issues of national security. Formally
founded on the initiative of Prof. Jack
Ruina in 1973, its antecedents date back
to the early 1960s when Prof. William
Kaufman, a pioneer in the field, joined
the faculty, It has assembted a faculty of
leading expernts drawn from the natural
sciences, engineering, and the social
sciences, most with firsthand experience
in policymaking. [ts graduate-level
training program is recognized as the
most comprehensive in the country,
preducing specialists for government,
industry, universities, and research
organizations.

Industry, of course, plays a ceniral role
in maintaining national security. The
DACS Program is now soliciting the par-
ticipation and support of the defense
industry for an expanded research efforn
aimed at helping 1o provide 2 sound base
of knowledge and insight for informing
the policy-making process.

American security is affected by a

multitude of factors both kere and abroad.

Changes in the quality and guantity of
military forces and weapons available to
ourselves and our potential adversaries
requires a continuing assessment of the
effectivenes of estabiished plans. Shifts

in the national stralegies of our allies or
our putative adversarics may require
innovative responses. Constant attention
to the efficiem organization and manage-
ment of military capabilities has long
been an important contributar to battle-
field success, and will be increasingly im-
portant as all the developed countries,
both friendly and potentially hostile,
enter a new period of budgetary austerity.
The overlay of stability that nuclear
weapons brought to the relationship
between the superpowers is threatened by
the diffusion of these weapons to other
nations. The determination of the force
structure needed to maintain adequate
security is complicated by the rise of
well-armed regional powers and by the
growing challenge of terrorisis. The
ability to provide for defense is limited
by economic strains brought on by shifts
in international competitiveness. Changes

The Program seeks the
participation and support of the
defense industry for an
expanded research effort
aimed at helping to provide o
sound base‘?or; informing the
policy-making process.

in the perception of threats to national
securily, the policies of potential ene-
mies, the contributions of allies, and
domestic politics affect the willingness of
the public to support defense.

These and related issues have been
examined by the DACS Program over the
years with support from foundations and
the government. The proposed expanded
research effort wili focus an four main
lines of inquiry: (1) Soviel forces,
doctrine, capabilities, and technologies;
(2) 1.8, conventional forces and the Eu-
ropean balance; (3) Weapons technolo-
gies, trends, and capabilities; and {4) De-
fense politics, the impact of political
trends on LS. acquisition and force level
decisions.

Complementing the central research -
themes wil! be the Program's on-going
work in the structure of nuclear strategic
forces and the analysis of arms coatrol
trends and proliferation issues.

Sponsoring firms will be asked for a
three-year commitment of $20,000 per
year, followed by an optienal two-year
rolling commitment. The funds will be
used to support a broad program of
faculty, post-dectoral, and graduale
student studies, publications, research
warkshops, and annual MIT defense
symposium.

Each sponsor will receive the Pro-
gram’s publications, including special
serials and monographs, and lists of
theses produced under Program supervi-
sion will be available. The Program will
invite representatives of sponsoring
agencies to all periodic research brief-
ings, workshops, and symposia in
addition to its usual weekly seminars.
Sponsors will also be encouraged to
suggest topics. It will also be possible to
arrange on-site seminars by mutual
agreement.

The Program's activities provide a
forum for informed discussion of
important trends affecting firms involved
in defense. By working closely with MIT
faculty and graduate students on a wide
spectrum of compelling defense prob-
lems, participating firms will be able to
provide their own inpur and perspectives
on the crucial issues of nationat security.

The Defense and Arms Control Studies
Program is located in MIT's Center for
International Studies, The Center is
especially strong in issues relating to
development, competitiveness, and
international migration. A collaborative
project on the security issues of the North
Pacific region is being initiated in
collaboration with the Center's pioneering
Japan Science and Technotogy Program,

MIT provides a natural sesting for a
major defense and arms control program,
especially one that emphasizes technol-
ogy and technical analysis. Not only has
MIT long played a key advisory role in
narional security matters, but it is also a
recognized leader in a wide range of
relevant technologies. )

For more information on the DACS
Program, please contact directly Profes-
sor Harvey Sapoisky, Direcior, Defense
and Arms Controi Studies Program, MIT
Room E38-603, 77 Massachusetts
Avenue, Cambridge, MA 02139, Tele-
phone. 617-253-5263.
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NEW
INVENTIONS

4,

SURFACE-ACTIVE POLYSILOXANES
AND DRUG RELEASING MATERIALS
THEREOF

M.L.T. Case No. 4449

ANTITHROMBOGENIC DEVICES
CONTAINING POLYSILOXANES

M.LT. Case No. 4d49A

Technology Licensing Officer:
Lita Nelsen

M.LT. has received notice from the
U.S. Patent Office thal patents will issue
shortly on the above-referenced technolo-
gies. These patents are based on a unigue
class of cross-linked polymer network
based on a reaction product of polyethyl-
ene oxide and glycidoxypropylsiloxanes.
. The resulting polymer structures have
unique biocompaltibility properties.
Prolein adsorption is extremely low, and
the structure has good mechanical
strength, The surfaces are nonthrombo-
genic in contact with blood. Potential
applications based on these properties
include contact lenses, vascular prosthe-
ses, blood-contacting extracorporeal
medical devices, blood sterage devices
and others.

The polymer structures also have a
unique blend of hydrophilic and hydro-
phabic properties aliowing controlled
release of certain classes of drugs.
Specific drugs studied include a number
of tricyclic antidepressants and leuti-
nizing release hormone.

These patents are available for licens-
ing. Exclusive licenses may be granted in
centain fields of use.
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ELECTROCHEMICAL MICROSENSORS

M.LT. Cuse No. 4536

LS. Patent No. 4,874,494
Technalogy Licensing Officer:
Christina fansen

Qur palent has just been issued for
leading edge technology which could
lzad to inexpensive or even disposable
electrochemical microsensors. These
would be functionaliy equivalent to con-
ventienal lon Sensing Electrodes (1SE).
In general, the devices developed under
this patent would be in the form af
Chemical Field Effect Transistors
(CHEMFET). The micromachined cavity
structure is adhesively attached to an
underlying substrate which contains the
means for sensing potential or current.
This allows for manufacturing by use of
standard chip fabricution processes, either
in-house or in chip foundries.

The microchemical sensors have an
unusually wide range of potentiul apph-
calions. They may be used in viva for
measurements of hydrogen, sodium, po-
tassium, and other jon levels as well ag
for measuring protein concentrasion.
There are potential applications for on-
line gas monitoring during industrial
processing of products ranging from food
o ceramics.

SURFACE RELIEF GRATING FOR
LASER-BEAM INTENSITY-PROFILE
SHAPING

M.LT. Case No. LL79-26
Technology Licensing Officer:
Lort Pressman

Lasers typically emit energy in a
spatially gaussian, that is, bell-shaped
profile. Thus, the energy 15 smeared out
in space. This has real disadvantages for
any application that requires precise de-
livery of laser energy, such as laser
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printers, data recording on and acquisi-
tion from optical media, or laser anneal-
ing. [deally, one would want a flat beam
with no energy in any shoulders, and a
completely flat and uniferm distribution
of energy in the beam itself.

The invention discloses a relief pattern
of teeth which accomplishes such flamten-
ing. The teeth can be on a transparent
object. A gaussian beam incident on the
plate is transmitted with a flat spatial
energy distribution. The teeth can alsa be
on an opaque, reflective object. A
gaussian beam incident on this corrugated
rirror would be reflected as a flat one.
The patent discloses the proper geometry
of the teeth to produce the desired beam
spatial flatiening.

There are many ways of making such
teeth. If the corrugations are completely
radially symmetric, the grooves can be
machined on a lathe, Straight lines can be
ruled using the same methoeds thal are
used lo make gratings in spectrometers. It
ts also possible, and easy, 1¢ use semicon-
ductor fabrication techniyues, in particu-
lar, lithography and etching to make the
required patterns,

For Further [nformation M/T owns
rights 10 the invenions described in ihis
section. The insiitute Is interested in
licensing rights to these Inventions and
facilitating the commercial development
of the technology. Please note that the
Industrial Liaison Program does nol file
information on these inventions. If you
would (ike further information on these
or ather inveniions, please directly
contact the Technology Licensing Office
ar the address below;

Techinology Licensing Office

77 Massachusefts Avenue

Room E32-300

Massachuserts Institute of Technology
Cambridge, MA 02139, USA
(617)253-6966




BULLETIN
BOARD

MADE IN AMERICA COMMISSION
TO TOUR U.S,

Representative members of MIT's
Commission on Productivity, a group of
16 faculty who published a major report
in the spring of 1989 on the competitive
stance of the U.S. industry in the global
marketplace, will be visiting at least six
U.S. cities this coming spring to encour-
age further pubiic debate and action on
this crucial issue,

In its study, entitled Made in America:
Regaining the Productive Edge and

published by the MIT Press, the Cornmis-

sion examined closcly the productivity of
eight industrial sectors in the U.S.,
Europe, and Japan. Most analysts huve
looked atf the U.S. economy from the top
down and prescribed macroeconomic
cures. But the scientists, engineers, and
economisls on the MIT commission
based their conclusions on hundreds of
interviews conducted on three continents,
focusing on the reorganization and
effective integration of human resources
and changing sechnologies within
companies as the principal driving force
for productivity growth. The book
outlines specific strategies for industry,
labor, government, and education that
will lead to a substantial improvement in
American industrial performance.

In each city, Commission members
will be joined by selected local industry
leaders to host a two-hour sumimary and
discussion of the Commission's findings.
The tentative schedute for the tour is as
follows:

Seartle February 22
Detroit March 12
Chicago March 13
Los Angeles  March 28
San Francisco  March 29
Houston April 26

Additional events are being considered
in Washington D.C., New York. and

Boston. Anendance is open to all
interested parties. The registration fee of

%50 includes a copy of Made in America.

For more information an any of these
meetings, please contact Mr. Robert
Blake, MIT Room 10-122, 77 Massachu-
setts Avenwe, Cambridge, MA 02139
Telephone: 617-253-8243.

BIOMEDICAL ENGIMEERING AT MIT

Artificial skin, novel imaging tech-
niques, sophisticated hearing aids,
advanced limb prostheses, expert systems
for aiding medical diagnoses, and studies
of the use of such tools as lasers and ul-
trasound in medicine are just a few of the
dozens of areas of biomedical engineer-
ing research a1 MIT. Every department in
the School of Engineering includes
research in bioengineering, und clesters
of investigators may also be found in
other departments, including Chemistry,
Biology, Bruin and Copnitive Sciences,
and also in the Division of Health
Sciences and Technolgy.

Because this work is so widely
scattered about the MIT community, it
has often been difficult to keep track
conveniently of what work is in progress.
To help overcome this problem, the
Whitaker Health Sciences Fund, located
in the Whitaker College of Health
Sciences, Technology, and Management
building at MIT, has compiled a list of
nearly 60 faculty invoived in biomedicat
engineering work on campus. The list
includes a summary statement of the
research interests of each investigator.

For a copy of the rally of bioengineer-
ing researchers at MIT, circle number 51
on the Preprints Order Card.

UPCOMING ILP SYMPOSIA

Two of the upcoming conferences in
the Industrial Liaison Program Sympo-
sium Series are described below. Any
representative fram an [LP member
company is invited to atiend these
meetings. There is no registration fee for
ILP member companies. To obtain a copy
of the agenda for either symposium,
please contact Ms. Maria Clara Suva
Martin, Conference Coordinator, MIT
Industrial Liaison Program, Room E38-
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508, 77 Massachusetts Avenue, Cam-
bridge, MA 02139, Telephone: (617}
253-0213, Telex: 921473 MIT CAM,
Fax: (617) 253-0002.

Multifunctional Polymiers

Date: February 13-14, 1990

Chair: Professor Edwin Thomas

Department of Materials Science

and Engineering

Increased emphasis on value-added
materials has brought polymeric materi-
als to the attention of many scientists and
engineers. Multifunctional polymeric
malerials provide mare than one service
role, as for example nonlinear optical and
high temperature stable polymers. This
symposium will present—through presen-
tations, labaratory tours, and a poster
session-a broad range of cross-discipli-
nary work in polymers at MIT.

America’s Business Challenge: The
New Eurcpe

Date: March |-2, 1990

Co-Chairs: Lester C. Thurow

Dean, MIT Stoan Schoot of

Maragement, and Suzanne Berger

Head, Department of Political Science

Europe is in the midst of a profound
and far-reaching revolution that poses
unprecedented challenges and opportuni-
ties for the intemational business commu-
nity. The economic alliance of westermn
European nations scheduled for 1992 will
change the face of intemational compet-
tion, and it is possible in the light of re-
cent events that the union will be
strengthened further by the participation
of the countries of eastern Europe, With
speakers drawn from government and
industry in the U.S. and Europe as well as
from MIT faculty, this symposium will
feature modeérated sessions aimed at help-
ing the business community explore the
key issues surrounding the emergence of
the new economic superpower. Sessions
will focus on the new political and
economic environment, the new Euro-
pean corporation, economics and finance,
approaches to technology management,
marketing, corporate strategy, and
managing in & global environment.
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NEW VIDEQ COQURSES RELEASED

Two new video courses produced by
MIT’s Center for Advanced Engineering
Study are now available for purchase or
rental. A 5-day executive preview of a
single tape, along with the Video Course
Manual, is available for $95. A 20% dis-
count on the prices below is available to
ILP member companies. For further
deiails, please contact Carolyn B.
Joknson, Video Education Cordinator at
617-253-7444 or circle number 52 on the
Preprinmes Qrder Card.

Analysis of Welded Structures

by Professar Koichi Masubuchi

Purchase: $5,400

Rental: 32,700

The high demand for more complex,
yet lighter welded structures is increasing
the technological construction problems—
and cost-of welding large fabrications.
These 22 videotapes analyze the technol-
ogy of welding and show specifically
how to minimize residual stresses and
distortion in structural members, The
course includes a manual and a copy of
Professor Masubuchi's textbook, Analy-
sis of Welded Structures. The tapes
feature a variety of visual media, includ-
ing computer animations and footage of
welding processes that show in detail the
latest design and fabrication techniques.

Television System Design: From
NTSC to HDTV

by Professor William Schreiber

Purchase: $950

This new video course provides the
information and analysis required to
understand the design of early 21s1
century television systems, which will be
developed over the next decade using
knowledge and experience accumulated
over more than 50 years by system
designers and broadcaslers, These 5 tapes
present the history, basic science, engi-
neering and economics underlying the
development of today's systems, and
provides a solid background for under-
standimng the techno!ogical choices now
available 10 the system designer. The
course contains many demonstrations that
use an Advanced HDTV Computer Simu-
lation System developed at MIT.  ~
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YOU HEARD ABOUT THE FUTURE
HERE

The MIT Department of Electrical
Engineering and Computer Science
presents a colloguium series entitled,
“You Heard About the Future Here,” on
Mandays from 4-5 pm, with refreshments
at 3:30 pm. The lectures take place in
Edgerton Hail at MIT, which is in
Building 34, Room 101 (a1 50 Vassar
Street in Cambridge). The series is free
and open 1o the public. For information,
contact the Headquarters Office, Depart-
ment of Elecirical Engineering and
Computer Science, Telephone: (617) 253-
4600.

Seeing Electric Fields
Marcus Zahn
February 12, 1990

Engineering Semiconductars —
Atom-by-Atom: Exploring the Periodic
Table

Leslie Kolodziejski, MIT

February 26, 1990

Superconductive Microwave Circuits
Richard Ralston. Lincaln Laboratory
March 5, 1990

Electronics+Surgery=Hearing
Nelson Kiang, Mass Eye and Ear
Infirmary

March 12, 1950

The MIT Vision Chip Project
John Wyalt, MIT
March 19, 1990

Parallet Processing
Arvind, MIT
April 9, 1990

Very Hi-Speed Processors
Larry Walker, Digital Equipment
Carporation

Apnil 23, 1990

Micro-Motors

Jeff Lang, MIT
April 30, 1990
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NEW BOOKS FROM THE MIT PRESS

Industrial Lizison Program member
companies receive a 40 percent discount
off the list price for all MIT Press books
when requested by purchase order. When
placing your order, please deduct 40
percent from the prices listed below. To
order, contact the MiT Press, Book
Orders, 55 Hayward Street, Cambridge,
MA 02142, Telephaone. (617) 253-2884.
Please indicate your company's Ligison
Program affiliation on your request, to
assure that the discount is applied.

NBER Macroeconomics Annual 1989
Edited by Olivier Blanchard and Stanley
Fischer

320 pages, $25.95 cloth, $12.95 paper

Cn Rigor
Richard Burdert
184 pages, $22.50

Naturally Intelligent Systems
Maureen Caudill and Charles Butler
304 pages, $19.95

Against Architecture: The Writings of
George Bataille

Denis Hollier

224 pages, 319.95

Single-Layer Wire Routing
F. Miller Maley
424 pages, $45.00

Light, Wind, and Structure: The
Mystery of the Master Builders
Robert Mark

192 pages, $19.95

Concise Encyclopedia of Building and
Construction Materials

edited by Fred Moavenzadeh

562 pages, $175.00

Venice and the Renaissance
Manfredo Tafuri
352 pages, $35.00

Notes on the Underground: An Essay
on Technology, Soclety, and the Imagi-
nation

Rosalind Williams

304 pages, $19.95




CHANGE OF ADDRESS

Placa your current mailing label below. Mark any changes 1o your address directly on the current
mailing label. Stamp and retura card to Industrial Liaison Program.

PLACE MAILING LABEL HERE.
MARK CHANGES.

— 247 —




Industrial Liaison Program, Room E38-568
Massachusetts Institute of Technology
77 Massachusetts Avenue
Cambridge, MA 02139, USA

— 248 —




m
. The MIT Report

PREPRINTS ORDER CARD DEC/JAN 1989-90
t 2 3 4 5 6 7 B 91011 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 38 39 40

41 42 43 44 45 46 47 4B 43 50 51 52 53 54 55 56 57 58 59

RETURN ADDRESS (Requests cannot be processed without parent company name|

Name

Parent Company

Addrass

Country

— 249 —



INDUSTRIAL LIAISON PROGRAM, ROOM E38-568
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
77 MASSACHUSETTS AVENUE
CAMBRDIGE, MA 02139, USA




PREPRINTS

Department of Agrenoutics and
Astranauties

Active Stabilization of Centrifugal Com-
pressor Surge, by 1. E. Pinsley, G. R.
Guenette, A. H. Epstein and E. M. Greitzer,
42 pages. 12-1

Dynamic Control of Centrifugal Compres-
sor Surge Using Tailored Structure, by D.

L. Gysling, J. Dugundji, E. M. Greitzer and A,

H. Epstein, 52 pages. 12-2

Department of Chemical
Engineering

Development of an Intelligent Fermenta-
tion Control System, by Gregory M.
O'Conrnor, July 1989, 51 pages. Project
8.42.04012-3

Pepartment of Chemistry

Demonstration of Structural Integrity of an
Enzyme In Qrganic Solvents by Solid State
NMR, by Paul A. Burke, Steven Q. Smith,
William W, Bachovchin and Alexander M.
Klibenov, 9 pages. 12-4

Lysine and Other Diamines Dramatically
Stabilize Poliovirus Against Thermoinacti-
vation, by Breau L. Dorval, Marie Chow and
Alexander M. Klibanov, 13 pages. 12-§

Nitric Oxide: The Dark Side, by Cynthia D.
Leaf. John §. Wishnok and Steven R.
Tannenbaum, 24 pages. Project 8./3.02/,
8.12.020 12-6

Harvard-MIT Division of Health
Sciences and Technology

Electroporation: A New Phenomenon to
Consider in Medical Technology, by James
C. Weaver, 25 pages. Project §.37.013 1227

The Number of Motecules Taken Up by
Electroporated Cells: Quantitative Deter-
mination, by David C. Bartoleni, Gail . Har-
rison and James C. Weaver, 23 pages. 12-8

Ordering Instructions: Alf publicarions
lisred in this section are available free-of

. charge te Industrigl Linison Program member

companies. Just circle the number on the Pre-
prints Order Card corresponding to the
number al the end of each publication you
wish 1o order. Please be sure to fill in your
return address, parent company name for
subsidiaries, and add proper posiage.

Listed at ihe end of some of the publication
references are the numbers of the associated
research projects listed in Research at MIT, a
comprehensive directory of MIT research
published annually by the Industrial Liaison
Program. A complete bibliography of
publications related lo any project can be
obrained by contaciing the Publicarions
Office, Industrial Ligison Program, Room
E38-568, MIT, 77 Massachuserts Avenue,
Cambridge, MA 02739,

Please allow 3-5 weeks for delivery

Center for Information Systems
Research

Buitding and Sustaining Partnership
Between Line and 1/S Managers, by John C.
Henderson, September 1989, 28 pages,
Project 8.52.038 12-9

Object Lens: A “Spreadsheet” for Coop-
eralive Work, by Kum-Yew Lai, Thomas W.
Malone and Keh-Chiang Yu, 36 pages.
Project 830.008 §2-10

Stralegic Alignment: A Framewaork for
Strategic Information Technology Manage-
ment, by Johr C. Henderson and N. Venka-
traman, August 1989, 44 pages. Project
§.51.020 12-11

Laboratory for Information and
Decision Systems

Aggregation and Multi-Level Control in
Discrete Event Dynamic Systerns, by Cuneyt
M. Ozveren and Alan S. Willsky, August
1989, 53 pages, Projecr 8.21.013 12-12

Maval C? Distributed Tactical Decision
Making, Final Technical Report, by Mi-
chael Athans and Alexander H. Levis, August
1989, 4% pages, Prajecr 8.21.024 12-13

Nonlinear and Adaptive Control, Final

Report, by Michael Athans, July 1989, 23
pages, Project 821011 12-14
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(n the Generation of Yariable Structure
Distributed Architectures for C* Systems,
by Jacques J. Demael and Alexander H. Levis,
24 pages, Project 8.21.024 12-15

Center for Materials Science and
Engineering

A Consortium on Advanced Organic
Coatings for Packaging of Electronic, Mag-
netic, and Optical Devices: Structure,
Properties, and Performance, March 1989,

52 pages. 12-16

Defect-Property Corretations in Garnet
Crystals: IV, The Optical Properties of
Nicket-Doped Yttrium Aluminum Garnet,
by S. R. Rotman, M. Rath, H. L. Tuller and C.
Warde, 12 pages. Project 8.59.063 12-17

Department of Materials Science
and Engineering

Experimental Evidence for Nucleation
During Thin Film Reactiens, by K. R.
Coffey, L. A. Clevenger, K, Barmak, D. A,
Rudman and C. V. Thompsor, August 1989,
15 pages. Project 8.30.052 12.18

Fabrication of Nove! Electrically Conduc-
tive Langmuir-Blodgett Thin Films of the
Poty(3-Alkyl Thiophenes), by I. Watanabe,
K. Hong and M. F. Rubner, 15 pages. Project
8.59.197 k2-19

Some Future Trends in Solid State lonics,
by Harry L. Tuller, 4 pages. Project 8.59.019
12-20

Growing Atom-By-Atom Artificially
Structured Materials, by Nicale Herbots, 6
pages. Project 859.039 12-21

Infiltration of Fiber Preforms by a Binary
Alloy, Part 1: Theary, by A, Marensen and
V. Michaud, 58 pages. Projecr 8.57.033 12.22

Interface Structure in Alumina-Silica Fiber
Preforms Infiltrated with Aluminum, by
Qiong Li, Andreas Mortensen and James A.
Carnie, 15 pages. Project 8.47.097 12.23

Investigation of Noble Metzal Substrates
and Buffer Layers for BiSrCaCuO Thin
Films, by M. M. Matthiesen, L. M. Rubin, K.
E. Williams and D. A. Rudman, 8 pages.
Project 859209 12-24
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Langmuir.Blodgett Thin Films of Electri-
cally Conductive Surface Active Pol-
ypyrroles, by K. Hong and M. F. Rubner, 12
pages. Project 8.60.025 12-25

A Model for Interdiffusion al Metal Semi-
conducter [nterfaces: Conditions lor Spik.
ing, by Olof C. Hellman, Nicole Herbots and
David C. Eng. 6 pages. Project 8.59039
12-26

The Role of tnterfacial Segregation and
Microstruciure in Interdiffusion Between

. Aluminum and Silicen, by David C. Eng.
Nicole Herbots. Olof C. Hellman, Olivier
Vancawwenberghe and Shahrnaz Motakef, 14
pages. Projecr 8.59.03% 12-27

Shallow Junction Diode Formation by
Implantation of Arsenic and Boron
Through Titanium Silicide Films and
Rapid Thermal Annealing, by Leonard Ru-
bin, David Hoffiman and Nicole Herbars, 34
pages. Project §.39.039 12.28

Synihesis of Bi-Pb-Sr-Ca-Cu Oxide/Silver
Superconducting Microcempuosiles by
Oxidation of Metallic Precursors, by W.
Gao, §.-C. Li. D, A, Rudman, G. J. Yurek and
J.B. Vander Sande, July 1989, 16 pages.
Project 8.59 216 12-29

The Transition From Shallow to Deep
Penetration During Electron Beam Weld-
ing, by J. W. Elmer, W. H. Giedtand T. W.
Eagar, 34 pages. Project 8.57.085 12.30

Deportment of Mechanical
Engineering

Qn Qur MITC Plate Bending/Shell
Elements, by Klavs-Jurgen Bathe, Seong W.
Cho, Miguel Bucalem and Franco Brezzi, 20
pages. Projecr 847,020 12-31

MIT Media Laberatery

Broadband Communicaltions as a Develop-
ment Prohlem, by Richard J. Solomon, 28
pages, Project 819001 8 22 608, 8.22.003
12-32
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MIT Sloan School of Management

Auctions with Resale Markets: An Ex-
ploratory Model of Treasury Bill Markets,
by Sushil Bikhchandani and Chi-fu Huang,
38 pages. 12-33

The CQS Roundtable on Mergers and
Acquisitions: A Meeling of Perspectives, by
Jane E. Salk, August 1989, 2] pages. 12.34

The Demography and Design: Predictors of
New Product Team Performance. by
Deborzh G, Ancona and David E. Caldwell,
Sepiember Y989, 38 puges. Prajeci 851003
12-35

A Dual-Asceni Procedure for Large-Scale
Uncapacitated Network Design, by Anan-
taram Balakrishnan, Thomas L. Magnanti and
Richard T. Wong. 62 pages. Praject 852 (164
12-36

Information Vechnology Platform for the
1990°s, by Stuan E. Madnick, August 1989,
47 pages, Project §.51.001 12.37

Initial Capital for the New Technological
Enterprise, by Edward B. Roberts, Septem-
ber 1989, 48 pages. Project 852,028 12-38

Merchandising Measures for a Produg!
Line, by John D. C. Little, May 1589, 22
pages. 12.39

Models for Planning Capacity Expansion in
Lacal Access Telecommunication Net-
works, by A. Balakrishnan, T. L. Magnanti,
A. Shulman and R. T. Wong, August 1989,
69 pages. Projecr 8.52 064 12-40

One for You, Three for Me... or .. The
Design of Optimal Production Sharing
Rules for a Petroleumn Expioration
Venture, by Philip Hampson, John Parsons
and Charles Blitzer, July 1989, 32 pages.
12-41

Organization Devetapment; Science,
Technology, ur Philosophy?, by Edgar H.
Schein, August 1989, 18 pages. Project
85202/ 12.42
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A Product Design Problem in Semiconduc-
tor Manufacturing, by Florin Avram and
Lawrence M. Wein, August 989, 27 pages.
12-43

The Role of the CEG in the Management of
Change: The Case of Information Technol-
ogy, by Edgar H. Schein, 38 pages. Project
852021 12.44

Strategic Transformation and the Success
of High Technology Companies, hy Edward
B. Robens, August 1989, 34 pages. Projec
832.02912-45

The Treble Ladder Revisited: Why Do
Engineers Lose Interest in the Dual Ladder
as They Grow Older?. by Thamas J. Allen
and Ralph Katz, September 1989, 17 pages.
Project 8.52.039 12-46

Center for Technology, Pelicy, and
industrial Development

Analysis of Dose/Time/Response Relation-
ships for Chronic Toxic Effecis — The
Case of Acrylamide, by Dale Hattis and
Karen Shapiro, 36 pages, Project 8.54 049
12-47

Building Perspectives for Assessing the
Risks of Acid Particulates and Ozone, by
Septernber 1989, 57 pages. Project 8.54.049
12-48

Whitehead Institute for Biomedicel
Research

HIY-1 Gag Mutants Can Dominantly
Interfere with the Replication of the Wild
Type Virus in Susceptible Cells, by Didier
Trono, Mark B, Feinberg and David Balti-
more, 35 pages. Project 8.09.019 12-49

Transfer of a Mutant Dihydrofolate Re-
ducttase Gene into Pre- and Postimplanta-
tion Mouse Embryos by a Replication-
Competent Retrovirus Vector, by Heidi
Stwhimann, Rudolf Jaenisch ang Richard C.
Mulligan, 39 puges. Project 8 03013 12-50




PUBLISHED
PAPERS

Artificial Intelligence Laboratory

The Role of Dynamic Models in Cartesian
Force Control of Maripulators

AnC. H.

{nr. 4 Rob. R.. Yol. 8, No. 4, August 1989,
pages 51.72,

Center for Cancer Research

A Marginal Band-Associated Protein has
Properties of Both Microtubule Associated
and Microfilament Associated Prateins
Birgbauer.E./Solomen,F.

J. Cell. Biol. Vol. 109, Number 4, Ociober
1989, pages 1609-1620.

The Rele of Cytoskeleton in Orpanizing
Growth Cones — A Microfilament
Associated Growih Cone Component
Depends Upon Microtubules for its
Localization

Goslin K. /Banker,G./Solomon,F.

J. Cell. Biol., Vol. 109, No. 4, October 1989,
pages 1621-1631,

Center for Space Ressarch

Evolution of Wide Binary Millisecond
Pulsars in Globular Clusters
Rappapon,$./Pulney,A./Verbunt,F,
Astrophys. J.. Vol. 345, No. 1, October 1989,
pages 210-221.

Monte Carto Modeling of Polar Wind
Photoelectron Distributions with
Anomalous Heat Flux
Yasseen,F./Retlerer,). M /Chang.T.
Geophys. R L., Vol. 16, No. 9, September
1989, pages 1023-1026.

Collective Plasma Microinstability as a
Possible Mechanism for the One-Sided
Core Jet Emission of Extragalactic Radio
Sources

Yoon,P. H./Chang,T.

Astrophys. J.. Vol. 343, Na. 1, August 1589,
pages 31-46.

The papers contained in this section have

. heen published in the recenr general literarure

by MIT faculiy and staff. They are grouped by
MIT depariment.

These publicarions are not available
through the Industrial Ligison Program.
Copies of the arvictes cited below may be pur-
chased through the MIT Libraries ot a 10
pereent discount by using the special
Microreproduction Laboratery Qrder Form
inchudvd at the back of this newsletter. The

regriar prices for copies of Library holdings -

are: 3.25 per page for 8 112 x ] 1" photocop.
ics; $.30 per page for i1 x 17" photocopies:
3700 for each 60-page micrafiche; $10.00
for each 98-page microfiche. Plus 85 .50
search fee. Ten percent will be deducied from
these prices for members of the Indusirial
Ligison Program,

Flease address alf requesis on this special
Jorm 10 Microreproduction Lahoratery, MIT
Libraries, Room 14-055 1, Mastachusetts
Institute of Technology, Cambridge, MA
02139,

Or, articles may be ordered or sent to you
by fax. The Libraries' Fax number is (617}
2532-1690, Fees are: 8.75 per page plus trans-
mission fee. Transmission Fees for Area Code
817 = §11.00 up 10 25 pages: for other area
codes = §14.00 up to 25 pages; oulside the
LS. = $11.00 up 10 25 pages plus 1ol charge.
The search fee it additional at 35.50 per
article or document. Ten percent will be
deducted from these fax prices for members of
the industrial Linison Program,

Department of Aeronautics and
Astronautics

Application of Compound Compressible
Flow to Nonuniformities in Hypersonle
Propulsion Systems

Lewis,M. 1./Hastings,D. E.

I Prapul. P, Vol. 5, No. 5,
September/Oclober 1989, pages 626-634.

Department of Biology

Esterification Coupled of Extraction
Organic Acids — Partition Enhancement
and Underlying Reaction and Distribution
Equilibria

Cabral ). M. 5./Willson,R, C/HamelJ. F. P/
Coeney,C. L.

Biotech. Bio., Vol. 34, No. 7, Qciober 1989,
pages 909-9(5.
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Nuclear Factors that Bind to the Enhancer
Region of Nondefective Friend Murine
Leukemia-Virus

Manley,N. R /O'Connell,M. A./Sharp,P. A/
Hopkins,N. .

1. Viralogy., Vol. 63, No. 10, October 1989,
pages 42104223,

Temporal Aspects of DNA and RNA.
Synthesis During Human Immuno-
deficiency Virus Infection - Evidence for
Differential Gene Expression

Kim, 8. Y /Bym,R./Groopman.J./Baltimore D.
J. Virology., ¥ol. 63, Na. 9, Sepiember 1989,
pages 3708-3713.

Construction, Stable Transformation, and
Funciion of an Amher Suppressor
Transfer-RNA Gene in Drosophila
Melanogaster

Laski,F. A./Ganguly,S./Sharp.P. A/

Rubin,G. M.

P. Nas. U!5.. Vol. 86, No. 17, Septernber 1989,
pages 6696-6698,

Department of Brain and Cognitive
Sciences

Syntactic and Semantic Cantributions to
Sentence Comprehension in Agrammatism
Sherman,J. C.

Brain, Lang., Vol, 37, Ne. 3, Qctober 1989,
pages 419-439.

A Neural Network Model for Limb
Trajectory Formation

Massone,L./Biz2i,E.

Bial. Cybern., Vol. §1, No. 6, pages 417-425,

Terminal Arbors of Single On-Center and
Off-Center X-Retinal and Y-Retinal
Ganglion-Cell Axons within the Ferrets -
Lateral Geniculate Nucleus

Roe A. W./Sur M.

J. Comp. Neur., Vol, 288, No. 2, October
1989, pages 208-242,

Comprehension of Lexical Subcategory
Distinctions by Aphasic Patients — Proper
Common and Mass Count Nouns
Shapiro.L. P/Zurif E./Carey,S /Grossman,M.
J. Speech He., Vol. 32, No. 3, September
1989, pages 481-488.
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Department of Chemical
Engineering

Development and Evaluation of a New
Polymeric Material for Small Caliber
Vascular Prostheses

Chaikof E.L./Coleman,].E. fRamberg, K./
Connelly,R.).Merrill, E.W /Callow.A D.

J. Surg. Res., Vol. 47, No. 3, September 1989,
pages 193-199.

An Adaptive State Estimator for Detecting
Contaminants in Bioreactors
Siephzanopowos, G.N.

Biorech. Bin., Vol. 34, No. 5, August 1989,
pages 647-659.

Department of Chemistry

Sequence Specific Isotope Effects on the
Cleavage of DNA by Bleomycin

Kozarich ). W./Worth,L./Frank B. L./
Stubbe J,

Science, Vol. 245, No. 4924, September 1989,
pages 1396-1399,

Orthogonal Self-Assembled Monolayers —
Alkanethiols on Gold and Alkane
Carboxylic Acids on Alumina

Laibinis,P. E/Hickman,J. 1./Wrighton,M. 5 /
Whitesides,C. M.

Science., Vol. 235, No. 4920, August 1989,
pages 845-847.

Somnogenic Activity of O-Acetylated and
Dimerie Muramyl Peptides

Marin,3. A /Cady,A. B./Obal,F./Guinand,M /
KreegerJ M.

Infec. Immun., Vol. 57, Na. 9, September
1989, pages 2726-2732

Templates for Intramolecular O,N-Acyl
Transfer Via Cyclic Intermediates Derived
from Mercury Derivatives of L-Cysteine
— Progress Toward A Mercury-Based
Thiol Capture Strategy

Kemp,DD, §./Buckler,D. R /fKerkman,D.
J.Org. Chem.. Yol. 54, No. 16, August 1989,
pages 38353-3858.

Preferential Heterodimer Formation by
Isolated Leucine Zippers from Fos and Jun
Oshea,E. K./Stafford, W. F./Kim,P. $.
Science, Vol. 2435, No. 4918, August 1989,
pages 646-648.

Technetium Thiolate Complexes as Oxygen
Atom Transfer Catalysts

Devries,N [Jones A, G./Davison, A,

tnorg. Chem., Vol. 28, No. 19, September
1989, pages 3728.3734,
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Department of Civil Engineering

Impact of Earthquakes on Canlilever
Retaining Walls

Gantes.C. J.

J.Strur. Eng. Vol. 115, No. 10, Oclober
1989, pages 2566-2578.

General Spectral Computations of the
Nonlinear Shallow-Water Tidal
Iateractions Within the Bight of Abaco
Westerink J. J./Connor,J. J.

I Phys. Ocea., Vol. 19, No. 9, September
1989, pages 1348-1371.

Department of Earth, Atmospheric
and Planetary Sciences

Intracrustal Detachment Within Zones of
Continental Deformation

Burchfiel,B. B./Deng,Q. D./Molnar,P./
Royden.L/Wang, Y. P/Zhang P. 2./
Zhang W. Q.

Geology, Vol. 17, No. 8, August 1989,
pages 748-752,

Translational Velocity of Warm Core
Rings Relative to the Slope Water
Comillon P./Weyer R./Flierl G,

J. Phye. Qcea., Vol 19, No. 9, September
1989, pages 1317-1332,

Crack Aperture Statistics and Pore Space
Frattal Geometry of Westerly Granite and
Rutiand Quartzite — Implications for an
Elastic Contact Modet of Rock
Compressibility

Wong,T. F./Fredrich,]. T.

1. Geo. R-5. E.. Vol. 94, August 1989,

pages 267-278.

Extinction of Pull-Apart Basins
Zhang,P. Z./Chen,S. F.

Ceolagy., Yol, 17, No. 9, Seplember 1985,
pages 814-817,

Assimilation of Altimmeter Datu into an
Ocean Circulation Model — Space Versus
Time Resolution Studies

Halland, W. R.

4. Piys. Ocea., Vol. 19, No. 10, October
1989, pages 1507-1534,

Streaming Polential Properties of Westerly
Granite with Applications

Morgan.F. D./Williams,E. R./Madden.T. R.
J Geo. R-5. E., Vel, 94, No, NBY, September
1989, pages 2449-2461.
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Department of Economics

A Method of Simulated Moments for
Estimation of Discrete Response Models
without Numerical Integration
McFadden,D,

Econometric., Vol 57, No. 5, September
1589, pages 995-1026.

Department of Electrical Engineer-
ing and Computer Science

Broadened Coaductivity Tensor and
Density of States for a Superlattice
Potential in One-Dimension, Two-
Dimension, and Three-Dimension
Bagwell,P. F./Orlando,T. P.

Phys. Rev. B., Vol. 40, No. 6, August 1989,
pages 3735-3748.

Chemical Yapor Deposition of Epltaxial
Silicon from Silane at Low Temperatures.
1. Very Low-Pressure Deposition
Comfort,]. H/Reif,R.

I, Eickenr. S0., Vol. 136, No. 8, August 1989,
pages 2386-2398.

Chemical Vapor Deposition of Epitaxial
Silicon from Silane at Low Temperatures.
2. Plasma Enhanced Deposition

Comfort,J, H/Reif R. i

1. Elchem. 50., Vol. 136, No., B, August 1989,
pages 2398-2405.

Conduction Transients in Polyimides
Meuhaus,H. J./Senturia,S. D.
Acs. Symp. 5., Vol. 407, pages 176-189.

A Synthesis and Optimization Procedure
for Fully and Easily Testable Sequential
Machines

Devadas,S./Tony,H. K./Newlon.A. R.

1EEE Comp. A., Vol. 8, No. 10, October 1989,
pages 1100-1107.

Brain Stem Facial Motor Pathways from 2
Distinct Groups of Stapedius Motoneurons
in the Cat

Guinan,1. ] flaseph,M. P./Norris B. E.

J. Comp. Neur , Vol. 287, No. |, Seplember
1989, pages 134-144.

Additive Pulse Mode-Locking
Ippen.E. P./Haus H. A/LiuL. Y.

1. Opt. Sec. B.. Vol. 6, No. 9, September
1989, pages 1736-1745.




A State Observer for the Permanent-
Magnet Synchrenous Motor

Jones,L. A flLang,). H.

JEEE Ind. £., Vol 36, No. 3, August 1989,
pages 174-382.

Fabrication and Charzcterization of
Bipolar Transistors with In Situ Doped
Low Temperature (800 Degrees C)
Epitaxial Silican

Chi,5./Burger W. R /ReifR.

IEEE Elec.D_ Vol. 10, No. 8, August 1989,
pages J83-385,

A Ternary Content Addressable Search
Engine

WadeJ. P./Sodini.C. G.

JEEE J. Soli., ¥Vol. 24, No. 4, August 1989,
pages 1003-1013.

A Model of Acoustic Transmissivn in the
Respiratory System

Wodicka,G. R./Stevens, K. N./GolubH. L./
Cravalho,E. G./Shannon D. C.

1EEE Biomed., Vol, 36, No. 9, September
1989, pages 925-934.

Department of Materials Science
and Engineering

New Microcrystalline Hard Magnels in a
Co-Zr-B Alloy System

Ghemawat,A. M /Foldeaki,M./Dunlap,R. 4./
O'Handley,R. C.

IEEE Magnret., Vol. 25, No. 5, September
1989, pages 3312-3314.

Generation of Zero Level Fluctuation and
its Reduction in the Magnetic Head Type
Torgue Sensor with L-R Brige
Configuration

Sasada,l/Baba M./Harada K.

1EEE Maganei., Vol. 25, No. 5, Seplember
1989, pages 3417-3419.

Calorimetric Studies of Reactions in Thin
Films and Multilayers
Spaepen,F./Thompson,C. V,

Appl. Surf. 5., Vol, 38, No. 1-4, September
1989, pages 1-12.

Effect of AS, Overpressure on Initial
Growth of Galllum-Arsenide on Silicon by
Molecular Beamn Epitaxy

PalmerJ. E/Burns,G./Fonstad,C. G./
Thompson,C, V.

Appl. Phys. L., Vol. 55, Na. 10, Sepiember
1989, pages 990-992.

Zone Melting Recrystallization with
Enhanced Radiative Heating for
Preparation of Subboundary Free Silicon
ot Insulator Thin Films

Chen,C. K/Im,1. S.
Appl. Phys. L., Vol. 55, No. 12, September
1989, pages 1238-1240.

Preferential Propagation of Pores During
the Formation of Porous Silicon — A
Transmission Electron-Microscepy Study
Chuang,S. F./Collins,5. D./Smith.R. L.
Appl. Phys. L., Vol. 55, No. 7, August 1989,
pages 675-677.

Relaxation Phenomena in Evaporated
Amorphous Silicon Films

Deavillez,R. R./Thompson,C. V.

J. Maler. Res. Yal. 4, No. 5, September-
October 1989, pages 1057-1059.

Critical Thickness of Amorphous Phase
Formation in Binary Diffusion Couples
Gosele,U./Tu, K. M.

J. Appl. Phys., Vol 66, No. 6, Sepiember
1989, pages 2613-2626.

On the Optimization of Precipitated
Austenite for Transformation Taughening
of Steels

Huidcmenoﬁoulos.G. N./Grujigic,M./Olson,G.

B./Cohen,M.
Caiphed., Vol. 13. No. 3, July-Seplember
1989, pages 215-223.

Observations of Roughening De-Faceting
Phase Transitions in Grain Boundaries
Hsieh,T. E./Balluffi,R. W.

Acl. Medall., Vol. 37, No. 8, August 1989,
pages 2133-2139.

Department of Mathematics

Birational Equivalence in the Symplectic
Category

Guillemin,V./Sternberg,S.

Invem, Marh,, Vol. 97, No. 3, pages 485-522.

An R-Laocal Milnor Moore Theorem
Anick,[2. I

Adv. Math., Vol. 77, No. 1, September 1989,
pages 116-136.

The Tepological Sigma Model
Baulieu,L./Singer,l. M.

Comm_Marh, P., Vol. 125, No. 2, pages 227.
237,
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A Fanction Space Large Deviation
Principle far Certain Stochastic Integrals
Deuschel J. D./Stwoock,D. 'W.

Prob. Th. Rel., Vol, 83, No. i-2, pagss 279-
307,

The Asymptotics of the Determinant
Function for a Class of Operators
Friedlander, L.

P Am. Math. 5., Val. 107, MNo. 1, September
1989, pages 169-178.

Harmonic Measure in Convex Domains
Jerison,D.

8. Am. Math. 5., Vol 21, No. 2, October
1989, pages 255-260.

Department of Mechanical
Engineering

Thermally Stratifying a Wind Tunnel for
Buoyancy Influenced Flows

Lienhard,). H/Vanatt,C. W,

Exp. Fluid., Vol. 7, No_ 8, pages 542548,

Merging Mind and Machine

Sheridan,T. B.

Techrol. Rev., Vol. 92, No. 7, Ociober 1989,
pages 32-40,

Studies of Finite Element Procedures ~~ An
Evaluation of Preconditioned [terative
Solvers

Angeleri F./Sonnad, V. MBathe K. J.

Comput. Stru., Vol 32, No. 3-4, pages 671-
a7,

Flow Throuph Partially Gel-Filled
Channels

Ethier,C. R./Kamm,R. D.

Physicoch. M., Vol. 11, No, 2, pages 215-227.

Burnishing and Adhesive Wear of an !
Electrically Conductive Polyester Carbon

Film

Michael P. C./SakaN./Rabinowicz E.

Wear., Vol. 132, No. 2, August 1989, pages

265-285.

High Shear Limit Viscosily and the
Maximum Packing Fraction in
Concentrated Monomodal Suspensions
Sengun,M. Z.

Physicoch. H., Vol. 11, No. 2, pages 229-241,
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Department of Nuclear Engineering

Low Frequency Collective Modes in Dry
and Hydrated Proteins

Bellissentfunel, M. C./TeixeiraJ./Chen.5. H/f
Domner,B./Crespi.H. L.

Biophys. 1., Yol. 36, No. 4, October 1989,
pages 7113-716.

Department of Physics

Intercalation of Hexagonal Boron Nitride
with Potassium

Doll.G. L fSpeck.]. S /Dresselhaus G/
Dressethaus,M. § /MMakamura,K./Tanuma,5. 1.
L Appl. Phys., Vol. 66, No. 6, Sepiember
1989, pages 2554-2558.

Microscopic 5-Wave Optical Potential for
Slow Pions Scattered by a Nucleus
Garcia-Recio,C /Ose E,

Phys. Rev. C., Vol. 40, No. 3. September
1989, pages 1308-1315.

Frequency Fluctuations of a Diode-Pumped
Nd-Yag Ring Laser
Fritschel P {Jeftrics A /Kane,T. J.

Opiics, Lei, Vol. 14, No, 18, September
1989, pages Y93-995,

Variation of the Metallic Onset with
Magnetic Field in Doped Germanium
Rosenbaum,T. F./Field,S. B./Bhan,R. N,
Euraph. Let.. Vol. 10, No. 3, Ociober 1989,
pages 269-274,

Francis Bitter National Magnet
Laboratory

Exchange of Macromolecules Between
Plasma and Peritoneal-Cavity in Ascites
Tumor Beéaring, Normal, and Serotonin
Injected Mice

Nagy.). A /Hereberg K. T./Masse.E. M./
Zientara,G. P/Dvorak H. F.

Cancer. Res., Vol. 49 No_ 19, October 1989,
pages 5448-5458.

Laboratery for Computer Science

An Optimal Probabilistic Algorithm for
Synchronous Byzanline Agreement
Feldman,P /Micali,5.

Lect, N. Comp.. Yol. 372, pages 341-378,

Dual Yeetors and Lower Bounds for the
Mearest Lattice Painl Problem

Hastad.).

Combinarori.. Vol 8, No. 1. pages 75-81.
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Lower Boundy for Compulations wilh the
Flour Operation

Mansour,Y /Schieber, B /Tiwari,P.

Lect. N Comp., Yol. 372, pages 558-573.

On Hiding Infermation from an Oracle
Abadi.M./Kilian,J.

J. Compui. Sy., Vol. 39, No. i, August 1989,
pages 21-50,

The Distributed Bit Camplexity of the Ring
— From the Anonymous to the Non-
Anonymous Case

Bodlaender,H. L./Moran,S./fWarmuth,M. K.
Lect. N. Comp.. Vol. 380, pages 58-67.

The Distributed Firing Squad Problem
Coan,B. A./Dolev,D./Dwork,C.

Siam. J. Comp.. Vol, 18, No. 5, Qciober 1989,
pages 990-1012.

Automalted Critiquing of Medical Decision
Trees

Wellman,M. P./Eckman, M, H./Fleming C./
Marshall 5. L/Pauker.5. G.

R Med. Decis. M., Vol 9, No, 4, Qctober/
December 1989, pages 272-284.

Laberatery for Information and
Decision Systems

Reachability, Observability, and
Minimality for Shilt Invariant 2-Poinl
Boundary Yalue Descriplor Systems
WNikoukhoh R /Willsky A. S./Levy B. C.
Circ. Syst. 5., Vol. 8, No. 3. pages 313-340,

Loboratory for Nuclear Science

The LYD Experiment Data Acquisition
System

Fulgione W /Mayes.B./Pinsky.L /Haridas.P.
TEEE Muel. §.. Vol. 36, Na. §, Ociober 1989,
pages [635-1638. :

Lincoln Laboratory

Waveguide-to-Microstrip Transitions
Beaudette R. G./Kushner,L. J.
Microwave 4., Vol. 32, No. 9, September
1989, pages 211-216.

Nova Presents Echos of War

Howe, H./Sudbury R. W.

Microwave. J., Vol. 32, No. 9, Sepiember
1989, pages 26+.
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Status of Cr-Like Lower Bounds far
Nontinear Fillering

Kerr, T. H.

1EEE Aer El Vol 25, No. 5, September
1989, pages 590-601.

Superconductive Analog Signal Processing
Devices

Withers,R. S./Ralston,R. W,

P IEEE. Vol. 77, No. 8, August 1989, pages
12471363

Reduction of Sidegaling in GaAs Analog
and Digitai Circuits Using a New Buffer
Layer

Chen,C. L./Smith,F, W./Calawa,A. R./
Mahoney,L. 1./Manfra,M. J.

IEEE Device., Vol. 36, No. 9, September
1989, pages 1546-1356.

Scan Patk Architecture for Pseudorandom
Testing

Leclair,R. A.

J. Eng. Mec., Vol 115, No, 9, September
1989, poges 2011-2(19.

New (OMYPE Reactor for Large Area
Uniform Depesition of InP and Related
Allays

Palmateer,§. C/Groves 5. H./Count ). W/
Hovey.D. L.

J. Efee. Mar., Vol 18, No. 5. September 1989,
pages 645-649.

Plasma Fusion Center

Simulations of Lower Hybrid Curreni
Drive and Ohmic Transformer Recharge
Fuchs,V./Cauirns R. A /Benali.P. T.

Nucl, Fusion., Vol. 29, No. 9, September
1989, pages 1479-1492.

Program in Science, Technology
and Seciety

Toward a New Era in Uniled States-Soviet
Relations

Grakam,L. R.

Isstes Sci., Vol. 6. No. 1, pages 36-42.

MIT Sloan 5chool of Management

Traveling Salesman Facility Location
Problems

Bertsimas,D. I

Transp. Sci., Vol, 23, No. 3, August 1989,
papes 184-191.

{Published Papers coninied an page 16)
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(Published Papers continued from page 14}

From Critical Resources to Corporate
Strategy

Wemerfelt,B.

S of General Management, Vol 14, Na. 3,
pages 3-12.

Soeinlogical Approaches to the Pacific
Region

Westney,D. E.

Ann. Am. Poli.. Vol. 505, September 1989,
pages 24-13,

Determinants of Firm Performance — The
Relative Importance of Economic and
Qrganization Factors

Hansen,G. §.

Strat, Manag., Yal. 10, Na, 5, September-
October 1989, pages 399.411,

Research Laboratory of Electronics

Exoergic Collisions of Cold Na-Star-Na
Gallagher,A./Pritchard,D. E,

Phys. Rev. L., Vol. 63, No. 9, August 1989,
pages 957-96Q.

Analysis of a Synthetic Tadoma System as
a Multidimenstonal Tactile Display
TanH. Z Murlach,N. [ /Rabinowicz, W. M.
4. Acoust, 80., Vol. 86, No. 3, Seprember
1989, pages 981-948,

Perceptual Cues for Place of Articulation
for the Yoiced Pharyngeal and Uvular
Consunants

Alwan A

<. Acouis. So.. Vol. B6, No, 2. Aupust

1985, papes 549-536.

Whitaker College of Health
Sciences, Technology, and
Management

Elevated Blood Levels of Carcinogens in
Passive Smokers

Maclure,M./Katz,R. B./Bryant,M. 5./
Skipper,P. L. :

Am. J, Pub. He., ¥ol. 79, No. 10, October
1989, pages 1381-1384.

[mmunochistochemical Localization of Gap-

43 in the Developing Hamster Retinofugal
Pathway

Moya,K. L./Jhaveri,S /Benowitz,L. 1.

J. Camp. Neur., Vol. 288, No. 1, October
1989, pages 51-38.

Reappearance of an Embryonic Patiern of
Fibronectin Splicing During Wound
Heating in the Adult Rat
Frenchconstant,C./Dvorak H. F./Hynes R. O,
J.Cell. Biol., Vol. 109, No. 2, August 1989,
pages 903-914.

Studies of Rat Functian in the Yeast
Saccharomyces Cerevisiae

Wigler M./Field,J./Powers,5./Broek,D./
Toda, T./Cameron,§ /Nikawa,] /Michaeli. T/
Ferguson K.

Cald. 8. Harb., Vol. 53, No. P2, pages
649-655.
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Spectral Distortions of the Cosmic
Microwave Background

Adams,F. C/Freese K. /Levin,J./McDowell ].
Astrophys. J., Val. 34, No. |, Seplember
1989, pages 24-34.

Original [ssue High-Yield Bonds — Aging
Analyses of Defaults, Exchanges, and Calls
Asquith,P./Mullins,D. W./Walff E, D,

4. Finance., Yol. 44, No. 4, September 1989,
papes 923-952,

Study of the Energy Calibration of a High-
Resolution Electromagnetic Calorimeter
Bakken,l. A./Barone,L./Blaising.J. 1./
Borgia,B /Boutigny,D./Burg,). P/
Chemarin,M /Clare,R./Coignel, G.

Nucl Inst. A., Vol. 280, Na. 1, August 1989,
pages 25-35.

A Calorimeter for Relativistic Heavy lon
Experiments

Beavis.D./Betts,R. R./Bloomer M. A /Chu,Y.
Y.fCumming,], B./Duek, E MHaustein,P, E./
Jurigie L/Katcoff,S./Kaufman,5, B,

Nucl, Inst. A, Yol. 28], No. 2, September
1989, pages 367-372.

Relationship Between Pituitary ACTH
Content and Hypothalamic
Catecholamines in the Rat
Lehnert,H./Beyer,J /Wurtman R. J,

Res. Exp. Med., Vol. 189, No. 4, pages
289-293,




Carol Strohecker
Ph.D. candidate
Leaming & Epistemology Group
MIT Media Laboratory

Presentation for 7 June 1989:

Videodiscs and Education: Four Views

Abstract:

Four projects will be described, each of which represents a different approach in its use of
the medium of computer-accessed videodisc for "educational” purposes.

Three of these projects provide a basis for discussion of the fourth, a work-in-progress.
The projects are a training program for meteorologists, contracted by the National
Weather Service; a2 museum exhibit, contracted by the United States Golf Associaiion; an
"interactive” movie produced by the author, which presents one story in a way that invites

many interpretations; and the author's current production, a videodisc about MIT's
| Daedalus Project, Whi'c_h developed a hu’mim-pow&cd aircraft that broke the distance and
duratdon records of the Gossamer Albatross. '

The presentation will include discussion of the terms "interactive™ and "education.”
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Carol Strohecker

Videodiscs and Education; Four Views

These four projects represent different approaches to uses of
‘the medium of computer-accessed videodisc. They are
arranged roughly in a continuum, from more to less rigid in
their educational purpose and design. '

1. The National Weather Service demonstration of a
training program for meteorologists

2. The United States Golf Association museum exhibit

3. An "interactive narrative"” movie entitled
A Different Train of Thought

4. A videodisc about MIT's Daedalus Project

”Education" _,
modelled in terms of self-direction and self-reflection
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UN ENSEMBLE DE PROJETS
A Sampler of Multimedia Applications

Carol Strohecker
Media Laboratory
Massachusetts Instinute of Technology

A usual approach to presenting a talk like this one would be to organize the projects
according to categories for which the applications were developed, such as education,
entertainment, or business and industry. But because the applications are realized through
computerization, their contents are malleable, capable of being extended beyond these usual
or traditional categories. The same base of images, sound, or information may be tailored
for several different purposes. And because of the highly sensual nature of the
presentations, the boundaries of the categories themselves seem to be blurring. The line
between education and entertainment, for example, becomes more and more difficult to
determine — and trying to determine it seems to be a less and less fruitful actvity. In many
cases, both functions can be well served by the same applicaton. So, in secking some
other means of organization, I began looking at the work of some of the "major players” in
the industry.

In the United States, the HyperCard (and SuperCard) softwares for the Macintosh
have taken the multimedia world by a storm. Not only have they become so prevalent that
they border on having achieved the status of a standard, but Apple Computer, Inc., has
initiated parmerships recently with six leaders in the media industry to develop multimedia
products based on HyperCard. These “"information products,” as they are called, are
geared to categories defined by markets rather than by genre. Their focus is on the
combination of specific information with “the navigating, organizing, and publishing tools
available on the Macintosh” computer. Thus the Newsweek application, “Upheaval in
China," is targeted for secondary schools, as well as libraries, as well as international
business; and the Wamer "Audio Notes" application is targeted for both home and
education. A typical system configuration consists of a fully equipped Macintosh with a
CD-ROM drive and speakers, or a videodisc player and video monitor. Here are the
applications that arc part of this project:

ABCNews InterActive
secondary education
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include HyperCard software, "Documentary maker" sofrware (for creating video

sequences), often a second avdio track in Spanish (most widely used second language in
the US), and sometimes closed-captioning (for hearing-impaired users)

Martin Luther King Jr.: bio of the winner of the Nobel Peace Prize, uncut version
of "I Have a Dreamn" speech

In the Holy Land: examines the roots of conflict in the Middle East. interviews of

Arab and Israeli children. commentaries by historians and authorities.

The 88 Vote; Campaign for the White House: original 13 candidates, conventigns,
issues debated during the campaign

Datapro
business and professional

Datapro's Macintosh Consultant. ¢lectronic resource including applications in
desktop publishing, Macintosh LANs, word processing, database management,
spreadsheets, desktop presentation. updated quarterly 1o include AV critiques of of
Macintosh software products, tables for locating and comparing specificadons for hardware
and software, & ratings for major products as determined by Datapro & its Natonal
Software Testing Laboratories division

Newsweek
secondary schools, librarics, international business

Upheaval in China: "instant history lesson on the revolution in China". videodisc
has text, u_:af;s, & photos published in Newsweek from April to June 1989,

Harvard University/Tohn F. Kennedy School of Government

government, business managers

The Harvard Inze;acﬁve'Series: interactive videodise simulation games — executives &

students can "play the roles of decision makers during historical moﬁmn;s of Ccrisis and
contoversy" I | ‘ | o -

Three Mile Is!and case of crisis managcmcnt :md the public's nght to knOw

Warner New Media
home and education
Music Discovery series: Audio Notes
The Magic Flute: 3 CD-ROM discs with HyperCard stacks and aucho music and
commentary on the composition and the opera form
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WGBH Television

educatnon .

Interactive NOVA: Animal Pathfinders: humdreds of slides, much text, several _
documentaries. viewers assurme view of bee as seeks honey, conduct lab experiments to
learn about animal migration, behavior, & habitats
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Qther plavers: (other times, other systems)

MIT Architecture Machine Group
Aspen

MIT Film/Video (Media Lab)
A Different Train of Thought
New Orleans

MIT Film/Video and Learning & Epistemology (Media Lab)
Learning Constellations
Daedalus Project (also Athena te-in)

MIT/IBM/DEC Project Athena:
collaboration with Smithsonian
French language disc

Brown University
IRIS project — hypertext

J. Paul Geny Museum
Greek vases

Harvard Law School

14 lessons for law students or new lawyers who want to gain practical courtroom,

interviewing, or negotiation skills. self-paced. courtroom experience in making

objections, entering evidence, asking questions. negotation skills. students can get course

credit for writing video lessons.

driving under the influence of alcohol, bank robbery, motorcycle accident, real

estate broker's fee, criminal line-up,welfare fraud, landlord/tenant, personal injury,

shopping mall development

many corporate training groups

management, financial decision-making, organizational communication, etc.
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Bank Street College
Palengue
primary education
boy travels to the Yucatan and learns about Mayan culture through a young tour
guide

* Tom Snyder Productions
Reading Magic library
home purchase
animated interactive storybooks for children: they choose paths of action

ACTV ("active television™)
home subscription

viewers make choices, answer questions, or choose different camera angles for live
sports events and pre-recorded shows. advertsers can target commercials based on
subscriber demographics, interests and preferences. can run up to nine different
commercials in same time slot, but only appropriate one will be shown to a specific viewer.
viewer can interact with advertisement by selecting which information or products are
received.

Le Groupe Videowon Ltee of Canada acquired a 50% interest in ACTV Domestic
Corp. for $14million, used for programming, market evaluation, and natdonal rollout.
LGV has exclusive license 10 use the technology in Canada, Europe, & USSR

makes use of cable systems. modifications to the video signal (synchronization and
computer commands in the vertical interval) allow local personalizadon so viewers
nationwide can interact at the same time and get their own program. no return signal is
sent: each TV set gets its own responses. (not a voting system). selections at hand-held
remote are converted so the program switches at pre-determined intervals between
segments of multiple signals. instant, frame-accurate (invisible) switch,

programs: exercise, self-help, discussion series, show business trivia, com‘édy

Mirror Systermns
publishing subsidiary

medical education: animated graphics show the anatomy & physiology of the
beating heart, synchronized to audio of heartbears, interaction and feedback guide toward
‘correct examination procedure, | -
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CD-ROM as less costly than videodisc because full-moton video is not used. also,
costs of CD playback cquipment arc not as high as for videodisc,

Lirtle, Brown & Co.

medical publishers

Electronic Library: reference manuals on CD-ROM, accessed through windows-based
software.

National Weather Service
in-house training
Interpreting Satellite Images with SWIS

Butler, Raila & Company
custom house

Smart Move!: New England Telephone trade show exhibit. a board game. solve
business problems as you go along. correct solutions are NETelephone services.

Ben's Grille: Harvard Community Health Plan traveling exhibit (high schools,
corporations, science museum). decide whether to serve alcoholic beverages to different
patrons. much factal info about alcohol and its effects.

5 extubits for National Scouting Museum. scout oath and laws. search for a lost
child. history of scouting.

Diagnostic Radiology: hospital floorplan serves as a menu. physicians act as staff
ractiologist at imaginary hospital, use mediacl records, access treatment rooms, perform
procedures. promotes a chemical compound used in radiology to dye arteries and veins for
radiographs.

New England Technology Group
custom house
USIA exhibits:
Design-A-Chair
Housing in the US
The American Kitchen
Good Design (in advertising, for children, in sports, of buildings)
St. Louis Zoo -
Burger King
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Digital Techniques, Inc.
-custom house .

eyeglass selections — instead of racks of frames, stored in computer. sorted
through data about frames by capturing info. about what kind of face (shape; eye & hair
color; nose, chin, cheekbone structure) and weeding out a lot to yield possible frames

Signage, building directories

Stop & Shop — 35 stores in New England pardcipating, about 3 systems per store —
all tied wgether, updated every week with price and stock info.

I M Pei /JFK 2000 (new terminal in NY airport) — system for travelers to get
ground ransportation, etc.

Citcorp - InSite — has persona of financial counselor who guides through
development of payroll savings plan...also other employee benefits and human resources
applications

Earth Over Time: Boston science museum exhibit

Play Away, Please!; USGA museum exhibit

GTE
corporate research lab - telecommunications
Video Line service — list of TV shows and movies: you get a blurb about each one
and a clip from it (like Sneak Previews). also you can order the program and waich it
(replaces going to the video store). combines graphics and text, voice prompts.
TeleChess — mediates chess players in the process of correspondence chess. use
the telephone keypad to indicate moves. keeps the history and passes onio the next player
what the opponent; also can reconstruct the entire game at any time. each player can query
the system for info at any time. The principles here are genera! — could be used for
banking transactions, a history of stock trades, tax-return questions, health insurance
clairs, etc.

— 267 —



PROSPECTIVES

Carol Strohecker
Media Laboratory

Massachusetts Institute of Technology

The progress of current technology reviewed;

DT as a technology provider that is now becoming a solutions provider,
Patrick deCavaignac on the state of multimedia applications now in the US:
The picture of how the technology is slowly coming to be accepted is shaped by the
developers' search for appropriate markets, and their understanding of the users' reasons
for accessing the applications. QOutside of the training market, where employees are often
“forced” to use certain applications, acceptance has been slow. In airports, for example,
where everyone thought kiosks would do well, we have found that gift sales have not
found their niche in interactive technologies, though ticket delivery for frequent flyers
might be more likely to succeed. Why? People still aren't used to interacting with
machines on their own time — developers, in order to be successful, have to find a way to
change behavior. This is a fundamentally difficult thing! ATM is getting people into the
practice of relying on a machine for transactions they consider 1o be important; there is a
compelling reason for them 1o use the kiosk. So gradually, the everyday use of the
technology is becomeing more and more common. Meanwhile, the technology has
continued to evolve, so that the applications are more useful-and inviting. Developers can
now make use of the quick display of graphics and the exchange of information through
telecommunications, so the possibilities for different types of applications is expanding.
When you lave access t0 a large information base, as telecommunications and storage
media like CD-ROM allow, you can develop applications for which people have more of a
need. And when you can update that information through telecommunications, the
information can stay alive, growing with the public’s ever-changing needs.

Aside from the areas of education and training, many of the failures of the past ten
years can be attributed to the developers’ lack of understanding the public's need for a
compelling reason to use the technology. We don't need to regard it as a space-age play
thing anymore; we can make good use of it. :
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The technology in development;

Clarification of terms: "interactive” technology.

As Al computational techniques become better understood, and as parallel
processing on large machines is further explored, applications may become truly
“interactive.” But now, for the most part, they're not.

Research projects at the Media Lab:
Back Seat Driver
HDTYV research

Newspeak was an electronic newspaper hindered by 525 interlaced scan lines

2000+ lines, progressively scanned, can allow lots of readable ext
Paperback Movies

We have window systems with movies in them, running on a frame buffer.

(parallax board - digidzed video sream)

But PM are different in that they are digital, not analog. Image sequences are stored
digitally on hard disks or CD-ROMs. more flexible: can access the info in more interesting
ways, processing hardware allows effects.

Video Finger
Range Camera
Hi-Res "Yellow Pages”

progress in computer animation, computer holograms for 3D displays

Information & Entertainment Technologies
technology being developed, but experimentation now with applications is the key

* tousin g future technology well.
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ATHENA MUSE:

HYPERMEDIA IN ACTION

by David R. Lampe

Ithough educators have long been

fascinated with the prospect of
using computers to enhance the learn-
ing process, a number of barriers have
kept the promise from being fulfilled an
a significant scale. Until recently, for
example, computers have been too ex-
pensive for general use in an educa-
tional setting.

Now, however, the costs for more and
more powerful computers are plum-
meting, These new machines are
equipped with high resolution displays
that are capable of presenting the
sophisticated graphics and even digi-
tized full-motion video along with the
normal text and numeric data.

One of the greatest difficulties with
these new “multi-media™ workstations
is the problem of manipulating and
combining all of the resources that rhe
system provides. A skilled programmer
is needed to create even a simple appli-
cation, and the time required is often
prohibitive.

A team of researchers at MIT is
working to address this problem by
developing an experimental system
called Athena Muse. Muse is a “con-
struction set” designed primarily to
help MIT faculty develop interactive
video materials for undergraduarte
courses. It allows students and teachers
to develop complex presentations that
combine text, graphics, video, and
audio. With Muse, the elements of a
display are composed by writing them
out like a parts list or a menu, rather
than by following a complicated proce-
dure. In the longer term, this approach,
which minimizes the need for computer

programming, has broad potential for '

expanding the use of multi-media
workstations in a variety of fields.
Much of the work in educational
software at MIT is conducted under the
auspices of Project Athena, a major
five-year initiative to explore the poten-
tial of networked high performance
workstations in undergraduate educa-
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In one hypermedia courseware system
under development at MIT, not only
can students of neuroanatomy ask the
computer for detailed visual and tex-
tual information about the brain, but
the computer can test the students’
knowledge of the subject.

Photo: Ben Davis
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Mative French speakers in an inter.

active hypermedia program can en-
hance a student’s understanding of the-
‘subtieties of the language. Subtitles,

glossaries, and cultural notes stored in
separate files are available to the

;. student on command. Photo: Ben Davis

4 The MIT Report, February 1988
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tion at MIT. The Project began in 1983
when Digital Equipment Corp. and
IBM agteed to provide the Institute
with $50 million worth of hardware,
software, technical support staff, main-
tenance, and networking. [n addition,
MIT raised an extra $20 million to
fund curriculum development.

By the end 0f 1987, 135 projects were
funded. Nearly 80% of the projects
have called for some combination of
computers with other media such as
graphics or video for visualization of
abstract concepts.

Abour 450 waorkstations are now in
place in public work areas, student
living groups, laboratories, libraries,
departmental areas, and other special
sites. These machines are intercon-
nected via a campus-wide coherent net-
work that allows the different rypes of

_computers an campus o communicate

freely with one another. Among these
workstations is a cluscer of 32-bit
“Visual Workstazion™” machines which
are capable of combining full-motion
digirized color videodisk, cable televi-
sion, digital audio, high resolution
graphics, and CD-ROM,

A number of specific courses are cur-
rently under development that will take
advantage of these special machines.
They span such diverse fields as lan-
guage, neurcanatomy, mechanical
design, basic biology, and architecture.
This work is coordinated chrough Proj-
ect Athena's Visual Courseware Group.

The common element in the various
new courses is that they integrate sev-
eral media. According to Mart Hodges,
Visiting Scientist from Digital Equip-
ment Corp., Athena Muse is a valuable
software tool or “authoring enviren-
ment” for piecing together this
sophisticated courseware. “It’s the
equivalent of a multimedia word
processor thar allows freeform cross
referencing.” he explains. “It’s like an
erector set for building the most
common forms of educational
software

The design of the system is based




directly on the requirements of the MIT
faculry projects. It uses the basic struc-
ture of the “hyperrext™ and “hyperme-
dia” systems—those that atlow
extensive cross-referencing among a set
of interconnected “documenss™ that can
embrace such materials as video, audio,
and graphics. This approach is not
new; it was originally conceived in
1945 by Vannevar Bush, professor of
Electrical Engineering ar MIT.
Researchers at Brown University have
used the idea effectively for educational
sofrware, and in August, 1987, Apple
Computer Company introduced their
flagship “HyperCard" product builr on
some of the same technigues.

With Athenz Muse, the MIT re-
searchershave expanded the notionofa
document by making them “active™
instead of passive. This means that the
user can control or interact with the
material of any “document” presented
on the screen. For example, a user may
freeze a frame in a video sequence,
muke it go forward, backward, faster,
or slower on command before moving
on to ancther document, The docu-
ments can also pass messages back and
forth among rhemselves.

Thus, each document is actually an
independent dynamic system of arbi-
trary complexity. This means that cer-
tain classes of computer simulation can
be included as documents in the same
way as normal texr, graphics, and
video, In every case, the same cross-
referencing facilities can be used, 50 a
specific state or configuration of a
mathematical model can be linked to a
text or video document explaining that
situation. Integrating simulation in this
way with other forms of presentation
materials is one of the main objectives
of the Visual Courseware Group, since
it is hkely that such integrations will be
the most popular—and fruitful —uses
of the computer in undergraduate
courses,

Several innovative applications of
these dynamic hypermedia systems are
underway in the area of language in-

Programs such as Muse
* can play a significant role
in belping broader audiences
tap the potential
of the computer.

struction at MIT, Four courseware
projects — one each in German, French,
Spanish, and Japanese—are being
developed as part of the Athena Lan-
guage Learning Project, under the
direction of Dr. Janet H. Murray and
funded by the Annenberg/Corpora-
cion for Public Broadcasting Project.

The Spanish courseware, for exam-
ple, now being developed by Dauglas
Morgenstern of MIT’s Foreign Lan-
guages and Literatures section, is actu-
ally an interactive videa narrative
which creates situatiens in which stu-
dents can develop a deeper understand-
ing of the pracrical use and cultural
context of the languape.

Entitled "No Recuerdo™ { don't
remember), the story is set in Bogota,
Calombia. The student must help a
Spanish speaking scientist with amne-
sia locate a vial containing a genetically
enginesred amnesia-causing micro-
organism that poses a serious threat o
all of Latin America. To do so, the stu-
dent must guery the peopie they meet as
they wander through the city by typing
questions on the keyboard. These ques-
tions, and instructions typed by the stu-
dent based on his or her understanding
of the spoken responses, determine the
specific sequence of video clips
presented, as well as the ultimate out-
come of the narrative. The program
uses artificial intelligence to parse these
questions and commands, and thereby
determine the flow of the action.

[n a hypermedia courseware pro-
grarn being developed by Gilberte Fus-
stenberg, students of French help a man
lacate anew apartmentin Paris after his
girlfriend throws him out. A videodisc
contains a map of the quarter where he
lives, sequences showing several apart-

ments at various ocations, fleor plans,

of each apartment, and even sequences
showing the route to the apartments.
These segments allow the student to see
and hear the janguage in action,
presenting the gestures and facial
expressions as well as the sound and
intonation of French spoken by native

The MIT Repart, February 1988 E
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French. In addition to traveling abour,
the student interacts with fictional
characters, answers questions, and
even listens to phone messages recorded
by a phone answering machine.

Many of the video “documents” in
the French courseware are themselves
interactive. They can be stopped,
reversed, replayed, or skipped ar the
whim of the user. Video sequences can
also be accompanied by subtitles in
French—or any other language-~
which are stored in-a separate file. By
flagging an unfamiliar word in the sub-
titles, it is possible to summon up defi-
nitions from a glossary contained in yet
anather file. At some points, there are
also “cultural nores™ that provide
backup information on_idigmatic
expressions or historic locations, for
example. These are synchronized with
the video, and the student is offered the
option of inquiring further if desired.
All of the complex searching and
rerouting among and within the vari-
ous files and media is invisible to the
student, who controls the flow of infor-
mation by selecting varicus options on
the screen via a “mouse”

Work is also under way in. other
fields, A program designed for medical
and neuroscience students developed
by Research Associate Dr. Steven Wer-
theim ties together an iliustrated glos-
sary, a 3-D model of the brain that
makes it possible to view the varions
components of the brain from any
angle, a video of a brain dissection, and
a slide browser. In mechanical engi-
neering, a program is being developed
that will combine animations, motion
segments, a still-frame library, and an
expert system to teach the principles
and applications of mechanical
bearings.

One project in architecture will
center on a videodisc containing over
30,000 images from MIT's Rotch
Visual Collection of Boston Architec-
ture. Students and faculty will be able
to use the visual workstation as an

continued on page 12
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continued from page §
“electronic light 1able” that gives them
instant access to any combination or
sequence of images so they can make
stylistic or historical comparisons, for
example, of Boston architecture.

The geal of Athena Muse is to
encourage the development of more of
these highly flexible and versarile
educational aids by eliminating what
used to be a formidable programming
task. According to Hodges, setting up 2
hypermedia program with Muse rypi-
cally involves mainly filling in forms
presented on the computer screen. To
date, Hodges and his colleagues have
developed a working prototype system
that has already contribured to several
projects. They are now inthe process of
refining and expanding the program o
make it even more versatile,

Because they deal fundamentally
with data and how it can be retrieved
and organized, hypermedia systems
have applications far beyond educa-
tion. And programs such as Muse can
play a significant role in helping
broader audiences tap the potential of
the computer. “In the broadest sense”
Hodges says, “it gives someone with
knowledge in any parucular field entry
into the unigue and powerful means of
expression that the computer offers.”

B

Because they deal
Sundamentally with data and
how it can be ratrieved
and organized, hypermedia
Systems have applications
far beyond education,
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ultimedia is laking the educa.

tional technology community

by storm. Apple Computer
has made mullimedia 2 major focus: It
has established a research and devel-
opment lab devoted Lo its- study and
last year published 2 book on the sub.
ject. [BM's edycation division also has
announced that multimedia will be a
primary concern. Several rmultimedia
projects in educalion are receiving na-
tional attention. Even sollware publish-
ers see il as an important area [or
development,

That's not a question that can be an-
swered quickly. Of course the concept
of multimedia is hardly new; alter all,
lecture notes, a slide projector, and
some overheads, whitn blended togeth-
er. constitute multimedia. Bil as used
by today’s teachers, educational theo-
rists, cognitive learning experimuital-
isls. and computer hardware vendors,
the term “multimedia™ has laken on a
whole new significance.

Gafinitions o
Today, mutlimedia relers to {or can
refer to) nothing less than the integra-
tion of text. audio. graphics, still image
and moving piclures inlo a single, com-
puter-controlled, multimedia product.
“That's probably the most sophisti-
caled, high-tech version ol whal mult-

L

But what exactly is muitimedia?

media in education means today.” says
Fred D’lgnazic, the head o!f Multi-Media
Classrooms Inc. (East Lansing. Mich.).
the sell-described "Jobnny Appleseed
of mullimedia.”

“Bul there's also a more low-ech
concept.” he says. "In low-tech multi-
media, the computer is still an integral
component, bul net necessarily the
cantrolling plattorm.”

As an example of low-tech multime-
dia. Dlgnazic cites the lolowing stu-
dent project: lirst, using a video cam-
era, the students shool footage of a
poliuted river; nexl, using a computer
and a word processing and a graphics
program, the students create texi and
titles and visual special eflects for the
film footage. "By ¢onnecting the moni-
tor cutput with the video input, you can
even transler screens 1o the videa cam-
era tape.” he adds.

This how-lech mltionedin — jokondly
relerred 1o by D'Ignazio as “scavanged
multimedia™ — starls wilh a computer
(“any camputer, even one as small as a
Commodore 64"} and begins to gather
up other devices: tape recorders, TV
monitors, video cameras, laser printars,
music keyboards — anything, in lagi.
that you can plug a cord inlo and at-
toch tu sumething else.

“The point” DVignazio explains, “is
that nol every school can allord & Mac-
intosh lab. Thal's number vne. Number

two is thal you don't need to wait until
you ¢an aflord a Mac lab belore you
can start doing multimedia. That's why
| emphasize that teachers and students
be as invenlive as possible in customiz.
ing muitimedia (o accord with available
resources and with classegom needs.”

No question that low-tech multime-
dia is multimedia. And yet (with due
respect to Fred) something low-tech is
nut whal many people hsve in mind
when Lhey envisage multimedia in the
K-12 classroom. What Lhey have in
mingd is some combination ol: powerful
computers (Macs, I18M P52s, Commo-
dore Amigas, etc.), videodisc or com-
pact dis¢ players, TV monitors, gptical
scanners, audio cards, music synthesiz.
ers, etc., all linked together by powerlul
developmenial soltware [[or example,
LinkWay, rom IBM. or HyperCard, iroin
Apple).

An Example *

An example ol an innovalive multi-
media project is at New York's Bank
Street College, where rescarchers use
customized soltware in the C languape.
an 1BM PC AT, digitial video interactive
boards, a CD.-ROM player and more 1o
pruvide users wilh a truly multimedia
“expericnce.”

The “Palenque™ project is & proto
type developed by The Center {or Chil-
dren and Technology at Bank Sireet
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College of Education, in collaboration
with the David Samoll Research Center
in Princeton, N1

“Palenque,” explains Kathleen Wil
son, Lhe director of the project at the
college, "is the site of a Mayan ruin in
the Yucatan, The first thing we did was
go down to Lhe sile and lilm il—and
not just a panoramic view, Sut {rom ali
different views and angles and paths.
We [ilmed in 16mm mode, which means
that {or each step the cameraman took,
he also took a shat. Then the liim was
gdigitized, which means it can be booted
up on the computer. And because it is
digitized, the [(ilm is completely in the
contrel ol the computer aperator. IU's
like you're right inside the Irame. The
film can be stopped and starled at any
point, at any peint the direction or path
can be altered, at any point you can
click-on objects thal appear in your
path — say, a Mayan temple, and call
up more inlormation [about the tem:
ple), both visual, audile, and lext."

Palengue also has a map-overlay lea-
ture thal can be called up 1o show the
operator where he is in relation to the
entire site: there's even a dynamic ar-
row Lthat moves as the simulated walker
moves. There are simulated 100ls, 100,
such as a camera. By clicking on the
camera icon, students can “take a pic-
ture” of the screen, reduce il in size
and stere it in a simulated album

There are animation videa guides
that can be clicked on: a little Doy, who
provides travel tips and fun lacls; an
archeologist, who has a fund of infor-
mation on various aspects of the site;
and a teacher, who is associated with
the museum component of Palengue.

“In addition te the spatial aspect of
the program — which allows the user
to construct a simulated trek through
the sile,” says Wilson, “there is also a
thematic component, which is the mu-
seum. The museum has {our rooms: a
map room, a rain forest room, a Mayan
language room and a history room.”

Inside each room are various objecls;
monkeys, far example, in the rain forest
room. By clicking on the monkey icon,
a student can access in-depth informa-
tion, such as the several lypes of mon-
keys that inhabit the rain lorest canopy.
The student can then choose one ol
these monkeys ang receive more spe-
cilic information in the lorm of texl,
still images, film, and even audio. 8y
pressing the audio
icon the student can
hear how, lor in-
stance, the howler
monkey sounds.

Wilthout a2 doubt, a product like Pa-
kengue will generate a considerable
amount of pedagogical excitement.
Many teachers and educators cite lhe
benelits of tearning about something

through a variety of media, each of
which tends te reinlorce the other's
message, The flexibility and open-en-
dedness of the technology is alsc note-
worthy; teachers can cuslomize their
presentations as they deem [il, either
adding or subtracting information, or
varying the path by which Lhe inlorma-
tion is presented.

Perhaps most imporiani, the new
multimedia turns students inwo proac-
tive learners, since it gives them a leol
that allows them to immediately gralify
their inlellectual curiosity. And, as edu-
cators know, students are most dis-
posed to learn when they've [irst been
made curious,

Multimedia Yendors

Mol unexpectedly, vendors ol lhe
multimedia technologies are, if any-
thing, even more excited than educa-
tors. .

The makers of videodiscs and video-
disc players have been galvanized by
the prospecl ol al-
taching themselves
to the computer's
coatlails in the all-
important education markel, {(Video-
discs are weli suited Lo multimedia ap-
plications because one side ol 2 12-inch
disc can store 54,000 pictures along
with sterea audio and digilal data))
Soundly trounced by the VCR in the
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home enlertainment market several
years ago, many videodisc vendors had
‘been relegated to producing the hard-
ware on which to play discs containing
very elaborate slide repositories lor K-
12 lile-science classrooms, :

Suddenly the videodisc hardware
companies are (acing the happy pros-
pect ‘of vendor alliances with Apple,
IBM, and other computer makers, while
the disc makers are rushing to market
with exciting new products — like “The
88 Yore: Campaign for the White Hou-
se’' — specifically designed for comput-
‘er interaction. This disc contains ABC
new film lootage of the con-
ventions and debates with
anchorman Peter Jennings.

"One of the reasons video-
disc technolagy is so benefi-
cial in the classroom,” says
Pam Herber, communica-
tions director lor Optical
Data Corp., Warren, NJ,,
which, in conjunction with
ABC News Interactive, has
produced The B8 Vote, "is
that the teacher has com-
piete control over the medi-
um. 1t's easy {o start, stop,
reverse, "etc., and you can
jump inte the frames at
whatever point you wish,
And of course there's the vi.
sual learning component.
Cognitive research has
shown that presenting an
Image In conjunction with
talk or text really reinforces
the [eaming.”

Soltware publishers, too,
are looking into the possibil-
ities of multimedia. “Multi.
media {s obvicusty a very
hot application In the
schocls,” says Diane Rapley,
director of marketing ser-
vices with Broderbund, “and -
we are Interested in develop-
ing producls appropriate to
that area” Both HyperCard-
and LinkWay-campatible
products are in the works at
Broderbund; already avail
able are products like VCR Companion,
which uses the computer to create ti-
Ues and special elfects for videatapes;
and The Whole Lanth Calalog, a CD-
ROM product, which, in addition to
text, features bird calls and wvarious
sound eflects.

Scholastic' Software has just pub-
lished a number of products with multi-
media applications, says Peter Kelman,
vice president of soltware-develop-

-ment. “Sfide Shop and Super Story
Tree,” he. says, "] -would describe as

low-tech multimedia applications. And’

try that | mean that they can run on
Apple Ils [Scholastic is planning to in-
troduce MS-DOS versions of these pro-
grams in the future}, and you don't
need a videedisc player.

“Siide Shop allows you to creale pre-
sentation programs with text, sound,
some voice, graphics, animalion and
special elfects — the result is [ike a
computer version of, say, a TV com-
mercial with special eflects. But the
neat thing is you can replay the disk
created in another computer — without
the Stide Shop program. The other pro-
gram, Super Stary Tree, allows you o

EW CATEGORY OF VENDOR —
"CONTENT VENDOR.

create individualized stories by branch-
ing through sequences of various
scenes, graphics, and sound effects that
are grouped under various themes. For
instance, ghost stories.”
Computer-based, videodisc multime-
dia has also. crealed an entirely new
category of vendar — the “content ven-
dor,” a term used by some people inter-
viewed {or this article. Content vendors
are the owners of all those images. ilm
strips, mavies, newsreels, etc., that will
be used to provide filling for all those
empty .frames inside the videodisc.

1

(Contrast that with the Palenque pro-
ject at Bank Street, where researchers
shot their own film.) Content vendors
are going to come {rom all over, and
Apple, reporiedly, Is already negoliat-
ing with 2 number of prime ¢ontent
suppliers (Lucas Films: NOVA, the PES
nature program, etc.), ABC News, with
Its 8§ Vore product, seems to have
lound a profitable use for all those ¢ld
news stories in its film libraries. 11 the
multimedia technology really takes off,
there may be 2 new answer to the age-
old question; Who wants yesterday's
paper?

The Computer Yendors

Of course the most excit-
ed group of vendors, per-
haps, are IBM and Apple, ri-
val developers of the media-
linking software, LinkWay
and HyperCard.

Although LinkWay was
just released in February, Pe-
ter King, senior producl ad-
ministrator, IBM educational
systems division, says it is
already in place in about 60
schools sites. "Educatars are
exploring how the product
can and will be used,” says
King, “and how use will al-
fect the product. A number
ol commercial applications
are also being developed by
soltware publishers.”

One such commercial ap-
plication, from Alexandria,
Ya:based Mobius Corp, 2
software developer, is called
KidsWay, “KidsWay, which
we are currently lesting in 2
number ol sites,” says Baxter
Burke, Mabius' director of
business development, “sup-
ports a number ol software
packages — such as Fanras-
lic Animals, from Bantam
Soltware, and Mixed-Up
Mother  Goose, from
Sierra — with voice and
graphic cues, so that even a
very young child can access
and explore the scltware independent-
Iy” The recommended configuration
lor KidsWay is two 1BM PS72 Model 25
computers with speech and color mon-
itors sel up side-by-side,

As for Apple, well, it's no exaggera-
tion to say they've gone hyper over
HyperCard. In fact, during the month ol
March, Apple’'s multimedia personnel
were kept busy scurrying up and down
the West Coast giving full-day seminars
on the new technology: covering what
multimedia means, what it does, the
business implications, providing hands-

.28 « ELECTRONIC LEARNING - JUNE'158%

— 275 —




on demonstration — but not for educa.
tors, lor bie commercial press!

Apple has also established a mult-
medie R&D lab in Sausalito. Calil.

"What the multimedia lab ieam is do-
ing." says Paul Jurata, Apple’s K-12 mul-
timedia ranager, “is creating what we
call ‘design examnples’ that will demon.
sirale how multimedia products can be
integrated into both educatien and
business. For a design example, lor in-
stance, we would be working with a
content provider, say, NBC Mews. We
would select [rom their contenl and
then add to that selection pedagogical
and cumriculum tools. The end-preduct
wauld be a commercial piece of stack-
ware, with a data base, a per-
sonal authoring system, and
some tools that would allow
the user lo go in and manip-
ulate the data in various
ways to generale reports,
presentations and lectures.”

“Picture something very
open-ended,” he adds,
“something easy 10 use, easy
to change around the data
base materials, easy to add
your own materials.”

Grapevine and Beyond

Grapevine, created by Pat
Hanlon and Bob Campbeil,
teachers at Lowell High
School in San Francisco, is
one of the prototype mulbi-
media stackware programs
which the multimedia lab
has had a hand in helping
develop. Grapevine (see
“Heard t, Read It, and Saw It
on Lhe Grapevine,” Elecrronic
Learning, May 1983) locuses
on US, history in the 1930s.
Using a Mac, a laserdisc’
player and HyperCard,
Grapevine correfates some
30 Depression-gra topics in
the lorms af essays, phota-
graphs, songs, text, film foot-
age, and voice nartalion.

“Grapevine is one ol the
design models which the
multimedia lab is currently
looking at," says jurata. “The
point where we are with that prod-
uct — as well as with a number of oth-
ers — is trytng to determine what it will
take Lo bring it to market, For instance,
whal are the most appropriale distribu-
tion channels, What sort of training and
support wilt the products require. And,
perhaps most important, how do we ga
aboul securing the rights to some of
the materials that are incorporated in
-Grapevine — materials which may not
be in the public domain.”

In ather words, who are the content
vendors of record and what will it take

o1 them to release their property lor
presentation in the Grapevine product?
The imporiance of dealing with con-
tent vendors up {ronl, belore the pro-
ject gets off the ground, becomes ob-
vious —— which is precisely why Apple
is currentty negoliating with a number
of important content vendors. K
Once multimedia stackware becomes
commercially available, says Juraia,
teachers will have a multi-purpose tool
Irom which they can either: 1) con-
struct their own iessons and Courses,
using the authoring program and treat-
ing the data base as an enormous grab-
bag af related maierials in a varicty of
media; or, 2) present muitimedia les-

:NEEDS REINVENTING.

sons which have been in eifect pre-
programmed into the commercial mu.
umedia package.

“Most teachers won't have the time
or the Inclination to construct their
own tours through the multimedia data
base " says Jurata, “slthough for those
teachers and students who want o, the
tools will certainly be there. But for the
teachers who don't want o do their
own navigating, there will be pre-struc-
tured lessons already In place. And
these lessons will also be modiliable, in
case the teacher wants to change the

lesson around a bit, or add some new
malerial.”

Jurata also suggests that the current,
box-encumbered avatar of multimedia
[computers, videodise players, several
kinds of moritors, scanners, etc.} may
be merely a transitory stage.

"Ultimately,” he says, "I'm nol sure
tha! the full-blown workstalion {a com-
puter attached to numeraus devices, as
mentioned above], with a student
plugged into the center ol all these
flashing screens and keyboards, is the
unavoidable destiny of the classroom.
What will happen eventually is that all
the multimeadia eflects will be ported to
the computer — text, graphics, sound,
images, even maving images
and animation. The comput-
er will handle these media
Just as !t now handles text
and graphics. That's 2 ways
away of course, but the ult-
male multimedia Integration
will cccur inside the com-
puter.”

Term Papers

Computer-controlied mul-
timedia sounds wonderfully
exciting; it provides teachers
with a wealth of information
in a variety of lormats which
they can structure, add to, or
simply play out in pre-struc.
tured forms. Teachers who
have seen multimedia in ac-
tion are properly enthusias-
tic and can usually ratte oflf
a number of educational ad-
vantages directly linked to
multimedia. '

"For ane thing.” says Joe
Holmeister, computer coor-
dinator at Cin¢lanaud Coun-
try Day School {Indian Hill,
Chio), "multimedia allows
you to re-invent the term pa-
per — which Is something
that bolh students and
teachers agree badly needs
re-inventing.” ’

A prime example of the re.
Invented term paper s Craig
Holmeister's {yes, Joe's 10Lh-
grade son) “Hannibal Cross-
Ing the Alps.” composed In the Day
School's Mac lab using HyperCard. (n
addilion to text concerning the intrepid
Carthaginian's invasion of ltaly (on ele-
phants!), young Hofmeister's “paper”
leatures maps, graphics, moving arrows
lo show routes, and even sound ef-
facts — such as the trumpetings ol
weli-chilled pachyderms.

Suddenly term papers at Day School
became not only fun to do, but even fun
to read, and correcl. And not enly fun,
since the "stacks" (a8 computerized ver-
sion of a card file used In HyperCard) J
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of inlormation in Holmeisler's term pa-
per aren’t simply miscellanies of ran.
domly gathered Hannibaliana: rather,
the slacks are designed to explore is-
sues in greater and greater depth as
one proceeds through them.

When Apple personnel saw “Hanni-
bal Crossing the Alps.” they got so ex.
cited. says Joe Hofmeister, that they
made 5000 copies of the program far
their account executives 1o use as
demaos.

Nancy Fogelson, a history teacher at
the Country Day School. was also excit-
ed by Hannibal.

“Nancy Fogelson;" says Holmeister,
“who by the way s a baltle-scarred
veteran of the classroom | |

come educationally moribund for some
teachers and sludents, like the term pa-
per, and make it not only exciting but a
real Jeamning experience. In addition,
multimedia seems 1o make students
inlo pro-active leamners. not passive re-
ceptors — the kids, alter all. have to
take the initiative in lollowing the
paths, and clicking into the slacks. The
multimedia format also means that
multiple leaming styles wil! be stimu-
lated, with each reinforcing the others,

As Nancy Fogelson lound, the tech.
nology both encourages research and
helps develop research skills. And since
students usually have to team up when
they're building Lheir stacks (al least

tegether to problem-solve. T
"What the workplace won 't resemble
is passive bodies silting there while the
boss telis them what to do, how 1o do
it, and then walches them while they da
it.” D'ignazio adds. “Since you're going
16 have to be proactive in your work-
lile, why not slart out as a proactive
learner in school? And multimedia is an
ideal facilitator of proactive learning:”

Are There Problems?

But is multimedia therelore the per-
lect education technology? is there
nothing even slightly equivocal about
it? Marginally disquieting? Or should
we al! just plug all our students right

into multimedia?

wars and by no means a
computerphile, was desper-
ately looking for ways to get
her kids excited abou! study-
ing hislory. For too many of
her students, history was
pure torture — they just sat
there dead in the water, day
alter day. But with Hyper-
Card and multimedia, she
$aw 3 way lo put power and
toels into her students’
hands, to help transiorm
them from nole-takers into
historians."

Into a well-stocked multi-
media lab (Macs, scanners,
CD-ROMs, laserdisc players,
digitizers) strode Fogelson's
young history-phobes. Divid.
ing the ¢lass into teams of

three, she set them the task idie

ol campiling multimedia

data on selecled topics in Ld

the history of World War 1.

“Suddenly.” says Hotmeis.
ter, “kids who had been
sleeping through hislery be-
came avid compilers of mul-
timedia information, They
actually get turned-on 1o do-
ing research. And because the team's
stack has 1o be more than a grab bag of
information, the students are obliged to
seek connections among the informa-
lion nuggets. Stacking has become
shaping.”

Its Advantages i

Similar instances of motivaled slu-
dents, excited teachers, and nilty appli-
cations can be multiplied ik more and
more classrooms with relative ease;
and as thal occurs, pedagogical excile-
ment can only grow,

And with good reason. Multimedia
technalogy olfers traditional pedagogy
some sorely needed pizzazz. For exam-
ple, multimedia can, as Joe Halmeister

What would happen, |
wonder, should an educa-
_tional curmudgeon, an edu-
cator of the old scheol,
come upon a student
plugged inte a multimedia
workstation? How would he
interpret what he would be
seeing: text, graphics. film
snippets, still photographs,
cartoon peaople talking in
cartoon voices, sound el-
fects, moving maps. the
whole nine yards ol bells
and whislles? Would he say,
our curmudgeon, "Wow!
That's education!” Or would
he say, "Well, it's all very im-
pressive, but isn'e it all just
fooling? Is there really any
educaling going on here, any
learning? Or isn't it all sim.
ply entertainment, jusl

D 0 it on t
d g d 2 Maeintosh, &
; Y 1 SeTtwan .
0 d save oUus
omDo d atio 4
o AUl bration
d'g p R T ed &)
' lll . " Iﬂ{l‘” :‘T

until the day when the average school
system can alford a workstation for
€ach student), they are also learning
coaperative problem-sotving—a skilt
students may lind of particular use dur.
ing their work life.

"Cne of the most imporlant develop-
ments that seems to be emerging from
the accumulation of multimedia tech-
nologies in classrooms,” says Fred D'lg-
nazio, "is the Tool School' concept,
where the learning environment mi-
mics the workplace environment as it
will be in the 1990s. Uniortunately,
mast of the educational computing kids
do now will not al il rellect the com-
puting they will be doing on the job.
Computing on the job in the '90s will be
multimedia, il will be groups working

— gasp! — television?"
“Well, without congeding
that your curmudgeon is
correct,” says Kathy Wilson
ol Bank Street, “let me olfer
this counter argument: One
of the major dilliculties
teachers lace is motivaling
their students. And that's the first thing
that must be dene il learning is to ot
cur, Unquestionably, multimedia moti-
vales kids — even the learner-phobic.”
“In certain ways,” says Rebecca Cor-
win, associate professor of educalion at
Lesley College in Boston, “lhe curmud-
geonly view may be true. True,in the
sense that entertainment can be what
multimedia is allowed to dwindle inlo.
It's important, thereiore, for the teacher
to emphasize that using mullimedia is
nol recess. but a way ol learning.
"However,” Corwin continyes, "I
thirk the analogy with TV is a bil olf the
mark. TV, basically, is a passive medi-
um; you turn it on, and then TV does all
the work. But multimedia, il it's realty
placed in the hands of the students,

Lobserves, take something that has be-
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demands activity and the making of
choices — or tlse everything just
siops.”

There are other caveals, as well,
though these address the way the tech-
nology is implemented rather than the
technology itsell,

Some tleachers are troutled, for ex-
ample, by what pther teachers see as
multirnedia’s prime benelit: its appeal
to viswal learning. Especially. troubling
is the claim by some that multimedia
helps students who don't like to read
{or who don't learn from reading). By
using multimedia the reader-phobe can
produce some interesting and valuable
work, from which he will have learned
~ something. But il multimedia is allowed

to substitute for the text and the library
(a hypothetical sitvation that would
probably never oceur), then, lar from
solving a problem, il's abetting an edu-
cational dysfunction, Even in the muilti.
.~ media workplace ol the '90s, Johnny
will stil! have to know how to read,
Another criticism addresses one ol
multimedia's glories: it's evident ability
to stimuilale and facilitate in-depth
learning, Those student teams of Nancy
Fogelson's, for Snstance, may end up
knowing more, about the Balile of the
Mame, say, or zbout the evolution of
the tank than even the teacher knows,

But how rmuch will they have grasped

aboul World War ] as
a whale? In [oslering
depth of learning,
which the- technol.
ogy does admirably,
might it nol sacrifice
breadth?

“That may be
something to walch
for” Joe Holmeister
agrees. “In fact, when
Fogelson gave her
students a compre-
hensive exam at the
end of term, she found that, on the
whole, the kids did so-so. However,
each student aced that particular par-
tion ol the examn that deall with his
particular stackware area.”

(It's fair to note, at this point, that
Nancy Fogelson hersell is under no illu-
sions about muitimedia as a simple
substitute lor comprehensive teaching.)

The tnessage here, of course, is not
that the technology is pedagegically in-
valid, but that the teacher must be a
teacher, must exercise vigilance and
make sure that every studenl is getling

the comprehensive picture, The danger.

lies in getting caught up in the delight-
ful concept of empowering students 1o
do their own learning.

"Students should be the navigators
through the mullimedia package,”

3 croson Press Bedmond; e 3
_(205) 652 aosa-ﬁﬁ

agrees Mary Alice White, director of the
Electronic Learning Leboratory at
Teachers College, Columbia University,
New York, but "what you dont want is
just 2 Jot of random learning about a
given subject. You want a presenlaticn
that has some built-in direction; some-
thing that feads the student {rom one
lmporlanl piece of inlormation to an-
olher”

It will be the job of cducators who
use this extraordinary tool— multime-
dia — to make sure studenls do com-
prehend the larger subject they are
studying. Because Ii used properly,
multimedia technology could have a
very posilive impact on Jearning. K

— Robert McCarthy is a Weehawken,
). .-based freelance writer.
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EDITORIAL

The Scientific Community of Europe

| am happy to introduce the second issue of the common
CWI-GMD-INRIA Newsletter. It is the evidence that our com-
mon willto strongly interact and coordinate cur actions has led
to a process which is entering into a mature phase.

Needless to stress the importance of common research
actions in the building of this cooperation, The ESPRIT pro-
gramme, by nature, is an excellent vehicle to carry such ac-
tions. Both in ESPRIT 2 and BRA, the three institutes are par-
ticipating in common projects. A representative selection of
them is briefly described in this issue. Many of them were
already under way even before the decision of the three
organizations to coordinate their scientific policy.

This shows that there was a deep and natural motivation
among the research teams to cooperate, Thus, the desire of
the institutes to strengthen their links is by no means artificial
nor opportunistic. But the European Single Market brings a
new challenge, namely that scientists of Eurcpe consider
themselves as members of the same scientific community.

When this goal will be achieved, the European industry will

have access to a major source of innovation as well as to a de-
manding market, exactly as the American industry in regard
with the American scientific community.

We should go as fast as possible in this direction. The
activities described in this issue are an important step to fulfill
this objective, but a lot remains to be done. We are aware of
this and we shall take new initiatives in the future. Issues to
come will present them among other things.

- Afain Bensoussan

COOPERATION

European National
Research Centres in the
Field of Computer Stience
Prepare for Europe 1992
and Beyond

Computer scientists from The
Netherlands, the Federal Republic
of Germany and from France have
decided to increase their research
impact by setting up a long-term
European cooperation, Three
national research Institutes, the
Centrum voor Wiskunde en
Informatica (CWI), Amsterdam,
Netherlands, the Gesellschaft fir
Mathematik und Datenver-
arbeitung mbH (GMD}, Sankt
Augustin, Federal Republic of
Gemany, and the Institut National
de Recherche en Informatique et
en  Automatique ' (INRIA),
Rocquencoun, France, formally
agreed on a long-term research
cooperation on April 13, 1982 in
Sankt  Augustin,  Schloss
Birdinghoven.

The agreement outlines a joint
understanding of CWI, GMD and
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Sighing Lthe “Agreemenl on
Sclentiflc Cooperation': (from left)
Prof. Alain Bensoussan (INRIA),
Friedrich Winkelhage (GMD),

Prot. Cor Baayen (CWI)

INRIA in the Nelds of computer
science, applied mathematics and
information technology. It makes
precise the ghjectives of a cooper-
ative strategy for strengthening
rescarch and development in these
fields. This joint action pro-
gramme is initiated 10 ingicate the
relevance of the planned coopera-
licn for technology and society,
but also Le meet the challenges and
oppertunitics of the Single
Europecan Act. By 1993 the
European Communily will become
even mere a raality as o political
and ceenomic entity, This develop-
ment ab the government level wilt
hive a4 major impact on research
management, strategics and struc-
tures in many Nelds of seicnee.

The three organizalions wanl (o
actively panicipale in this process.
They are convineed thal they will
improve their ability 10 better cope
with the ¢changing environment by
cumbining their ciforts and com-
plementing their liclds of research,
It will, at the same time, enhance
their contribulion 1o the rescarch
community and Lo the Curopean
nalions in general.

On the eccusion of the second
series of joint workshops held on
April 13/14, 198S (Programming,
Graphic Interlaces, Concurrency)
CWl, GMD and INRIA agreed to
put iNto practice cssenual pans of

— 280 —

their joint action programme by
the end of this year:

- 10 offer a fcllowship pro-
gramme for ouistanding scientists
from European countnes;

- lo prepare an advanced train-
ing programme for special indus-
1rinlf academic [arget groups as a
contributien 1o technology translcr
from research 1o the indusirial
environment;

- 1o publish a joint quarierly
newsletter, deseribing ongoing
joinl projects and other activitics
of the three panners.

The three partners also agreed
on o4 new workshop scrics in
December 7/8. 1989 ar INRIA in
Pars, {ocussing on sccurityferyp-
tography, VLSI design and sofi-
ware [or parallel compulers.

A Sranding Commitice and
several task Torees ol the three
piartners were csiablished to pre-
puarc and coordinate the various
Joint actions on an ongoing basix.

CWI, GMD and INRVA fiave
pocled their resources 1o promote
R & D in compuler science, mfor-
mation technology and related
mathematics 1© make o substaniial
contributicn for shaping the future
European research and technology
markct. They arc open to similar
research centres in other EC coun-
tries 10 join in and support their
cflorn.




The membets of the three warking groups meet at Schioss Birlinghaven
Photos by Slegirled Monch

ESPRIT PROJECTS

ATMOSPHERE - Improving
Software Tool Production

OMD - The ESPRIT Il ASEE
project ATMOSPHERE was offi-
cially started on March 1, 1989,
ATMOSPHERE {Advanced
Techniques and Models of System
Production in a Heterogencous,
Extensible, and Rigorous
Envirenment) was approved by the
EC for a one year definition phase.
Total budget for ATMOSPHERE's
first year is approximately 6
MECU, half of which is funded by
the EEC,

From April 17 1o 21, 1989 rep-
resenlatives of Lthe participating
companics and institutions from 13
nations (among them (wo EFTA
countries) met in Garmisch-
Partenkirchen for o starnup work-
shop. 1t was inteneled Tor the coor-
dination ol the project work and
lor getling to know the parthers.

The project goal is 10 suppon
system engineering by the devel-
opment of appropriate, stndard-
ized methods and Lools, Svstem
cnginecring covers all Lasks neces-
sary for the design of o comiplete
compuler sysiem inchuding hacd-
and soltwure. Svstem engincering
is the generie lerm fur require.
ments engincering (ERAE, FOR-
EST), design engincering (SDL.,
COLD, HOOD;), softwarc cnyi-
neering (VDM), hardware engi.
neering (DACAPO), sysiem allo.
cation and system integration,
System Engineering is vicwed as
comprising three stages: svsiem
requirements analysis; high level
functionality (both technologically
independent) and transformalion
into implementable designs. The
existing methods, given in paren-

- theses above, are considered and
advanced by the panners of the
ATMOSPHERE consortium, con-
sisting of seven main pariners:
Siemens, Buil, SFGL, ESF, GEC-
Marconi, Nixdorf and Philips.
System allocation focusses on the
question whether 10 implement
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companent in hard- or in software.
Besides the more technical
development ATMOSPHERE also

addresses the organizational
aspecis of system engineering like
project and product management,
quality assurance, and documenta-
tion. The developed tools will be
integrated into a system engineer-
ing environment on the basis of the
PCTE operating system.

The GMD Research Group for
Program Strucmures in Karlsruhe is
in ATMOSPHERE subcontractor
of Siemens and Philips. GMD con-
iributes program generators for the
construction of system engineering
tools. First, this is G2F, an editor
genecrator for lwo-dimensional
graphical formulas. G2F is suitable
for the construction of uniform
graphical user interfaces. Secondly,
these are the foliowing newly
developed compiler construction
wols: the scanner generator Rex,
the parscr generators Lalr and Ell,
the gencrator for abstract syntax
trees Ast, and for semantic analysis
the atiribute grammar tool Ag.
Within the project there will be a
portation of the program genera-
tors to the PCTE operating system,
They will be improved and validat-
ed by using them in several appli-
cations.

CWI Subcontractor

CWi - Starting March 1990,
CWI will participate in ATMO-
SPHERE as a subcontractor of
Philips with the following activi-
ties:

- Venfication of SDL programs.
We will use the algebraic frame-
wark ACP (Bergstra & Klop) in
the verification of SDL. programs;
in particular a number of case stud-
ies will be performed on the basis
of SDL programs supplied by
industry.

- The study of modularization
issues. Module Algebra (Bergsira,
Heering & Klint} gives an
axiomatic, algebraic calculus of
modules which is based on the
operators combinationfunion,

expoert, renaming and laking the
visible signature, We will investi-
gate how modularization con-
structs. can be added tc or
improved in VDM, SDL and
COLD, using and extending
Module Algebra.

Please contact: Jotef Grosch,
+49 721 6622 24,
ermail: grosch@gmdka.uucp

Please conaci: Jos Baeen,
+31 20 592 4008,
email: josb@cwinl

ITHACA - Integrated Toalkit
for Highly Advanced
Computer Application

INRIA - The ITHACA project
aims to develop an integrated
application supporl sysiem, based
on object-oriented techniques. The
sysicm will consist of the follow-
ing components:

- a stricily 1yped object-oriented
language, with its compiler and an
interface with a database systcm
allowing object persistency:

- & st of predefined classes
allowing rapid development of
office or CAD applications. It con-
tains, among others, a generic
office model.

- CASE 1ools, such as browsers, -

editors, and a User Interface
Management System;

- an application suppori envi-
ronment: task manager, support for

collaberative work, support for”

multi-media communications, and
a help and information system.

To demonstrate the usefulness
of this environment for rapid
development of applications, three
different "demonstrators” will be
developed in three different areas:
CAD in chemical industry, finan-
cial managing and public adminis-
tration.
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INRIA participates in tLhe
design and development of User
Interface tools (UIMS, interface
cditor) and is responsible for the
design of the help and advice-giv-
ing systems for end-users.

Please contact: Alain Michard,
+33 93 657 810,

email: michard@captain.inria.fr

PHOENIX - Logic and
Functional Programming
Paradigms

GMD - The ESPRIT Basic
Research Action PHOENIX was
started in April 1989 at the GMD
Research Group in Karlsruhe. 1L
will carry out a coordinated
rescarch programme into the tech-
nologies involved in integrating
and extending the fogic and func-
tional programming paradigms. In
this project, GMD cooperates with
the Imperial College of Science
and Technology (Prof. John
Darlington), London, and the
University of Nijmegen (Pref,
Cees Koster}.

Functional and logic program-
ming languages are typical expo-
nents of so-called declarative lan-
.guages. In contrast to imperalive
programming languages, they have
many advantages: they are mathe-
matically founded, show a great
descriptive power and are very
close 1o specification languages,
programs are easy 10 analyze and
10 manipulate, and they are well
suited for execution on parallel
architectures, But software tech-
nology did not yet arrive at a full
exploitation of these advantages.

The PHOENIX project atms at
enhancing and integrating existing
technologies towards a more cffec-
tive and more efficient availability
of both programming paradigms to
software development. The
approach is a hierarchical one




which investigates three levels in
parallel:

- At the language level, inte-
grated language concepts including
their formal description will be
developed. They will unify dilfer-
ent concepts of both paradigms
into one language framework.

- At the transformation and
refinement level, techniques for
program analysis and transforma-
tion will be developed.
Investigations will address trans-
formations of programs into more
efficicnt programs of the same {an-
guage and into programs of a sim-
pler subset of the language allow-
ing a more efficient implementa-
tion.

- At the implementation level,
implementation concepts for inte-
grated functional/logic languages
will be devcloped based on
abstract machines. At all levels,
aspects of parallelism will be con-
sidered. The hierarchical
approach allows an optimal con-
sideration of interdependencies
and influences between the difler-
ent lovels.,

Pleasc contact: Roland Dictrich,

+49 711 66 220,

email: dietrich@kaslsrube.gmd.dbp.de,
diclrich@ gmdca.uucp

ICARUS - Incremental
Construction and Analysis
of ReqUirements
Specifications

INRIA - The ESPRIT Il project
ICARUS is a project with a man-
power of 120 m/y and is inlented
to last for 5 years, Four counirics
arc involved, with 3 industrial and
3 academic partners:

- Philips Research Laboralory
Brusseis {PRL.B}, main contracior
(project leader Pierre Wodon);

" - Alcatel Standard Electrica
(SESA), Madrid (with subcentrac-
tor TEICE, Madnid);

- Universidad Politcenica de
Catalunya, Barcelona;

- Laboratoire de Marcoussis,
groupe COE, Orsay,

- RELEACE, Dublin;

- Faculté Universilaire Notre
Damc de 1a Paix, Namur,

- INRIA-CRIN, Nancy;

- SEMA-GROUP, Montrouge.

The project is concerned with
the study of formal methods and
the definition of sofiware tools for
building and reusing requirement
specifications.

In brief, requirement engineer-
ing (RE) is the activity of investi-
gating thc customer's nceds in the
conlext of a sofiware development
project. In order Lo be more pre-
cise, a distinction must be made
between specification of the
requirement, which describes func-
uonak and non-functional proper-
tes of the syslem and of ils envi-
ronment, and specification of the
design, which descnbes the syslem
alone for the henelit of the sofl-
ware engineers. There is no doubt
that requircment engincering is a
very sensitive arca of sofiware
development, because it takes
place carly in the project’s hislory
and its crrors are often discovered
too late.

The siudy of formal methods
for requirement specificalion dis-
unguishes three levels of concems:

- the specificaiion product
which is the description of the
desired system in its environment
("what"y;

- the speccification process
which is the organized sct of activ-
itics (choices, decisions, transfor-
malions, ...) by which the specifi-
cation is produced ("how");

- the specification rationale
which is the set of rcasons that
have led to the choice of a panicu-
lar process ("why"),

The aim of ICARUS is to pro-
pose an original approach to
requircment specification, close to
several projects, in particular the
ESPRIT! projects TOOLUSE and
REPLAY intended 10 study Lhe
dervation of products at the design
and code tevel.
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As the three-level problem in
RE has not been addressed yet,
some restriction on the scope has
been made in considering function-
al and perfomance {e.g. real-time)
requiremcnis.

The development of the project
will take place along the following
lines:

- Study of the real world prac-
tice 10 get deep insights in the RE
process and rationales. The experi-
ence of the industrial panner will
be here very imponant.

- Formal concepts, formal lan-
guages and a theory for modeliing
specification products, processes
and rationales at these three levels
must be defined. It should be noted
that a formal method is not a way
of restricting the creativity of engi-
neers. [L aims at giving them
means for reasoning on their work,

- Putting RE mcthods inlo prac-
tice will be ensured by the devel-
opment of a prowtype of an inte-
grated RE environment suppering
such methods actively and by the
performance of realistic case stud-
ies. The environmenl will be
based on a process-driven RE
assistant integrating active analyst
guidance, consistency / complete-
ness checking, specification visual-
ization and prototype generation.
The development of soltware (ools
will try to reuse versions of exist-
ing toois like PCTE, PACT. GIPE
or GRASPIN. Industrialization
will proceed incrementally, using
the panticular procedures of cach
participant.

Participation of INRIA in
ICARUS is estimated to 17
men/year, 1t concerns the central
task of defining a formal and lin-
guistic framework allowing to
express the three levels, including
real-time constraints. [NRIA is
also involved in the conception
and design ol the environment, in
the development of some speciat-
ized 100ls and for a lesser part in
case-studies,

Please contaen: Jean Berre Finance,
+31 81912112,
email: finance@iona,crin.fr




REX ~ Reconfigurable and
Extensible Parallel and
Distributed Systems

GMD - Within the EC ESPRIT
Research Programme, the project
REX was started at the GMD
Rescarch Group for Program
Structures in Karlsruhe on May 1,
1989. Ten research organizations
and industrial cnterprises from
France, the Federal Republic of
Germany, Greece and Greal Britain
will cooperate in REX,

The REX project will develop a
methodelogy and support tools for
the development and management
of parallel and distributed systems.
The emphasis of this project is on
the support for reconfiguration and
exlension in order to exploit the
paraliclism available in distributed
and multiprocessor hardware and
the parallelism inherent to the
applications. The noticn of the sys-
lem as a configuration of modular
softwarc and hardwarc compo-
nents will be used as the frame-
work reseuarch objectives.

System specification
and modelling

Development of a specification
methodology to express struclure
and behavicur of distributed and
parallel systems and to guide the
activities to construct and (re)con-
figure them.

System programming

Development of adequate lin-
guistic support for the design of
software components with a high
degree of parallelism, for asyn-
chironous communication and for
real-time processing.

Methods

The provision of development
methods for the systematic con-
struction of software for distribut-
ed architectures. ‘

Analysis and evaluation

The provision of techniques and
tools for the analysis and valida-
tion of sysiem behaviour and per-
formance.

&

Dynamic configuration
and reconfiguration

Graphical and linguistic support
for the description, construction
and evolution of systems based on
the (re)configuration of sofiware
components, their interrelation-
ships and allocation to the hard-
ware configuration.

Runtime support

Tools to support sofiware com-
ponents and systems during run-
time and to enable their {re)config-
uration, including monitoring wols
for timing analysis, load balancing,
and rcconfiguration,

Demonstrator applicatiens
Realistic examples from the
industrial automation and telecom-
municalions areas are integrated,
thus showing the feasibility of the
REX approach and the practicabili-
ty of the developed wols. They
will also serve as a basis for the
interchange of technology and
industrial requircments among
research and industral panners,
The GMD Research Group in
Karlsruhe mainly witl be involved
in the research for specification
lechniques and language concepls
with special emphasis on paral-
lelism and on communication in
cooperation with partners from
industry and research institutes.

Please contact: Clemens Kordecki,
+49 721 6622 11,
email: clemens@Xxarls ruhe.gmd.dbp.de

DEMON - Basic Research
for the Design of
Concurrent Systems

GMD - The ESPRIT basic
research project DEMON staried
in Apnl 1989 and planned to end
in Scptember 1991 is part of the
new EC programme for basic
research in information rechnolo-
gy. The objective of the project is
to explore important theoretical
issues involved in the formal rea-
soning aboul concurrent systems
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and 1o develop a formal framework
supporting the design and verifica-
tion of large concurrent and decen-
tralized systems. Computer scien-
tists from the GMD Institute for
Foundations of Information
Technology participate in this pro-
ject. The basis for this work is the
Petri net model which has the ben-
efits of a graphical sysiem repre-
sentation and a supporting formal
theory which captures the essential
characteristics of concurrency and
locality of state and action and is
very general in thal il subsumes
virtaally all other formal models of
corcurrent systems,

The focus of the project is to
cnhance Petn net theory by a max-
imum of cencepts of modularity
and composition required ag aids
for designing concurrent systems:
refinement and abstraction tech-
niques, algebras and proof rules,
appropriate notions of cquivalence,
congruence and simulation, associ-
aled formal proving methods.

The work is organized inle two
strongly interrclated party, The
central pant is concemed with the
development of net classes show-
ing the above characteristics of
modularity. The second part
involves case studies, language
studies and other activities sup-
porting the development of suit-
able net classes. It is the interface
to the related approaches and pro-
jects.

Please contact: Eike Best,
+49 2241 142786,
email: eikef@gmdzi.unep

Type A - Machine
Learning Toolbox

GMD - The ESPRIT-Project
“Machine Leamning Toolbox” aims
at making machine learning avail-
able to a wide range of applica-
tions. Therefore, a system is devel-
oped that provides the users with
several learning procedures.
Moreover, the system heips the
user to select and use the appropri-
ale procedure,




Machine learning techniques
have been successfully applied to a
variety of problemns. This requires,
however, intimate knowledge of
the field and a considerable effort
1o adapt scientific results to indus-
trial environments. In general, it is
not well known how to relate fea-
tures of problem classes 1o those of
learning procedures. Therefore,
evaluating and characterizing the
learning algorithm will be an
imporiant task of the Machine
Learning Toolbox project. The
Machine Learning Toolbox will
create a wide range of leamning
procedures. Each of them will be
evaluated using practical problems,
Moreover, the procedures will be
transferred to a common UNIX
environment, thus enhancing avail-
ability.

Tasks of the GMD are to pro-
vide a model-based leaming proce-
dure, to evaluate and characterize
it and 1o enhance it where it is nec-
essary. Moreover, the GMD project
group will take part in the develop-
ment of a common knowledge rep-
resentation for Lthe Machine
Leaming Toolbox. Project duration
will be from 1989 to 1993,

Please contact: Katharing Morik,
+49 2241 14 2670,
email:mornk(® gmdzi.unep

CLICS - Categorical Logic
in Computer Science

GMD - The ESPRIT Basic
Research Action "Categorical
Logic in Computer Science” aims
at a unified theory of programming
and specification based on meth-
ods of categorical logic. The pro-
ject is motivated by the belief that
category theory and the categorical
approach to logic are extremely
suitable for constructing mathe-
matical explanaticns ¢f the mean-
‘ing of very many formal systems
which are used in computér sci-
ence. The strong  unity of the con-
cepts of category theory coupled
with their wide applicability make
the subject an invaluable tool for

the application of mathematical
techniques in computer science.
Categorical logic translates pos-
sibly complicated logical struc-
tures into formally simpier, cate-
gorical ones. This has proved fea-
sible for a remarkably large num-
ber of the basic concepts underly-
ing traditional logic (substitution,
quantification, higher-order func-
tion, power set .operation),
However, many of the mathemali-
cal concepts which are of funda-
mental concern in computer sci-
ence are not so well understood.
Translation into the categorical
language should play a dynamic
role suggesting new formal sys-
tems and sharpening our under-
standing of the original concept.
Caiegorical logic has already given
some deep insights into the mathe-
maticaj nature of some new
paradigms of programming such as
type struciures (polymorphism,

dependent types and inheritance),’

concurrency and logic of program-
ming. This work will be continued
and broadened to provide a unified
mathematical and logical basis of
programming specification.

All panners will be involved in
the development of a mera-lan-
guage for denotational semantics.
GMD will moreover focus on high
level specification language and an
languages and proof systems for
parallel processes, while INRIA
will particularly work on episiemic
lype theory and on implementa-
tions of formal systems,

Please conmct: Axel Poigné,
+49 2241 14 2447,
cmail: ap@gmdz.uacp

STRETCH

INRIA - This ESPRIT I pro-
ject aims at integrating database
and knowledge-base technotogy.
The goal of the project is to devel-
op a sysiem that can handle large
amounts of data, make inferences
about stored data through logic
programs and express the
struclural semantics of data in an
objecl-oriented fashion. The envi-
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sioned approach relies on two
main directions: :

- Development of an cxlensible
object server. This server will sup-
pont multi-user access and update
1o large bases of complex objects
(lists, trees, graphs,...) and execu-
tion of operations specific to these
objects. These functionalities (lyp-
ing system, access methods, opera-
tor) will be available in a primitive
form, serving as basis for extensi-
bility.

- Development of 1wo lan-
guages for appiication program-
ming: a rule based language and a
persistent object otiented language.
Each language will have an opti-
mizer/compiler interfaced with the
object server. The work performed
by INRIA will consist of the
design and development of main
parts of the object server and Lhe
rule based language with its opti-
mizer/ compiler. It wilt be a fol-
low-up of the work alrcady per-
formed in the ESPRIT 1 project
ISIDE.

Please contact: Eric Simon,
+331 139625511,
email; simmon@madonna.inda.fr

GRASPIN - Personal
Environment for
Incremental Graphical
Specification and Formal
Implementation of Non-
Sequential Systems

GMD - As onc of the first
ESPRIT projects in the area of
software  technotogy, the
GRASPIN preject is coneerned
with improving current software
development approaches 1o
encourage their use on a wider
industriat scale. The project is car-
ried out by a number of industrial
and research companies from
Gemany, Greece and laly, GMD
as the prime contractor.

The GRASPIN project, which
stanted in September 1983 and will
end in September 1989, aims at both,
research and development goals.

Research activities are dirccted
10 improve cument software devel
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opment approaches and, where nec-
essary. to develop new methods

Emphasis is placed on the most crit-
ical activities in the software life
cycle, namely requirements analysis
and specification as well as on vali-
dation and verification. A further
goal is to combine these methods in
a coherent way.

Development activities aim to
systematically suppornt the methods
by appropriate tools. The tools shall
be integrated into a perscnal sofi-
ware engineering environment pro-
totype. ’

The environment is dedicated to
the incremental development of
distributed seftware systems. It
provides a methodological support
for specification and development
of complex and refiable systems.
Concepts, methods, and tools
cover many lechnical activities in
the software tife cycle, and reflect
the cyclic nature of software con-
struction with the countercurrent
validalion processes.

The GMD team in GRASPIN is
particularly involved with specifi-
cation support and generator
aspects of the environment kemel,
Meithodological improvements are
expected, c.g. from combining
Petri nei theory with algebraic
specification and from supponing
different languages for differcn
"phases” of the sofiware life cycle,
Technical improvements arc
expected, e.g. from syntax direcied
editing techniques and from ebject
oriented programming technigues.

The project has developed pro-
totypes of a persenal software
engineering environment 10 sup-
pen the construction and verifica-
tion of distributed and non-sequen-
tial software systems. Each of the-
ses prototypes provides a fiexible
framework with extensive facilities
for the incorporation of new meth-
ods and tools, and for the cus-
temization te a variety of lan-
guages, applications, and target
systems. The prototypes are imple-
mented on Lisp systems and
PCTE-based machines.

Pleasc contact: Wolf D. lizfeldt,
+49 2241 14 2414,
email: woll@ grmdzi.uucp

8

MULTIWORKS - Multimedia
Integrated Workstation

INRIA - The aim of the
ESPRIT 11 project MULTI-
WORKS is to define a low cost
multimedia workstation. The pro-
ject is oriented towards two main
axes:

Hardware axis. Based on RISC
architecture, MULTIWQORKS will
integrate the forthcoming VLSI
technology. To minimize the costs
remaining compatible with PC's
costs, some muiiimedia functions
will be integrated directly on sili-
con.
Software axis. The MULTI-
WORKS machine will be based on
the UNIX system compatible with
intemmational standards, The soft-
ware architecture will offer an
object-orienied environment to
develop some advanced manage-
ment application for muliimedia
documents as an hypertext system.
The main functipnalities of the
warkstalion will be 2 high resolu-
tion bitmap, a scanner, a voice
treatment interface ; these fung-
ionalities will be compalible with
X-Windows standard.

INRIA i5 involved in three
major sublasks:

- Voice recognition. In the
framework of MULTIWORKS, a
Nancy rescarch weam will work in
the preject SYCO on software for
automatic voice recognition: defi-
nition of the management system,
and input of voice data.

Please comacu Jean Manie Piemel,
+31183912173,
email: np@loria.crin.fr

- Language for an hypermedia
syslem. A second research group at
Rocquencourt will define and
implement the MULTITALK lan-
guage for hypermedia. systems, in
which text, drawing, voice, video,
graphics, etc., are integrated. This
system will be connected by sym-
bolic links allowing & non-linear
access to the documents, MUL-
TITALK will be based on the same
concepts as Hypertalk of Apple
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and Notecards of Xerox, It will be
adapted t0 the environments of
hypermedia document ¢ditors pro-
pascd by Bull, Oliveti and ICL,
which are partners in this project.
MULTITALK will be imple-
mented on X-Windows with the
help of SYNTAX and FNC-2 ; it
will support ool kils such as
ANDREW (IBM - CMU) and the
HP - DEC toolkit adopted in OSF.

Please contact: Anlotne Rizk,
+33 139635228,

email: A2k@minos.innia.fr

- Management of ideas. The
conception of a document dees not
only consist of the edition of texts,
drawings and graphics. The main
work is to elaborate the ideas. The
productivity of the conceptor cer-
tainly can grow by offering him a
strategy of generation, organiza-
tion, evaluation and control of his
ideas.

The objective of this sublask is
the conception and implementation
of such a tool and its integrauon in
the hypermedia system of MULTI-
WORKS.

Please contact: Henr Borron,
+33 93 657 1],
cmail: borronG@ chris inra.fr

CONCUR - Theories
of concurrency: unification
and extension

CW! - CONCUR is an ESPRIT
il Basic Research Action. It will
run from 1 Sept. 1989 10 1 Sepl.
1991. CW1 is coordinating parmer.
The other pariners are the
University of Edinburgh, Oxford
University, the University of
Sussex, INRIA {Sophia
Antipolis), SICS (Swedish Institule
for Computer Scignce), and the
University of Amsterdam. Formal
verification of software programs,
protocols and chip designs, is
becoming increasingly important,
but up o now has been undertaken
only on a very small scale, and
with a multitude of techniques and
formal theories. Normal academic
interchange will slowly bring unity




into the disparate world of concur-
rency theories, but collaborution of
a more inicnse kind is needed o
accelerate the process. Ameng the
many farmal approaches which
exist for concurrent communicat-
ing systems, the imporant alge-
braic approaches are represented in
this project. The principal aims of
the project are 1o explore the rela-
tionships among these different
approaches, and to develop a for-
malism applicable 1o a wide range
of case studies. In addition to col-
laborating at the Lheoretical level,
we will collaborate through the
development, use and comparison
of software reasoning tools. This
latter collaboration will serve both
to further unity and to enhance the
theoretical collaboration. Several
of the partmers already have ongo-
ing tool building activities, The
action will coordinate the partici-
pants' well-established pro-
grammes of research into theories
of concurrency.

Please contaci: Jos Dacten,
+20 592 4008,

cmail: jost@cwi.nl

or: Peter Weijland, -

+31 20 592 4084,

ermail; peterw@cwi.nl

GIPE Il - Generation of
Interactive Programming
Environments ||

CWI / INRIA - GIPE 1] is an
ESPRIT Il project aiming both at
advanced rescarch in the area of
interactive environmenls bascd on
formal specifications and at
design, implementation and experi-
meniation of real size cnviron-
ments for industrial applications.

This project continues and
extends the research carried out in
the successful ESPRIT I project
348 (GIPE) which ends in
November 1989. The main results
-of the ESPRIT I project are - apart
from scientific publications - a
protatype interactive programming
environment generator called
Centaur. Taking as input the com-
plete formal description of a pro-

gramming language, Centaur pro-
vides a toolkit of generic compo-
ncnts and compilers for construct-
ing & specific interactive environ-
meni for that language. This cnvi-
ronment includes an editor, an
interpreter/debugger and other
tools, all of which have uniform
graphic man-machine interfaces.

The main result of the GIPE
project is that this technology is
feasible. The GIPE I project aims
at making it mature by several
actions.

The research on interactive
enviranments witl address subjects
like the construction and analysis
of large formal language defini-
tions. Functionality and perfor-
mance of the generated environ-
ments ar¢ extended by studying
incremental processing and con-
currency, and by adding typo-
graphical and graphical facilities to
the system. In addition to this, the
Centaur system will be maintained,
extended and distributed.

Furthermore, two demonstrator
projects will evaluate the Centaur
sysiem in industrial applications.
In the first project, a programming
environment for scientific comput-
ing will be generated which aims
at producing highly efficient
Fortran code on a variety of
pipelined and parallel architec-
wres. In the second project, a pro-
otype environment for the LOTOS
specification language wiil be gen-
crated.

The GIPE ]I ¢onsortium con-
sists of the following pariners:
ADV/ORGA, BULL, CWI, GIPSI,
INRIA, PLANET and PTL. The
University of Amsterdam will act
as an associated panner of CWJ,
Please contact: Paul Klint,
+31 205924126,
ernail paulk@cwi.n}
of: Gitles Kahn,

+3193 657 801,
email: kahn@inria.fr

INTEGRATION
CWI - The ESPRIT Basic

Research Action INTEGRATION
aims at integrating the foundations
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of functional, logic and object-ori-
ented programming. Functional
programming has its mathcmatical
foundations in the fields of lambda
calculus and term rewriting, and
logic programming is roolcd in
predicate logic and automatic theo-
rem proving. Integrative ¢ffons for
these two programming styles have
already vigorously been pursued
for several years. For object-ori-
ented programming it is generaliy
felt that there s a strong need for a
better understanding of its mathe-
matical nature. Also, there is
ample evidence that one may profit
here from the insights from func-
tional and logic programming,
which justifies the organization of
the integrative effort into three
chapters: integration of the func-
tional and logic, the functional and
object-oriented, and the logic and
object-oriented programming
styles.

Participants in INTEGRATION
are; CWwWI (coordinator),
CAIMENS, Imperial College,
UNINOVA, the University of Pisa,
and Philips Resgarch Labs
(Eindhoven).,

Altogether, the workplan con-
sists of nine tasks, each task being
allocated to a senior and a junior
researcher from one of the partners
. in close co-operation with a sec-
ond senior researcher from one of
the other partners. The duration of
the action is thirty months, during
which period crossfettilization
between chapters is expected (o
increase. A final inegrative cffon
is envisaged for a sccond phase
after completion of the work of
this action.

Please contact: Jaco de Rakker,
+31 20592 4135058,
emal: loes@ewi.al

LOGICAL FRAMEWORKS

INRIA - There has been a
steady increase in recent years in
rescarch towards systems that can
provide assistance with reasoning
about a variety of problems, partic-
ularly in the development of hard-
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ware and seftware systems. Such
systems must be usable by pro-
grammers and hardware designers
who are not experts in logic and so
must provide a comfortable, prob-
lem-specific environment for
developing formal proofs.

A wide variety of formal sys-
tems is of interest to systems
designers (operational semantics,
lambda-caleuli, sequent calculi,
type theories, first- and higher-
order logics). The task of imple-
menting a proof development envi-
ronment for a given logic is daunt-
ing, and there is considerable
duplication between implementa-
tions of different logics, It is there-
fore desirable to develop a unify-
ing theory of formal systems that
allows one to give a coOncise speci-
fication of the object logic. The
proof development -environment
can then be logic independent,
accepting a specification of logic
to be used. This eliminates, in
large measure, the redundancy
between implementations, and one
can rapidly prototype systems for a
variety of logics. A "logical frame-
work” is such a unifying theory of
formal systems; it provides a nota-
tion and a calculus for specifying
logics.

The proposers are currently
experimenting with various
AUTOMATH - related type theo-
ties, with variants of Church's
higher-order logic and with a gen-
cral sysiem of operational seman-
tics as a framework in which to
conduct formal proofs. One aspect
of the proposed research is (0
understand the relationships
among these systems. It appears,
on present evidence, that some
form of typed lambda-calculus is a
basic component of such a frame-
work. A common point of imple-
mentations is their ability to pro-
vide the user with proof-search
procedures. It is expected .thal the
experience gained in such endeav-
ors wiil be among the principal
results of the proposcd collabora-
tion. Most prototype software is
written in ML (a functional pro-

gramming language oriented
towards symbolic computation).
This will enhance collaboration
among the participants. Besides
scientific publicatons, the expect-
ed result is a demonstration of fea-
sibility and usefulness of "develop-
ing certified software in the large".

LOGICAL FRAMEWORKS is
an ESPRIT Basic Research Action,
and involves mostly two INRIA
projecis:

- the CROAP project at INRTA
Sophia is working on the User of
logical formalisms for the specifi-
cation of the semantics of pro-
gramming languages. Through this
Basic Rescarch Action, the theo-
retical aspects of this field are
studied as well as the setting up of
an elaborate interaction system 1o
build and operate mathematical
proofs (interaction, tactics, semi-
automnatic proofs).

- through INRIA's FORMEL
project, attention is focussed on the
construction calculus designed by
Th. Coquand and G. Huet. This is
a higher-order typed lambda-calcu-
lus, including the so-called depen-
dent types that are practically
attractive. lts metatheory is very
rich, which opens good prospects
for concrete applications. A proto-
type already exists, written 1n
CAML (INRIA's ML dialect). It
includes a mathematical vemacu-
lar, and provides the user with pro-
gram extraction from proofs proce-
dures as well as partial proof syn-
thesis algorithms. Another research
direction followed by Ph. Le
Chenadec consists of investiga-
tions conceming the problem dual
to proof synthesis: type inference.
In these two research irends,
numerous partial results, both the-
oretical and practical, witness the
practical value of a highly formal
approach (o programming activity.
Please contact: Gerard Huel,
+33 1 39 635 511,
email: huet@inriafr
or: Gilles Kahn,

+33 93 657 B0,
cmail: kahn@inna.fr
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SEMAGRAPH

CWI - ESPRIT BRA project
SemaGraph concerns the founda-
tions of graph rewriting. Its main
objective is to develop knowledge
relevant to the semantics and prag-
matics of generalized graph rewrit-
ing. Qur rather general notion of
graph rewriting theory extends
erm rewriting notions to include
sharing, multiple non-root rewrit-
ing and explicit control of reduc-
tion order. These can be used for
optimatized reductien, side effects
and process communication and
synchronization. Taken together,
these exiensions provide a poten-
tially unifying framework for a
vanety of modeis of computation,
including: functional languages,
logical languages, object-ariented
languages, and parallel gencraliza-
lions of imperative languages. A
computational model based on
graph rewriting might provide the
basis for a ‘common virtual
machineg’ to support European work
on various symbolic and other fan-
guages.

Participants in ScmaGraph are:
CWI (Amsterdam), ICL
(Manchester), ICST (London), the
University of Nijmegen, LIENS
(Paris), and UEA (Norwich) (main
contractor). The project will bring
together participants from various
European IT programmes in a unit-
ed attempt to further develop
European foundational knowledge
about graph rewriting. Industrial
participation at observer level will
2id in establishing priorities for the
various investigations, and provide
a channel via which relevant results
can be rapidly fed 10 shorter term
research projects.

SemaGraph started July 1, 1989,
and will continue for 30 months. It
will bring together and enhance
knowledge in the following areas
of generalized graph rewriling sys-
tems (GGRS): formal descriptions
and abstract models, relating other
models to GGRS, controlling
reduction order and typing, static




analysis, and efficiency of normal-
izing lambda graph reducers.

By identifying those resulls
which carty over from the term
world to the graph world, and by a
better understanding of the con-
straints on a rule System necessary
for efficient implementation,
SemaGraph will be of direct inter-

est to Jarger ESPRIT Il projects, .

particularly those concemed with
general and special putpose rewrit-
ing formulations of both symbolic
and nureric problems for parallel
machines,

Please contact: Jan Willem Kiop,

+31 20592 4137,
email: juwki@cwinl

TROPICS

CWI - TROPICS is an (indus-
trial) ESPRIT-N project, aimed at
the development of a high perlor-
mance parallel system for the
office. The project is structured
around cighl subprojects including
archilecture, operating system,
databasc management, and the
construction of an office applica-
tion. It re-uses and builds on the
experience gained in several
ESPRIT-1 projects
(415,302,967,1588,28), and the
PRISMA project funded by the
Dutch computer science stimula-
tton programme SPIN.

The TROPICS consorlium con-
sists of five main parmers: Philips,
Olivetti, Thomson, CAP-SESA,
and Nixdorf. The project started in
January 1989 and the first phase
ends in June 1990. CWI will par-
ticipate as a subcontractor of
Philips with the following activi-
ties:

- Design of a datamodel for
complex objects. In particular, we
will extend the relational and NF2
models to deal with both multi-
media and cartographic objects.

- Implement a prototype query
‘processor for this model on top of
the PRISMA architecture.

- Consult and aid the partners in
extending the PRISMA DBMS

architecture to efficiently suppornt
the two application areas men-
tioned above.

Please contact: Manin Kersten,
+31 200592 4066,
email: mk@cwi.nl

ToolUse - An Advanced
Support Environment

for Method-Driven
Development and Evolution
of Packaged Software

GMD - The project aims at pro-
viding means for active assistance
in the design, implementation and
cvolution of sofiware.,

The underlying hypothesis for
the guidance of this project is that
such an assistance should be
obtained by describing Lhe devel-
opment of soflware in a lormalized
manner such that this deseription
itsell cun be manipuisied, c.g. Tor
describing the development af o
slightly moedificd picce of sofl-
warc. The development of such a
formalized deseriplion can only be
bused on a thorough understanding
and formal definition of methods
driving the process of software
construction from the first descrip-
tion within a framework of an
application orichted specification
language 1o the stages of imple-
mentation, use, and continued evo-
lution. The usc of a formalized
description mast rely on the exis-
tence of an advanced suppor envi-
ronment. This support environment
in tum must comprise tools relying
on the understanding, acquisition,
representation and reuse of knowl-
edge and constraints related to
informaticn processing technigues
depending on given application
areas and on larget systems,

The project is supposed Lo pro-
vide a prototype environment con-
taining an adequale user interface
supporting the use of the develop-
ment language, an underlying
database, and a sct of 100ls sup-
porting the whole development
process.
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GMD is participating in the
asks concemed with the develop-
ment of a development language, a
support environment and support
for program development,

In addition to contributing to
the current definition of Deva,
GMTI> has developed the following
support tools 5o far:

- A generator for graphical user
interfaces (GzF),

- a theorem prover for intuition-

istic logic (TILT),

- a tool for semi-automatic
complexity analysis (COM-
PLEXA),

- an implementation of the pro-
gram development methed of D.
Smith (PROPER),

Please contael: Stefan Jihnichen,
+49 7L 6522 10,

cmail: jachn{@karlsruhe. gmd.dbp.de,
gabriel@karleruhe gmd.dbp de

RESEARCH ACTIVITIES

Semiconductor devices

CWI - Two types of simulations
are of prime imponance for the
development of semiconducior
devices: 'process modeling' of the
diffusion processes describing the
etching processes which give the
shape to the devices, and 'device
modelling’ of the electric feld and
the electric currents inside the
semiconductor material. This sim-
ulation boils down to the solution
of a system of three coupled, high-
ly non-linear and terribly scaled
elliptic partial differentia! equa-
tions.

In view of the coming sub-
micron technology it is expected
that the physical models have {0 be
extended and that the numerical
problems encountered will be cot-
respondingly harder. But even with
the present physical model, the
available numerical techniques are
felt to be inadequate. Although in
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industry several simulation pro-
grams arc avatlable, the applied
methods are not yet sufficiently
robust and efficient. The few effi-
cient programs are applicable only
for small sub-classes of the prob-
lems of interest. Numerical tech-
niques for the device modeling are
currently studied in CWI's
Numerical Mathematics depart-
ment. Research concentrates on
fundamental issues: discretization
methods for singularly perturbed
problems and multigrid and adap-
tive methods for the non-lincar
algebraic equations resulting from
the discretization.

Close contacts exist with
Philips CFT Centre in Eindhoven,
the research is supported by the
national innovation programme
10P.

Plzase contact: Piet Hemker,
+31 20592 4108:
email: pisth@ewinl

EURCMATH

CWI1 - Euromath started up in
1587, It is an international project,
initialed and monitored by the
European Mathematical Trust
under supervision of the European
Mathematical Council, and spon-
sored by the European
Commission. The aim is to stimu-
late the research potential of
Europcan mathematicians, by cre-
ating a research environment, the
Euromath system, based on mod-
em information technology specif-
ically adapted to the needs of the
mathematical community, CWI is
one of the technical partners in the
project with main responsibility for
the functional design of the
Eurcmath system.

Facilities envisaged are: elec-
tronic mail and conferencing, pro-
duction and mailing of mathemati-
cal documents, mathematical
databases with data on articles
{published or to appear), mathe-
maticians (addresses, specialisms,
etc.), coferences, meetings, work-

12

shops, research facilities and their
financial suppor, and other facili-
ugs such as a possible integration
of computer algebra sysiems in
Euromath. A number of these
facilities is alrcady available, but
Euromath offers them in ong inte-
grated compuler environment.

Driving force behind Euromath
was (and is) the Danish mathe-
matician F. Topsee. At present 19
countries participale, representing
a potential of 10.000 researchers in
500 centres. There are also con-
tacts with the USA and Eastem
Europe.

The Euromath project is due to
be completed on December 31,
1992. During the last, operational
phase the establishment of a per-
manent Euromath Centre for gen-
cral services is envisaged.

The first phase of Euromath
ended on June 30, 198%. GMD,
INRIA and CWI, have expressed
their great interest in the second
phase of the project, in particular
becanse Euromath IT would be the
first project in which all thiree insti-
rutions participate. The definitive
decision about funding for the sec-
ond phase is expected 1o be made
in September.

Pleasc contact: Steven Pembernon,
+31 20 592 413§,
email: steven@cwinl

NANA - Novel Parallel
Algorithms For New Real-
Time VLS| Architectures

INRIA - The main theme
addressed in this ESPRIT BRA
project is the development of
novel parallel algorithms and real-
time VLSI architectures for multi-
dimensional signal processing and
their introduction in computer-
aided synthesis environments.

The project is oriented towards
the development of efficient muiti-
dimensional subsystems needed in
application domains such as video,
image processing, robotics, radar,
sonar, seismic processing, telecom-
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municalion, factory aulomation,
vision, advanced process control,
biomedical tcchnology, and so on.

The most important class of
lechniques needed 1n these
domains arc algebraic and numen-
cal lcchniques for multi-dimen-
sional problems such as linear sys-
tem soiving, least squares sclution
of overdetermined systems resuli-
ing from measurement data, eigen-
or singular value computation,
finite element modelling, coordi-
nate transformations in robotics,
ete.

The project will study and pro-
pose novel algorithms for these
technigues. 1t will thoroughly
investigate the implications of
these algorithms on the choice of
processing architectures. Synthesis
strategies for making possible the
future design of high-complexity
applications in mega-chip tech-
nologies, will be an important
research topic of the project.

The institutions involved in this
project are IMEC (Leuven,
Belgium), the Cathelic University
of Leuven (Belgium), Delft
University (The Netherlands),
IMAG / TIM 3 (Grenoble, France)
and IRISA-INRIA (Rennes,
France).

Please contact: Patrice Quinton,
+33 96 362 00C,
email: quinton@inria.fr

RelaX - Reliable Distributed
Applications Support on
Unix

GMD - RelaX is a software
layer on top of the UNIX kemnel
that provides system support for
reliable distributed applications in
form of a generalized transaction
mechanism. Its functionality is
available as a procedure library
and religves the programmer of
dealing explicitly with concurren-
cy control and error recovery in
each distributed application. The
transaction mechanism is isolated
in a server and cogperates with an




extensible set of resource man-
agers which provide different
kinds of persistent, sharable data
(c.g. file systems, object manage-
ment systems, specialized
databases). Il is designed 1o sup-
port a broad range of applications
and thus incorporates significant
exlensions to (he conventional
transaclion concept uscg in
database systems. These exten-
sions aim 10 make Lransactions
Mexible and efficient 1o use: they
comprise extended nesling by
independent recovery and synchro-
nization icvels, fast rccovery in
virtual memory, possible scpara-
tion of the completion of a transac-
tion from its commitment 1o allow
efficient group commitment, pre-
mature release of uncommitted
data achieved by non-strictly 2-
phase locking. Dependencics
between transactions that result
from the use of uncommitied dala
are recorded by the transaction
mechanism and taken ino account
when transactions commil or abort.
The flexibility introduced by these
extensions makes (ransactions
applicable as a general program-
ming tool for rcliable distributed
applications.

Please conuet: Reinhold Kroger,
+49 2241 192322,
email: kroeger@gmda uucp

STONE - A Structured
and Open Environment

GMD - STONE is an EUREKA
project 10 build a software engi-
necring environment (SEE) lor
education purpeoscs. "Educalion”
means software engineering educa-
tion as well as environment
engineering cducation. This
domazin requires that the environ-
‘ment is extremely simple and casy
to feam, open for a quick inlcgra-
tion of methods that shall be
taught, and well structured in order
1o teach envirenment engincering.

At present the STONE partners
have started with the detailed defi-
nition of the desired environment
and ity inierfaces. STONE will be
developed with the contribution of
French and Gemman partners. The
Germaun partners started their work
in May 1989. These partners are
Forschungszentrum Informatik,
Kartsruhe, Fraunhofer Gesellschaft
HTB, Karlsruhe, Gesclischaft fir
Mathematik und Datenver-
arbeilung mbH, Sankt Augustin
and  Karlsruhe, Tcchnische
Universitdl Berlin and Zentrum (Ur
graphische Datenverarbeitung,
Dammstadt. On the French side the
proposed parmers are AERQOSPA.
TIALE and 1the Centre d'Etudes et
de Recherches de Toulouse
{CERT). They will start with their
work itlems by October 1989,

The GMD contributes to
STONE in two ways. First, a num-
ber of wols are developed which
will support the management of
software documents, Lheir versions
and their interrelationships in a
multi-user envirenment. Sccondly,
the support environment of the
design language DEVA, which is
developed in (he ToolUse project,
will be inlegrated ino the STONE
environment 1@ provide a realistic
educalion of formal methods in
practice.

PHease contet: Hans-Ulrich Kobialka,
+49 2241 142446, :
cmail: kubi@ gmdad. uuep

or. Mathjas Weber,

a9 770 6622 36,
email: mek@ gendks uuep

Expertise Centre

‘Computer Algebra

gets off to a good start

CWI - A starting subsidy of 1,7
million D0 was allocated by the
Dutch Ministry of Education and
Science in March, 1989, to the
cstablishment of an expertise cen-
ire for computer algebra (CA) in
The Netherlands. The centre will
be located at the Centrum voor

— 291 —

Wiskunde en Informatica (CWI)
in Amsterdam. Scientific manage-
ment comes under the foundation
Computer Algebra Nederland
(CAN), set up last December lor
the benefit and support of rescarch
and development in the Teld of
compuier algebra. Similar activi-
ties were already developed in
other countries, ¢.g. France and
West-Germany, because ol the
increasing number of researchersy
and users of CA. There cxists also
already for quite some time a
European organization, SAME,
which regularly organizes intema-
tional confcrences on CA in close
cooperation with ACM-SIGSAM.

The subsidy, granted {or 4 peri-
od of three years (1989-1991), will
be used for the purchase of com-
puters and the appointment of two
staff members. Activitics will con-
centrate on Procuring rescarchers
and uscrs access to a central com-
puler specially designed for CA-
sofiware, and providing them with
workstations and softwarc by
means of which they can ulilize
this central facility through well-
functioning communications (in
this case SURFnet, the Dutch nci-
work of the Organization for Co-
operation in Computer Support in
Higher Education and Research
SURF).

Morcover, the expenisc centre
will provide scrvices including
information about CA-svsiems
(price and terms of delivery,
documeniation, required hardware,
eic.), advice on the use of thesc
systems, and if necessary expen
consultation. Several CA-syslems
will become avaitable through the
SURF-network. At the university
of Nijmegen, ‘cuna’ - & Sun-4/280
with 32 MB main memory - s
alrcady operating within the CAN
framework. Some of the installed
programs are Reduce, Maple,
Mathematica, Macauluy, and Lic.
Activities also include the organi-
zation of meetings, workshops and

. Courses.

Plesse contaci: Arjeh Cohen,
+3] 20 592 8020,
email; maro@ cwin!

13



GMD Buys SUPRENUM
Supercomputer

GMD - SUPRENUM, the first
marketable supercomputer devel-
oped in the Federal Republic of
Germany, was bought by GMD at
a price of 21.5 mio deulschmarks.
The purchase was financed by the
Federal Government via special
funding. These were the news pre-
sented by Prof. Dr. Gerhard
Seegmiiller, chairman of the exec-
utive board of GMD, and Prof. Dr.
Ulrich Trottenberg, speaker of the
SUPRENUM GmbH management.

The SUPRENUM supercom-
puter which is able to do five bil-
lion floating point cperations per
second {GFLOPS) will be used
within the so-called Héchst-
feistungsrechenzentrum (super-
computing centre) eperated by
GMD, Kernforschungsanlage
(KFA) in Jilich und Deutsches
Elekironen-Synchrotron {DESY)
in Hamburg to solve scientific
problems considered so far unsolv-
able due to the lack of sufficient
computing capacity. These are
problems of high energy physics,
aerodynamics and climatology on
the one hand, but also problems of
chip design and fundamental ques-
tions of numerical mathematics on
the other. The SUPRENUM super-
computer developed for using new
computing methods will again help
10 develop new computing meth-
ods. Since GMD continues 10
advance the SUPRENUM concept,
the supercomputer will also be
used to design its own successor
model.

SUPRENUM GmbH hopes that
more _than half a dozen
SUPRENUM systems will be
installed in the German-speaking
area by the end of 1990. This is a
great lot if one considers that a
total number of only 23 supercom-
puters have been installed in the
Federal Republic of Germany dur-
ing the last 15 years.

In 1990 SUPRENUM GmbH
will intensify its activities on the
European and extra-European mar-
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kets. The. first installaticn there is
expected for 1991.The activities of
SUFRENUM GmbH will however
not be restricted to universities and
publicly funded research, but will
also be directed towards industry.
It is hoped to sell the first
SUPRENUM computer in the
industrial sector in 1990/91. On
medium term, SUPRENUM
GmbH intends to sell every second
supcrcomputer o indusiry. Thus,
SUPRENUM will compete on this

market with American and
Japanese manufacturers.
Some  weeks ago, the

Commission of the European
Communities approved the
rescarch project Genesis 10 be con-
ducted jointly by several Mcmber
States. This projecl, which is to
focus the development cfforls of
the participating Member States
and institutions on a powerful
supercomputer, is mainly based on
the SUPRENUM concept which is
thus recognized on a European
basis. Therefore, the work on
Genesis and that on SUPRENUM
2 will benefit from cach other,

Please contact: Roland Valpel,
+492241 14 2226
emadl; Voclpel&kmx.gmd.dbp.de

INTERNATIONAL RELATIONS

Agreement with Columbia
University

INRIA - An agreement was
signed on March 17,1989 between
INRIA and the Center for
Telecommunication Research at
Columbia Unversity. The aim of
this agreement is to further the
development of cooperation
between the two research institu-
tions in information processing
technelogies and telecommunica-
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tions. This agreement encompass-
es:

- exchange of researchers,

- exchange of scientific publica-
#ons,

- joint seminars,

- exchange of software for
rescarch purposes for the next
three years in the foliowing areas:
image and speech processing, par-
allel and distributed algorithms,
VLSI systems, artificial intelli-
gence, modelling and perfermance
evaluation, integrated communica-
tion networks, communicalion pro-
tocols, nemerical and symbolic
software, and computational com-
plexity.

Please contact: Héléne Gans,

+33 135635229,
email: helenef@ bdblues.aluair. fr

European deputies
at Sophia Antipolis

INRIA - A delegation of thinty
European deputies, led by Mr.
Adam, Vice-President of the
Commission for Energy, Research
and Technology, visited INRIA-
Sophia Antipolis on March 21st. -

Mr. P. Bemhard, director of the
institute, gave a presentation of the
institute, its international (particu-
larly European) cooperative
efforts, as well as its main industri-
al contacts.

Then followed the presentation
of software developed by two new
companies located in Sophia-
Antipolis and founded by
researchers: ISTAR, created by
Laurent Renouard, who recently
wrote his thesis while working in
the project PASTIS (INRIA -
Sophia Antipolis) and by other

~members of PASTIS ; and SOPHI-

ATEC, cefounded by Serge
Miranda, professor at Nice
University.

Please contact: Picrre Bemhard,
+33 93 657 878,
email: bemhard@mirsa.inria.fr




Visit of scientific
counselors West-Germany
and France

CWI - In the framework of the
GMD-INRIA-CWI cooperation,
the scientific counselors of the
Federal Republic of Germany, Mr.
H. von Graevenitz, and of France,
prof. M. Girod, visited CWI on
March 9. They were informed
about CWI's science policy in
general, and the co-operation with
GMD and INRIA in particular, and
attended some demonstrations of
ongoing research in the field of
computer graphics, distributed sys-
tems and cryptography. The meel-
ing was also attended by Mr. E.
Schenk of the Netherlands organi-
zation for scienmtific research
(NWQ), CWI's main sponsor. Mr.
Schenk is responsible for NWQ's
intermational relations.

Please contact: Henk Nieland,
+31 20 592 4092,
email: henkn@cwin]

Visit of Prof. Meng
from Taiwan

CWI - Prof. Hsien-Chung
Meng, member of the National
Science Council of Taiwan and
director of its Frankfurt-based
European Office, visited in the
middle of March a number of
research institutes in  The
Netherlands, amoeng which CWI.
Purpose of the visit was 1o explore
possibilities for contacts and
exchanges between Taiwan and
The Netherlands.

Please eontact: Henk Nieland,
+31 20 592 40972,
email: henkni@cwi.nl

EVENTS

Second International
Conference on Japanese
Information in Science,
Technology and Commerce

GMD - From October 23 to 25,
1589, GMD will organize an inter-
national conference on various
aspects of Japanese Information in
Science, Technology and
Commerce. The conference will be
held at the new Japanese-German
Centre in Berlin,

The conference will be spon-
sored by Further organizations in
the Federal Republic of Germany,
Great Britain, the USA and Japan.
More than 50 papers on the four
main subjects have been received
so far, i.e. on general problems of
information flow, new information
about information sources, state of
the art of analysis and services as
well as contributons to overcom-
ing the language barrier,

Please contact: Dieter Ménch,
+49 2241 14 227t,
ermail: moench@kmx.gmd.dbp.de

France-Japan symposium

INRIA - Dr. Iwata from the
ICOT Institute has recently visited
INRIA and met with Laurent Kott
at the INRIA Research Center in
Rennes. They organize together
the next France-Japan symposium
which is going to take place
November 15-16-17 on Izu
Peninsula (Japan).

The chair persons of this sym-
posium are Laurent Kott (INRIA)
and Kazvhiro Fuchi (ICOT). The
major areas of this meeting will be:

- parallel languages and their
semantics,

- all languages and architecture,

- software science and engi-

- neenng,

- ail applications (including nat-
ural language processing),
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- automated deduction and sym-
bolic computation.

Please contacts Héléne Gans,
+33 139635 229,
email; helene@bdblues.alaic.fr

Conference on Very Large
Databases

CWI - The Fifteenth
Intemational Conference on Very
Large Data Bases, VLDB 89, was
held on August 22-25, 1989, in
Amsterdam. There were 500 par-
ticipants. The programme included
a tutorial part with five well-
known speakers: C.J. Date (The
foreign key Saga}, K.R. Apt (Top
down versus botiom up computing
in deductive databases), G.M.
Nijssen (An effective design
method for relational databases),
S.B. Zdonik (Rescarch directions
in object-oriented databases) and
M.L. Brodie and J. Mylopoules
(Integrating Al and databasc tech-
nologies). The key-note speech
was given by Hervé Gallaire,
director of the European Computer
Industry Research Centre.

The following topics were cov-
ered: logic, deductive and temporal
databases; dependency theory and
integrity enforcement; object-ori-
ented and extensible databases;
engineering-, design-, and muld-
media databases; query languages
and query optimization; storage
management; database machines;
and distributed systems.

Please conset: Martin Kersten,

+31 20 592 4066,
ernail: mk@ewi.nl

Workshop on Stereology &
Spatial Statistics,
Stochastic Geometry and
Image Analysis

"CWI - An intemational work-
shop on Stereclogy, Stochastic
Geometry and Image Analysis was
held at CWI on 10-12 September,
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1989, This meeling was the fifth in
a series initiated at the University
of Aarhus (Denmark) in 1981 and
held subsequently in Bath (UK)
and Berne (Switzerland). These
workshops are organized as a
forum for specialists (applied and
theoretical) to discuss new devel-
opments izt the three fields.

Special themes for this meeting
were: non-uniform sampling
designs in stereology and image
analysis, marked point process
models of images and spatial data,
and mathcmatical morphology
from alternative viewpoints (alge-
braic formulations, statistical mod-
cls). Also several demonstrations
of software for image processing
and spatial data analysis were
given.

A nurmber of distinguished
resecarchers from abfcad gave a
lulk at the warkshop, including
R.E. Miles (Canberra) and I
Mcecke (Jena), world authorities on
stochastic geometry. Researchers
aclive in image progessing were
also strongly represented, the
fields including stochastic image
modelling (B.D. Ripley (Glasgow).,
P.J. Diggle (Lancaster), C.
Jennison (Bath)) and morphology
{(members of the Fontaincbicau
group, €. Ronsc (Philips,
Brussels)).

"case comact: Adnan Haddeley,
+31 20 592 4039,
cmail: adnanb@cwi nl

Second [nternational
Workshop an
Protocol Test Systems

GMD - Design and implemen-
tation of protocol test systems is
the subject of a workshop 10 be
held from October 3 to 6, 1989 in
" Berlin. Experts from research and
practice will be able to obtain
information aboul new methods
and techniques of protocol testing
in systems such as OSI, ISDN and
1IBCN.

Available test tools will be pre-
sented, possible future develop-
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ments and applications of test tools
will be discussed. The workshop is
organized by the GMD Recsearch
Center for Open Communication
Systems in Berlin and the
Eurppean Center for Network
Resgarch of IBM in cooperation
with the Commitiee 6 of the
International Federation for
Information Processing.

Please contact: Ian de Meer,
+49 30 25499 239,
email:;jdm(@ fokus.berlin gmd.dbp de

Summer course
on constructive methods
in fractal geometry

CWI - Based on Michael
Barmnsley's recent beok 'Fractals
everywhere' (Academic Press
1988}, this course -held at the end
of Junc at CW1 for 80 participants-
considered in particular iwo
aspects of fractal gcometry: itcra-
tive construction of fractals, and
techniques for approximating
given images by fractals. The
course was given on a rather ele-
mentary level and weated subjects
45 metnic Spaces, contraclions, con-
structhien ol fractals, chuaotic
dynamics on fractals, fracial
dimensions, fractal interpolation
and measures on fractals.

Please comtact; Maree] Zwaan,
+51 20 592 8020 ext. 34,
email. gwaan@cwini

er: Hans Heesterbeek,

+31 20 592 8020 ext. 31,
email: hees@ewi.nt

intelligent CAD workshop

CWI - Thirty-five participants
from eleven countries atiended the
third Eurographics workshop on
Intelligent CAD, held on April 3-7,
1989, at Hotel Opduin on the
island of Texel, The Netherlands,
The workshop theme was
"Practical Experience and
Evaluation” and covered the fol-
lowing topics: design process, sys-
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tem architecture, languages, geo-
metnc reasoning, and user inter-
faccs. The design process was
treated theoretically in a logical
and a psychelegical approach, and
more practically using product
modelling as a basis. Discussions
on system architecture included
database manipuiation, consiraint
propagation and the apptication of
a history mechanism. The session
about languages treated IDDL - a
programming language designad
for ICAD systemns - , a5 well as a
logical and graphical language for
representing CAD knowledge. For
geometric reasoning, the value of
constraint propagation was recog-
nized. Concerning user interfaces
for ICAD, it became clear that a lot
of basic rescarch still has (o be
donc.

A selection from the papers
presented will be published by
Springer Verlag as "Intelligent
CAD Systems 3 Praciical
Expcriecnce and Evaluation” {cdi-
tors: P.J.W. ten Hagen and P.J.
Veerkamp) in the Eurographics
Seminar serics. Organizers of the
next workshop (last week of April,
1990) are J.-P. Barthes and K. El
Dahshan of the Université de
Technolegic de Cempitgne, Dépt.
de Génie Informatigue, C.N.R.S.
UA 817, BP 233, 60206 COM-
PIEGNE Cédex.

Please comact: Paul Yeerkamp.
<31 20592 4144,
email: pauljan@ewi.nl

GMD Forum “Expert”
Systems for Industry
and Science”

GMD - From June 7 1o 9, 1989,
the GMD in Sankt Augustin held a
forum presenting the most
advanced industrial expert system
developments to interested people
from industry and science. The
system range reached from sys-
tems for speech recognition via
configuration and automatization
systems to expert systems for vehi-
cle optimization in the wind tun-




nel. The presented systems origi-
nated from VW, Siemens, Hewlent-
Packard, Infodas and from the
Research Institute of the German
Bundespost. The choice of the sys-
tem reflected an important new
development trend towards techni-
cal task automatization, especially
in construction and configuration.
The forum has shown the develop-
ment lead of technical expent sys-
tems over business or other expen
sysiems,

Please contact: Dictrich Wilke,
+49 2241 14 2697,
email: wilke@kmz.gmd.dbp.de

INDUSTRIAL TRANSFER

PLATO - Gate Assignment
at Schiphol Airport

CWI - Some 500 aircraft land at
Schiphol every day, they stay for
given periods and depart again.
The complex logistics at the air-
port have a major influence on
economic viability, with aircraf
location during scjourn playing a
crucial role. Between 1986 and
1988, CWI helped develop a plan-
ning system for the seasonal plan-
ning of aircraft-stand allocation al
Schiphol Airport. It is an interac-
tive system, formulaled mathemai-
ically as an interval scheduling
problem or a rcsource constrained
scheduling problem. For the time
being it uses only & simple heuris-
tic (priority rule). The sysiem,
named PLATO {a Dutch acronym),
consists of a data module, devel-
oped by a tcam of Schipho!
Airport, and a planning module,
for which CWI bears responsibili-
ty. Presently a system for the daily
‘planning is being developed.

Please contact: Ben Lagewce,
+31 20 392 491,
email: lagewep@ewi.nl

CAR - Computer Aided
Routing

CWt . CAR (Computer Aided
Routing} is an interaclive sofiware
package which has been developed
at CWI during the years 1985-
1988 as a tool to supporl physical
distribution management. CAR
enables the vser to consiruct eco-
nemical vehicle routes and sched-
ules in a simple way. Durng the
design and development of CAR
the co-pperation and feedback
from the Dutch road transportation
company Van Gend & Loos (at the
sume time the first user) was indis-
pensable. At present CAR is mar-
keted by the Dutch logistics com-
pany Logton.

Mease contact: Martin Savelsbergh,

+31 20592 4119,
email: marin@ewinl

Overload control

CWI - The team of J.H. van
Schuppen and P.R. de Waal is
studying overload control prob-
lems for communication systems.
In case of overload at a telephone
exchange, the delays cause angry
reactions of customers and result
in a decrease of the effective
throughput of the exchange to
unacceptable low levels. Therefore
access control algorithms must be
used which are sufficiently robust
o be effeclive al several levels of
overload. The approach 1o this
problem is bascd on stochastic
conirol theory and queucing theo-
ry.
This rescarch is financially sup-
portied by the Stichting voor de
Technische Wetenschappen
{Technology Foundation), a gov-
ernment agency which iries 10
promote co-operaiion belween aca-
demic instilutes and industry. The
project runs for a period of 4 years
until January, 1990,

Knowledge transfer is promot-
ed in several ways. The project has
an advisory commitlee which
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meets twice a year with
researchers from the companics
Philips Telecommunication and
Data Systems Nederland B.V. and
AT&T  Newwork  Sysiems
International, and from the nation-
al telephone company PTT and its
main laboratory, the Dr. Neher
Laboraterium, The 1ask of the
committee is to assist Lthe research
team and help it with making the
results useful for practice. During
the project frequent contacts were
maintained with the companies
mentioned.

A two-month visit of Peer de
Waal 1o the INRIA Centre Sophia
Antipolis for co-operation with Ph.

" Nain has been beneficial to the

investigation, This visit funded in
the framework of the separaic
iwinning programme belween
INRIA and CWI.

Please conuacy: Jan van Schuppen,
+31 20 592 4085,
email: schuppen@ecwi.nl

LE-LISP

INRIA - Since 1987, the LE-
LISP club brings together software
houses and computer manufactur-
ers involved in LE-LISP. The last
meetings pointed out the cvolution
of the normalization and the quali-
ty and quantity of the diffusions in
France and abroad. The number of
licences is increasing signilicantly
year after year. INRIA hus signed
more than twenty provisions of
LE-LISP on the machines for
which INRIA did the ports (VAX /
UNIX, SUN 3 and SEQUENT).

Version |6 of LE-LISP should
appear in October. The kemnel of
this new version will be (he stan-
ing point of the Eurcka project
ELSY (European Lisp SYstem) -
which brings together CRIL,
BULL, ILOG and GMD:

Please contact: Laure Reinhan,

+33 139 635415,
ernail: reinharu@inria.inria.fr
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SPHINX Club created

INRIA - The SPHINX software
was developed by the SCORE
tearn at INRIA Rocguencourt, The
aim of this system is 1o help the
simulation of real time protocols. It
is based on an "event-driven” sim-
ulation kemel. This software will,
in the near future, be industrialized
and commercialized by a French
company.

In parallel, INRIA has created
the SPHINX club, composed of
universilies and research institutes,
1o coordinate the conditions of the
licences and the developments to
be done on SPHINX. President of
the club is P, Rolin, who was a
researcher at INRIA and is now
professor at the ENSTA. The first
meeiing took place on June 21 at
INRIA Reocquencourt.

Mease contact: Laure Reinhart,
+33 1 39 635 416,

email: reinhan@innin.infa.fr

Collaboration with CRAY
Research :

INRIA - INRIA and CRAY
Research signed at the beginning
of 1989 a collaboration agreement
concerning- the development of
optimization techniques for vector-
ized programs. These techniques
will allow gains of more than 50%
in the program kernels. They will
be cxtended to the CRAY3
machines.

Please cuntact: Alain Lichnewsky,

+13 139615511,
email; heh@inriu. inria.lr

INRIA-GIPSI SA
collaboration

INRIA - A, Lichnewsky 's pro-
ject has collaborated with the
Public and Industrial Group
"GIPSI 5M 90" and then with the
company GIPSI SA for the devel-
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opment of a floating point vector
processor (PVF) which consider-
ably increases the performance of
the BULL DPX 1000 worksiation
in the floating point mode. This
Processor is now commercialized
by GIPSI SA.

Please contact: Alain Lichnewsky,
+33 139635 511,
email: lich@inrig inrin.fr

LIFE IN THE INSTITUTES

Symposium in honour of
Piet J. van der Houwen

CWI - Prof. Piet van der
Houwen, head of the department of
Numecrical Mathematics, joined
CW1 25 years ago. This fact was
celebrated with a symposium on
the theme 'Construction of stable
numerical metheds for differential
and integral equations’. Speakers
included H. Brunner (Memorial
University of Newfoundland),
Th.J. Dekker (University of
Amsierdam), M.N. Spijker
(University of Leiden), and J.G.
Verwer and B.P. Sommeijer (both
CWI). Since 1975 Van der
Houwen is also professor of
numerical mathematics and com-
puter science at the University of
Amsterdam,

Symposium in honour of
Jaco.W. de Bakker

CWI - Prof. jaco de Bakker,
head of Lhe department of Softwarg
Technology, joined CWI 25 years
ago. This fact was celebraled with
a symposium under the title ‘25
vears of semantics'. Speakers
included 1. V. Tucker {University of
Leeds), A. Nijholt (University of
Twente), P. America (Philips
Research Laboratories Eindhoven),
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J.A. Bergstra (University of
Amsterdam), D.S. Scott (Carnegie-
Mellon University, Pittsburgh},
W.P. de Roever (University of
Eindhoven) and E.-R. Olderog
(University of Kiet). Since 1973
De Bakker is also professor of
computer science at the Free
University of Amsierdam,

INRIA-Visit

INRIA - A delegation of thiny
RPR deputies, lead by Mr. Jacques
Chirae and Mr. Alain Devaquel,
visited INRIA - Sophia Antipolis
on March 31st. After a general pre-
sentation of INRIA and its
research unit in Sophia-Antipolis,
they visited the Robotics
Laboratory, where Mr. Jean-Danicl
Boissonnat, leader of the PRISME
project, explained the scientific
objectives and the accomplish-
ments of his project.




PEOPLE . _ .

GMD - Profl. Radu Popescu-
Zeletin has been appointed head of
the GMD Research Center for
Open Communication Sysiems
(FOKUS), in Berlin. In this func-
tion he is successor to Prof. Karl
Zander. Prof. Dr. Radu Popescu-
Zeletin was also appointed profes-
sor for open communication §ys-
tems at the Technical University of
Berlin,

GMD - Dr. Stefan Jahnichen,
head of the GMD Research Group
for Program Structures, was
appointed professor by the
University of Karlsruhe. Jdhnichen
focusses his wark on teaching and
research in the field of program
structures and data organization.

GMD - Dr. Hans Martin
Wacker, formerly head of the
Hauptabteilung Zcntrale
Datenverarbeitung der Deutschen
Forschungsanstalt flir Lufi- und
Raumflahn, was appoinied head of
the GMD  [Institute Tor
Computational Infrasiructures on
May 2, 1989,

GMD - Dr. Eike Best, member
of the GMD [Institute for
Foundations of [nformation
Technology, was appoinicd profcs-
sor for theoretical informalics by
the University of Hildesheim. Best
focusses his work on research and
teaching in the ficlds of formal
semantics, Petri rets and concur-
rency.

GMD - Ernst-Joachim
Freiherr von Ledebur, advisor on
international affairs of GMD, has
retired for age reasons. Before
joining GMD, Freihetr von
Ledebur was working in the field

_of technical information for the
Gesellschaft fiir Information und
Dokumnentation.

CWI - Prof. Jaco de Bakker,
head of the department of Software
technology, has been elected a
member of the Royal Netherlands
Academy of Ans and Sciences. De
Bakker's rescarch concentirates on
the semantics of programming lan-
guages.

Ccwli Ko Anthonisse,
researcher in the Department of
Operations Rescarch, Siatistics,
and System Theory, and associated
with CWI since 1961, left on April
1, 1989, for a consultancy position
in industry. At CWI1 he mainly
worked on combinatorial optimiza-
lion problems and decision support
systems.

CWI1 - Prof. Jan Karel
Lensira, head of the Depariment
of Operations Research, Statistics,
and System Theory, left CWi on
July 1, 1989, to accept a professor-
ship in Mathematics, in particular
Optimization and Planning, at the
Technical University of
Eindhoven. He is succeeded by
Onno Boxma, who was a project
leader in the depantment. Lenstra,
member of a well-known family of
Dutch mathematicians, came (o
work at CWIin 1969,

INRIA - Bernard Lorho, pro-
{essor at Oriéans University and
Scientific Head of the project
“Languages and Translation” at
INRIA has becn appointed
Director of the Center of INRIA
Rocquencourt.

INRIA - Maurice Robin, for-
merly Vice Dircctor of INRIA, has
been appointed responsible of the
Depariment of Mathematics and
Information Technology at the
French Ministry for Research and
Technology.

INRIA - Patrick Valduriez
came back from the USA where he
stayed four years at MCC -
Austin, From September 1st he is
Scientific Head of the project
SABRE.
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INRIA - The selection commit-
tee for the attribution of foreign
fellowships has met at INRIA on
the 29th of May. 42 candidates
applied, 15 were selected and
obtained a fellowship (o spend a
research stay in a foreign laborato-
ry. 12 will stay in North America
{USA and Canada), 1 in Japan and
2in Great Britain.
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HBANTEE BAEH—E

No | & (IO FEL

1 | Knowledge-Based Tutoring William J. Clancey

2 | CORPORATE IMAGINATION PLUS James F. Bandrowski
3 | Computer and The MIND Philip N. Johnson-Laird
4 | THE PERSUASIVE EDGE Myies Martel, PH, D,
5 | USING COMPUTERS Raymond S. Nickerson
6 | HOW TO SPEAK LIKE A PRO Leon Fletcher

7| The MEDIA LAB Stewart Brand

8 | Made in America Michaei L.Dertouzos fii
9 | Computer Environments for Children Cynthia Solomon

10 | Mind over Machine Hubert L.Dreyfus fi1
11 { EDUCATIONAL COMPUTING Eileen Scanion fit
12 RESEARCH METHODS in EDUCATION Louis Cohen fi

13 | INTERVIEWING IN EDUCATIONAL RESEARCH Jénet Powney ft

14 | RESEARCH and TEACHER Grshsm Hitchcock 2
15 ' The VOCATION of a TEACHER Wayne C.Booth

16 | TEACHING and LEARNING with COMPUTERS | Barry Heermann

17 | COMPUTERS and EDUCATION Charles S.Whit fih
18 | LEARNING aﬁd TEACHING with COMPUTERS | Tim 0’ Shea ftb

(ARTIFICIAL INTELLIGENCE IN EDUCATION)
19 | MULTI-MEDIA COMPUTER ASSIlSTED LEARNING | Philip Barker
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