
Sun Labs—The First Five Years:
The First Fifty Technical Reports

A Commemorative Issue

Jeanie Treichel, Amy Hall, and Ching-Chih Chang



M/S MTV29-01
901 San Antonio Road
Palo Alto, CA 94303-4900

Sun Labs—The First Five Years:
The First Fifty Technical Reports
A Commemorative Issue

Jeanie Treichel, Amy Hall, and Ching-Chih Chang, Editors

SMLI TR-98-51 September 1998

Abstract:
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Preface

William R. “Bert” Sutherland
Director, Sun Microsystems Laboratories

The whole idea behind publication of technical reports is to document the ideas, work
progress made by the staff members of Sun Microsystems Laboratories. While the goa
develop and protect intellectual property for Sun, our engineers and computer scientists mu
continue to communicate with their colleagues in other industrial and academic environm
Presenting papers or speaking at conferences is one way of achieving this end. Another is th
lication of these technical reports.

While not all of the key projects conducted in Sun Labs are represented in this colle
because—of their proprietary nature, in some cases—they do represent a cross-section
ideas which have made it to the project table over the past five years, and the people who
involved in the evolution and development of these ideas.
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Foreword

Ever since the incorporation of Sun Microsystems Laboratories (Sun Labs) in February of
technical reports have been published to document some of its technical history.

The Charter stated that Sun Labs was established to develop, demonstrate, and introdu
advanced technologies and technical methodologies for Sun and its subsidiary corporatio
that SunLabs would influence Sun’s future business directions by educating the company
technical possibilities. It further stated that a successful Laboratory would have conside
value in projecting the image of Sun as a progressive and aggressive technical leader, and
world-class Laboratory would provide both internal and external demonstration of Sun’s con
ing commitment to technical excellence.

A Little History. When Sun Labs came into being as a working entity at the end of June 1
three staff members—Dave Ditzel, Jim Mitchell and Jeanie Treichel—met to plan a tech
report series to capture the results of future research. Jeanie became Editor-in-Chief an
HayChan Sargent joined the planning and implementation team. She was succeeded by Am
who served as Assistant Editor.

Objectives. The objectives of the technical report series were threefold. First, the document
to be of high quality, technically competent, significant works representing SMLI’s (as it was
called) best efforts, worthy of wide-spread distribution. Secondly, Sun’s proprietary inte
would be reviewed ensuring that the information divulged conformed with Sun’s business
spective. Lastly, there would be no legal booby traps and patent action would be comp
before publication. The effect was, as Bert Sutherland, Director of Sun Labs stated, “to re
information from its proprietary cloak so as not to lose opportunities in the technical dom
The aim was to  achieve the highest standards of excellence.

To implement this goal, the Steering Committee was charged with the establishment of a R
Committee, a legal clearance procedure, and a publishing scheme. Since the SMLI Doc
System had already been established by Jeanie Treichel and Tom Wadlow, Sun Labs’ first n
manager, the complete publication process was now in place.

What follows is a compendium of the contributions of the first five years. The papers in
entirety may be viewed on the World Wide Web at www.sunlabs.com/technical-reports/.

Jeanie Treichel, Editor-in-Chief
Amy Hall, Assistant Editor
Ching-Chih Chang, Web Developer
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Timeline of
Significant Events

First Offsite at Sunrise Winery August 16, 1990

First Sun Labs presence, Billerica—Dr. R. Sproull August 1990

First organization chart developed October 11, 1990

Articles of Incorporation February 19, 1991

First email:
____________________________________________________________

From root@eng-bb-router4.Eng.Sun.COM Fri May 31 16:12:15 1991
To: sunlabs@arkesden
Subject: The Behemoth Stirs.......
Content-Length: 112
X-Lines: 3

This message comes to you via the embryonic B29 network.  Things are
coming alive over here.....  --Tom Wadlow
____________________________________________________________

Charter and Business Description June 3, 1991

Move into Building 29, Mountain View June-July 1991

The great Sun Labs-SunSoft waterfight July 24, 1992

Billerica gives way to Chelmsford November 23, 1992

Wayne Rosing named President, FirstPerson, Inc. February 17, 1993

W. R.  “Bert” Sutherland named  Director, Sun Labs July 12, 1993
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Highlights of The First Five Years
Sun Labs’ Technological

Contributions to Sun

This chronicle was prepared for a feature story on Sun
Labs which appeared in Sun’s Corporate World Wide
Web pageswww.sun.com in February of 1996.



Highlights of Our First Five Years

1990

Sun Labs is established
Sun Microsystems, Inc. establishes a new research and
development subsidiary—Sun Microsystems Laboratories,
Inc.—as an independent entity. [July]

1991
Sun Labs is incorporated and functioning
Initial projects are largely absorbed from ongoing activities
already underway in Sun Engineering. A few projects are
started by new people recruited from outside Sun. [April]

High Resolution Video (HRV) is demonstrated
Video becomes “just another video type.” Sun Labs, in con-
junction with the David Sarnoff Research Center and Texas
Instruments, completes a DARPA-supported research
project to integrate High Resolution Video (HRV) into the
distributed workstation computing environment. It demon-
strated an alternative application of high resolution displays
from the emerging High Definition Television (HDTV)
technology. It is used as a platform for further research into
system support for time-critical media. [October]



1991 (continued)

Russian scientists project
When the Zelanograd, Russia scientific center lays off half
of its staff, Sun is one of the first Silicon Valley companies
to hire a team of Soviet scientists to collaborate on advanced
computing technologies. Sun Labs contracts with Boris
Babaian and his design team in Moscow to design new sys-
tems based on Sun’s SPARC processor. [October]

1992
Common Objects Request Broker Architecture
(CORBA)
In joint partnership with Hewlett-Packard, Mike Powell
takes Spring technology and proposes distributed objects as
the basis for the Object Management Group’s Common
Object Request Broker Architecture (CORBA). Sun then
begins Project DOE (now called NEO). [March]

1993
FirstPerson, Inc. is established
Sun Labs spins off FirstPerson, Inc. (now JavaSoft), to
develop software for digital devices. With Wayne Rosing as
president, FirstPerson’s charter is to develop technologies
applicable to the consumer electronics marketplace. This
was the successor to Green, started two years earlier, and
the precursor to the Java language (via LiveOak)). [March]

CORBA

FirstPerson



1993 (continued)
Conferencing and Collaboration (COCO)
Digital Integrated Media Environment (DIME)
Desktop workstations with integrated audio and video capa-
bilities offered new opportunities for helping work together.
DIME delivers prototype hardware and software that bring
integrated multimedia to the SPARC desktop. COCO seeks
to understand how to apply this technology to support com-
munication and collaboration among small groups of peo-
ple. The staff of both DIME and COCO transfer to product
development status: DIME to Sun Microsystems Computer
Company, and COCO to SunSoft. Sun’s product most
directly related to this work is the ShowMe product line,
which includes video, audio, and shared applications.

1994
Spring Operating System transfers to SunSoft
Spring, part of Sun Labs since its inception in 1991, trans-
fers to SunSoft. Late in the year, basic research and the
architecture phase of Spring are completed, and begin a
transition to the analysis and measurement phase. It eventu-
ally ships as a “university release” in 1995.

Time-Critical Media (TCM)
TCM’s goal is to develop the enabling systems technology
to make the SPARC/Solaris/Spring platforms the premier
base for development and execution of time-critical applica-
tions. The project is a major advance in processor schedul-
ing: a new formulation is developed for dealing with time
constraints that are not inherent or not easily derived. TCM,
one of the initial users of the Spring operating system, adds
the support needed for time-critical media applications, and
defines a processor scheduling framework to be shared by
Spring and Solaris.

COCO

TCM



1994 (continued)
Netra Internet Server Ships
Steve Gadol, from the Sun Labs systems support group,
works closely with test engineers from Sun’s reseller group
to implement a server designed to operate as a gateway for
PC clients to the Internet. The resulting system, the Netra-i
server, is delivered to customers in a package that industry
reviews call, “as close to plug and play,” as any product they
have seen.

World Cup Video Service
Sun Labs hosts the Sun Microsystems Computer Company
team that developed the World Cup Video Service. Team
members reside and work in the Sun Labs building for sev-
eral months before the start of the World Cup soccer games,
in order to use the ATM expertise and working ATM infra-
structure of Sun Labs to solve many problems with this
emerging high-bandwidth technology.

Vantage produces Xvan
The Vantage group (now called Large Scale Distribution)
introduces Xvan, an enhanced X Windows system server
that allows multiple physical screens to be treated as a sin-
gle logical device. Windows can be moved from screen to
screen, appear on multiple screens, and be larger than a sin-
gle screen. The software is placed on the X Consortium ftp
server where it is freely available.

Xvan



1995

Java™ programming language
Spawned and nurtured in Sun Labs as the Green Project,
and then independently in FirstPerson, Inc., the Java lan-
guage and HotJava™ browser were announced.

Self 4.0 object-oriented programming language
To improve programmer productivity, a language and pro-
gramming environment is created based entirely on simple
objects. It is integrated into the user interface so anyone can
modify applications as they are running. The user interface
utilizes animation and a uniquel look and feel. The system,
called Self 4.0, includes an experimental Smalltalk system
and a multi-user, shared 2-D virtual reality.

Electronic Commerce
An experimental infrastructure for electronic services and
payments emerges. Sun Labs sponsors Sun’s membership in
the Financial Services Technical Consortium, an organiza-
tion of commercial banks and computer vendors focused on
standards and protocols for electronic commerce. Sun Labs
initiates the electronic check project, providing key hard-
ware and software.

Electronic
Commerce



1995 (continued)

Tcl/Tk (pronounced “Tickle/TeaKay”)
The multi-platform Tcl/Tk ships, providing support for safe
execution of untrusted scripts from the network and the abil-
ity to run GUI applications independent of the platform—
UNIX, Microsoft Windows, and Macintosh. The group also
ships Safe-Tcl, a way to safely execute untrusted Tcl scripts
received from the network.

Video server
An important contribution comes through Jim Hanko’s
design and creation of a high-performance video server
technology, now Sun’s Interactive Services Group’s high-
performance server that is capable of delivering many inde-
pendent, high-bandwidth data streams. Hanko wins Sun’s
President’s Award for this work. In addition, Sun announces
the Sun MediaCenter™ video server family, based on desk
management, media layout, fault tolerance, and admission
control technologies developed by Sun Labs.

Media-related technologies
Every year, the Interactive Services Technology (IST)
group’s projects build on work done in the previous fiscal
year. 1995 sees a number of IST’s media-related technolo-
gies developed into products. SunTuner, the computer-con-
trolled video tuner, and SlicVideo, the low-cost video
capture prototype units are made available via a third party.
The first media server product offered by Sun, the Media-
Center video server, is largely designed and implemented by
the IST group for SunInteractive.



1995 (continued)

Solaris™ MC Operating System Software
New operating systems’ software, Solaris MC, harnesses
the power of multi-computer (clustered) systems. The archi-
tecture is completed and the design of several major compo-
nents are finished. An algorithm is devised for sharing page
tables that improves the overall performance of the system,
especially on large servers. The scheme is particularly
suited to modern software-controlled memory management
units such as the UltraSPARC™ Memory Management
Unit.

SpeechActs
Sun Labs East demonstrates conversational e-mail and other
telephone-based SpeechActs applications at Telecom ‘95.
Their goal is to build a robust, effective environment for
speech applications.

Assertion Definition Language (ADL)
As the first stage of a collaboration between Sun Labs, X/
Open, and IPA, ADL test generation system version 1.0
ships. The ADL compiler turns formal specifications into
test programs. The objective is to research and develop soft-
ware engineering tools and technology aimed at improving
software design, development, testing, and maintenance;
and to study the applicability of formal methods-based test-
ing technology on large systems. [December]
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List of Technical Reports Published
from 1991 through 1995

The First Fifty

TR-92-1 Stephen E. Richardson Caching Function Results:
Faster Arithmetic by Avoiding
Unnecessary Computation

TR-92-2 James Kempf and Cross-Address Space Dynamic Linking
Peter B. Kessler

TR-92-3 Yousef A. Khalidi An Implementation of UNIX on an Object-
and Michael N. Nelson oriented Operating System

TR-92-4 Amy Pearl System Support for Integrated Desktop
Video Conferencing

TR-92-5 John C. Tang and Why Do Users Like Video? Studies of
Ellen A. Isaacs Multimedia-Supported Collaboration

TR-93-6 Bob Cmelik SpixTools - Introduction & User’s Manual

TR-93-7 Shing Kong A Tutorial on CDRAM-Based Memory
System Design

TR-93-8 Madhusudhan Talluri, TradeOffs in Supporting Two Page Sizes
Shing Kong, Mark D. Hill,
and David A. Patterson

TR-93-9 Yousef A. Khalidi and The Spring Virtual Memory System
Michael N. Nelson

TR-93-10 Michael N. Nelson, The Spring File System
Yousef A. Khalidi, and
Peter W. Madany

TR-93-11 Robert F. Cmelik, An Analysis of MIPS and SPARC Instruction Se
Shing I. Kong, David R. Utilization on the SPEC Benchmarks
Ditzel, and Edmund J.
Kelly



s

TR-93-12 Bob Cmelik and Shade: A Fast Instruction-Set Simulator for
David Keppel Execution Profiling

TR-93-13 Graham Hamilton, Subcontract: A Flexible Base for Distributed
Michael L. Powell, and Programming
James G. Mitchell

TR-93-14 Graham Hamilton and The Spring Nucleus: A Microkernel for Objects
Panos Kougiouris

TR-93-15 Michael N. Nelson and High Performance Dynamic Linking Through
Graham Hamilton Caching

TR-93-16 Sanjay Radia, Michael N. The Spring Name Service
Nelson, and Michael L.
Powell

TR-93-17 Yousef A. Khalidi, Virtual Memory Support for Multiple Page Sizes
Madhusudhan Talluri,
Michael N. Nelson, and
Dock Williams

TR-93-18 Yousef A. Khalidi and Extensible File Systems in Spring
Michael N. Nelson

TR-93-19 Michael N. Nelson, A Framework for Caching in an
Graham Hamilton, and Object-Oriented System
Yousef A. Khalidi

TR-93-20 Yousef A. Khalidi and A Flexible External Paging Interface
Michael N. Nelson

TR-93-21 Graham Hamilton and Using Interface Inheritance to Address Problem
Sanjay Radia in System Software Evolution

TR-93-22 Gary Lauterbach Accelerating Architectural Simulation by
Parallel Execution of Trace Samples

TR-94-23 Sriram Sankar and Specifying and Testing Software Components
Roger Hayes using ADL

TR-94-24 Steve Gadol and Mike Clary Nomadic Tenets—A User’s Perspective

TR-94-25 Robert F. Sproull, Counterflow Pipeline Processor Architecture
Ivan E. Sutherland,
and Charles E. Molnar
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TR-94-26 Theodore C. Goldstein and The Object Binary Interface—C++ Objects for
Alan D. Sloane Evolvable Shared Class Libraries

TR-94-27 Ole Agesen Mango—A Parser Generator for Self

TR-94-28 Yousef A. Khalidi, Vikram A Study of the Structure and Performance of MM
P. Joshi, and Dock Williams Handling Software

TR-94-29 Jim Waldo, Geoff Wyant, A Note on Distributed Computing
Ann Wollrath, and
Samuel C. Kendall

TR-94-30 David Ungar and Self: The Power of Simplicity
Randall B. Smith

TR-94-31 Jonathan J. Gibbons and Shadows: A Type-safe Framework for
Michael J. Day Dynamically Extensible Objects

TR-94-32 James Testa Lowered Supply and Threshold Voltage Effects
on CMOS Circuit Characteristics

TR-94-33 Bay-Wei Chang and Animation: From Cartoons to the User Interface
David Ungar

TR-94-34 Sun Microsystems SML Fiscal 1994 Project Portfolio Report
Laboratories Staff

TR-95-35 Urs Hölzle Adaptive Optimization for Self: Reconciling High
Performance With Exploratory Programming

TR-95-36 Jos Marlowe and PSL: Protocols and Pragmatics for Open Syste
Doug Lea

TR-95-37 Israel Cidon, Tony Hsiao, The OPENET Architecture
Asad Khamisy, Abhay
Parekh, Raphael Rom, and
Moshe Sidi

TR-95-38 Yousef A. Khalidi and Improving the Address Translation Performance
Madhusudhan Talluri of Widely Shared Pages

TR-95-39 Moti Thadani and An Efficient Zero-Copy I/O Framework for UNIX
Yousef A. Khalidi
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TR-95-40 Conal Elliott, MediaFlow, a Framework for Distributed Integrate
Greg Schechter, and Media
Salim AbiEzzi

TR-95-41 Jeff Johnson and A Collection of Papers from FirstPerson, Inc.
Mark Keavney

TR-95-42 Robert Yung and Caching Processor General Registers
Neil Wilhelm

TR-95-43 Brian T. Lewis, Clarity MCode: A Retargetable Intermediate
L. Peter Deutsch, and Representation for Compilation
Theodore C. Goldstein

TR-95-44 Neil C. Wilhelm Why Wire Delays Will No Longer Scale for
VLSI Chips

TR-95-45 Neil C. Wilhelm The Miller and Anti-Miller Effects

TR-95-46 Ann Wollrath, Simple Activation for Distributed Objects
Geoff Wyant, and
Jim Waldo

TR-95-47 Jim Waldo, Events in an RPC Based Distributed System
Ann Wollrath,
Geoff Wyant, and
Samuel C. Kendall

TR-95-48 Yousef A. Khalidi, Solaris MC: A Multi-Computer OS
Jose M. Bernabeu,
Vlada Matena, Ken
Shirriff, and Moti Thadani

TR-95-49 Charles E. Molnar and The Design Problem SCPP-A
Huub Schols

TR-95-50 Sun Microsystems Fiscal 1995 Project Portfolio Report
Laboratories Staff



Sun Labs Perspectives Series

List of Publications in
the Non-technical Essay Series

Perspectives-1 Ivan Sutherland Technology & Courage

Perspectives-2 Ivan Sutherland A View of the Task You Face:
A Report to the NRC Committee
on Cryptography
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You may view the entire reports by clicking on the titles on the pages 
following:

Send requests for hard copies to Editor, Technical Reports, Sun Microsystems Laboratories,
          901 San Antonio Road, M/S UMTV29-01,  Palo Alto, California 94303
For information regarding the SML Technical Report Series, contact Jeanie Treichel, Editor-in-Chief
         <jeanie.treichel@eng.sun.com>



1

Caching Function Results:
Faster Arithmetic by Avoiding Unnecessary Computation

Stephen E. Richardson

SMLI TR-92-1 September 1992

Abstract :

This paper discusses trivial  computation, where simple operands trivialize potentially complex operations.
An example of a trivial operation is integer division, where the divisor is two; the division becomes a simple
shift operation. The paper also discusses the concept of redundant  computation, where some operation
repeatedly does the same function because it repeatedly sees the same operands. Experiments on two
separate benchmark suites, the SPEC benchmarks and the Perfect Club, find a surprisingly large amount
of trivial and redundant operation. Various architectural means of exploiting this knowledge to improve
computational efficiency include detection of trivial operands  and the result cache . Further experimen-
tation shows significant speedup from these techniques, as measured on three different styles of machine
architecture.

This version of the technical report includes new information as of March 1993. It incorporates material
included in a paper published in the 11th Symposium on Computer Arithmetic, sponsored by the IEEE.

Also included is a license agreement for receiving free software from Sun Microsystems Laboratories, Inc.

Categories and Subject Descriptors:

     B.6.1 Hardware:
[Logic Design ]: Design Styles-Memory used as logic

F.2.0 Theory of Computation:
          [Analysis of Algorithms and Problem Complexity ]: General
     G.0 Mathematics of Computing:
          [General ]

Keywords and Phrases : Memoization, Multiplication, Result cache

A Sun Microsystems, Inc. Business

M/S 29-01
2550 Garcia Avenue
Mountain View, CA 94043

email address:
stever@eng.sun.com

http://www.sunlabs.com/technical-reports/1992/abstract-1.html


Kempf and Kessler: Cross-Address Space Dynamic Linking 0

Cross-Address Space Dynamic Linking

James Kempf
Peter B. Kessler

SMLI TR-92-2 September 1992

Abstract:

We describe an algorithm and implementation of dynamic linking that allows one user process to
link a program in another address space without compromising the security of the other address
space and without requiring the linking process to enter kernel mode. The same technique can
also be used to load program code into an existing address space, e.g., for debugging or other
purposes. The implementation makes extensive use of objects in the Spring object-oriented oper-
ating system. We have extracted the dynamic linking function from our operating system, and
have made it available to user programs as a replaceable library service. In the process, we have
taken advantage of features present in a modern, object-oriented operating system to simplify the
dynamic linker.

Categories and Subject Descriptors:

     C.2.4 Computer System Organization:
[Computer-Communications Network ]: Distributed Systems-Network operating systems

D.4.9 Software:
          [Operating Systems ]: Systems programs and utilities-Linkers; Loadersl

Additional Keywords and Phrases : Spring operating system; Object-oriented programming

email address:
james.kempf@sun.com
peter.kessler@sun.com

A Sun Microsystems, Inc. Business

M/S 29-01
2550 Garcia Avenue
Mountain View, CA 94043

http://www.sunlabs.com/technical-reports/1992/abstract-2.html
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System Support for Integrated Desktop Video
Conferencing

Amy Pearl
Conferencing and Collaboration (COCO) / Advanced Multimedia Platforms (AMP)

SMLI TR-92-4 December 1992

Abstract:

Desktop computers are increasingly used as communications devices. Advances in digital media are
making the integration of video into desktop computers practical, both technically and economically. At
the convergence of these technologies is computer-integrated desktop video conferencing. This paper
discusses the requirements of integrated desktop video conferencing on a networked set of multimedia-
capable workstations. Among these requirements are the following:

Media-intensive parts of applications should be distributed; a multimedia software platform
should provide support for this.

Audio and video conferencing require network transparent location and reference of people,
media devices, and conferences. The name and remote access reference for a conference
must be exportable to client applications.

All group support applications that provide remote access require security services. True in
any network application, this is more important with live communication streams, such as
audio and video.

Low latency of an audio connection is more important than synchronization of audio with other
timecritical communication, such as video conferencing and user gestures in shared interac-
tive applications.

To efficiently support multi-person conferences, multicast networking protocols are essential.

A research prototype multimedia platform was evaluated, based on these requirements. This paper pre-
sents the lessons learned about system requirements for video conferencing that are not obviously
required for single-user multimedia. It also discusses the motivation and requirements for extending the
platform to support shared applications not previously considered to have constraints related to time.

email address:
amy.pearl@eng.sun.com

A Sun Microsystems, Inc. Business

M/S 29-01
2550 Garcia Avenue
Mountain View, CA 94043

http://www.sunlabs.com/technical-reports/1992/abstract-4.html


Why Do Users Like Video?
Studies of Multimedia-Supported Collaboration

John C. Tang
Sun Microsystems Laboratories, Inc.
Ellen A. Isaacs
SunSoft, Inc.

SMLI TR-92-5 December 1992

Abstract:

Three studies of collaborative activity were conducted as part of research in developing multime-
dia technology to support collaboration. One study surveyed users’ opinions of their use of video
conference rooms. Users indicated that the availability of the video conference rooms was too
limited, audio quality needed improvement, and a shared drawing space was needed. A second
study analyzed videotapes of a work group when meeting face-to-face, video conferencing, and
phone conferencing. The analyses found that the noticeable audio delay in video conferencing
made it difficult for the participants to manage turn-taking and coordinate eye gazes. In the third
study, a distributed team was observed under three conditions: using their existing collaboration
tools, adding a desktop conferencing prototype (audio, video, and shared drawing tool), and sub-
tracting the video capability from the prototype. Data was collected by videotaping the team,
interviewing the team members individually, and recording the teams’ usage of the phone, elec-
tronic mail, face-to-face meetings, and desktop conferencing. The team’s use of the desktop
conferencing prototype dropped dramatically when the video capability was taken away. Analy-
sis of the videotape records showed that the video channel was used to help mediate their inter-
action and convey visual communication. Desktop conferencing substituted for e-mail usage and
perhaps substituted for shorter, two-person meetings.

Keywords:  Desktop Conferencing, Remote Collaboration, Use Studies, Video Conferencing

email addresses:

john.tang@eng.sun.com
ellen.isaacs@eng.sun.com

A Sun Microsystems, Inc. Business

M/S 29-01
2550 Garcia Avenue
Mountain View, CA 94043

http://www.sunlabs.com/technical-reports/1992/abstract-5.html
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The Spring Virtual Memory System

Yousef A. Khalidi
Michael N. Nelson

SMLI TR-93-9 February 1993

Abstract:

In this document we describe the architecture and the implementation of the Spring virtual memory system.
The architecture separates the tasks of maintaining memory mappings and protections from the task of paging
memory in and out of backing store. A per-node virtual memory manager is responsible for maintaining the
mappings on the local machine while external pagers are responsible for managing backing store. A novel
aspect of the architecture is the separation of the memory abstraction from the interface that provides the pag-
ing operations. The design supports flexible memory sharing, sparse address spaces, and copy-on-write
mechanisms. Support for distributed shared memory and extensible stackable file systems are natural conse-
quences of the design. The architecture is implemented and has been in use for over two years as part of an
experimental operating system.

Categories and Subject Descriptors:

     D.4 Software:
[Operating Systems ]:  D.4.2 Storage management

                                                 D.4.3 File systems management
D.4.6 Security and protection

                                                     D.4.7 Distributed systems

Additional Keywords and Phrases : Object-oriented operating system, Distributed shared memory,
                                                                    Memory coherency, Micro-kernel

email address:
yak@eng.sun.com
mnn@eng.sun.com

A Sun Microsystems, Inc. Business

M/S 29-01
2550 Garcia Avenue
Mountain View, CA 94043
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The Spring File System

Michael N. Nelson
Yousef A. Khalidi
Peter W. Madany

SMLI TR-93-10 February 1993

Abstract:

The Spring File System supports cache coherent file data and attributes. It uses the virtual memory system to
provide data caching and uses the operations provided by the virtual memory system to keep the data coher-
ent. The file system consists of two types of file servers: ones that provide coherent access to files they export
and ones that run on each Spring machine and provide caching of data for read and write operations, and has
its own private protocol with the remote file servers to cache file attributes.

Categories and Subject Descriptors:

     D.4 Software:
[Operating Systems ]:  D.4.2 Storage management

                                                 D.4.3 File systems management
  D.4.7 Distributed systems

Additional Keywords and Phrases : Caching, Distributed Shared Memory, Object-oriented Operating Sys-
tem, External Pagers
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Subcontract: A Flexible Base for Distributed
Programming

Graham Hamilton
Michael L. Powell
James G. Mitchell

SMLI TR-93-13 April 1993

Abstract:

A key problem in operating systems is permitting the orderly introduction of new properties and new implemen-
tation techniques. We describe a mechanism, subcontract, that within the context of an object-oriented distrib-
uted system permits application programmers control over fundamental object mechanisms. This allows
programmers to define new object communication without modifying the base system. We describe how new
subcontracts can be introduced as alternative communication mechanisms in the place of existing subcon-
tracts. We also briefly descibe some of the uses we have made of the subcontract mechanism to support cach-
ing, crash recovery, and replication.
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The Spring Nucleus: A Microkernel for Objects

Graham Hamilton
Panos Kougiouris

SMLI TR-93-14 April 1993

Abstract:

The Spring system is a distributed operating system that supports a distributed, object-oriented application
framework. Each individual Spring system is based around a microkernel known as the nucleus, which is
structured to support fast cross-address-space object invocations.

This paper discusses the deign rationale for the nucleus’ IPC facilities and how they fit into the overall
Spring programming model. We then describe how the internal structure of the nucleus is organized to
support fast cross-address-space calls, including some specific details and performance information on
the current implementation.
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The Spring Name Service

Sanjay Radia
Michael N. Nelson
Michael L. Powell

SMLI TR-93-16 November 1993

Abstract:

The Spring name service exploits and supports the uniformity of objects in the Spring object-oriented distrib-
uted system. The name service can be used to associate any name with any object independent of the type of
object, and arbitrary name spaces can be created and used as first-class objects. The same client interface is
used not only for all conventional operating system and network naming, but also for other services that sup-
port naming-style interaction. The architecture of the name service is open, supporting combinations of trusted
and untrusted name servers and object implementations.

The name service integrates access control and persistence for objects in a way that allows object implemen-
tations to delegate responsibility to the name service, or to implement their own policies. The interfaces
between different name servers and between name servers and object implementations allow a variety of
implementation strategies for objects and name servers, providing different levels performance, persistence,
robustness, security, and convenience.

email addresses:
sanjay.radia@eng.sun.com
michael.nelson@eng.sun.com
michael.powell@eng.sun.com

A Sun Microsystems, Inc. Business

M/S 29-01
2550 Garcia Avenue
Mountain View, CA 94043

http://www.sunlabs.com/technical-reports/1993/abstract-16.html


1

Virtual Memory Support for Multiple Pages

Yousef A. Khalidi
Madhusudhan Talluri
Michael N. Nelson
Dock Williams

SMLI TR-93-17 September 1993

Abstract:

The advent of computers with 64-bit virtual address spaces and giga-bytes of physical memory will provide
applications with many more orders of magnitude of memory than is possible today. However, to tap the poten-
tial of this new hardware, we need to re-examine how virtual memory is traditionally managed. We concentrate
in this note on two aspects of virtual memory: software support for multiple page sizes, and memory manage-
ment policies tuned to large amounts of physical memory. We argue for the need to examine these areas, and
we identify several questions that need to be answered. In particular, we show that providing support for multi-
ple page sizes is not as straightforward as may initially appear.
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Extensible File Systems in Spring

Yousef A. Khalidi
Michael N. Nelson

SMLI TR-93-18 September 1993

Abstract:

In this paper we describe an architecture for extensible file systems. The architecture enables the extension of
file system functionality by composing (or stacking) new file systems on top of existing file systems. A file sys-
tem that is stacked on top of an existing file system can access the existing file system’s files via a well-defined
naming interface and can share the same underlying file data in a coherent manner. We describe extending file
systems in the context of the Spring operating system. Composing file systems in Spring is facilitated by basic
Spring features such as its virtual memory architecture, its strongly-typed well-defined interfaces, its location-
independent object invocation mechanism, and its flexible naming architecture. File systems in Spring can
reside in the kernel, in user-mode, or on remote machines, and composing them can be done in a very flexible
manner.
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A Framework for Caching in an
Object-Oriented System

Michael N. Nelson
Graham Hamilton
Yousef A. Khalidi

SMLI TR-93-19 October 1993

Abstract:

Caching is an important technique for improving performance in distributed systems.  However, in general, it
has been performed on an ad-hoc basis, with each component of  the system having to invent its own caching
techniques.  In the Spring operating system, we provide a unified caching architecture that can be used to
cache a variety of different kinds of remote objects.  For any given kind of object, this architecture lets different
client processes within a single machine share a single cache for accessing remote objects.  This caching is
performed by a separate cacher process on the machine local to client processes, the caching is transparent to
the clients, and the cached information is kept coherent.  This architecture has been used to implement caching
for files and for naming contexts.
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A Flexible External Paging Interface

Yousef A. Khalidi
Michael N. Nelson

SMLI TR-93-20 October  1993

Abstract :

In this paper we describe an aspect of the Spring virtual memory system that was influenced by the distributed
object-oriented architecture of Spring. The virtual memory system supports external pagers like those provided
in the MACH® operating system, yet the architecture is more flexible and provides better caching opportunities
than is possible in other systems. A novel aspect of the architecture is the separation of the memory abstrac-
tion from the interface that provides the paging operations. This separation provides considerable caching
opportunities in our file system, and it facilitates our extensible stackable file system architecture. The virtual
memory architecture described in this paper is implemented and has been in use for over three years as part
of the experimental Spring operating system.
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Using Interface Inheritance to Address
Problems in System Software Evolution

Graham Hamilton
Sanjay Radia

SMLI TR-93-21 November  1993

Abstract :

Two specific problems faced in large distributed systems are:  (1) evolving and managing different versions
of an interface while minimizing the impact on existing clients; and (2) supporting the addition of auxiliary
interfaces that are orthogonal to the main interface of an abstraction.

In the context of the Spring distributed system, we addressed both problems using an object-oriented inter-
face definition language. Different versions of an interface are represented as different types, with an
inheritance relationship that minimizes the impact on existing clients, and allows easy management of ver-
sions.

We distinguish between fundamental and auxiliary properties, each of which is defined as a separate type.
Rather than use simple root inheritance, we use a combination of root and leaf inheritance. This provides
flexibility in supporting auxiliary properties, and allows us to add new auxiliary properties as the system
evolves, without forcing the system to be recompiled.

The solutions have been tested and refined through their use in the Spring system.
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Accelerating Architectural Simulation by
Parallel Execution of Trace Samples

Gary Lauterbach

SMLI TR-93-22 December 1993

Abstract:

In order to quickly decide which architectural features are to be included in future processors, we have devel-
oped a simulation approach that uses samples of benchmark program instruction traces. Rather than simulat-
ing a proposed architecture on the entire SPEC92 program suite of more than 100 billion instructions, we
simulate using a set of samples of the SPEC92 suite containing less than 1% of the total instruction trace.
Each of our samples contains a relatively short instruction trace that can be simulated quickly.

The technique described can be applied to existing architectural models to produce significant reductions in
simulation time. Existing simulation tools can be leveraged to implement the trace sampling technique
described.
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Specifying and Testing
Software Components using ADL

Sriram Sankar
Roger Hayes

SMLI TR-94-23 April 1994

Abstract:

This paper presents a novel approach to unit testing of software components. This approach uses the
specification language ADL, that is particularly well-suited for testing, to formally document the intended
behavior of software components. Another related language, TDD, is used to systematically describe the
test-data on which the software components will be tested.

This paper gives a detailed overview of the ADL language, and a brief presentation of the TDD language.
Some details of the actual test system are also presented, along with some significant results.
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Nomadic Tenets - A User’s Perspective

Steve Gadol
Mike Clary

SMLI TR-94-24 June 1994

Abstract:

This document will attempt to establish some basic tenets on how nomadic computers should operate. These
tenets are derived from practical experience gained from using nomadic computers to access the enterprise-wide
information resource at Sun®. These tenets are not hard and fast; they are recommendations of how nomadics
should work. They will surely be refined as more experience is gained. They do, however, represent a starting point
for living and working in a nomadic computing world.
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Counterow Pipeline Processor Architecture

Robert F. Sproull
Ivan E. Sutherland

Sun Microsystems Laboratories, Inc.

Charles E. Molnar
Institute for Biomedical Computing

Washington University

SMLI TR-94-25 April 1994

Abstract:

The counterow pipeline processor architecture (cfpp) is a proposal for a family of micro-

architectures for risc processors. The architecture derives its name from its fundamental

feature, namely that instructions and results ow in opposite directions within a pipeline and

interact as they pass. The architecture seeks geometric regularity in processor chip layout,

purely local control to avoid performance limitations of complex global pipeline stall signals,

and simplicity that might lead to provably correct processor designs. Moreover, cfpp designs

allow asynchronous implementations, in contrast to conventional pipeline designs where the

synchronization required for operand forwarding makes asynchronous designs unattractive.

This paper presents the cfpp architecture and a proposal for an asynchronous implementation.

Detailed performance simulations of a complete processor design are not yet available.

Keywords: processor design, risc architecture, micropipelines, fifo, asynchronous systems

CR categories: B.2.1, B.6.1, C.1.0
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The Object Binary Interface—C++ Objects
for Evolvable Shared Class Libraries

Theodore C. Goldstein
Alan D. Sloane

SMLI TR-94-26 June 1994

Abstract:

Object-oriented design and object-oriented languages support the development of independent
software components such as class libraries. When using such components, versioning becomes
a key issue. While various ad-hoc techniques and coding idioms have been used to provide ver-
sioning, all of these techniques have deficiencies—ambiguity, the necessity of recompilation or re-
coding, or the loss of binary compatibility of programs. Components from different software ven-
dors are versioned at different times. Maintaining compatibility between versions must be con-
sciously engineered. New technologies—such as distributed objects—further complicate libraries
by requiring multiple implementations of a type simultaneously in a program.

This paper describes a new C++ object model called the Shared Object Model (SOM) for C++
users, and a new implementation model called the Object Binary Interface (OBI) for C++ imple-
mentors. These techniques provide a mechanism for allowing multiple implementations of an
object in a program. Early analysis of this approach has shown it to have performance broadly
comparable to conventional implementations.
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Mango: A Parser Generator for Self

Ole Agesen

SMLI TR-94-27 June 1994

Abstract:

Mango is a parser generator that is included in Release 3.0 of the Self system. Mango goes
beyond LEX/YACC in several respects. First, Mango grammars are structured, thus easier to read
and map onto parse trees. Second, Mango parsers automatically build parse trees rather than
merely provide hooks for calling low-level reduce actions during parsing. Third, Mango automati-
cally maintains invariance of the structure of parse trees, even while grammars are transformed to
enable LR parsing. Fourth, Mango and the parsers it generates are completely integrated in the
Self object world. In particular, a parser is an object. Unlike YACC, several independent parsers
can co-exist in a single program.

We show how to generate a Mango parser and how to use it by means of an example: a simple
expression language. Furthermore, we show how to add semantic properties to the parse trees
that the Mango parser produces.

Mango is a realistic tool. A parser for full ANSI C was built with Mango.
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A Study of the Structure and Performance
of MMU Handling Software

Yousef A. Khalidi
Vikram P. Joshi
Dock Williams

SMLI TR-94-28 June 1994

Abstract:

Modern operating systems provide a rich set of interfaces for mapping, sharing, and protecting memory. Different
memory management unit (MMU) architectures provide different mechanisms for managing memory translations.
Since the same OS usually runs on different MMU architectures, a software “hardware address translation” (hat)
layer that abstracts the MMU architecture is normally implemented between MMU hardware and the virtual mem-
ory system of the OS. In this paper, we study the impact of the OS and the MMU on the structure and performance
of the hat layer. In particular, we concentrate on the role of the hat layer on the scalability of system performance
on symmetric multiprocessors with 2-12 CPUs. The results show that, unlike single-user applications, multi-user
applications require very careful multi-threading of the hat layer to achieve system performance that scales with
the number of CPUs. In addition, multi-threading the hat can result in better performance in lesser amounts of
physical memory.
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A Note on Distributed Computing

Jim Waldo
Geoff Wyant
Ann Wollrath
Sam Kendall

SMLI TR-94-29 November 1994

Abstract:

We argue that objects that interact in a distributed system need to be dealt with in ways that are
intrinsically different from objects that interact in a single address space. These differences are
required because distributed systems require that the programmer be aware of latency, have a dif-
ferent model of memory access, and take into account issues of concurrency and partial failure.

We look at a number of distributed systems that have attempted to paper over the distinction
between local and remote objects, and show that such systems fail to support basic requirements
of robustness and reliability. These failures have been masked in the past by the small size of the
distributed systems that have been built. In the enterprise-wide distributed systems foreseen in the
near future, however, such a masking will be impossible.

We conclude by discussing what is required of both systems-level and application-level program-
mers and designers if one is to take distribution seriously.
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Self: The Power of Simplicity *

David Ungar‡

Randall B. Smith‡

SMLI-TR-94-30 December 1994

Abstract:

Self is an object-oriented language for exploratory programming based on a small number
of simple and concrete ideas: prototypes, slots, and behavior. Prototypes combine inherit-
ance and instantiation to provide a framework that is simpler and more flexible than most
object-oriented languages. Slots unite variables and procedures into a single construct.
This permits the inheritance hierarchy to take over the function of lexical scoping in con-
ventional languages. Finally, because Self does not distinguish state from behavior, it nar-
rows the gaps between ordinary objects, procedures, and closures. Self’s simplicity and
expressiveness offer new insights into object-oriented computation.

*
This work was partially supported by Xerox Corporation, and partially by National Science Foun-

dation Presidential Young Investigator Grant #CCR-8657631, Sun Microsystems, Inc., The Powell
Foundation, International Business Machines Corporation, Apple Computer, Inc., Digital Equipment
Corporation, NCR Corporation, Texas Instruments, Inc., and Cray Laboratories.

‡
 At the time of original publication, Ungar was employed at the Computer Systems Laboratory of

Stanford University, Stanford, CA, and Smith was employed at Xerox Palo Alto Research Center,
Palo Alto, CA.
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Shadows: A Type-safe Framework
for Dynamically Extensible Objects

Jonathan J. Gibbons
Michael J. Day

SMLI TR-94-31 November 1994

Abstract:

In an object-oriented program, it is common to have a collection of interconnected objects of a variety of
types. To manipulate such a collection, it is often desirable to be able to extend the functionality of the indi-
vidual objects, in different ways for different and independent clients, and possibly for more than one client
at a time. The complete set of potential clients may not be known when the code for the collection is com-
piled, or when the collection is actually built. Furthermore, it is desirable to be able to extend the functional-
ity of the various objects in a type-safe manner.

“Shadowing” is a flexible way to solve this problem that permits a collection of objects to be projected from
one type-space to another. Internally, a simple form of run-time typing is used to provide type-safety. Both
the shadow technology and the run-time typing technology use a specialized utility called autodefine
that automates many of the implementation details.
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Animation: From Cartoons to the User Interface *

Bay-Wei Chang
David Ungar

SMLI-TR-95-33 March 1995

Abstract:

User interfaces are often based on static presentations, a model ill suited for conveying change. Consequently,
events on the screen frequently startle and confuse users. Cartoon animation, in contrast, is exceedingly success-
ful at engaging its audience; even the most bizarre events are easily comprehended. The Self user interface has
served as a testbed for the application of cartoon animation techniques as a means of making the interface easier
to understand and more pleasant to use. Attention to timing and transient detail allows Self objects to move solidly.
Use of cartoon-style motion blur allows Self objects to move quickly and still maintain their comprehensibility. Self
objects arrive and depart smoothly, without sudden materializations and disappearances, and they rise to the front
of overlapping objects smoothly through the use of dissolve. Anticipating motion with a small contrary motion and
pacing the middle of transitions faster than the endpoints results in smoother and clearer movements. Despite the
differences between user interfaces and cartoons—cartoons are frivolous, passive entertainment and user inter-
faces are serious, interactive tools—cartoon animation has much to lend to user interfaces to realize both affective
and cognitive benefits.

Keywords: Animation, User Interfaces, Cartoons, Motion Blur, Self

*  This work was originally supported by Sun Microsystems Laboratories, an NSF Graduate Fellowship, National
Science Foundation Presidential Young Investigator Grant #CCR-8657631, IBM Powell Foundation, Apple Com-
puter, Inc., Cray Laboratories, Tandem, NCR Corporation, Texas Instruments, Inc., and Digital Equipment Corpo-
ration.
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The OPENET Architecture

Israel Cidon
Tony Hsiao
Asad Khamisy
Abhay Parekh
Raphael Rom
Moshe Sidi

SMLI TR-95-37 December 1995

Abstract:

ATM networks will soon be moving from the experimental stage of test-beds to a commercial state
where production networks are deployed and operated. The progress of ATM networks appears to be
at risk due to the lack of a universal, open, and efficient ATM network control platform. The emerging
Private Network to Network Interface (PNNI) standard introduces a control platform that can be used
as an internetwork and possibly as an intra-network solution. However, the current PNNI still falls short
in providing an acceptable universal solution, due to lack of performance optimizations for intra-net-
work operation, limited functionality, and the lack of open interfaces for future functional extensions
and services.

OPENET is a common portable, open, and high-performance network control platform based on per-
formance and functional enhancements to the PNNI standard. It is vendor-independent, scalable (in
terms of network size and volume of calls), high-performance (in terms of call processing latency and
throughput), and extensible (in terms of integrating customer-specific and value-added services).
OPENET is designed as an extension to current PNNI so it can serve as a next generation PNNI. It is
compatible with PNNI in the internetworking environment allowing large networks to be partitioned
according to natural topological or organizational boundaries rather than the artificial use of internet-
work interfaces at vendor boundaries.

This report describes the OPENET architecture. The major novelties of the OPENET architecture com-
pared to the current PNNI are: the use of native ATM switching for the dissemination of utilization
updates; lightweight call setup; take down and modification signaling; a new signaling paradigm that
better supports fast reservation and multicast services; and a rich signaling infrastructure that enables
the development of augmented services (such as mobility, directory, etc.), leveraging the existing func-
tions of the network control platform.
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Improving the Address Translation Performance
of Widely Shared Pages

Yousef A. Khalidi
Madhusudhan Talluri

SMLI TR-95-38 February 1995

Abstract:

Operating systems allow multiple processes to share physical objects, e.g., shared libraries, System V shared
memory. Many UNIX® implementations allow processes to use different virtual addresses known as aliases to
map a shared physical page. Each alias traditionally requires separate page table and translation lookaside buffer
(TLB) entries that contain identical translation information. In systems with many aliases, this results in significant
memory demand for storing page tables and unnecessary TLB misses on context switches.

This paper first describes a common-mask scheme that allows translations from many different virtual address
spaces to the same physical address to share a single translation entry. It extends the process context id with a bit
vector that identifies a set of common regions that a process shares with other processes. It requires aliases to
use the same virtual address, but aliases with different virtual addresses are still supported in the conventional
manner. We then study in detail the implementation and performance effects of applying the common-mask
scheme to each level of the translation hierarchy: hardware fully-asociative and set-associative TLBs, memory-
based set-associative software level-two TLBs, and finally hashed page tables.

TLB performance improves as processes incur fewer TLB misses on context switches by sharing TLB entries for
shared pages. On a set of multi-user benchmarks, we show that the common-mask scheme reduces the number
of user TLB misses by up to 50% in a 256-entry fully-associative TLB and a 4096-entry level-two TLB. The mem-
ory used to store hashed page tables is dramatically reduced by requiring a single page table entry instead of sep-
arate page table entries for hundreds of aliases to a physical page. Common-mask hashed page tables use 97%
less memory for an Oracle® Financials database server workload.

The scheme we propose is quite general and applicable in domains other than address translation where multiple
keys map to the same data, e.g., virtually-tagged caches, associative processors, and relational databases.
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An Efficient Zero-Copy I/O Framework for UNIX ®

Moti N. Thadani
Yousef A. Khalidi

SMLI TR-95-39 May 1995

Abstract:

Traditional UNIX® I/O interfaces are based on copy semantics, where read and write calls transfer data
between the kernel and user-defined buffers. Although simple, copy semantics limit the ability of the operat-
ing system to efficiently implement data transfer operations. In this paper, we present extensions on the tra-
ditional UNIX interfaces that are based on explicit buffer exchange. Instead of transferring data between
user-defined buffers and the kernel, the new extensions transfer data buffers between the user and the ker-
nel. We study using the new interfaces in typical application programs, and compare their use to the stan-
dard UNIX interfaces. The new interfaces lend themselves to an efficient zero-copy data transfer
implementation. We describe such an implementation in this paper, and we examine its performance. The
implementation, done in the context of the SolarisTM operating system, is very efficient: for example, on a
typical file transfer benchmark, the network throughput was improved by more than 40% and the CPU utili-
zation reduced by more than 20%.
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A Collection of Papers from FirstPerson, Inc.*

Jeff Johnson
Mark Keavney

SMLI TR-95-41 August 1995

Abstract:

The papers included in this collection are the results of work conducted at the prior First-
Person, Inc., the group which later produced the interactive browser, HotJava.

The five papers report on experiments conducted:

1) to determine which of several candidate user interfaces for panning is most
usable and intuitive;

2)  to determine the smallest touchpad that subjects could accurately use to point to
objects on a TV-sized video display;

3)  to determine the effects of various factors on users’ ability to hit an animated
character (a sprite) moving across the TV screen, using a touchpad separate
from the display;

4)  to determine how accurately subjects could use a touch-sensitive remote control
to hit targets on a TV screen; and

5)  to determine which of several candidate pointing devices is most usable for con-
trolling interactive TV applications.

Because FirstPerson, Inc. is no longer an active business unit, and because of its close
association with the Labs, this collection was printed as a courtesy by Sun Microsystems
Laboratories to document the results of these experiments.

* FirstPerson, Inc. existed from 1993 to 1994.
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Clarity MCode: A Retargetable Intermediate
Representation for Compilation

Brian T. Lewis
L. Peter Deutsch
Theodore C. Goldstein

SMLI TR-95-43 May 1995

Abstract:

The Clarity C++ programming language is a dialect of C++ being developed in Sun Micro-
systems Laboratories to support the development of reliable systems and application soft-
ware, and especially distributed software. We have developed a high-level, machine-
independent intermediate representation to compile Clarity that we call MCode (for “mid-
dle code”). We use MCode to compile Clarity programs at program runtime (i.e., on-the-
fly) into SPARC® code for the SolarisTM operating system. The runtime code generator
produces good quality machine code and is designed to be easily retargetable to new
machines. We also support an interpreter for MCode that supports full interoperation with
C code and existing C libraries. The choice of whether to compile or interpret MCode is
done at runtime on a procedure-by-procedure basis. MCode is significantly more compact
than native machine code. This fact, plus our ability to selectively interpret seldom-exe-
cuted code instead of compiling it, means that MCode programs have a smaller working
set and run better with less memory than the corresponding native machine code pro-
grams. In order to support systems programming, we store MCode in platform-standard
object files. This enables MCode programs to fully interoperate with existing C libraries
and code. It also allows programmers to use standard linkers and other program develop-
ment tools with MCode object files.
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Simple Activation for Distributed Objects

Ann Wollrath
Geoff Wyant
Jim Waldo

SMLI TR-95-46 November 1995

Abstract:
In order to support long-lived distributed objects, object activation is required. Activation allows an
object to alternate between periods of activity, where the object implementation executes in a process;
and periods of dormancy, where the object is on disk and utilizes no system resources.

We describe an activation protocol for distributed object systems. The protocol features overall
simplicity as well as applicability to several different activation models. We use the Modula-3 network
object system as a base for our implementation; while we make no changes to the underlying network
object subsystem, we suggest a minor modification that could be made to the marshalling of network
objects to assist in lazy activation, our preferred activation model.
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Events in an RPC Based Distributed System

Jim Waldo
Ann Wollrath
Geoff Wyant
Samuel C. Kendall

SMLI TR-95-47 November 1995

Abstract:

In this report, we show how to build a distributed system allowing objects to register interest in and receive
notifications of events in other objects. The system is built on top of a pair of interfaces that are interesting
only in their extreme simplicity. We then present a simple and efficient implementation of these interfaces.

Next, we show how more complex functionality can be introduced to the system by adding third-party ser-
vices. These services can be added without changing the simple interfaces, and without changing the
objects in the system that do not need the functionality of those services.

Finally, we note a number of open issues that remain, and attempt to draw some conclusions based on the
work.
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Solaris MC: A Multi-Computer OS

Yousef A. Khalidi
Jose M. Bernabeu
Vlada Matena
Ken Shirriff
Moti Thadani

SMLI TR-95-48 November 1995

Abstract:

Solaris MC is a prototype distributed operating system for multi-computers (i.e., clusters of nodes) that pro-
vides a single-system image: a cluster appears to the user and applications as a single computer running
the Solaris™ operating system. Solaris MC is built as a set of extensions to the base Solaris UNIX® sys-
tem and provides the same ABI/API as Solaris, running unmodified applications. The components of
Solaris MC are implemented in C++ through a CORBA-compliant object-oriented system with all new ser-
vices defined by the IDL definition language. Objects communicate through a runtime system that borrows
from Solaris doors and Spring subcontracts. Solaris MC is designed for high availability: if a node fails, the
remaining nodes remain operational. Solaris MC has a distributed caching file system with UNIX consis-
tency semantics, based on the Spring virtual memory and file system architecture. Process operations are
extended across the cluster, including remote process execution and a global /proc file system. The exter-
nal network is transparently accessible from any node in the cluster. The prototype is fairly complete—we
regularly exercise the system by running multiple copies of an off-the-shelf commercial database system.
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The Design Problem SCPP-A

Charles E. Molnar
Huub Schols

SMLI TR-95-49 December 1995

Abstract:

Much design effort toward a Sproull Counterflow Pipeline Processor has been focused on management of
movements of Instructions and Results in the pipelines so that every Instruction and Result that pass one
another meet and interact in exactly one stage of the pipeline. The full SCPP design problem poses other
requirements as well, such as creation and deletion of items flowing in the pipelines, scheduling of execu-
tion of instructions only in stages with the required hardware, and high speed.

Nevertheless, even a simplified version of the design problem that ignores the latter requirements has
resisted synthesis using existing formal methods. At a workshop on Asynchronous VLSI Design held in
Israel on March 20-22, 1995, Alain Martin of Caltech discussed his synthesis methodology and tools,
which he claimed can translate almost any Communicating Sequential Process (CSP) program to a circuit
by systematic procedure. Since our essential requirements for movement of Instructions and Results had
been expressed by us as a 5-state FSM graph that is easily interpreted as a CSP program, we asked Mar-
tin to demonstrate how his method would be applied to this problem.

At the suggestion of the workshop organizer, Dr. Ran Ginosar of the Technion, Dr. Huub Schols presented
the challenge to all of the workshop attendees, and produced the careful documentation contained here.
Several thoughtful responses to our challenge are cited in the list of references. They lead us to conclude
that the problem that we have posed is indeed difficult and worthy of further study and analysis.

Martin has declined to provide us with any information about a solution that he claimed to have found after
the workshop.
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The Future as Envisioned by SunLabs.

What’s on the horizon at Sun for the next three to five years? 

While many Sun employees are working on future products and new ways of doing things, the
lucky people who get to spend ALL their time thinking about the future are in Sun Microsystems
Laboratories, more commonly known as SunLabs. 

Founded in 1990, SunLabs is one of the ways Sun invests in the future. The 100 or so
employees at SunLabs--located both in Mountain View, California and Chelmsford,
Massachusetts--develop, demonstrate and introduce new, advanced technologies and
methodologies. Each project starts with a staff of five to 10 people, and grows if it becomes
successful. At any given moment, about 12 or 15 projects may be underway. In addition,
SunLabs looks into ideas that are outside the company’s mainstream. Sometimes, new business
opportunities can spring from these ideas. SunLabs also serves as a recruiting magnet for key
technologists. 

With a staff of 100 people, SunLabs is less than one percent of the company. As Dr. W.R.
"Bert" Sutherland, Director of Sun Microsystems Laboratories, says, "That means that the other
99 percent do all the real work in the company--they make the products, they do all the internal
administration, they sell the products, they bring in the revenue." SunLabs may originate the
idea for a product, but depends on Sun’s other business units to turn those ideas into products
that are ready for the marketplace. 

The last thing you want in a product development project is a nasty technical surprise,
something that wasn’t understood. But at SunLabs, surprises and mistakes are just another way
of learning. "One of our functions is to make the company’s mistakes early while they’re still
cheap," says Sutherland. "We accept that a certain number of our projects will fail." 

SunLabs also stays in contact with colleagues in the outside world, importing ideas and
technology into the company, then helping the company digest those ideas. Teaching and
research have always been coupled, so the Lab influences Sun’s future business direction by
educating the company about technical possibilities. The Lab does not undertake any basic
research such as transistor invention. Instead, it is very focused on practical applications. Some
notable successes have come out of SunLabs, for example, the Green Project. It evolved into the
First Person organization, which turned it into a very successful product--the Java interactive
programming language for the Internet. FirstPerson became the foundation of both Sun’s Java
organization and the Interactive Services Group, which provides the media servers for Sun. The 
Netra Internet Server is another example of a product that began at SunLabs, was taken over by
other groups within Sun, and eventually debuted as a successful product. This is the model
SunLabs strives toward: originating ideas that can be further developed elsewhere within Sun. 

http://www.sunlabs.com/
http://java.sun.com/
http://java.sun.com/


SunLabs’ Leadership

Bert Sutherland, Director and VP, SMI 
Ivan Sutherland, Fellow and VP, SMI 
Bob Sproull, Fellow and VP, SMI 

Distinguished Engineers

Duane Northcutt 
John Ousterhout 
Guy Steele 
Neil Wilhelm 
Bill Woods 

W. R. "Bert" Sutherland
Director, SunLabs, and Vice President, SMI

Interview with Bert Sutherland

Dr. Sutherland is VP of Sun Microsystems, Inc. (SMI), and Director of Sun Microsystems
Laboratories--Sun’s research center. He joined the Labs at its inception--in September of 1990.
He is also currently a director of John Wiley & Sons, Inc., New York, as well as an advisor to
Advanced Technology Ventures of Boston and Menlo Park. Before joining Sun, he was VP of
Sutherland, Sproull, and Associates, an information and technology consulting firm. Previously,
at the Xerox Palo Alto Research Center (PARC), where he was Manager of the Systems Science
Laboratory, he managed some of the seminal research in desktop computer technology. 

Earlier, he was Divisional VP and Director of the Computer Science Division of Bolt, Beranek
and Newman, Inc., in Cambridge, MA, and an Associate Group Leader of the Digital Computers
Group at the MIT Lincoln Laboratory. Dr. Sutherland received his BEE from Rensselaer
Polytechnic Institute, and his MS and PhD from MIT. During his military service in the U.S.
Navy, he was awarded the Legion of Merit as a Carrier ASW plane commander. 

Ivan E. Sutherland
Fellow and Vice President, SMI

Dr. Sutherland is widely known for his pioneering contributions. His 1963 MIT PhD thesis,
Sketchpad, opened the field of computer graphics. His 1966 work, with Bob Sproull, on a
head-mounted display, anticipated today’s virtual reality by 25 years. He is co-founder of Evans
and Sutherland, which manufactures the most advanced computer image generators now in use.
As head of the Computer Science Department at Caltech he helped make integrated circuit
design an acceptable field of academic study. Dr. Sutherland is on the Boards of several small



companies and is a member of the National Academy of Engineering and the National Academy
of Sciences, the ACM and IEEE. He was Co-chair, along with Fred Brooks, of the NRC’s High
Performance Computing and Communications Initiative. He received the Turing Award in 1988
and the Systems Software award in 1993. 

Robert F. Sproull
Fellow and Vice President, SMI

Robert F. Sproull is presently Vice President and Fellow at Sun Microsystems Laboratories. He
leads a section of the Laboratory in Chelmsford, Mass. that focuses on improving users’
coupling to computers and information. Since undergraduate days, he has been building
hardware and software for computer graphics: early clipping hardware, an early
device-independent graphics package, page description languages, laser printing software, and
window systems. He has also been involved in VLSI design, especially of asynchronous circuits
and systems. Prior to joining Sun, he was a principal with Sutherland, Sproull and Associates,
an associate professor at Carnegie Mellon University and a member of the Xerox Palo Alto
Research Center. He is a coauthor with William Newman of the early text, "Principles of
Interactive Computer Graphics." 

Distinguished Engineers:

Duane Northcutt
Distinguished Engineer Interactive Services Technologies

Duane Northcutt has been an active researcher in the area of real-time and distributed systems
since 1977, and for the past six years has been working on providing network and operating
system support for digital audio and video. Duane is the principal investigator on a set of
research projects that are developing fundamental enabling technologies for the integration of
time-critical media into the distributed workstation environment. Previously, he worked on
system-level support for multimedia applications as a Senior Research Engineer at the Olivetti
Research Center. Prior to this, Northcutt was a member of the research faculty at Carnegie
Mellon University’s School of Computer Science where he lead a large-scale research project
that developed the Alpha real-time operating system and multiprocessor testbed. 

Dr. Northcutt received the degrees of PhD and MSEE (Electrical and Computer Engineering)
from Carnegie-Mellon University 1986 and 1979, respectively, and a BSEE degree from
Auburn University in 1978. He is the author of a book on mechanisms for real-time distributed
operating systems, and over two dozen articles and technical reports on time-critical computing,
distributed systems, and multimedia. 



John Ousterhout
Distinguished Engineer Manager of TCL/Tk Group

John Ousterhout is a Distinguished Engineer at Sun Microsystems Laboratories. Before joining
Sun he was a Professor in the Department of Electrical Engineering and Computer Sciences at
the University of California at Berkeley. His interests include scripting languages, user
interfaces, operating systems, and distributed systems. He is the author of the Tcl scripting
language and the Tk toolkit. In the past, he led the development of Sprite, a network operating
system for high-performance workstations, and several widely-used programs for
computer-aided design, including Magic, Caesar, and Crystal. Ousterhout is a Fellow of the
ACM and has received many awards, including the ACM Grace Murray Hopper Award, the
National Science Foundation Presidential Young Investigator Award, and the UCB
Distinguished Teaching Award. He received a B.S. degree in Physics from Yale University in
1975 and a Ph.D. in Computer Science from Carnegie Mellon University in 1980. 

Guy Steele
Distinguished Engineer

Guy L. Steele Jr. is a Distinguished Engineer at Sun Microsystems Laboratories in Chelmsford,
Massachusetts, and is responsible for research in programming languages, parallel algorithms,
implementation strategies, and architectural and software support. He is currently working with
James Gosling and Bill Joy on the detailed specification of the Java programming language.
Steele has published more than two dozen papers on the subject of the Lisp language and Lisp
implementation, including a series with Gerald Jay Sussman that defined the Scheme dialect of
Lisp. He is an ACM Fellow and a Fellow of the AAAI, and was awarded the ACM Grace
Murray Hopper Award in 1988 as well as a Gordon Bell Prize in 1990. He designed the original
EMACS command set and was the first person to port TeX. Prior to joining Sun, he was a senior
scientist at Thinking Machines Corporation, a member of technical staff at Tartan Laboratories,
and an assistant professor at Carnegie-Mellon University. He is co-author of three books on
programming languages: "Common Lisp: The Language," "C: A Reference Manual," and "The
High Performance Fortran Handbook." 

Neil Wilhelm
Distinguished Engineer

Neil C. Wilhelm received his BS degree in Engineering from Harvey Mudd College, and his MS
and PhD degrees in Electrical Engineering from Stanford University. He has taught electrical
engineering and computer science, and he has designed and built instruction sets, processors,
computer systems, and CAD tools. His current interests are server systems, fast I/O, and binary
translation. 



Bill Woods
Distinguished Engineer Conceptual Indexing

Dr. William A. Woods is well known for his research in natural language processing, continuous
speech understanding, and knowledge representation. He is currently a Principal Scientist at Sun
Microsystems Laboratories in Chelmsford, where he is working on technology to improve
people’s ability to find information online. After starting out as an Assistant Professor at
Harvard University, where he had earned his doctorate, he worked for Bolt Beranek and
Newman Inc. (now BBN Systems and Technologies) when the Arpanet (now Internet) was
being invented. At BBN, he built one of the first natural language question answering systems
(Lunar) to answer questions about the Apollo 11 moon rocks for the NASA Manned Spacecraft
Center. Woods became a Principal Scientist at BBN and was Manager of the Artificial
Intelligence Department there. At that time, he was Principal Investigator for BBN’s work in
natural language processing and for its first project in continuous speech understanding.
Subsequently, he was Principal Scientist for Applied Expert Systems, Inc., a Gordon McKay
Professor of the Practice of Computer Science at Harvard University, and Principal Technologist
at ON Technology Inc. He is a past president of the Association for Computational Linguistics,
a Fellow of the American Association for Artificial Intelligence, and a Fellow of the American
Association for the Advancement of Science. 

Questions or comments? webmaster@sun.com 
Copyright 1994-1998 Sun Microsystems, Inc., 901 San Antonio Road, Palo Alto, CA 94303 USA.

All rights reserved. Legal Terms. Privacy Policy. 



Mark  & Marc Interviews...

Bert Sutherland

Director  of Sun Microsystems Laboratories (SunLabs)

by Mark Holt  & Marc Sacoolas

Founded in 1990, SunLabs is the applied research and advanced development laboratory at Sun
Microsystems, Inc. This interview was done on January 16, 1996 in Bert Sutherland’s office in
the SunLab building, MTV29.

BACKGROUND  ON BERT SUTHERLAND

Could you tell us a little bit about yourself and how long you have been
at Sun?
Bert: Sure. I’m Bert Sutherland, the director of SunLabs. I’ve been at Sun for a little over five
years. I came to Sun when the Lab was founded - to join the Lab. I’ve been in computer research
and research management all of my career. My undergraduate degree is from Rensselaer
[Polytechnic Institute] in electrical engineering. Then I flew in the Navy, chasing submarines for
five years, before going back to M.I.T. [Massachusetts Institute of Technology] where I got my
Ph.D. in Computer Science. From there, I went to work at Lincoln Laboratory outside of Boston
at Bolt, Beranek, and Newman, Inc. (BBN), in Cambridge, MA, where I ran the computer
sciences division. Then I moved to Xerox PARC [Xerox Palo Alto Research Center] in Palo
Alto, CA, where I ran the System Sciences Lab, which included Alan Kay and the Smalltalk
Group. A lot of interesting things happened. Steve Jobs came to visit and the Macintosh was
born. LSI design work was done when Carver Mead was a consultant and Lynn Conway was in
my Lab.

In the early 1980’s, I left Xerox PARC and became a consultant with my brother, Ivan, and Bob
Sproull. We were Sutherland, Sproull, and Associates. We did a variety of consulting work and
venture capital activities. In 1990, all three of us came to join Sun and be part of the new 
laboratory.

Did you specifically come in to run the Lab?
Bert: We came in to join the Lab. When the Lab was founded, it had a Director, Wayne Rosing,
who came over in January 1991 during the [Sun] reorganization. Steve MacKay, Jim Mitchell,
and I were early members of the Lab. Steve subsequently went on to become Vice President of
the Solaris Product Group at SunSoft. Jim, a SunFellow, later went to SunSoft with the Spring
project. I was Wayne’s deputy before becoming director of the Lab in 1993.

http://www.sun.com/tech/projects/spring/index.html
http://www.parc.xerox.com/
http://web.mit.edu/
http://www.rpi.edu/
http://www.sunlabs.com/


THE LAB - HOW IT ALL STARTED

Sun Microsystems Laboratories Building MTV29, Mountain View, CA

How big was the Lab when it started back in ’90?
Bert: The Lab has always been a small organization. When it started, we pulled together 50 or
60 people from various projects at Sun including the Spring Project, Dave Ditzel of the 
SPARCTM  Technology group, Greg McLaughlin and his multimedia work, and Steve MacKay.
When we started the Lab, Scott McNealy said, "Well, this is great to have a Lab, but you should
stay small to prove your worth for the expenditure before you grow too much." And he said,
"One hundred is a nice round number, so why don’t you stay at a hundred technical staff?" And,
we have been around a hundred ever since. And it has actually been a very good management
technique for the Lab because it means that when we start something new, we have to stop
something old.

Kind  of a fixed number.
Bert: Yes. But Scott was even cleverer than that. He said, "I know how to control the Lab. I’ll
give you building 29 (MTV29). Don’t even think of asking for more space." So, we have a
physical [space] limit. We also have a small outpost in Boston, MA, that Bob Sproull runs.

Why was that location selected?
Bert: Sun and Silicon Valley are near Stanford [University]. And, our Boston Lab is near M.I.T.
[Massachusetts Institute of Technology].

Conveniently located on purpose?
Bert: Yes, conveniently located.

HOW PROJECTS ARE INITIATED

How does a project get into the Lab?
Bert: Well, research is a very people-oriented activity. To start a new project, you need three
things: First, you need a good, new idea...something that’s interesting and exciting. Secondly, it
needs to be relevant to Sun. We’re not doing cancer research or anything like that. So, we try to
be pretty practical and apply it. And, thirdly, and most importantly, the idea needs a champion.



A champion?
Bert: Basically, I, as the director, or any of the management in the Lab can say X,Y, or Z is the
right thing to work on. But if the project doesn’t have a champion, nothing will happen. So the
people component of this equation is critical. Each project needs a champion to provide the
leadership, the ambition, the drive...someone who stands up and says, "I’m going to put the next
couple of years of my career behind this activity." 

Right.
Bert: We’d rather do a few projects well than a huge number of projects. There’s always a
competition of ideas. So, we’re generally idea-rich, resource-limited and, even more
importantly, we are people-limited. You need leadership to move forward on the projects that
are to be developed.

So when somebody gets an idea, do they bring it to their management,
or is there a committee vote? Who decides which ideas are developed?
Bert: The process of deciding is fairly informal. As the Lab director, I can make a certain
number of decisions, but I really count a lot on the senior people in the Lab. We have two of the
five Fellows at Sun. There are also the DEs [Distinguished Engineers] and senior people in the
Lab for counsel and advice on what we’re going to do. I can’t emphasize enough how a lot of
the Lab’s activities are governed by the people.

Does a project ever come to the Lab as an idea ahead of the technology?
What’s the balance between a seed of new technology developed into a
product, where some marketing person might approach the Lab and
say, "We want to do this." And then you guys figure out how to do it?
Bert: Well, that’s a good question. The ideas in the company that have come into the Lab have
often come with their own champion because there are lots of problems that need solving. But
the real question here is who is going to do the solving? So, we fundamentally don’t take
assignments from marketing because that immediately turns into a recruiting environment
assignment. The Solaris MCTM  is actually a good example. The leader of that project went with
the Spring Group into SunSoft. And he essentially had an idea, made a proposal to me about
working on clustering, high performance i/o [input/output], and operating systems. I took him
back into the Lab with his project proposal and that has grown into the Solaris MC project.
Again, the point I’d like to emphasize is that it’s a people-oriented decision. So, we have
projects in the Lab that have been started by Sun engineering people coming into the Lab to
work on this project. But I can’t think of a single project that has come into the Lab as a 
requirement.

How about any people?
Bert: The project without a champion? I fundamentally declare myself unable to deal with
projects without a champion.

http://www.sunlabs.com/research/solaris-mc/


Right. Come with somebody excited and let them run with it.
Bert: Absolutely.

How many projects are being worked on at the Lab?
Bert: Well, I don’t believe in single-person projects...

Why?
Bert: Because you don’t have anyone with whom to argue. You can’t lose arguments with
yourself all the time. So, most of our projects have three to five people, and sometimes seven or
eight. I don’t think we have any projects this year as big as 10 or 12 people. And, if you do the
numbers on the hundred technical people, that means we have about 10 or 12 active projects.
We try to run a portfolio of projects - some are finishing and maturing; other new projects are
just starting. We often start projects small with just a few people. Then, as it proves successful
and we understand what’s involved, we can build a larger, focused product team.

So projects that succeed become real products. What if a project fails?
Is there a formal report that is put out to the engineering community so
that they can see it has already been tried in the Lab?
Bert: Yes, we have a regular technical report series. And, as part of their termination, the reports
are completed to document what is of technical interest. Again, the Lab is much more
common-sense focused. We don’t do busy work that involves filling out a final report, but we
try to provide something that’s intellectually valuable back to the community.

TRANSFERRING PROJECTS OUT OF THE LAB

Can you describe the process, from the hand-off of the idea and
life-cycle development to engineering design or production?
Bert: Well, there’s no formally defined hand-off process. The Lab policy has been to take the
people who have worked on a specific project and, as appropriate, move them out into the
product-related activities. What they take with them is their knowledge, their know-how, and
their accumulated wisdom from all of the successes and mistakes that they made while they
were here. These people can sometimes lead a development team, sometimes join a
development team, whatever. This is a practical, common-sense approach. There’s no magic;
the transition [transfer of a project] needs to be sensible.

So it’s common for people to leave the Lab with their project?
Bert: Yes. Our focus on moving people out of the Lab and into the company is somewhat
unusual. Even I, at times, subsidize the transfer of people and projects out of the Lab. So,
instead of my going around and trying to get the operating companies to pay me, sometimes as
part of the transfer, I pay them to take my people. I’ve said all along to the HR [Human
Resource] people that the Lab is an open recruiting ground. Anybody in the company is
welcome to come along and recruit away anybody who is in the Lab. And sometimes people

http://www.smli.com/techrep/


have moved out on that ground.

Aside from Java, which is probably one of the most successful things
that began at the Lab, what else has come out recently?
Bert: The Lab contributed a memory management unit design [292 kbyte PostScript] with a
flexible software page table structure to the UltraSPARCTM  processor.

Another interesting project going on now is Solaris MC [Solaris Multi-Computer] which is
working on clustering. The Lab people on this project have dual offices in the Lab and also up in
Menlo Park adjacent to the SunSoft people, to absorb this project.

Is that so they can work more closely together, or is it because the
project is leaving the Lab and moving to SunSoft?
Bert: It’s midway in transition. Some of the people will probably move but not quite yet. We’re
working jointly to make sure that the information moves from the Lab person’s mind to the
relevant group of SunSoft people.

Are you working on anything for the entertainment industry, like Sun’s 
Media Server? Video servers or projects for the Internet?
Bert: Well, there’s the technology that has already been moved. Actually, the work with the
Media Server group was a joint project. Jim Hanko in the Lab and some of the people there
worked together on ways of using a larger array of disks and getting several hundred video
screens off in rapid fire. That’s now out in the [Sun Microsystems Computer Company] business
unit. We also worked through the early product stages of figuring out what customers really
want and why they buy.

We are also working on an E-Commerce project with the Agoric group. The Lab provided key
hardware and software and partnered with the FSTC [Financial Services Technology
Consortium], successfully demoing the first electronic check transaction on the Internet.

Leading edge material...
Bert: Yes. Anticipate future needs.

THE PEOPLE AT THE LAB

Are most of the people working in the Lab engineers or Ph.Ds?
Bert: We probably have a higher density of Ph.Ds. Actually, I just tallied it up recently. Out of
the hundred people, we have 47 Ph.Ds, which is a fairly high density, and 31 with Masters’
degrees. Some of our staffing comes from the outside, some from inside Sun.

http://www.llnl.gov/fstc/projects/echeck/echeck2.shtml
http://www.sun.com/951001/isg.html
http://www.sunlabs.com/research/solaris-mc/
http://www.sun.com/960101/cover/sunlab.ps
http://java.sun.com/


Can you elaborate on this?
Bert: A number of people have joined us from inside the company. With a hundred-person limit
for transferring the technology, we often move people in projects from the Lab into a Sun
company when the project is ready to go. The Spring project was in the Lab for several years
before it moved out to SunSoft, Sun’s software company. This whole JavaTM  [language]
phenomenon started with a small project three or four years ago in the Lab. It was called the
’Green project’ because, "It’s green, it’s time." Now the Java language and HotJavaTM  browser
are part of JavaSoft.

Java started as the ’Green project?’
Bert: It was a nondescript title. Maybe it’s appropriate for Kermit [the frog] - "it’s not easy
being green." (laughs) The Green project subsequently transitioned to FirstPerson [now
JavaSoft]. So, as we discussed earlier, we try to have a flow of people from the Lab into the
company [Sun]. A number of the people who transferred into the company have returned to the 
Lab.

There’s no place like home. And the returnees start over again with a
new project?
Bert: Yes, it starts all over again. However, not everybody who is in the Lab and then goes into
the company will come back.

Right.
Bert: One of the functions of the Lab is as a recruiting magnet for Sun. We can bring people into
the company, let them work here awhile, help them bring their ideas to maturity. Many Lab
people really want to see their ideas put into practice and have commercial value - to be utilized
by real users out in the world. That’s one of the attractions of Sun as a company. The Lab is
actually a place where people can come and see their technical ideas develop into products.

So it’s fair to say that the Lab isn’t just a research lab. Ideas can become 
products.
Bert: Yes, absolutely. I don’t actually think of the Lab as a "research lab" in the sense of, say,
the Bell Labs work or even the Xerox PARC experiences that I have had. I’m trying to run the
Lab as a very practical, very applied, and very valuable-to-the-company asset. We are focused
on things that Sun can use. Xerox PARC was good at ideas; we are doing things a bit differently
here. This is more applied research. And we need to be able to articulate this right from the start,
to say why the technology will be useful.

Right.
Bert: By the way, another way to look at our Lab is, as a way for the company to learn about
technology. It’s a little glib perhaps, but one of our functions is to make some of the company’s
technical mistakes early, while they are still cheap.



That might help.
Bert: That’s right. Warner Von Braun had this wonderful little saying, "If we knew what we
were doing, it wouldn’t be research." But, nonetheless, it’s really important that we explore
things and find out what works or what doesn’t work, and stop it. John Ellenby at Xerox, who
founded Grid and some other companies, really had a nice way of saying it. He said, "Think of
uncharted territories and an expedition going through them. If it’s a development expedition and
it sees a mountain ahead, the development expedition doesn’t want to go there. It wants to go
around the mountain and find a nice, safe, level path to circumvent it. But a research expedition
wants to go right to the top of the mountain to see what’s there." So, one of the things that the
company gives SunLabs is a greater risk profile than the normal development group. It’s okay
for us to make mistakes as long as they’re interesting ones.

Right. It’s okay as long as you can learn from the mistake.
Bert: That’s right. So we’re really in the business of acquiring knowledge for Sun.

PARTNERS AND THE INTERN PROGRAM

Does SunLabs partner with outside groups?
Bert: We have a few joint projects with outside commercial organizations and a larger set of
activities with universities. We have a Collaborative Research program where engineering
people can contract with universities for particular kinds of work that they want.

Can you elaborate on any educational project?
Bert: Sure. One of the things that we’re working on is using technology for education. Every
one of Sun’s customers has an extensive installation of some infrastructure - networks,
workstations, servers, etc. And, every one of these customers has a training problem because of
the number, variety, and turnover of employees. This is a fast-moving world. One application
that we’re exploring is how to use this technology to help people learn. We’re running a pilot
project with Cal Poly [California Polytechnic Institute] in San Luis Obispo and Jim Gibbons, the
Dean of Engineering at Stanford [University]. We are teaching a group of courses at Cal Poly
using a particular methodology for delivering education. It’s an example of the plausibility
argument: "Technology can be useful in delivering training education of all kinds to the desktop
companies." We’re trying to understand how to do that. And the plausible value to the company
is increasing the utility of our products to the customer base.

http://www.calpoly.edu/
http://www.sunlabs.com/collaborations/


When you’re working in different markets, like education, does the Lab
provide the manpower, or does the other partner, for instance Cal Poly,
provide the educators?
Bert: The latter. We really like to work and partner with people who complement our skill base.

And what is our skill base in the Lab?
Bert: Most of it is technical, where Sun should be. We are pretty much a cross-section of Sun
engineering. We don’t even have one psychologist or anthropologist by training. But, we can
partner with people who provide that kind of expertise. So, Cal Poly provides an obvious set of
students, set of courses, and the willingness to partner with us and to experiment. So we’ve had
a very nice relationship. We’ve taught a couple of different classes in this experimental way this
past Fall. And additional work is going on even as we speak.

I  heard the Lab also has a good summer intern program.
Bert: Yes, the Lab has a very strong, extensive summer intern program. It’s a wonderful way to
rejuvenate our population. The students provide a breath of energy for all of us. Graduate
students are fearless; they have no idea that they can’t do it. So whatever it is, they just go and
do it. And it’s wonderful. So out of our 100-person Lab last summer, we had our peak of 30 
interns.

That’s a third of the employees.
Bert: Yes, we have to stuff everybody into our little building and use every nook and cranny, but
it’s really very exciting. We had students from Europe and Asia, as well as the United States and
Canada. So it’s quite an extensive program. From our friends Down Under, we even had a
winter intern last year. The Australian student came about Thanksgiving when his summer
holiday started, and he left around Valentine’s Day when it was time to go back to school. So,
we really try to have extensive, personal interaction with universities. Last year we also had two
professors, who spent a number of months with us on their sabbaticals. One was from Denmark
and one from Spain.

Interesting. Are these professors and students mostly working on Lab 
projects?
Bert: Yes.

How are they recruited?
Bert: The Lab project leaders do the recruiting. Sometimes Lab people have gotten intern
students from their collaborative research partners at universities. Other times, we get summer
students on personal referrals. Professor X at University Y says, "I’ve got the hottest student
who would like to come and do a summer in the industry. What about it?" So there’s quite a
wide variety of different ways they come to us. There’s no fixed mechanism. 



Are most of them Ph.D. candidates?
Bert: Most of them are graduate students but not necessarily Ph.D. candidates. In the local area
around the Lab, we also have some high school interns who come in and learn about work and 
computers.

Do they have any relation to NetDay ’96?
Bert: Well, the Lab has an active volunteer group for that event. But no, the high school intern
program is a thing we’ve had now ever since the Lab was founded.

Interesting. So, you’re cultivating young talent.
Bert: It’s a way of reaching out into the community - tapping people. It’s actually been quite
interesting. At one time, we had three Russian immigrants who were in the local school systems 
here.

Speaking of Russia, do you work with the group of scientists over there
that are part of Sun?
Bert: We haven’t recently. One of the initial contacts, several years ago, was by Dave Ditzel
when he was in the Lab. It was the Russian group that built their supercomputer, SunLabs
actually contracted with them to get that going. When Dave and his group moved into STB 
[SPARC Technology Business, now Sun Micro Electronics], that connection migrated [to STB]
as well. So, as of the last year or so, we haven’t had any additional contact.

So, it’s not just the people that move out of the Lab, it’s the partners...
Bert: Well, partnership is a person-to-person thing. So when the partner moves, then the
partnership also has to move. Again, it’s all a matter of what makes sense.

It  seems like the Lab isn’t selfish about these things...
Bert: Right. The purpose of the Lab is to help Sun do new technical things. And the numbers are
very interesting. With 100 technical people, we are less than one percent of the company [Sun].
So, I tell my people that means all the real work in the company - the money earned, the
products designed, the customers serviced - are the other 99 percent. As this little one percent of
the company, SunLabs is an overhead item. So, our measure of effectiveness is how well we can
get some appropriate part of that other 99 percent to do something different.

Okay.
Bert: Of course, we have to have some technology that they’ll want to use. But, fundamentally
we’re effective when we see the company change its behavior.

http://www.sun.com/sparc/


When the Lab visits a customer, what is their capacity there?
Bert: I’m glad you asked that question. This is, again, part of the difference between our Lab
and some of the other industrial labs. One function of the Lab is to try and increase the value of
Sun’s product downstream to the customer base. And I don’t know how my people can work on
that without some feeling of the customers’ value system. You can go crawl into an ivory tower,
but it’s much better to go out and try to understand their constraints, their needs, their budgets,
their people problems, etc. So, for a long time, we have had a customer visit program in the Lab.
If someone from the Lab goes off to a conference, they are encouraged to connect with a local
Sun office. For instance, the Lab people will ask the German sales office to take them around to
a couple of customers and let them talk about SunLabs. Then when they come back, they write a
trip report for all of us in the Lab - to share whatever they learned. And we’ve found this to be
very useful. It’s a very valuable experience, and it’s also a big help to the field people because
they get to talk with people in the Lab and find out what’s going on. My Lab people get an
appreciation for how Sun’s sales reps and SEs [Sales Engineers] are huge secret weapons for the
company. It’s important that my guys appreciate them. It’s also a win-win situation.

It’s  probably also invaluable to the customers who are able to go to the 
Lab.
Bert: Yes. Although there’s no formal open house day for customers, I don’t think there’s a
week that goes by that we don’t have several customers visiting us. It’s actually an interesting
problem because a lot of the interaction is valuable, but, on the other hand, we could be the
Visitors’ Center. And then we wouldn’t get anything done.

This will really excite people when they see that the Lab contributes to
the company’s technological future.
Bert: Yes, that’s another value of the Lab to Sun. It’s a tangible, multi-million dollar
demonstration that Sun is actually making investments in its corporate technical future.

Right.
Bert: And I keep telling Scott McNealy, although it’s not accounted this way, "We’re not an
expense, we’re an investment."

Bill  Gates got cited for his lack of Internet future direction plans. Would
you say, if Sun is asked that same question, they could reference
SunLabs to the media?
Bert: I would say yes, with a caution that we are by no means the only part of Sun with future
vision. The Lab is certainly a "put your money where your mouth is" proof of serious corporate
investment in the future of technology. But, again, we are 100 out of Sun’s 2500 engineers. And,
I can’t emphasize enough the larger role in Sun’s technical future that the remaining 2,400
engineers play because there are so many more of them. They’re incredibly smart and dedicated
and the Lab appreciates this relationship.



THE FUTURE OF THE LAB

Where do you see the Lab going in the next few years? How will it 
grow?
Bert: I see the Lab progressing. I don’t think it will grow a lot. My recent recommendation to
Scott McNealy and the management of the company is that the Lab not expand in size, but
rather that Sun place increasing emphasis on advanced development activities in each operating
company. This will give each of them the chance to develop a number of projects that are aimed
at risk reduction, at competence, whatever. Traditional projects in the operating companies have
been devoted to product development, not to technology exploration or knowledge acquisition.
My hope is that Sun will expand these activities, not restrict them to the Lab.

So each Sun operating company could have its own little group that
works with the Lab?
Bert: Yes, in fact Sun Microsystems Computer Company already does. They have a technology
development department.

It’s  also like SunSoft, which has places that are working on 
multi-computing...
Bert: Yes, SunSoft has a few places doing that, and, my recommendation is to strengthen these 
activities.

SunLabs is here, among other reasons, to help the company’s products in three to five years -
around the time this millennium ends. We would like to see Sun’s products provide more value
to customers. 

What kinds of tools do you use to decide what’s going to happen three to
five years out?
Bert: That’s a tough question, because three to five years out is pretty murky. And what we
realistically can do is try and look at the trends. And then encourage our creative people to
follow their noses on what are good ideas. It relates in an interesting way to another aspect of
the Lab. I run a very open Lab and we essentially publish almost everything we do. In fact, the
only ’stealth’ project we have done was the "Green" pre-Java work several years ago.

Otherwise, it’s a very public Lab?
Bert: Yes, the Lab has always been very public. When we started the Lab, Bill Joy had a saying,
"Innovation happens all over the world. Most of it not at Sun." So, one way of looking at the
Lab here is as an intellectual trading post. In addition to inventing whatever wonderful stuff we
do, we are chartered to gather information for Sun. 

Part of the reason for being open is that we have to give information in order to receive
information. Imagine me going to my alma mater, M.I.T., and saying, "I’m from Sun, tell me
what you are doing." And all of the professors rattle off the exciting stuff they’re doing. And



then they turn around, "Okay, Bert, tell us what you are doing in the Lab?" And I respond: "Oh,
I can’t tell you. It’s secret." That would be my last visit to M.I.T. on that sort of basis. So, it’s a
long tradition of innovation and development. Openness is better.

Right.
Bert: Sun is fundamentally an open company. We will win from the things that we invent or
discover. Success comes from being nimble and not from being secretive. We just have to run
faster than anyone else.

So our open systems philosophy is shared by the Lab?
Bert: Absolutely. It’s the keystone of how we operate.
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