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Abstract

Operating for almost two decades, the Stanford Computer Forum is a cooperative venture of the Com-
puter Science Department and the Computer Systems Laboratory (a laboratory operated jointly by the
Computer Science and Electrical Engineering Departments). CSD and CSL are internationally recog-
nized for their excellence; their faculty members, research staff, and students are widely known for
leadership in developing new ideas and trends in the organization, design and use of computers. They are
in the forefront of applying research results to a wide range of applications.

The Forum holds an annual meeting in February to which three representatives of each member com-
pany are invited. The meeting lasts two days and features technical sessions at which timely computer
research at Stanford is described by advanced graduate students and faculty members. There are oppor-
tunities for informal discussions to complement the presentations.

Thisreport includesinformation on the Forum, the program, abstracts of the talks and viewgraphs used
in the presentations.






Stanford Computer Forum
ERL Building, Room 448
Stanford University

Stanford, California 943054055

The Stanford Computer Forum

Advances in computer science and technology come about through the efforts of people in both the
academic and industrid worlds. Great resources of scientific, professional, and manageria skills exist
in both settings. Coming from the academic side, faculty members often become associated with
industrial organizations as scientific consultants.  These contacts benefit both the companies
concerned and the faculty member, who is exposed to areas of investigation which contribute to his or
her potential in teaching and research. Another strong tie between the University and industry comes
from the many graduates in computer science and engineering who enter careers in industry.

Y et despite these strong natural ties, advances in the science of computing take place so fast and
across such a broad front that it is becoming difficult to maintain ongoing and mutually beneficial
interaction between university and industry. It is to meet this need that the Stanford Computer Forum
has been established, providing a setting where academic and industrial computing talents can easily
interact.

The Stanford Computer Forum, operating for aimost two decades, is a cooperative venture of the
Computer Systems Laboratory (jointly administered by the Departments of Computer Science and
Electrical Engineering), the Computer Science Department, and a group of industrial affiliates. The
Forum provides a mechanism for developing personal contacts between industrial researchers and
their academic counterparts, promoting the exchange of the most advanced technical ideas between
Stanford and industry. It acquaints the Stanford computer community with the special interests and
concerns of industry and introduces Stanford students to industries and their problems involving
computer theory and technology.

The Computer Forum is aso important to Stanford as a source of significant funding. Membership
contributions help foster innovation in Stanford’s computer science and engineering programs. A
hedlthy, vigorous industria affiliates program is crucia to the vitality of the activities of the Computer
Science Department and the Computer Systems Laboratory.

Computer Science and Computer Engineering at Stanford

The Departments of Computer Science and Electrical Engineering (including the Computer Systems
Laboratory) at Stanford University are internationally recognized for their excellence. Their faculty
members, research staff and students are widely known for leadership in developing new ideas and
trends in the organization, design and use of computers. They are in the forefront of applying research
results to a wide range of applications.

Researchers from these two organizations at Stanford are now engaged in investigations in such fields
as programming languages, operating systems, integrated circuits, database systems, computer-aided
design, fault-tolerant computing, computer architecture, computer communications, office automation,
artificial intelligence, program verification, numerical analysis, and algorithm analysis. Over 300
graduate students contribute to these studies.

How the Forum Operates
The Stanford Computer Forum offers a variety of benefits to its industria members.

« Annual Meeting: The Forum holds an annual meeting in February to which three
representatives of each member company are invited. The meeting lasts two days and
features technical sessions at which timely computer research at Stanford is described by
advanced graduate students and faculty members. There are opportunities for informal
discussions to complement the presentations.



« Research Reports: Three microfiche copies of al research reportsissued by the Computer
Systems Laboratory or the Department of Computer Science are sent either to individual
members or to corporate libraries. Hardcopy reports are available for an additiona charge
of $200 per set a year.

o Faculty Liaison: A faculty member or senior member of the research staff will act asthe
technica liaison to each Forum company. Each year interaction in the form of a personal
visit to the company, a visit from company staff to Stanford (other than the annual
-meeting), or any other mutually agreeable technical communication will be arranged.

« Industrial Scholars: In the past, companies have found it beneficial to have one of their
scientists or engineers visit Stanford for an extended stay to exchange ideas and
collaborate with Stanford researchers.  Such opportunities are available by mutual
agreement between the Forum member company and a Stanford faculty member. Due to
the expenses involved with such visits, additional funding is usually necessary.

» Computer Forum Distinguished Lecture Series: This is a library of videotapes of the
outstanding lectures presented during each academic year at the Department of Computer
Science Colloguium and the Computer Systems Laboratory Seminar (the best 12 are
chosen from atotal of 60 lectures). Forum members may order the tapes at no charge if
they return the cassettes within 30 days.

« Sudent Interviews. Forum members have an unrivaled opportunity to become familiar
with the professional abilities and interests of Stanford students. Many of the
presentations at the annual meeting are made by these students. Stanford assists Forum
affiliates in meeting doctoral and master’ s students whose work the company may find
significant. The Forum provides members with Ph.D, M.S. and B.S. student biographies
and can arrange individual interviews.

» Computer Guest Account: The Forum provides a guest account on Score, the CSD
DECsystem-2060 computer system. Student resumes, CSD and CSL bibliographies and
faculty research interest information are maintained online for our members.

“Membership in the Forum

Membership in the Stanford Computer Forum is open to corporations with strong interests in
computing -- corporations that would both benefit from and contribute to this technical interchange.

The corporate membership feeis $13,500 per year. Because benefits are more fully realized through
continued association, organizations are strongly encouraged to regard membership as a long-term
commitment. The contribution represents an investment in a strong computer science and engineering
program at Stanford, and provides an opportunity to watch that program continueitsleadership in the
computing community.

For Further | nformation, Pleasecontact:

Manager, Stanford Computer Forum
ERL 448

Stanford University

Stanford, CA 943054055

(4 15) 723-3550
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Stanford University
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Program for the Nineteenth Annual Meeting
3 —5February 1987

PRELIMINARY SESSIONS
CS500 SEMINAR 4:15 P.M,, TUES. 3 FEB. 1987
Skilling Auditorium
David Hartzband, Chief Scientist, Al Technology, DEC
The Provision of Induction as a Problem Solving Method in Data Model Systems

INFORMAL BUFFET SUPPER 6:00 — 9:00 P.M., TUES., 3 FEB. 1987
Gold Lounge, Faculty Club

Conference Registration/Buffet Breakfast 8:00 —9:00 a.m., Wed., 4 Feb. 1987
Tresidder Union, Room 281 {Oak Lounge East and West]

Plenary Session 9:00—9:45 a.m., Wed., 4 Feb. 1987
Tresidder, Room 281

Carolyn Tg nai
Manager, Computer Forum

Prof. Terry Winograd
Conference Chairman

Prof. William Miller
Director, Computer Forum; President, SRI International

Prof. Jim Gibbons
Dean, School of Engineering

Prof. NilsNilsson
Chairman, Department of Computer Science

Prof. John Hennessy
Director, Computer Systems Laboratory



STANFORD COMPUTER FORUM NINETEENTH ANNUAL MEETING

Technical Session | A 10:00 a.m.— 12:00 noon, Wed., 4 Feb. 1987
CERASRmM. 112

Session Chairman: Prof. Thomas Binford

Satistical Approaches to Perceptual Organization
Richard Vistnes Advisor: Prof. Thomas Binford

Sereo Correspondence: A Hierarchical Approach
Hong Seh Lim Advisor: Prof. Thomas Binford

Line-Drawing Interpretation: Bilateral Symmetry
Vic Nalwa Advisor: Prof. Thomas Binford

Some Extensions on the Motion Specification of AL Robot Language
Chun-Sheng Cai Advisor: Prof. Thomas Binford

Force Control and Design of Robot Manipulators
Joel Burdick Advisor: Prof. Thomas Binford

Perception With Smulated Dynamics
Michael Kass Advisor: Prof. Thomas Binford

Luncheon 12:15 p.m., Wed., 4 Feb. 1987
Tresidder Union, Room 281

NOTES

ii
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Technical Session | B 10:00 a.m. — 12:00 noon, Wed., 4 Feb. 1987
Tresidder, Cypress Lounge North and South

Session Chairman: Prof. John Hennessy

MIPS-X
Prof. Mark Horowitz

Knowledge-Based Monitoring and Control: An Architecture for Distributed Systems

BruceHitson Advisor: Prof. Keith Lantz
Log Files: An Extended File Service Exploiting Write-Once Optical Disk
Ross Finlayson Advisor: Prof. David Cheriton
Internetwork Multicasting
SteveDeering Advisor: Prof. David Cheriton
LISP on a Reduced-Instruction-Set Processor: Characterization and Optimization
Peter Steenkiste Advisor: Prof. John Hennessy
Monitoring the Sanford I nter network
Glenn Trewitt Advisor: Prof. John Hennessy
Luncheon 12:15p.m., Wed., 4 Feb. 1987

Tresidder Union, Room 281

NOTES
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Tours and Demonstrations 1:30 — 4:00 p.m., Wed., 4 Feb. 1987
Tour Information Appears on a Separate Sheet

Computer Systems Laboratory Seminar 4:15 — 5:00 p.m., Wed., 4 Feb. 1987
Terman Auditorium

The Transition of Computer Science Results to Business and Industry
Panel Discussion

Dr. William F. Miller, Moderator

Dr. Thomas Buckholtz
Pacific Gas & Electric Company

Dr. William Spencer
Xerox Corporation

Dr. Gordon Bdll
National Science Foundation

Evening Activities 6:00 p.m., Wed., 4 Feb. 1987
Faculty Club

6:00 p.m.: Social Hour

7:00 p.m.: Dinner

Toastmaster: Prof. William F. Miller

Speaker:  Dr. Abe Peled, Vice President, IBM
Topic: On Computing and Communications
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Continental breakfast 8:00 — 9:00 a.m., Thurs., 5 Febh. 1987
Tresidder Union, Room 281

Technical Session Il A 9:00 — 10:00 a.m., Thurs., 5 Feb. 1987
CERASRm. 112

Session Chairman: Prof. Ed McCluskey

Incremental Behavioral Smulation System
Prof. Tom Blank

A CMOS PLA Design for Built-In Self-Test
Dick Liu Advisor: Prof. Ed McCluskey

Temporary Failuresin Digital Circuits. Experimental Results and Fault Modeling
Mario Cortes Advisor: Prof. Ed McCluskey

**x%* Coffee Break * ** *

NOTES
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Continental breakfast 8:00 — 9:00 a.m., Thurs., 5 Feb. 1987
Tresidder Union, Room 281

Technical Session |l B 9:00— 10:00 a.m., Thurs., 5 Feb. 1987
Tresidder, Cypress Lounge North and South

Session Chairman: Prof. Ted Shortliffe

An Analysis of Heuristic Methods f or  Reasoning With Uncertainty
David Heckerman Advisor: Prof. Ted Shortliffe

Using a Domain Model to Drive an Interactive Knowledge Editing Tool
Mark Musen Advisor: Prof. Ted Shortliffe

A Decision Theoretic Approach to Heuristic Planning
Curt Langlotz Advisor: Prof. Ted Shortliffe

* %4 Coffee Break * * * *

NOTES

vii
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Technical Session Il A 10:30a.m. — 12:00 noon, Thurs., 5 Feb. 1987
CERASRmM. 112

Session Chairman: Prof. Michael Flynn

““Post-Game Analysis” - A Heuristic Approach to Manage Concurrent Execution Environments

Jerry Yan Advisor: Prof. Steve Lundstrom
Performance Prediction of Concurrent Systems
Victor Mak Advisor: Prof. Steve Lundstrom
Beta Operations: An Efficient Implementation of a Primitive Parallel Operation

Evan Cohn Advisor: Prof. Jeffrey Ullman

Tradeoffs in Data-Buffer Design
J. M. Mulder Advisor: Prof. Michael Flynn

Sanford Packet Radio Network
B. P.Boesch Advisor: Prof. Michael Flynn
Luncheon 12:15p.m., Thurs., 5 Feb. 1987

Tresidder Union, Room 281

NOTES

viii
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Technical Session Ill B 10:30 a.m.— 12:00 noon, Thurs., 5 Feb. 1987
Tresidder, Cypress Lounge North and South

Session Chairman: Prof. Vaughan Pratt

Comparisons of Composite Smplex Algorithms
Irv Lustig Advisor: Prof. George Dantzg

Adaptive Numerical Methods f or Weather Prediction
Bill Skamarock Advisor: Prof. Joseph Oliger

The Proposed Center f or the Sudy of Human-Computer Interaction
Prof. Keith Lantz

Fitting Shapes to Points
Prof. Vaughan Pratt

Luncheon 12:15p.m., Thurs., 5 Feb. 1987
Tresidder Union, Room 281

NOTES

ix
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Technical Session IV A 1:30 — 2:45 p.m., Thurs., 5 Feb. 1987
CERASRm. 112

Session Chairman: Prof. Nils Nilsson

Constraints, Planning, and Learning: How to Analyze and Synthesize Hardware
Prof. Daniel Weise

A Theory of Justified Reformulations

Devika Subramanian Advisor: Prof. Michael Genesereth
Distributing Backward-Chaining Deductions to Multiple Processors
Vineet Singh Advisor: Prof. Michael Genesereth
On Default Sub-Theories
Benjamin Grosof Advisor: Prof. Nils Nilsson
****ShortBreak****

NOTES
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Technical Session IV B 1:30 — 2:45 p.m., Thurs., 5 Feb. 1987
Tresidder, Cypress Lounge North and South

Session Chairman: Prof. Terry Winograd

The TABLOG Programming Language
Eric Muller

Parallel Execution of Lisp Programs
Joe Weening Advisor: Prof. John McCarthy

Shortest Paths and Visibility Problems in Smple Polygons
John Hershberger Advisor: Prof. Leo Guibas

Increasing the Expressive Power of Formal Systems
JohnLamping Advisor: Prof. Terry Winograd

* %% Short Break * * * *

NOTES

xi
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Technical Session V A 3:00 —4:00 p.m., Thurs., 5 Feb. 1987
CERASRmM.112

Session Chairman: Prof. David Ungar

Towards Efficient Maintenance of Integrity Constraints
XiaoLei Qian Advisor: Prof. Gio Wiederhold

Synchronizing Plans among Intelligent Agents via Communication
Charles Koo Advisor: Prof. Gio Wiederhold

High Speed Implementations of Rule-Based Systems
Prof. Anoop Gupta

Reception 4:30 — 6:00 p.m., Thurs., 5 Feb. 1987
Faculty Club, Red and Gold Lounges

An informal reception will be held at the Faculty Club to enable our
visitors to become better acquainted not only with the faculty and
students they have seen during the past two days, but also to meet the
students and staff of the entire Computer Science Department and
Computer Systems Laboratory.

NOTES

xii
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Technical Session VB 3:00 — 4:20 p.m., Thurs., 5 Feb. 1987
Tresidder, Cypress Lounge North and South

Session Chairman: Prof. Mark Linton
Call-by-Unification: How to Combine Logical and Functional Programming Efficiently

Per Bothner Advisor: Prof. Brian Reid
Editing Procedural Descriptions of Graphical Objects
Paul Asente Advisor: Prof. Brian Reid
Composing User Interfaces with Interactive Views
Craig Dunwoody Advisor: Prof. Mark Linton
Incrementally Linking Programs
Russell Quong Advisor: Prof. Mark Linton
Reception 4:30 — 6:00 p.m., Thurs., 5 Feb. 1987

Faculty Club, Red and Gold Lounges

An informal reception will be held at the Faculty Club to enable our
visitors to become better acquainted not only with the faculty and
students they have seen during the past two days, but also to meet the
students and staff of the entire Computer Science Department and
Computer Systems Laboratory.

NOTES

xiii
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Stanford Computer Forum Committee, 1986/87
AnnDiaz-Barriga- Assistant to the Manager, Computer Forum
Craig Cornelius — Research Associate, KSL Alternative Representative
Helen Davis — CSPh.D. candidate; CSL student representative
Craig Dunwoody ~ EEPh.D. candidate; CSL student representative
Robert Engelmore — Senior Research Associate, KSL, Department of Computer Science
Barry Hayes — CSPh.D. candidate; CSD student representative
Katie Mac Millen — Publications Coordinator, Computer Forum
William F. Miller — Director, Computer Forum; Prof. of Computer Science; Pres. of SRI International
KarenPieper - CSPh.D. candidate, CSD student representative
Eileen Schwappach — CSL Manager
Betty Scott ~ Administrative Officer, Department of Computer Science
Richard Shuey — Honorary Member
Carolyn Tgna — Manager, Computer Forum; Asst. Chair, CSD, for External Relations
David Ungar — Assistant Prof. of Electrical Engineering

Terry Winograd — Associate Prof. of Computer Science
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Statistical Approaches to Perceptual Organization

Rick Vistnes

Perceptual organization in vision groups the image in ways that aid interpretation. Examples
include the linking of edge elements, or other image features such as endpoints, into lines and
curves; detection of paralelism and symmetry; detection of edges of textured regions. Figure-
ground separation, one result of perceptual organization, is a precursor to recognition. Image
organization provides useful clues for the problem of inferring 3D scene structure from the 2D
image. Useful image relations have three important properties:

« they constrain image interpretation,

« they are unlikely to arise by chance, and

« they are useful for describing imagesin general.
Most image relations do not share these properties; e.g., right-angled vertices, circular arcs.

Once a useful image relation is identified, a vision system may search for it in the image. We
use a statistical approach to separate those instances of the relation that could have arisen by
chance from those that have a causal interpretation. In fact, finding instances of statistically
significant relations in the image has been proposed as the general goal of perceptual
organization. Relations detected in this manner are not subject to arbitrary detection thresholds;
rather, their existence in the image is paired with an estimate, based on the properties of the
surrounding image, of the probability of accidentalness.

As an example, we have studied the perception of dotted lines embedded in a random-dot
background. A series of psychophysical experiments measured human detection ability. A
model for dotted line detection is based on finding the statistical significance of the dot density
in the center of an elongated operator compared to that in alocal surround. This model generates
predictions about performance; these predictions compare well with human performance, as do
results of a computer simulation of dotted-line detection. These results suggest that the model is
sufficient to explain human performance in this task. Implementation of a line-finding algorithm
based on these ideas is underway.

Future work will apply similar statistical methods to other aspects of perceptual organization ---
in particular, texture segmentation.
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Texture segmentation is based on differences in density of “textons” in two regions. In this case,
the texton cue is line segment orientation. - Figures on the right were obtained from those on the
left by replacing segments of a particular slope with a dot. Both 2D and 1D figures may result, as

shown here.
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Stereo Correspondence: a Hierarchical Approach

Hong Seh Lim

This talk describes a high-level stereo vision system for recovering depth data of a three-
dimensional scene from a stereo pair of gray-scale images. The features chosen for stereo
matching are edgels (i.e., short, linear edge-elements, each characterized by a direction and a
position), junctions, curves, surfaces, and bodies. The system first performs a monocular
interpretation on the scene in each image. It builds a hierarchical structure of the scene from the
chosen features. Low-level features constitute the lower layers of this hierarchical structure,
while high-level features form the higher layers. The system starts matching features between
the hierarchical structures at the highest level. Results from the matching of high-level features
are used to constrain and guide the matching of lower-level features. These constraints and
guidance are propagated to the lowest level of the hierarchical structure. The results from the
matching provides a segmented depth map of the scene.

This hierarchical approach enables a more globally consistent matching result and avoids local
mismatches. It reduces searching time for locating correspondence features during the matching
processes. The resulting depth map is segmented and readied for surface interpolation.
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Line-Drawing Interpretation:
Bilateral Symmetry

Vic Nalwa

Symmetry manifests itself in numerous forms throughout nature and the man-made world. It is
frequently encountered in line-drawings corresponding to edges in images. We seek to discover
constraints on the imaged surfaces from instances of bilateral (reflective) symmetry in line-
drawings obtained from orthographically projected images. A general viewpoint is assumed,
i.e., it is assumed that the mapping of the viewed surface onto the line-drawing is stable under
perturbation of the viewpoint within some open set on the Gaussian sphere. It is shown that the
only planar figures which exhibit bilatera symmetry under orthographic projection with a
general viewpoint are ellipses and straight-line segments.

We show that the orthographic projection of a surface of revolution exhibits bilateral symmetry
about the projection of the axis of revolution, irrespective of the viewing direction. Further, it is
shown that whenever the back-projection of the symmetry axis is invariant in space under
perturbation of the viewpoint, the bilaterally symmetric line-drawing is the orthographic
projection of a local surface of revolution. The axis of revolution is the back-projection of the
symmetry axis. Various line-drawing configurations for which the back-projection is invariant
are detailed. It is conjectured that isolated ellipses and isolated straight-line segments are the
only bilaterally symmetric line-drawings whose back-projections of the symmetry axes are not
invariant under perturbation of the viewpoint. Throughout, only surface regions local to the
scene-events corresponding to the lines are constrained.
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o

I'ig. 6. Examples of Bila terally Symmetric Line-Dra Wings
from which Local Surfaces of Revolution may be
Deduced (Cues: L - Line, I - Ellipse, T - Tip)
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Conclusions

1. The projected surface is a local surface of
revolution if, under perturbation of viewpoint,
the axis of bilateral symmetry is the projection
of a fixed line in space.

2. Currently, the back-projection of the
symmetry-axis can be deduced to be fixed from
the following cues.

A symmetric pair of straight-line segments.

Two events from among  tangent-
discontinuities on the symmetry-axis and
elliptical segments bisected by the
symmetry-axis.

3. The only planar curves which exhibit bilateral

- symmetry under projection are ellipses. and

straight-line segments.

4. 1t is conjectured that the only bilaterally sym-

- metric line-drawings without a fixed back-

projection of the symmetry-axis are isolated
ellipses and isolated straight-line segments.

Reference : ‘Line-Drawing Interpretation : Bilateral Sym-
metry,” V.Nalwa, Proc: IU Workshop, Los Angeles, Feb.
1987.



Some Extensions on the Motion Specification
of AL Robot Language

Chun-Sheng Cai

A new version of AL robot language editor and interpreter system has been implemented, with
commands extended for operational space control, flexible grasping and 3-finger-hand operation.
This talk will discuss some of its extensions on the object position and orientation trajectory
specification, including the trgjectory modification from the force sensory information. The talk
will also discuss the motion control frame determination either in free space or with direct
contact from the specified trgectory, and the tolerance, wobble and stiffness specification

associated with the control frame. Finaly the talk will give an easy Jacobian matrix inverse
from the genera control frame.
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Some extensions on the motion specification of AL robot Language

1. Background
Friendly and intelligent user interface
syntax oriented editing, two window display, frame location determination
Multiple devices
Language features
operational space, flexible grasping, 3-finger-hand
2. Motion object
Simple geometry
Parametric representation
- Compound geometry
3. Cartesian trajectory specification
Interpolating position path through via points
Runtime modification from force sensory information
Interpolating rotation path through via orientations
Quaternion interpolation trajectory
Reference line tracing a sequence of planes
Reference line tracing a smooth cone
Interpolation rotation path specification
Other plan trajectory
Helicoidal path, min-time path, sensor based collision free local path

Runtime conditions monitored motion



4. Motion control frame determinaton

The position control frame in free space and with direct contact
Cases of purely determined from trajectory
Cases of determined from a trajectory and a moving object geometry
kinematic and force conditions
The rotation control frame in free space and with direct contact
kinematic and force conditions

5. Motion specifications and cases of control frames coincidence
Position error tolerances
Wobble coefficients
Contact stiffness
The dependence between position and force trajectories
Case of coincidence of a position and rotation control frame

6. An simple Jacobian matrix inverse for a general control frame

19
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Force Control and Design of Robot Manipulators

Joel Burdick

This talk will cover two areas of research--manipulator force control and the design of redundant
manipulator arms--that are important to the development of robot manipulators capable of
performing complex tasks. Typical industrial robot manipulators are programmed to operate in a
“pick and place” mode in which the robot is commanded entirely in terms of goal positions.
However, there are many important tasks in which the sensing and command of end-effector
position alone is insufficient, and where the simulataneous control of both end-effector position
and force is necessary. Past research in the design and implementation of control algorithms for
high performance force control of robot manipulators will be reviewed, and experimental results
involving generic force control operations will be presented.

Typical industrial robots are designed to have at most six joints. However, there are compelling
reasons why robots should be designed with more than six joints. Some of the reasons for
designing redundant manipulators (manipulators with more than six joints) will be reviewed, and
in particular, the improvement of manipulator dexterity by use of redundancy will be considered.
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Perception with Simulated Dynamics

Michael Kass

A paradigm for perception based on the notion of simulated dynamics will be presented.
Physical models of the objects or features in a scene are created and subjected to forces. Some
of the forces can be automatically derived from the image and act to deform or move the model
into correspondence with the image data, while other forces can be exerted by a user to push the
model into a particular intended local minimum. Applications of this paradigm to edge-
detection, motion tracking, stereo, and solid modeling will be presented.
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MIPS-X

Mark A. Horowitz

MIPS-X/MP is a Stanford research project exploring the issues in designing a very high
performance multiprocessor. This talk will focus on one part of this project, the design of a new
high performance processor. MIPS-X borrows heavily from the origina MIPS design. Like
MIPS, it is a load-store based machine, with 32 registers and uses a very simple instruction set.
There are three kinds of instructions. Memory, Compute, and Branches. All instructions are
fixed format, making the decode unit very simple. The machine is heavily pipelined, and the
pipeline contraints (branch delay of two and load delay of one) are handled by software
reorganization.

MIPS-X contains a 2K byte on-chip instruction cache and a large external cache. Trace driven
simulations indicate the machine will average around 1.75 cycled/instruction. At 50 ns cycle
time, this will give about 12 MIP average throughput. The first part of the talk will describe the
overall architecture and organization of MIPS-X, and the second part will describe
implementation issues. design method, tools used, and current status.
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Knowledge-Based Monitoring and Control:
An Architecture for Distributed Systems

Bruce Hitson

Understanding the behavior of complex distributed systems is extremely difficult for a number of
reasons. volume of data involved, difficulty of collection, incorrect interpretation or collection
techniques, extra work required (beyond basic functionality), and inexperience of programmers,
to name a few. We describe an environment in which the behavior of complex systems can more
easily be understood. There are two major aspects to the environment: an architecture for
monitoring and controlling a wide range of systems, and knowledge -based tec hniques for
interpreting the values that are collected. An expert system shell containing meta-level
knowledge about monitoring and control is used in conjunction with expert knowledge in
specialized domains to quickly and conveniently construct expert monitoring consultant
programs for particular applications.
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Log Files: An Extended File Service Exploiting
Write-Once Optical Disk

Ross Finlayson

As computer systems encounter greater demands for reliability and accountability, the use of
logs becomes increasingly important. In particular, an application or subsystem may use logs for
failure recovery, for security (to provide an audit trail) or for performance monitoring. This
common need for logging suggests that logs, like conventional files, should be provided as a
sy stern service. Standard file systems, however, are inadequate for a general-purpose logging
service. In particular, most file systems perform best on small files, with very large, continualy
growing files being considerably more expensive. Furthermore, standard disk files cannot make

efficient use of write-once storage technology, such as optical disk. Logging, on the other hand,
is naturally suited to this new technology.

In this talk, we describe a genera-purpose logging service that provides access to “log files’ -
readable,-append-only files that are accessed in the same way as conventional files. We show
how our implementation of log files makes it possible for the logging service to make efficient
use of write-once optical disk. We also show how our design is able to support very large,
long-lived log files that may be spread over many physical storage devices.

In addition, we argue that the faling cost of RAM, plus the availability of very high density
optical disk storage, will make it feasible for applications to be built directly on top of alogging
service such as ours. In this way, the application’s logged execution history is treated as being
its true state, with RAM acting merely as a cache for this logged information.
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Internetwork Multicasting

Steve Deering

The extensive use of local networks is beginning to drive requirements for internetwork facilities
that connect these local networks. In particular, the availability of multicast addressing in many
local networks and its use by sophisticated distributed applications motivates providing multicast
across internetworks.

In this talk we identify the properties of multicast communication that benefit distributed
applications.  efficient multiple-destination delivery, changing-destination delivery, and
unknown-destination delivery. We propose a model of service for multicasting in a datagram
internetwork that retains these properties and we show how it can be implemented as a
generalization of existing unicast services. A protoype implementation within the ARPA
Internet is described.
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LISP on a Reduced-Instruction-Set Processor:
Characterization and Optimization

Peter Steenkiste

As a result of advances in compiler technology, amost all programs are written in high-level
languages, and the effectiveness of a computer architecture is determined by its suitability as a
compiler target. This central role of compilers in the use of computers has led computer
architects to study the implementation of high-level language programs. This thesis presents
measurements for a set of Portable Standard Lisp programs that were executed on a reduced-
instruction-set processor (MIPS-X), examining what instructions LISP uses at the assembly
level, and how much time is spent on the most common primitive LISP operations. This
information makes it possible to determine which operations are time critical and to evauate
how well architectural features address these operations.

Based on these data, three areas for optimization are proposed: the implementation of the tags
used for -run-time type checking, reducing the cost of procedure calls, and inter-procedural
register alocation. A number of methods to implement tags, both with and without hardware
support, are presented, and the performance of the different implementation strategies is
compared. To reduce the cost of procedure calls, time critical LISP system functions were
. optimized and inlined, and procedure integration under control of the compiler was
implemented. The effectiveness of these optimizations, and their effect on the miss rate in the
MIPS-X on-chip instruction cache are studied. A simple register alocator uses interprocedural
information to reduce the cost of saving and restoring registers across procedure cals. This
register allocation scheme is evaluated, and its performance is compared with hardware register
windows.
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Monitoring the Stanford Internetwork

Glenn Trewitt

Stanford University’s networking environment consists of over 50 Ethernet segments
interconnected by about 27 gateways. Over a period of three months, topological changes and
traffic volumes in the network have been measured.

Changes in the topology of the network provide two different types of information. Short-term,
temporary changes reflect disruptions due to gateway or network failures. Over the long term,
changes show the growth of the network.

Traffic volume measurements around the network give a clear indication of network utilization
and can indicate potential bottlenecks. They also provide some insight into the behavior of
network users (both human and machine) over time.

The tools *used to make these measurements also provide timely reports of exceptiona conditions
in the network. Crashed or rebooted gateways or excessive error rates are automatically reported
by electronic mail. This is probably the most immediate, visible benefit of these studies.

" These capabilities demonstrate that remote monitoring is a practical and useful tool for viewing
the behavior of the network.
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Incremental Behavioral Simulation System

Tom Blank

In any design process, there are two reoccuring tasks: design capture and validation. This design
loop occurs at each abstraction level throughout the refinement process. A concrete electrical
example is the schematic capture and simulation design loop. The key observation is that
substantial “upfront” design time is spent cycling through different decisions and examining the
implications. For example, simulation regression testing can require hours or even days of CPU
time.

The research objective is to build an integrated collection of capture/simulate tools that
minimizes the required time to go through the loop. The chosen strategy uses incremental design
tools where an incremental tool only takes time proportional to the size of the change not the size
of the entire design. The specific tools discussed are incremental netlist flattening, incremental
smulation.

Incremental netlist flattening takes a hierarchical netlist representation and generates a flattened
representation for the simulator. In incremental mode, it takes the previous flattened
representation and changed schematic then alters the flattened representation to reflect the
changes. The only work involved is that which is caused by the changes.

The incremental simulation idea is very different from any previous work. Simply stated, a
simulation run is made collecting all the node values for al time; then a netlist change is made
and the effects are propagated through the state table starting at time zero. The outputs of gates
connected to a changed nodes are compared to the values stored in the history list. If the value is
the same, then nothing is done; if the output is different, then a change to gate’'s output is
scheduled, which may cause other logic gates to be evaluated.

The nice feature of this algorithm is its similarity with conventional event driven simulation;
only a history list must be added to a basic smulator. One way to view this system is that the
histories are a value cache that can help reduce the amount of computation required for each
change. Unfortunately, keeping track of the information requires a sizable bookkeeping task.
There are other methods of caching the value history that require less storage, but require more
computation for each change.
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A CMOS PLA Design for Built-in Self-Test

Dick L. Liu

This talk describes a new scheme to design Built-In Self-Test (BIST) PLAs implemented with
CMOS technology. These PLAs can perform function-independent self-test at normal operating
speed, can detect CMOS switch-level faults, and have a lower area overhead than any other
BIST schemes. A sequential parity checking technique is used to test for the AND and OR
arrays of the PLA. This technique does not require any XOR cascade to evaluate parity data as
the parallel checking technique used by other scheme, thus achieving an order of magnitude
reduction in total testing time. As the new scheme is aimed at CMOS PLAs (other schemes are
for NMOS PLAs), it accounts for switch-level stuck-open and stuck-on faults in addition to
conventional stuck-at, crosspoint and bridging faults. A novel circuit design technique was used
to implement the largest piece of the additional test circuitry: the test pattern generator for
product lines. It makes use of a Johnson counter and a two-level decoding network to obtain a
very low area overhead and to match the pitch between the PLA and the test circuitry. With
these enhancements, this is an attractive BIST scheme to implement large PLAs embedded in
CMOS VLSI chips.
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Comparison of BIST schemes for a large PLA.

n=31, m=125, p=39

number of test appli- | number of addi- | number of
test patterns | cation time | tional flip-flops | additional gates
Hassan 2x 10° l 1x1¢° 132 202 1
Daehn 227 1135 226 907
Yajima 289 74,000 320 337
Treuer 8001 664,000 95 234
New 8001 40,000 102 156




Temporary Failures in Digital Circuits:
Experimental Results and Fault Modeling

Mario L. Cortes

Two types of temporary failures can be identified: transient and intermittent failures. This
experimental work studies transient failures due to power supply disturbances and intermittent
failures due to parameter degradation.

Failures caused by power supply disturbances can be modeled as delay faults. Noise immunity
problems play only a small role in the occurrence of failures. This conclusion results from
experiments where voltage sags are injected in the power supply rails of gate arrays and
breadboard circuits. The susceptibility of the circuits to the occurrence of errors increases with
the clock frequency. This dependency is due to increase in propagation delay with lower power
supply voltages. Errors are caused by violation of timing constraintsin the circuits. It was also
found that supply disturbances can cause metastability.

Intermittent Failures are studied by stressing (temperature, supply voltage and extra loading)
good parts. The behavior of the chips under stressis similar to that of a marginal chip under
normal operating conditions. The experiments show that most intermittent failures are pattern-
sensitive for both sequentia and combinational circuits. The stuck-at fault model is shown to be
inappropriate to describe intermittent failures. A case is presented shere a single intermittent
failure is not detected by atest set with 100% single stuck-at fault coverage.
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TRANSIENT ERRORS DUE TO
POWER SUPPLY DISTURBANCES

SUMMARY AND CONCLUSIONS

TOLERANCE TO DISTURBANCES vs CLOCK FREQUENCY
DELAY FAULTS

TIGHT TIMING = POOR TOLERANCE TO DISTURBANCES
SUPPLY DISTURBANCES = METASTABILITY

OTHER FAMILIES: E-D NMOS, ALSTTL [Wagner 85]



An Analysis of Heuristic Methods
for Reasoning with Uncertainty

David Heckerman

Over the last two years, | have been working to better characterize heuristic methods for
reasoning under uncertainty such asthe MY CIN certainty factor (CF) model, the PROSPECTOR
scoring scheme, and the INTERNIST-| scoring scheme. Devel oping a deeper understanding of
these approaches will alow new systems to be developed that incorporate the strengths of these
approaches but avoid many of their weaknesses.

In this talk, | will focus on the CF model, a method for managing uncertainty that has seen
widespread use in rule-based expert systems. MYCIN’s knowledge is stored as an
interconnected network of rules of the form"IF E THEN H" where E is a piece of evidence for
hypothesis H. A certainty factor is attached to each rule representing the changein belief of H
given E. Uncertainty is propagated through the network of rules by applying a set of combination
functions to the CF’s attached to the rules. The developers of the model justified the
combination functions by showing that they satisfied a set of intuitive properties such as
commutativity and associativity.

.One of the components of the CF model is an interpretation of certainty factors in terms of
probabilistic quantities. Such an interpretation isimportant asit can be used to trandlate expert
knowledge into CF’s and to communi cate system recommendations and explanations to users.
In analyzing the model, | have shown that the probabilistic interpretation ascribed to certainty
factors is inconsistent with the combination functions used to manipulate them. Such an
inconsistency is undesirable because it can lead to the distortion of knowledge as it is passed
through the system from expert to user. Fortunately, however, a minor reformulation of the
original probabilistic interpretation can be shown to be consistent with the intuitive properties
used ° to justify the combination functions. In this reformulation, the certainty factor is
recognized as a monotonic transformation of a probabilistic quantity called the likelihood ratio.

Using the reformulation, implicit assumptions in the CF model can be better characterized. For
example, one assumption of the model is that the certainty factor attached to a rule does not
depend on the truth status of other variables in the knowledge base. This assumption was made
so that rules would retain a modular character. Through the reformulation, this assumption can
be shown to be equivalent to strong assumptions of conditional independence.
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The imposition of these assumptionsis a limitation of the CF model. If an assumption isinvalid,
a system implementor has no choice but to make the assumption and hope that the system
performs in a satisfactory manner.  Recognizing this limitation, however, suggests an
improvement to the CF model. In particular, it would be useful to give the system implementor
the ability to explicitly represent assertions of probabilistic independence made by the expert and
to give the inference mechanism the ability to take advantage of these assertions when they are
made. Such a methodology has been developed and will be discussed.
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Using a Domain Model to Drive an Interactive
Knowledge Editing Tool

Mark A. Musen

The manner in which programs that acquire knowledge for expert systems display the contents
of aknowledge base affects how users enter new knowledge. Previous knowledge acquisition
tools have incorporated semantics that alow knowledge to be entered and edited in terms of
either the structural representation of the knowledge or the problem-solving method in which the
knowledge is ultimately used. A more effective paradigm may be to use the semantics of the
application domain itself to govern access to an expert system’s knowledge base. This approach
has been explored in a program called OPAL, which alows medical specialists working alone to
enter and review cancer treatment plans for use by an expert system called ONCOCIN.
Knowledge acquisition tools based on strong domain models should be useful in application
areas whose structure is well understood and for which there is a need for repetitive knowledge
entry.
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A Decision-Theoretic Approach to Heuristic Planning

Curt Langlotz

Many important planning problems are characterized by uncertainty about the current situation
and by uncertainty about the consequences of future action. These problems also inevitably
involve tradeoffs between the costs and benefits associated with possible actions. Decision
theory is an extensively studied methodol ogy for reasoning under these conditions, but has not
been explicitly and satisfactorily integrated with artificial intelligence approaches to planning.
Likewise, many perceived practical limitations of decision theory, such as problem solving
results that are difficult to explain and computational needs that are difficult to satisfy, can be
overcome through the use of artificial intelligence techniques. We are building a system which
combines the decision-theoretic and artificia intelligence approaches to planning. The
combination of these approaches allows better explanation of planning decisions than either one
alone, and may have advantages for system performance. In addition, the explicit representation
of probabilities and utilities allows flexibility in the construction of a planning system. This
means that assumptions made by such systems, which may be critical for their performance, are
more easily modified than in a system that does not explicitly represent uncertainties and
tradeoffs.
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Post-Game Analysis
A Heuristic Approach to Manage
Concurrent Execution Environments

Jerry C. Yan

In many distributed programming paradigms, computations are represented by collections of
communicating computing agents (say “processes™). When mounted onto distributed hardware,
the speed-up obtainable is critically dependent on where these agents are placed initially and
how resources are managed during run-time in response to changing program behavior. A
“heuristic-based” frame-work that makes use of program execution history is proposed to
improve static placement decisions incrementally as well as modifying run-time allocation
policies. Initia application of simple heuristics on simple problems demonstrated promising
results.
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Performance Prediction of Concurrent System

Victor W. Mak

Parallel processing is very promising in delivering alot of computing power to a wide variety of
problems. Unlike conventional von Neumann architectures, we do not have the knowledge and
experience to program these new architectures to take full advantage of their concurrency
features. Finding the right computation structure on the right machine is still something we
know very little of. A tool that can predict performance of computations on parallel machinesis
definitely needed to further our understanding of concurrent systems.

Earlier works in this area either dealt with a very simple computation structure or resulted in
methods with combinatorial complexity. Simulation is also not feasible due to the enormous
amount of time required. An approximate method using queueing network modeling and a
probabilistic approach is proposed. This method is very efficient in predicting performance of
series-parallel-reducible task structures running on parallel machines. In this presentation, the
basic ideas of the method will be explained. Numerical results for three test cases are presented
and compared to those of simulations.  Although the method is only an approximation, it is
found to be very accurate and computationally efficient, and is well suited to be atool to get
first-order performance estimates of concurrent systems.
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Results of Divide-And-Conquer System

Operational | Simulation | Error

c 12.002 11.994 | 0.07%
Estart 1.070 1.083 | -1.20%
Epia 1.407 1.401 | 0.43%
Ep1y 1.407 1.363 | 3.23%
Epas 1.504 1.503 | 0.07%
Epay 1.504 1.494 | 0.67%
Epa. 1.504 1.479 | 1.69%
Epaq 1.504 1.482 | 1.48%
Ebsa 1.653 1.665 | -0.72%
Epsy, 1.653 1.640 | 0.79%
Epa. 1.653 1.625 | 1.72%
Epaq 1.653 1.640 | 0.79%
Epa. 1.653 1.659 | -0.36%
Epse 1.653 1.653 | 0.00%
Epsg 1.653 1.642 | 0.67%
Epan 1.653 1.660 | -0.42%
Ecaa 0.972 0.940 | 3.40%
Ecay 0.972 0.955 | 1.78%
Eca. 0.972 0.944 | 2.97%
Ecaa 0.972 0.936 | 3.85%
Eci. 0.909 0.891 | 2.02%
Ecip 0.909 0.900 | 1.00%
Egud 1.070 1.069 | 0.09%
Iseart 0.000 0.000 | 0.00%
Ipia, ID1B 1.070 1.083 | -1.20%
Ipaas, Ipap 2.477 2.484 | -0.28%
Ipac, Inad 2.477 2.446 | 1.27%
ID3ay ID3b 3.980 3.988 | -0.20%
Ipse, Ipsq 3.980 3.978 | 0.05%
Ipse, Ipst 3.980 3.925 | 1.40%
Ipsg, Ipsny 3.980 3.928 | 1.32%
Ica. 6.460 6.373 | 1.37%
Icay 6.460 6.330 | 2.05%
Icac 6.460 6.312 | 2.34%
Icaa 6.460 6.300 | 2.54%
Ici. 8.566 8.550 | 0.19%
Iy 8.566 8.522 | 0.52%
Igna 10.932 10.925 | 0.06%
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Future Directions

iz |mprove the Approximation of Equivalent
Contention

1> Extend the method to non-series-parallel
computation structures

> Application: Evaluate different parallel
“architectures and idenitify bottleneck in the

system

> Application: Evaluate different Task
Allocation Schemes
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Beta Operations: Efficient Implementation
of a Primitive Parallel Operation

Evan R. Cohn

We will consider the primitive parallel operation of the Connection Machine, the Beta Operation.
Let the input size of the problem be N and output size M. We will show how to perform the Beta
Operation on an N-node hypercube in O(log N + log2 M) time. For aVN x @mesh-of-trees, we

require O(log N + VM) time. We show that the AT? upper bound thus obtained for the mesh-of-
treesis close to optimal.
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Tradeoffs in Data-Buffer Design

Hans Mulder

Recent technology advances require low traffic ratios for on-chip buffers because of two reasons:
the on-chip computational speed increases faster than the pin-bandwidth, and bus congestion for
multi-microprocessor systems can seriously limit performance. The processor architecture,
compile-time software, and buffering techniques determine the bandwidth requirements for a
particular processor, and can be optimized to reduce these requirements. The research presented
here mainly concerns the traffic effects of different data-buffering techniques; specifically a
comparison between data buffers, and the area distribution between instruction and data caches.

In this talk, I will show a performance comparison as function of occupied area for four different
data buffers, namely: a single register set, multiple overlapping register windows as found in
RISC, a copy-back associative cache with 16-byte blocks, and a single register set and cache
combination. Because caches have significant tag and status bit overhead, the area occupied by a
cache data bit is 1.5 to 3 times more than that of a register bit for block sizes from 16 to 4 bytes.
This comparison shows a clear division in three sections: small buffers (< 32 words) which
necessarily are single registers sets, large buffers (> 128 words) which have to be two-level, and
a sort-of-grey area in between were the buffer choice depends on many factors not discussed
here.

An interesting utility function emerges when the data-cache traffic ratio is combined with the
instruction-cache traffic ratio described in Mitchell’s Thesis (Stanford, 1986). This utility or
traffic-ratio function is shown for a fixed format (32-bit) STACK and a bit-encoded DCA
architecture. Together they comprise the two extremes on the traffic scale; all other architectures
fit in between. The total traffic-ratio function shows that for a total area of 256 register-
equivalent words, the data cache should get 25 % of the area in case of the STACK architecture
and- 75 % in case of the DCA architecture.
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Instruction’ versus Datd Cache

—o 256 words|
—— 512 words

—= 1024 words |

H
—o— 2048 words|;
Fixed (32-bit) format Stack Architecture %

'%'
¢
,,,,,, i

1
o
o
c
o
B
=
8
o
=
0.01 . . . .
0.00 0.25 0.50 0.75 1.00

Area partition allocated to data cache

1. 2-way set assoc. 16-byte blocks. total area = 1.2 * data area.
2. fully assoc. 16-byte blocks. copy back. total area = 1.5 * data area.
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;». Instruction versus Datd Cache

—&— 256 words
—e— 512 words
—®= 1024 words
—o— 2048 words
Bit encoded direct-correspondence architecture |—=— 4096 words

Traffic Ratio

0.01 . . l
0.00 0.25 0.50 0.75 1.00

Area partition allocated to data cache

1. 2-way set assoc. 16-byte blocks. total area = 1.2 . data area.
2. fully assoc. 16-byte blocks. copy back. total area = 1.5 * data area.




Stanford Packet Radio Network

Brian Boesch

The Stanford Packet Radio project is an experiment in extending a relatively high performance
connection from the university network to the researchers' hames. The system is intended to
serve the dual role of providing a service and of performing as a test bed for implementation and
evaluation of protocols and user interfaces for distributing workload between hosts and
workstations while minimizing the requirements for high speed communication. The emphasis
is on simplicity and low cost while still providing a significant performance enhancement over
conventional dial up communication.

In addition, preliminary research into the performance of layered protocols is discussed in the
context of the Stanford Packet Radio net. When protocols are layered, interaction between the
layers can cause significant performance degradation. The use of Transmission Control Protocol
(the Internet transport layer protocol) with High Level Data link Control(HDLC) is a particular
example of this adverse interaction. Rather than addition of a discrete link layer, a case is made
for.using specialized gateways to avoid the inefficiencies of layering TCP over HDLC.
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Simulated Architecture

TCP TCP

TCP

'

HDLC

TCP

HDLC

¢

Modem
&

¢y Contention

HDLC

Dedicated
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Comparisons of Composite Simplex Algorithms

Irvin J. Lustig

For almost forty years, the simplex method has been the method of choice for solving linear
programs. The method consists of first finding a feasible solution to the problem (Phase I),
followed by finding the optimum (Phase II). Many algorithms have been proposed which try to
combine the two phases into a single composite phase. This presentation will discuss the
procedure of comparing the merits of some of these composite algorithms.

Computational aspects of the Weighted Objective, Self-Dual Parametric, and Markowitz Criteria
algorithms are presented. No prior knowledge of the simplex method will be assumed. A
framework for comparing the efficiencies of the different algorithms and their many possible
variants will be presented. A large amount of computational experiments for each algorithm
have been made. These are used to compare the algorithms in various ways. Although one
would expect that one of the many possible composite algorithms would turn out to be a clear
winner, computational experience suggests that no algorithm is best for all problems. Curiously
enough, even a clear loser can be the best on some problem.
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Adaptive Numerical Methods for Weather Prediction

William (Bill) Skamarock

Weather prediction requires integrating equations which describe atmospheric motion over an
extremely large spatial domain but phenomena of interest are localized and transitory. The
important and difficult part of this problem is resolving and correctly predicting the movement of
localized, fine structure, i.e., fronts, cyclones and other disturbances. Numerical procedures
relying on fine meshes covering the entire domain are inefficient and in the case of weather
prediction often prohibitively expensive. Adaptive solution procedures appear ideally suited for
numerical weather prediction given the locality of weather phenomena. We have applied the
adaptive grid technique developed by Berger and Oliger to the regional weather prediction
problem.

The Berger and Oliger technique entails integrating the equations first on a coarse grid and then
on finer grids which have been placed based on the estimated error in the coarse grid solution.
By correctly coupling the integrations on the various grids, periodically re-estimating the error
and recreating the finer grids, uniformily accurate solutions are economically produced.

Adaptively we consider this a two-dimensional problem because the atmosphere’s vertical length
scales are much smaller than its horizontal length scales. Thus, we have coupled the software
used to implement this technique in two dimensions with a module which solves the equations
descibing the three-dimensional time dependent motion of the atmosphere.

The adaptive model has been used to solve for the motion of a two-dimensional cyclone being
advected by an easterly current and also to solve for a disturbance which develops as a result of
perturbing an unstable jet, both of these in a east-west periodic channel. The simulation of the
cyclone demonstrates the use of fine grids to track a disturbance. The largest errors in the
numerical solution are associated with the cyclone. A single fine grid follows the high error, and
hence the cyclone, across the region. The disturbance which develops as a result of perturbing
an unstable jet is a classic weather pattern observed in the mid-latitudes. By adaptively solving
for the development of this disturbance we show that the adaptive model is capable of solving
for realistic, three-dimensional atmospheric flows. This simulation also demonstrates the
feasibility of using multiple, rotated, overlapping fine grids.
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The success of these simulations strongly supports the concept that adaptive refinement should
occur only where dictated by the error in the numerical solution and that this has been sufficient
to improve the accuracy and overall resolution of the entire solution. Using this concept has
produced the first adaptive solution of atmospheric flows and the first detailed, quantitative
results concerning error in the numerical solutions.
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The Proposed Center for the
Study of Human-Computer Interaction

Keith A. Lantz

Historically, advances in many areas of computer research have been hindered by a lack of inter-
disciplinary research. This problem is particularly acute in the area of human-computer interface
design, where the relevant disciplines include many outside those of computer science and
electrical engineering -- including graphics design, psychology, and communications. All too
much of the work reported in the literature has been done in relative isolation, with a consequent
tendency to be relevant only to the specific domains in which it was performed.

Therefore, we propose to address human-computer interaction in the context of an inter-
disciplinary ‘‘center’’ (or ‘‘program’’) whose fundamental goal is to ascertain basic principles of
human-computer interface design, and the environments to which those principles do or do not
apply. The success of this endeavor will depend on the participation of application domain
experts, graphics designers, psychologists, and other specialists -- in addition to computer
scientists and electrical engineers. This approach stands in stark contrast to one whose primary
goal is to develop a specific application, which may, at some point, require a user interface. On
the other hand, developing basic principles to begin with requires experimentation in a variety of
environments, which should in fact yield a number of interesting applications!

The center is intended to encourage investigation of any issue that impacts on the design,
implementation, or evaluation of human-computer interfaces. Representative topics include the
effective use of multiple communications media, computer-supported collaborative work
(including real-time multimedia conferencing), software architecture, dialogue specification
languages, global data interchange facilities, cognitive modeling (of the user), and human factors
experiments (in support of all other areas).
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Fitting Shapes to Points

Vaughan Pratt

The emphasis in the literature on least-squares fitting of curves and surfaces to a set of points has
been on parametrically presented polynomial curves and surfaces. The few papers that do treat
algebraically presented figures treat only curves in the plane. We give several algorithms for
fitting an algebraic shape (line, circle, conic, cubic, plane, sphere, quadric, etc.) to a set of points,
namely exact fit, simple fit, pseudoeuclidean fit, spherical fit, and blend fit, all but the last two of
which are applicable to any algebraic shape.

Exact fit generalizes to all algebraic shapes the well-known determinant method for exact planar
fit. Simple fit is an easily described, fast, but nonrobust reduction of the general overconstrained
case to the exact case. Pseudoeuclidean fit is a slow but relatively robust method based on a
good surrogate for the Euclidean distance metric. Spherical fit takes advantage of a special
property of spheres to permit fast robust fitting of circles and spheres; no prior fast circle fitters
have been robust, and there have been no previous sphere fitters. Blend fit finds the best fit of a
Middleditch-Sears blending surface to a set of points while blending a set of base surfaces, via a
nonpolynomial generalization of planar fit.

These methods all require (am+ bn n? operations for fitting a surface of order n to m points, with
"a=2 and b=1/3 typically, except for spherical fit where b is larger, and pseudocuclidean fit, a
slow iterative method. All save simple fit achieve a robustness previously attained by
comparably fast algorithms only for planes. All admit incremental batched addition and deletion
of points at cost an? per point and (except for pseudoeuclidean fit) bn’ per batch.
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5 Simple Fit

2 2
1 21 y1 27 + Y1

1 o v2 22 +y2
A=|1 z3 ys z2+y2
1 z4 yg z5+y3

2 2
1 z5 ys =5 + Y5

1. Perform Cholesky decomposition of A’A

Find n x n upper triangular U s.t. U'U = A'A.
Of size independent of m

2. Replace last row of U by last row of exact fit matrix

namely the basis row
1 2y 22 + 42
Call result Ut

Proceed as for exact fit: |Ut| =0

Automatically normalizes last coefficient to 1
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Constraints, Planning, and Learning:
How to Analyze and Synthesize Hardware

Daniel Weise

Special purpose hardware will soon prove to be faster and cheaper than general purpose
hardware for many tasks. I am researching the problem of automatically constructing hardware
from behavioral descriptions. Among the problems are choosing an architecture that gives the
best speed for a given cost, implementing that architecture in some technology, proving the
design is correct (verification), and avoiding rewriting the system every time the technology
changes. The tools and techniques employed come from compiler theory, verification theory,
and artificial intelligence. Maintaining and relating information from the different design levels
requires a constraint system. Learning is required for a robust, technology independent system.
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A Theory of Justified Reformulations

Devika Subramanian

Present day expert systems are limited forever by the conceptualizations of the world provided to
them by their designers. This thesis research explores issues in the construction of adaptive
systems that can automatically extend and modify their conceptualizations to achieve
computational efficiency or descriptional elegance.

In this talk, we examine a special case of this problem: reconceptualizing or reformulating a
knowledge base in terms of new objects, functions and relations, in order to make the
computation of a pre-specified class of queries more efficient, for a given problem solver.
Automatic reformulation is not possible until a reformulator can  justify a shift in
conceptualization. We thus argue for a meta-theoretical analysis of this problem and present a
class of justifications called irrelevance justifications. We formalize the notion of irrelevance and
propose the use of the irrelevance principle for generating abstraction reformulations.
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Distributing Backward-Chaining Deductions
to Multiple Processors

Vineet Singh

Effective allocation of resources in a multiprocessor can make a dramatic improvement in the
speedup obtained. Optimal allocation is ruled out because even simplistic computation and
multiprocessor models make the problem NP-complete or worse. I present an effective, sub-
optimal allocation strategy for backward-chaining deduction on a practical multiprocessor.

The target class of multiprocessors for this dissertation satisfies the following properties: (1)
there are a finite number of processors; ( 2) each processor has a finite amount of local memory;
(3) thereis no global memory; (4) processors are connected with some scaleable interconnection
topology; (5) processors can communicate only by sending messages to each other; ( 6) message
delay is some non-zero monotonic function of the amount of data in the message and the
distance between source and destination; (7) each processor can perform backward-chaining
deductions based on the subset of the logic program that it contains.

Sequential execution models for backward-chaining deduction, used in sequential logic
programming languages, are not suitable for multiprocessors. I present a parallel execution
_model called PM  For the same multiprocessor class, PM can exploit the most parallelism
among execution models that use control based on dataflow principles.

The proposed allocation strategy needs some restrictions that PM does not require. First, the
type of backward-chaining deduction is restricted. In particular, no recursive clauses are
allowed, unit clauses must be ground, and certain probabilistic uniformity and independence
assumptions must apply. Second, the type of allocation is restricted to compile-time allocation.
Third, a partitioning of the database is assumed to be given.

Allocation is based on a formally defined cost function. This cost function quantifies intuitive
notions of undesirable allocations. I will sketch out algorithms for efficient computation and
recomputation of this cost function.
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The allocator consists of an initial allocation phase followed by a local optimization phase. In
the initial allocation phase, database partitions are allocated to processors one at a time using a
greedyalgorithm. The local optimization phase consists of a sequence of cost-reducing
reallocations of partitions to neighboring processors.

P M has been implemented on an instrumented, event-driven simulator of the FAIM-1
multiprocessor. Implementation of the allocation strategy is under way. Speedups obtained by
the allocator will be contrasted with an unreachable upper bound and with speedups obtained
using carefully done human allocations.
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On Default Sub-Theories

Benjamin Grosof

Non-monotonicity is ubiquitous when programs are viewed declaratively, e.g. especidly in Al.
Prioritized defaults are a natural and powerful way to express preferred beliefs and non-
monotonic reasoning. However, in general, non-monotonic inference is holistic, i.e. totally
context-dependent: a computational nightmare. We invent the notions of default module and
default sub-theory, relative to a logic of prioritized defaults based on circumscription. These
enable us to characterize special-case, hierarchical decompositions of (prioritized-) default
theories which are advantageous inferentially in two ways. partial monotonicities and
modularities emerge; and primitive default sub-theories can be implemented more
straightforwardly.  Conversely, the frank embrace of preferences and context-dependencies
among beliefs facilitates and clarifies the specification of a large non-monotonic “knowledge’
base by a program designer. Treating default theories as strongly-decomposed into simpler-form
default sub-theories thus provides a step toward practically automating a wide variety of
applications of non-monotonic reasoning.
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The TABLOG Programming Language

Eric Muller

TABLOG [1] is a logic-programming language based on quantifier-free first-order logic that
includes al the standard logical connectives, such as equality, negation and equivalence.
Programs are nonclausal: they do not need to be in Horn clause form or any other normal form.
They can compute either functions (as in LISP) or relations (as in PROLOG).

Two deduction rules are used for the execution of programs: nonclausal resolution (which
corresponds to a case analysis) and equality replacement (which corresponds to replacement of
equals by equals). PROLOG programs are typically provided with cut annotations to allow their
efficient execution. Such annotations are not necessary in TABLOG, since implicit cuts are
introduced during the computation. Lazy evaluation provides an elegant way to manipulate
infinite data structures.

A powerful mechanism has been introduced supporting a hierarchical structure for TABLOG
programs and permitting the reuse of code. A compiler for a virtual TABLOG machine, written
in TABLOG itself, is under development. It is expected that TABLOG programs will be
executed as efficiently as their PROLOG counterparts, despite the additional features available to
the programmer.

[1] Y. Malachi, Z. Manna, and R. Waldinger, “TABLOG -- A new approach to logic
programming’ ’ in D. Degroot and G. Lindstrom, editors, Logic Programming: Relations,
Functions, and Equations, Prentice-Hall, 1985.
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PROGRESS

Past

e Designed by Malachi, Manna & Waldinger
e Interpreter in LISP

Present

e Introduction of types and modules

e Compiler for a virtual TABLOG machine

Future

e Concurrent TABLOG

e Programming environment



Parallel Execution of Lisp Programs

Joe Weening

Lisp programs are well-suited for execution on a shared-memory multiprocessor using a queue-
based ‘execution model. Function calls and variable bindings provide opportunities for process
creation at many levelsin a Lisp program. The Qlisp language lets a programmer use this model
with the ability to decide at runtime whether computations are to be done in parallel.

We investigate several strategies for deciding when to create paralel processes. These include
analysis of the size of subcomputations, the state of the multiprocessor, and a top-down approach
based on the structure of the program being executed.
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Shortest Paths and Visibility Problems
in Simple Polygons

John Hershberger

This talk describes solutions to several shortest path and visibility problems involving a simple
planar polygon P with n sides. (A simple polygon is a closed polygonal path that does not
intersect itself.) We consider the following problems: (i) Preprocessing P so that for any query
point g inside P, we can find the length of the shortest path from g to a fixed source vertex s in
logarithmic time; (ii) Computing the subpolygon of P visible from a particular vertex or segment
on the polygon boundary; (iii) Preprocessing P so that for any query point x in P, we can find in
logarithmic time the portion of some fixed polygon edge e that is visible from x; (iv)
Preprocessing P so that for any query ray r emerging from e, we can find in logarithmic time the
first intersection of r with the boundary of P; (v) Computing al pairs of mutually visible polygon
vertices in constant time apiece.

All these algorithms are based on a single geometric structure, the shortest path tree, which is
the collection of all shortest paths inside P from a given source vertex s to the other vertices of P.
The shortest path tree can be computed in O(n) time once a triangulation of the polygon is
known. (A triangulation is a set of diagonals that splits the polygon interior into »-1 triangles.)
Since the current bound for triangulation is O(n log log n) [Tarjan-Van Wyk, 1986], the shortest
path tree can be built in O(n log log n) time.
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Conclusion
Visibility and shortest paths are closely related.

The shortest path tree is a useful tool for solving a
variety of visibility problems inside simple polygons.




Increasing the Expressive Power of Formal Systems

John Lamping

Current programming languages restrict users to limited combinations of the concepts they
support, resulting in limitations on their expressive power. This is especially noticeable when it
would be useful to have language constructs available in data objects. For example, current
programming languages generaly don't provide data objects that incorporate free variables.
This is true even of systems that provide data ranging over linguistic structures.

We show that a combination of two closure conditions will eliminate many of the restrictions:
Any construct available in language expressions must be available in data objects. And if an
operation of the language can be naturally decomposed into several parts then each part must be
available independently. These two conditions act synergistically to preclude restrictions on how
concepts can be combined.

The language design principle embodied in the two conditions is most useful in languages that
contain their own meta-theory. It can also provide a convenient way of specifying partial
evaluation. And it suggests ways of decomposing procedura reflection. The independence
provided by the conditions also enhances the amount of parallelism available in a program.

We have designed a functional programming language which satisfies the two conditions. As a
result it is able to straightforwardly express concepts like variables, environments, closures,
dependencies, and expressions. And it can freely incorporate these concepts into other data
objects. Yet the language has only 4 primitive constructors. We have designed an interpreter for
this language and are in the process of implementing it. We have aso designed the outline of a
logic programming language which also satisfies the two conditions.
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Areas of Applicability

M-eta-theoretic systems
Extensibility

Partial evaluation
Reflection

Parallelism



Towards Efficient Maintenance of Integrity Constraints

Xiaolei Qian

The need for integration of knowledge and data into knowledge base systems is widely
recognized. Such a knowledge base system should provide uniform management of both data
and knowledge. One of the important means of specifying the semantics about data is via
integrity constraints. The constraint management component of a knowledge base system needs
to provide means for both high-level constraint specification and efficient run-time constraint
enforcement.

Experience has shown that the conventional database approaches to integrity constraint
enforcement are not successful because they have to compromise between these two
requirements. They either require the checking code to be written in arbitrary procedures which
get triggered at run time, or they provide a single code generation algorithm which usually
generates sub-optimal code. The former makes it extremely difficult to verify the correctness of
the database states, while the latter makes the validation task too expensive to be used
effectively. -

In this talk, we demonstrate the feasibility and power of a knowledge-based approach to the
efficiency problem of constraint validation. We propose a reformulation approach which
exploits knowledge about the application domain and database organization to reformulate
integrity constraints into semantically equivalent ones in the sense that they enforce the same
condition, and which are cheaper to enforce given the existing database configuration. A
transformational mechanism is then used to generate efficient checking code. Since these
reformulation and transformation processes are fully automated and are adapted to application
and database evolution, we will be able to build a highly automated constraint manager which
provides efficient maintenance of integrity of large integrated knowledge base systems.
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Conclusion

o Convensional approach does not work well because
0 Syntax-driven and stat e-independent
0 Cannot reformulate constraints
0 Expensive or no guarantee of correctness

e Knowledge-based approach is PROMISING because
0 state-dependent nature of constraints
0 richness of constraint specification
0 essential demand for automatic, efficient validation



Synchronizing Plans among Intelligent Agents
via Communication

Charlie Koo

In a society where a group of agents cooperate to achieve certain goals, agents perform their
tasks based on certain plans. Some tasks may interact with tasks done by other agents. One way
to coordinate the tasks is to let a master planner generate a plan and distribute tasks to individual
agents accordingly. However, there are two difficulties. Firstly, the master planner needs to
know all the expertise that each agent has. The amount of knowledge sharply increases with the
number of specialties. Secondly, the master-planning process will be computationally more
expensive than if each agent plans for itself, since the planning space for the former is much
larger. Thus, distributed planning is motivated.

The objective of this thesis research is to devise amodel for synchronizing and monitoring plans
independently made by nonhostile intelligent agents via communication. The proposed model
allows agents to plan autonomously and then synchronize their plans via a commitment-based
communication vehicle.

The communication vehicle includes a language, a set of communication operators and a set of
. commitment tracking operators. The tracking operators provide means to monitor the progress
of plan execution, to prevent delays, and to modify plans with less effort when delays happen. A
deadlock detection scheme using this communication model is also described.
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High-Speed Implementations of Rule-Based Systems

Anoop Gupta

Rule-based systems are widely used in Artificial Intelligence for modeling intelligent behavior
and building expert systems. Most rule-based programs, however, are extremely computation
intensive and run quite slowly. The slow speed of execution has prohibited the use of rule-based
systems in domains requiring high performance and real-time response. In this talk we explore
the role of paralelism in the high-speed execution of rule-based systems. We show that,
contrary to early expectations in the field, only limited speed-up (10-20 fold) can be obtained
from the use of parallelism. To get this10-20 fold speed-up, it is necessary to exploit parallelism
a a very fine granularity and shared-memory multiprocessors are necessary. We also discuss
some of the research issues currently being explored.
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Is Reprogramming Necessary?

o Results shown so far correspond to programs to
which no changes were made.

o EXxpect another factor of 3-5 (?) speed-up if
‘ programs are rewritten with parallelism in mind.

o Reason: Semantic information available
to the programmer.

e Currently, one of the important research areas.




Suitable Parallel Architectures?

« Shared-memory architectures are desirable.
« Fine-grain algorithm requires shared data.

« Dynamic load balancing.

« Examples: VAX-11/784, Encore Multimax,
Sequent, . . ..

« Expected performance on a 32 processor

machine with 2-MIPS processors is 3800 rule-
firings/sec.
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Summary and Future Directions

o To obtain 2-3 orders of magnitude speed-up, a
multipronged approach is necessary:

« Technology (10-fold)
« Algorithms (4-fold)
o Parallelism (20-fold)

o Parallelism must be exploited at fine granularity
to get significant speed-up.

« Shared-memory multiprocessors are the right
machines, at least for the near future.

o To0 get the next major factor in speed-up, one
must look at task-level parallelism.




Call-by-unification:
How to Combine Logical and Functional
Programming Efficiently

Per Bothner

There are a number of ‘‘new’’ programming language paradigms intended to more cleanly and
concisely express algorithms. The Q language and compiler is an attempt to integrate some of
these ideas in a unified language, and to see how they can be implemented efficiently.

In this talk we concentrate on adding logical variables (and constraints) to a language with
lambda expressions, using unification to bind formal and actual parameters. A simple
optimization reduces this to call-by-value in the normal case. We also express constraints in
terms of functional dependencies betwen variables, and examine how to fit assignment into this
framework.
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Editing Procedural Descriptions of Graphical Objects

Paul Asente

Traditionally, computer-generated images were created by running programs written in a
programming language that supported graphics, either directly or through procedure calls. More
recently, interactive graphics editors have appeared. These two approaches have different and
complementary advantages and disadvantages. Tweedle is a graphics editor that attempts to
attain the advantages of each approach while avoiding the disadvantages.

In Tweedle the user may modify either the picture itself or the program creating the picture; the
other representation is automatically kept up-to-date. We will discuss the methods used by the
editor to keep consistency when one representation is changed:
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Conclusions

o It works. You really can use a procedural
representation in this type of a system.

o It’s fast enough to be usable, even in the current
prototype version.




Composing User Interfaces
With Interactive Views

Craig Dunwoody

High-quality user interface software is critical to the usefulness of an interactive computing
system. Unfortunately, such software is difficult to build using current tools. We are developing
InterViews, a software system that facilitates the construction of powerful, flexible and efficient
user interfaces.

InterViews is based on the idea of creating Interactive Views of an object to be manipulated (the
Subject). A Subject provides an abstract data type interface to an object of some type,
independent of interaction details. A corresponding View presents the Subject’s state to the user
and translates user input into operations on the Subject. A Subject may have one or more
attached Views. Views are parameterized to allow for user tailoring. A user interacts with a
View’s parameter settings using a meta-View (a View of a View).

InterViews defines a set of common Subject and View classes that can be composed to create
more sophisticated interfaces. For example, a Text Subject and View (implementing editable
text) can be used to implement higher-level objects such as a Typescript (text-based command-
response interaction) and a Document (mixed text, drawings, and other elements). The
availability of these composable building blocks simplifies the task of building new applications
and helps insure interface consistency across applications.

A prototype implementation of InterViews is now in everyday use by about fifteen researchers.
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Incrementally Linking Programs

Russell W. Quong

Minimizing program link time improves program turnaround time, thus increasing productivity.
We have implemented an incremental linker, inclink, which substantially reduces link time.

The design of inclink is based on a quantitative profile of how programs are compiled and linked
during development and maintenance. We instrumented the UNIX utility make to record
program compilations and links. Using the collected data, we have determined distributions of
how much time programmers spend waiting for compiling and linking, how many modules are
compiled each time a program is linked, and how the sizes of compiled modules change. Our
measurements show that most programs are relinked after only one or two modules are
recompiled regardless of program size, and that over 90% of all recompilations yield object code
that is less than 100 bytes larger in size.

Inclink keeps all symbol and relocation information in memory in dependency/use lists and uses
a fully incremental algorithm that minimizes access to the file system. Relink time is
proportional to the size of the change, but not the size of the program. In practice, Inclink is 4 to
40 times faster than the normal Unix linker, Id.
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Conclusions + Future Work

o Program changes usually small.
e Independent of program size.

e Small change in code size.
e Few modules changed.

o Incremental linking
« Link time~ size of change

« 10X - 40X faster for large programs
o Integrate into rest of programming envronment
« Dynamic loading.



