Resear ch Institute for Advanced Computer Science
ANNUAL REPORT
October 1999 through September 2000

Cooperative Agreement: NCC 2-1006

Submitted to:

Contracting Office Technica Monitor:
Anthony R. Gross
Associate Director for Programs
Information Sciences & Technology Directorate
NASA Ames Research Center
Mail Stop 200-6

Submitted by:
Research I ngtitute for Advanced Computer Science (RIACS)

Operated by:
Univer sities Space Resear ch Association (USRA)

RIACS Principd Investigator:
Dr. Barry M. Lener
Director

Dr. Bary M. Leiner

Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s)
and do not necessarily reflect the views of the National Aeronautics and Space Administration.



RIACS FY 2000 Annual Report October 1999 through September 2000

THISPAGE ISINTENTIONALLY LEFT BLANK



RIACS FY 2000 Annual Report October 1999 through September 2000

TABLE OF CONTENTS

INTRODUCTION AND OVERVIEW.......ooii et 1
LA Summary of FY 2000 ACHVITY......ccueieeieeeese et ne e s 1
RIACS PROJECTSDURING FY2000.........ccitaiieiieeieeieeseeesiee e siee e seesses e e s seeas 3
[1LA Automated Reasoning for AULONOMOUS SYSIEMS .......ccvvieerieeieseesieeie e e eeesnee e eee e 3
I1LAii  Automated Software Synthesis and VerifiCation...........cooovvveeeeiiiiieie i 3
LA Advanced Autonomous Planning and Scheduling...........ccccooveeiiiieniieeniiecneeee 10
[1LAiii  Bayesian Inference and Image ANalYSIS.........cccoiiiieiiiie e 16
IILAiv  Reinforcement Learning TECANIQUES............ccuvieiiiiiiie e 18
I.Av Model-Based Autonomy and Integrated Vehicle Health Management................... 20
[LAVI SPACECT At AULONOITIY .....oeiiiieiiiie ettt ettt e e st e e e e s e annee e 23
[1.B Human Centered COMPULING.........cceieerieeiereeseeieseesieeeeseesseeseseesseessesseesseessessesssesnees 28
[1.B.i WOIK PractiCe ANAIYSIS. ....coiiieiiiee ittt e e e e 28
[1.B.ii Spoken Language Interface to Complex SyStems ..........coovueeriiiiiiieeiiiee e 32
[1.B.iii  Frameworks for Distributed COMPULING.........cceerriieiiiiiiiiee e 38
I[1.B.iv. Ames Center for Advanced Space Concepts (ACASC).......coeevvvveeeeeviiieeeeiiieee e, 41
I1.B.v Human-Centered Computing: NASA Astrobiology Institute ...........cccccevvcveeeeinnneen. 44
11.C  High Performance Computing and NEWOIKING .........cccoerirenininineneeieeee s 47
[I.C.i  INfOrmation PRYSICS.......uviiiiiiiie ettt e e e e e a7
I.C.ii NGI/NREN TESIDEAS.......c.eeiiiieiieeee et 48
[.C.iii  ARCLAN 2000......cceiiiiieeeeeiieeeeeeieeeeeasieeeeesssteeeesansseeeeasseeeeesssseeeesanssseeessnsseeessnnsns 52
[1.D  Applications of Information TEChNOIOGY .........cecveieieeriee e 54
[1.D.i Collaborative Virtual Environments for Medical and Scientific Imaging .............. 54
[1.D.ii Integrated Human/Robotics Exploration & AStrobiology ...........cceeveeeiieeenieeene 56
[1.D.iii  ASRS— Aviation Safety Reporting SyStem.........ccovueeiiiiiiiiie e 58
[1.D.iv. AVSP INfOrmation SNaring ........cccceeeeiiiiiie e 61
[1.D.v Integrated Thermal ProteCtion ..........cceeeeiiiiiriiiiiiee e 63
ILE  Vigting SIUdENtS and SCIENTISES. ......oveieriiieriesiirieeeeee et 65
I.E.i Summer Student Research Program (SSRP-2000) .........cccoviiireeiiiiieee e e esiiee e 65
I1.E.ii Visiting Scientists' Research Project DesCriptions..........oocveveeiiiieeeeiiieeeessiieeeens 68
8 1 1Y= 1o SRS 75
SEMINARSAND WORKSHOPS. ... 76

[1I.LA Dates, Speakers, and Abstracts of RIACS SEMINAS.......c.coveveeieneeniere e 76
[H.B  RIACS-supported WOrKSNOPS........ccueiiirieiiieiiecie ettt st sne s 87
RIACS ST AR ettt ettt st ae e s te e be e neenaeas 89

IV.A° Management SEaff ........c.ooieiiiecie e et 89
IV.B  Adminigtrative and SUPPOIt SEET ........c.coiiiririiereee e 90
IV.C SCENMTIC ST ...t nne s 90
IV.D Vigting SCentists and CONSUITANTS.........couerveririreeieiee e 93
IV.E  ViStNG SUJENES.......oiviiiiiieciicieieie ettt sttt seentesnennenne s 94
AV S o 1< 0o o 1 o | RS 95




RIACS FY 2000 Annual Report October 1999 through September 2000

THISPAGE ISINTENTIONALLY LEFT BLANK




RIACS FY 2000 Annual Report October 1999 through September 2000

I | ntr oduction and Overview

The Research Inditute for Advanced Computer Science (RIACS) carries out basic research and
technology development in computer science, in support of the Nationa Aeronautics and Space
Adminigration’s missons. RIACS islocated a the NASA Ames Research Center. It currently operates
under a multiple year grant/cooperative agreement that began on October 1, 1997 and is up for renewal
in the year 2002.

Ames has been designated NASA's Center of Excdlence in Information Technology. In this capacity,
Ames is charged with the responsibility to build an Information Technology Research Program thét is
preeminent within NASA. RIACS sarves as a bridge between NASA Ames and the academic
community, and RIACS scientists and vistors work in close collaboration with NASA scientigts.

RIACS has the additional goal of broadening the base of researchers in these areas of importance to the
nation’ s space and aeronauitics enterprises.

RIACS research focuses on the three cornerstones of information technology research necessary to
meet the future chalenges of NASA missions.

Automated Reasoning for Autonomous Systems

Techniques are being developed enabling spacecraft that will be sdf-guiding and sdf-correcting to
the extent that they will require little or no human intervention. Such craft will be equipped to
independently solve problems as they arise, and fulfill their missons with minimum direction from
Earth.

Human-Centered Computing
Many NASA missons require synergy between humans and computers, with sophisticated
computationd aids amplifying human cognitive and perceptud abilities.

High Performance Computing and Networking

Advances in the performance of computing and networking continue to have maor impact on a
variety of NASA endeavors, ranging from modding and smulation to data andyss of large datasets
to collaborative engineering, planning and execution.

In addition, RIACS collaborates with NASA scientists to apply information technology research to a
variety of NASA gpplication domains. RIACS adso engages in other activities, such as workshops,
seminars, and visting scientist programs, designed to encourage and facilitate collaboration between the
university and NASA information technology research communities.

LA Summary of FY2000 Activity

During the year October 1, 1999 through September 30, 2000, RIACS engaged in a number of
research projects collaboratively with NASA scientists. Well over 120 publications and presentations
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resulted from this work. Section |1 describes each of those projects dong with alist of publications. In
addition, RIACS continued to run a successful bi-weekly seminar series, augmented with specia
seminars, as well as support and participate in a number of workshops. The seminars and workshops
are shown in Section IIl. Findly, RIACS initiated the AmesRIACS Summer Student Research
Program (SSRP), a competitive program in which selected students spent the summer a& Ames working
with Ames researchers.

Staffing a RIACS grew condgderably during the year, from 20 scientigts at the beginning of the year to
41 scientigts at the end. This continued the growth in the prior year (from 12 scientists to 20). In
addition, 24 vidgting scientists and 18 visiting students spent time at RIACS during the year. Section IV
provides more detail on the affing.
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[ RIACS Projects During FY 2000

NASA Ames has identified three cornerstones of information technology research necessary to meet the
future challenges of NASA missons.

= Automated Reasoning for Autonomous Systems
= Human Centered Computing
= High Performance Computing and Networking

RIACS research focuses on al three of these areas, as wdll as collaborating with NASA scientists to
goply informetion technology research to a variety of NASA application domains. Research projects
and the overdl RIACS program are regularly reviewed by an eminent Science Council.

[I.A Automated Reasoning for Autonomous Systems

Deep space exploration requires sgnificant advances in atificid inteligence to support the needed
capabilities for autonomous systems. RIACS scientists and visitors have been collaborating with NASA
researchersin anumber of aress, as described in the following sections.

[1.A.i  Automated Software Synthesis and Verification

[ILAi.a  Task Summary

This research in automated software engineering is primarily concerned with the development of
advanced tools for automated software synthess and automated software verification & vdidation

(V&V).
ILAib  RIACS Staff

Bernd Fischer

Dimitra Giannakopoulou
SeungJoon Park

Charles Pecheur

Grigore Rosu

Johann Schumann
Mahadevan Subramaniam
Willem Vissr

Vidgting Students

Favio Lerda (Polytechnic of Torino, Itay)
Jeff Thompson (Universty of Minnesota)
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Raph Benzinger (Corndl Universty)
Corina Pasareanu (Kansas State University)

[I.A.i.c  Overview

Software is becoming a mgjor enabling technology at NASA. The primary gods of this task are to
reduce the cost of developing this software and improve the reliability of the software produced.

Researchers and Vigting Scientists primarily develop advanced tools for automated software synthesis
and automated software V&V. This entalls a spectrum of activities from fundamenta research, case
sudies with NASA software systems in conjunction with NASA software development organizations,
development of new agorithms, and tool implementation.

I[I.LA.i.d  Project Description

Perform research to develop, design and implement techniques that will put verification tools into the
hands of system designers.

Investigate the application of mode checking to find errors in software:

- Vaification of Autonomous systems

- Vaeificaion of Avionics software

- Program Veificaion

- Abdtraction techniques to reduce software complexity for model checking.

Advanced research and development on software synthess tools usng deductive synthesis and
other techniques from forma methods.

Develop a system for the deductive synthesis of dtate-estimation software components based on
Kaman filters.

Develop a system for the deductive synthesis of data andysis software components from Bayesian
networks.

Develop techniques to alow machine assstance for software reuse

High assurance software certification by proof logging and proof log checking.

Close important gaps between different phases of the software development cycle.

Implement and certify an adaptive neurd network flight controller to be integrated and flight-tested
inan F15.

[I.A.i.e  Accomplishments

Enhancement to the trandation program dlowing the verification of Livingstone nodds with the
SMV symbolic model checker: new specification patterns, improved competibility with Livingstone
(in asociaion with Carnegie Mdlon University).

Continued support to Livingstone users at Kennedy Space Center (KSC) in using the trandator to
improve the development of Livingstone models for the Mars exploration program.

Devedopment of aLivingstone Virtud Machine (VM) based on the origina Livingstone program.
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Developed the Java PathFinder (JPF) modd checker for Java It is the first custom-made Java
model checker available and is built on a VM suitable for model checking.

Applied the JPF model checker to a Java verson of the DEOS system.

Edtablished our group's leedership in the fidd of software modd checking by organizing 2
workshops on the topic (SPIN'00 and WAPATV'00) and also presented two tutorials (LFM'00
and ASE'00).

Deveoped an automated prototype abstraction tool which implements the research idea performed
last year, and gpplication of the toal to the verification of red software systems.

Solved abstraction problems on object-orientedness and dynamic creation of objects by having

scalable abstraction predicates relating variables over multiple classes.

Applied the automated abstraction tool for the verification of smplified JAVA code in the Remote
Agent and DEOS.

Extended a prototype system which gpplies deductive technology to synthesize efficient data
andyds programs (e.g., dassficaion, time series and image anadlyss) from high-level specifications
in an extended Bayesan Network notation. Implemented back-ends for C/C++ environments.

Applied the prototype successfully to a series of standard problems; current work is on shadowing
the data analyss tasks for the Vulcanproject (finding extra-solar planets usng a photometric
approach).

Development of explanation generation subsystem for Avionics Synthesis

Design and development of a Java-based proof log checker prototype.

Implemented data sampling module for program synthesis

A prototype tool was developed which is capable of automaticdly synthesizing UML designs
(statecharts) from sequence diagrams. Severd smdler case Sudies (cruise-controller, ATM
machine, autonomous agents) have been carried out; a large case sudy on shuttle-related software
(“orbiter-in-a-box") has been gtarted.

A prototype system for the deductive synthes's of state-estimation software components based on
Kaman filters has been developed. An daborate explanaion systems is capable of automaticaly

gengating desgn document and dlows to interactively visudize the rdationship between
specification and synthesized code.

Prdiminary work on the verification of an on-line learning neurd network flight controller.

[1.A.if Publications and Presentations
Publications

1. Red Simmons, Charles Pecheur. Automating Modd Checking for Autonomous Systems.
Proceedings of AAAI Spring Symposum on Red-Time Autonomous Systems, Stanford,
March 20-22, 2000.

2. Chales Pecheur, Rad Smmons. From Livingstone to SMV: Forma Veification for
Autonomous Spacecrafts. Froceedings of First Goddard Workshop on Forma Approaches
to Agent-Based Systems, NASA Goddard, April 5-7, 2000. To appear in Lecture Notesin
Computer Science, Springer Verlag.
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10.

11.

12.

13.

14.

15.

16.

17.

Klaus Havelund, Mike Lowry, SeungJoon Park, Charles Pecheur, John Penix, Wllem
Vissr, Jon L. White. Forma Anayss of the Remote Agent Before and After Hight. To
appear in: Proceedings of 5th NASA Langley Forma Methods Workshop, Williamsburg,
Virginia, 13-15 June 2000.

Reid Smmons, Charles Pecheur. Towards Automatic Verification of Autonomous Systems.
Submitted to: Internationd Conference on Inteligent Robots and Systems. Takamatsu,
October 30-November 5, 2000.

Charles Pecheur. Verification and Vdidation of Autonomy Software a& NASA. To be
submitted. To appear as NASA Amestechnica report

J. Penix, W. Vissr, E. Engstrom, A. Larson and N. Weninger, Veification of Time
Partitioning in the DEOS red-time Scheduling Kernd. 22nd International Conference on
Software Engineering. June 2000.

W. Vissar, S. Park and J. Penix. Applying Predicate Abstraction to Mode Check Object-
Oriented Programs. 3rd ACM SIGSOFT Workshop on Forma Methods in Software
Practice. August 2000.

W. Visser and H. Barringer, CTL* Modd Checking for SPIN. Journa Software Tools for
Technology Transfer (STTT). Volume 2 Number 4. April 2000. Prdiminary verson
appeared in proceedings of the 4th SPIN Workshop. Paris, France. November 1998.

W. Visser, K. Havelund, G. Brat and S. Park. Mode Checking Programs.  Internationa
Conference on Automated Software Engineering. September 2000.

G. Brat, K. Havelund, S. Park and W. Visser. Java PathFinder - A second generation of a
Javamodd checker. Workshop on Advancesin Verification. July 2000.

Karamanalis, C., Giannakopoulou, D., Magee, J., and Wheater, S., Mode Checking of
Workflow Schemas. 4th International Enterprise Digtributed Object Computing Conference
(EDOC 2000), Makuhari, Japan, September 2000.

S. Pak, S. Das, D. Dill. Automatic checking of aggregation abdtractions through state
enumeration. |[EEE Transactions on Computer Aided Design of Integrated Circuits and
Systems, volume 19(10), October 2000.

B. Fischer: Specification-Based Browsing of Software Component Libraries. Journd of
Automated Software Engineering, Vol. 7, No. 2, 2000, pp. 179-200.

J. Penix, B. Fischer, J. Whittle, G. Pour, J. van Baalen, Automating Component Integration
for Web-Based Data Andyss Applications. IEEE  Aerospace Conference, Big Sky,
Montana, March 2000.

B. Fischer, J Whittle: An Integration of Deductive Retrieva into Deductive Synthesis. Proc.
Automated Software Engineering (ASE-99), Cocoa Beach, FL, October 1999, pp. 52-61.
B. Fischer, J. Schumann, T. Pressburger, Generating Data Analysis Programs from Statitical
Models (Position Paper). Proc. ICFP-Workshop on  Semantics, Applications and
Implementation of Program Generation, Montreal, September 19-20th, 2000. Lecture Notes
in Computere Science 1924, pp. 212-229. Springer.

T. Kaser, B. Fischer, W. Struckmann, MOPS: Verifying Modula-2 programs specified in
VDM-SL. Proc. 4th Workshop on Tools for System Design and Verification, Reisensburg,
July 2000. Ulmer Informatik Berichte Nr. 2000-07, pp. 163-167.
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18. B. Fischer: Automated Synthess of Statistical Data Andlysis Programs, Position paper for the
AAAI-00-Workshop on Learning Stetisticd Models from Rdationd Data, Augtin, TX, July
2000.

19. T. Kaser, B. Fischer, W. Struckmann, The Modula-2 Proving System MOPS. Computer
Science Report 2000-01, TU Braunschweig, June 2000.

20. Deepak Kapur and M.Subramaniam. Extending decision procedures with induction schemes.
In Proc. of Conference on Automated Deduction CADE-17. July 2000.

21. Degpak Kapur and M. Subaramaniam. Verifying Arithmetic Circuits usng a Rewrite-based
Theorem Prover. To appear Intl. Journal of Software Technology and Tools.

22. J. Schumann. Automated Theorem Proving in Software Engineering. Habilitation, Technische
Universitaet Muenchen. Feb. 2000.

23. J. Schumann. Automatic Debugging Support for UML Designs. In Proc. AADEBUG 2000,
2000.

24. J. Schumann and J. Whittle. Automatic Synthesis of Agent Designs in UML. In Proc. of
Goddard Workshop on Agent-based Systems. Springer, 2000.

25. J. Whittle and J. Schumann. Generating Statechart Designs From Scenarios. In Proc. ICSE
2000, 2000.

26. Grigore Rosu and Joseph Goguen. On Euationd Craig Interpolation Journd of Universal
Computer Science, Volume 6, Issue 1, 2000, pages 194-200

27. Grigore Rosu. Equetiona Axiomatizability for Coagebra accepted for publication in
Theoretical Computer Science, to gppear in Volume 260/1-2, 2000

28. Virgil Emil Cazanescu and Grigore Rosu. Week Incluson Sysems, pat 2 Journd of
Universa Computer Science, Volume 6, Issue 1, 2000, pages 5-21

29. Grigore Rosu. Kan Extensons of Inditutions. Journd of Universd Computer Science,
Volume5, Issue 8, 1999, pages 482-493

30. Joseph Goguen, Kai Lin, Grigore Rosu, Akira Mori, Bogdan Warinschi. An Overview of the
Tatami Project. To gppear in Cafe An  Indugtrid-Strength Algebraic Forma Method,
Elsevier, 2000 accepted in December 1999.

31. Joseph Goguen, Ka Lin and Grigore Rosu. Circular Coinductive Rewriting Automeated
Software Engineering 2000 (ASE'00), Grenoble, France, 10-15 September 2000. |IEEE

32. Samue Buss and Grigore Rosu. Incompleteness of Behaviord Logics Coagebraic Methods
in Computer Science (CMCS00), Berlin, Germany, 25-26 March 2000. Electronic Notesin
Theoretical Computer Science, Volume 33, 2000

33. Grigore Rosu and Joseph Goguen. Hidden Congruent Deduction Lecture Notes in Computer
Science, Volume 1761, 2000, pages 252-266

Presentations

1. Charles Pecheur. Advanced Modelling and Verification Techniques Applied to a Clugter File
System. Presentation at ASE'99. Cocoa Beach, Florida, 15 October 1999.

2. Chales Pecheur, Formd Veificaion of Autonomous Systems. Horida Inditute of

Technology, 15 October 1999.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Charles Pecheur, Model Checking for Autonomy Software. Presentation for RIACS
Seminar Series. NASA Ames, Cdlifornia, 4 November 1999.

Bernd Fischer, SeungJoon Park, Charles Pecheur, Willem Visser. Automated Software
Engineering Group Presentation to RIACS Science Council. 11 February 2000.

Charles Pecheur, Issues Veification of Autonomy. Invited pandis to AAAI Soring
Symposium on Red-Time Autonomous Systems. Stanford, California, 21 March, 2000.
Peter Engrand and Charles Pecheur. Modd Checking of Autonomy Modds for an In-Situ
Propellant Production System. Poster presentation a&  FAABS00. NASA Goddard,
Maryland, 6 April 2000.

Charles Pecheur. From Livinggone to SMV: Formd Vaeification for ~ Autonomous
Spacecrafts. Presentation at FAABS00. NASA Goddard, Maryland, 6 April 2000.

Charles Pecheur. Future Directions: Verification of Autonomy. Invited pandist aa FAABSQO.
NASA Goddard, Maryland, 7 April 2000.

Klaus Havelund, Charles Pecheur, Reild Simmons, Willem Visser. Modd  Checking Tools
and Trends. Tutorid for the 5th Langley Forma Methods Workshop, Williamsburg, Virginia,
13-15 June 2000.

Charles Pecheur. Presentation of the ASE group. Meeting with INRIA  Rhone-Alpes and
Polyspace, Montbonnot, France, 11 September 2000.

Charles Pecheur and Willem Visser. Mode Checking for Software. Tutorid for the ASE'00
conference, Grenoble, France, 12 September 2000.

Willem Visser. Will Modd Checking Scde to Software? Invited Pandist. ASE99
Conference. 14 October 1999.

Willem Vissy Anaytic Veification & NASA Ames Presentation and Demongration.
LUACTS Workshop. Johannesburg, South Africa. 6 December 1999.

Willem Vissr. Picking Low-hanging Fruit. RIACS Seminar Series. NASA Ames, Cdifornia,
13 April 2000.

Willem Visser. Java PathFinder - A second generation of aJavamode  checker. Presentation
at WAVE'00 Workshop. July 2000.

Willem Visser. Java PathFinder Demondration. Meeting with INRIA  Rhone-Alpes and
Polyspace, Montbonnot, France, 11 September 2000.

Willem Vissr. Modd Checking Programs. Presentation and demondtration at ASE'0O
conference, Grenoble, France, 12 September 2000.

Dimitra Giannakopoulou. Modd Checking of Workflow Schemas. Presentation  at
EDOC'00. Makuhari, Japan, September 2000.

B. Fischer, Generating Data Analyss Programs from Statisticd Models. Tak and System
Demondtration, |CFP-Workshop on Semantics, Applications and Implementation of Program
Generation, Montreal, September 20th, 2000.

B. Fischer: AutoBayes Sysem Demongration, ICFP-Workshop on Rule-Based
Programming, Montreal, September 19th, 2000.

B. Fischer and J. Schumann. Generating Data Andys's Programs from Statisticd Models.
Invited Talk and System Demonstration, Kestrd-Ingtitute, Palo Alto, September 6th, 2000.
B. Fischer: Deduction-based Software Component Retrieva. Invited Tak, Computer Science
Seminar, U Passau, Germany, July 21st, 2000.

-8-
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23.

24,

25.

26.

27.

28.

29.

M. Subaramaniam. Extending Decison Procedures with Induction Schemes. Tak at NASA
Ames and CADE-17.

M. Subaramaniam. A Methodology for Desgning Cache Coherence Protocols in Hardware.
Tak a Dept. of CS Collog. University of New Mexico and Hewlett Packard Labs at Pao
Alto.

Johann Schumann. Tutorid on Automated Frd-order theorem proving in Software
Engineering during the NASA Langley Formd Methods Workshop, June 14th, 2000.
Johann Schumann. Automatic Synthesis of UML Designs. Invited tak at the robotics lab at
Xerox Parc May 2nd, 2000.

Johann Schumann. Proof Carrying Code. Formd invited scientific tak (Habilitation talk),
Technische Universitaet Muenchen, Germany. Feb. Sth, 2000.

Grigore Rosu. Incompleteness of Behaviord Logics. Berlin, CMCS 2000 a ETAPS, March
2000

Grigore Rosu. Hidden Logic. University of Bucharest, Romania, August 2000

Other Professonal Activities

I1.Aig

Charles Pecheur is part of the Program Committee of ASE'0O.

Charles Pecheur is Program Co-chair of the AAAI Spring 2001 symposum  "Mode-based
Verification of Inteligence” (March 2001, with Lina Khatib).

Willem Visser and Charles Pecheur are Program Co-chairs of the RIACS workshop on V&V
of Autonomy (December 2000).

Willem Visser, John Penix and Nige Tracy. Organized the 1¢t Internationa Workshop on
Automated Program Andysis, Testing and Verification at ICSE'QO in Limerick, Irdland. June
2000.

Klaus Havelund, Willem Visser and John Penix. Organized the 7th SPIN  Workshop on Model
Checking Software at Stanford, California, August/September 2000.

Willem Visser is part of the Program Committee of SPIN'01.

Bernd Fischer is part of the Program Committee of ASE'QO0.

Bernd Fischer, Johann Schumann and Wray Buntine are organizers of the NIPS00 Workshop
on Software Support for Bayesan Analysis Systems. December 2000.

Future Plans

Development of atool for closed-loop verification of Livingstone gpplications, based onthe Generic
Verification Environment and the Livingstone VM.

Continue the support to verification activities in KSC Livingstone-based applications and the
progressive transfer of tools and know-how to KSC engineers.

To increese the scdability of automatic software verification by developing hierarchicd and
compositiona techniques.

Experiment with digtributed and parale search agorithms to extend the capabilities of the Java
PeathFinder Model Checker.
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Integrate dtatic analyss techniques with the search dgorithms within the Java PathFinder to dlow
larger systems to be vaidated.

Continue research on the development of new techniques to reduce the cost and improve the
behaviora coverage of the testing required by the FAA for the certification of flight software.
Continue research on the V&V of DEOS and its gpplication programs in conjunction with
Honeywell Research Center.

Application of the abstraction methods to software, hardware, and protocols used in NASA
goplications. (Depending on the funding dtuation, the candidate projects include AutoPilot from
HCC, Ames Rover, New DIS protocol, abstract modeling of 1SPP system, etc.)

Find practica patterns in the verification using predicate abstraction, and to find a good metrics in
the V&V process.

Implement additional features to the abstraction tool such as function calls with abstracted data type.
Develop a proof logging and proof log checking prototype. Primary focus on avionics synthesis
goplication.

Applications of Rewrite and Algebraic techniques in coming up with autometic abstractions.
Integration of prototypica Sequence diagram to state-chart trandation tool into commercia system
Development of semantic foundations of UML trandformations

Extenson of automatic debugging of UML designs

Extend data andys's synthes's system by test data generator.

Extend data analys's synthesis system to handle time series and image data.

[1.A.i.n  ProblemsEncountered
none
[T.A.Qi Problem Resolution

N/A

[1.A.li  Advanced Autonomous Planning and Scheduling

[ILAlli.a  Task Summary

The god of this task is to extend and improve autonomous planning and scheduling technology, to
provide autonomous decision-making and decision-support capabilities for various NASA agpplications
including spacecraft operations, rover control, satdlite task scheduling, and arport surface movement
systems. The core technology development is based on advanced condraint reasoning, in particular
congraint-based planning. The task will extend the capabilities of the Remote Agent condtraint-based
planning techniques, which were flight vaidated on board the Degp Space One spacecraft in May
1999. Additiondly, other congtraint-based planning and scheduling techniques will be developed, with
particular focus on plan optimization.

-10-
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I1.A.iib  RIACS Staff

Ari Jonsson
Robert Morris

[I.LAii.c  Overview

The high-levdl god of this task is to continue the development of condraint-based planning and
scheduling techniques, to support NASA misson operations.  This includes autonomous operations on
board spacecraft and rovers, on ground autonomous plan generation as part of misson operations, and
the scheduling of ar traffic operations. There are four main components of this task, which will be
described briefly here and then in more details in the project description.

= Development of the core congraint-based planning system to provide a framework for both
research and applications. Using this core, build anew verson of the Remote Agent planner for
gpacecraft operations planning.

= Applying tempord and spatia scheduling to air traffic cortrol operations. In particular, develop
aframework and reasoning techniques for scheduling airport surface movement operations.

= Applying condraint-based techniques to the problem of scheduling Earth observing observation
tasks on fleets of satellites.

= Continue development of advanced condraint reasoning techniques that support congraint-
based planning and other congtraint-based applications.

[I.A.ii.d Project Description

Condraint-based planning for spacecr aft ops

The main component of this task is the project on congtraint-based planning. Within this project, there
are roughly four main research thrusts, each of which addresses an important issue in planning with
congrained interva tasksin complex domains.

The fird is the development and implementation of a Next Generation Remote Agent planning
framework. In particular, this involves a new design that can support advanced reasoning techniques,
such asintdligent search methods. Just as importantly, it requires an implementation that is modular and
well documented, to alow new techniques and approaches to be integrated and tested. The resulting
sysem will serve both as a research tool and as a core for future applications of planning and
scheduling.

The second is development and testing of different planning search techniques for congtraint based
planning. Of particular interest are methods based on repairing faulty plans and methods using intelligent
backtracking to limit unnecessary search. Repair-based methods may be more efficient in many
dtuations; additionaly, they offer the possibility of repairing plans that have failed or are not gpplicable
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in anew gtuaions. Intelligent search techniques, such as those using dependency information, am to
identify the causes for falluresto find a plan, and thus are often

more effective than standard chronological backtracking methods. Ancther aspect of this is the
development of techniques to gather and reason with dependency information, in a framework with
highly dynamic congraint networks.

The third component addresses the issue of effectively finding plans by using automated techniques for
guiding the planning process to examine likely paths and discarding impossible paths.  These methods
are often divided into two dements; one is the pruning of partid plans that can be proven not to lead to
a complete plan, the other is the heurigtic guidance of which possible partia plan candidates to examine.
Recent reaults in the classcad planning community have demondrated that such methods can greatly
improve the efficiency of a planning sysem; our god is to develop methods that can achieve Smilar
improvements on the more complex class of planning problems.

The fourth component concerns the capabiilities of the framework for representing and handling more
flexibility and uncertainty, e.g., by developing techniques to represent and reason about flexible aspects
of a domain, while guaranteeing continued execution regardless of outcome. The results will be plans
that are more likely to be executed successfully.

Autonomous decision support for SMS

At any large airport, operations are governed and affected by a number of different decision-makers,
including airline operators, ramp contrallers, airport management and air traffic controllers. The choices
made by each decison-maker affects the eventud ariva, departure and takeoff time for flights
operding in and out of the airport. The god of this work is to develop autonomous planning and
scheduling technology that can assgt in the making of these decisions, with the god of reducing delays,
and thus cogts, as well as pollution and congestion. Consider typica operations a a busy airport. After
landing, ground control loca control make decisions about how to get the flight to the appropriate ramp
area. At that point, ramp controllers decide how to get the aircraft to its gate. During the turn-around
process a the gate, airline operations make a number of decisions about how and when to accomplish
the necessary tasks, and when to push back theflight. At that point, controllers will decide on how and
when to move the flight out to the ramp and taxi areas, which runway to use, where in the takeoff queue
to place it, and findly when to clear it for tekeoff. Each of these decisons is influenced by a number of
factors. These include ariva and departure ddlays, arline operations decisons, air traffic control
decisons, gae assgnments, runway choices, etc. Decisons and ther outcomes for multiple flights
interact in a number of different ways. For example, two aircraft cannot be at the same gate at the same
time, and al landings and takeoffs usng the same runway are separated by arcraft-dependent intervals.
We propose to develop a framework for reasoning about decisions and interconnecting congraints.

The objective isthregfold:

1. Provide up-to-date information of how operations are expected to go, given up-to-date
information about event times, conditions, &c.
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2. Provide advisory information for specified decisons, to assst with human decisons. This
includes “what-if" andysis.

3. Provide the capability for autonomous decison-making, based on up-to-date information and
given optimization criteria

An example of how this framework can be utilized to reason about airport surface operationsinvolves a
st of push back decisons being made by airline operations. The push back times are then denoted as
optimization decisons, while al other operations are nomind. The nomind decisons include other
arline push backs, ground control operations and takeoff times. The framework will caculate the
optima push back ordering, based on the available information, and display it as advice. The arline
operations staff can aso insert their own decisons and evauate how these affect the expected departure
times for the flights involved.  Furthermore, the system will incorporate updated information about
actua events, and suggest dternatives that would be better, based upon the new data Findly, in a
cooperdive setting, multiple optimization criteria could be combined to provide an integrated system for
reasoning about both push backs and ramp operations. The framework is required to be efficient
enough to quickly incorporate additiona information and update its estimates and optimization decisons.
In the example above, information about a flight that is delayed at the gate will be incorporated into the
database, and the advisory push back sequence can be reevaluated accordingly. More generdly, the
proposed framework will be required to integrate multiple heterogeneous sources of data relevant to the
determination of surface movement in order to provide meaningful support to human decison-makers.
The focus of the discusson in the remainder of this document will be on decison-making related to
arport surface movement, but the conceptud framework can be extended to the whole arspace
framework, including departure and arrival routes, and en-route airways.

Oper ations planning for multiple Earth-obser ving satellites

The purpose of this project is to provide decison-making support for planning and scheduling of
activities for NASA's growing fleet of Earth-observing satdlites. These satdlites employ advanced
sendng technology to assst scientists in the fidds of meteorology, oceanography, biology, and
atmospheric science to better understand how the Earth's systems of air, land, water and life interact
with each other. Each satellite's limited resources of power, memory, and senang indrumentation, as
well as ground stations for communicating deta and telemetry commands, must be efficiently dlocated
for the purpose of taking, storing, and downlinking high quaity images of the earth. With fleets of
satellites, there is the added need for planning for the coordination of satellites either in order to take
multiple images of the same scene, or for taking individuad eements of a mosaic image.

The planning problems in this domain consst of a set of satdlites, each with sensng insruments,
memory, resources for communicating data (antennae and transmitters), and a power source. The
planner is given a set of requedts for image data, as well as requests to perform non-imaging activities
such as reated to the cdibration of instruments. A typica image request will specify the location and
type of the data to be collected, the instruments to use, the resolution quality desired, the times at which
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the images should be taken, and a priority that indicates its importance to the requester. The planner will
aso utilize current cdloud cover prediction data, historical data indicating the last time the requested
image has been taken (to ensure that the data is elther current, or collected on aregular bass), as well
as the ligt of scenes that each satellite will be able to scan during the planning period, and the set of
ground gtations that are available for downlinking data.

The planning modd will describe tempora congraints on the orderings and durations of the activities of

the satellite subsystems, in particular durations related to scanning, storing and downlinking deta. It will

a so describe resource congraints such as the capacity of the various recording devices, warm-up times
for the imaging equipment, congraints related to power consumption and the avoidance of instrument
overheating, and the contact windows for, and capabilities of, the different ground stations.

A vdid plan assgns a st of imaging and non-imaging tasks to each of the satdlites, such that dl the
tempora, spatia, and resource condraints are satisfied. The god of the planner isto find vaid plans that
optimize the science return vaue. The planning domain is highly dynamic, as weether, new requests, and
targets of opportunity continuousy combine to change the problem. This provides an excdlent chdlenge
task for replanning, continent planning, and other techniques for taking execution into account during the
planning process.

Constraint-based r easoning techniques

Finaly, an genera component of this task is the development of advanced congtraint-based techniques
for solving planning and scheduling problems. This exploration will be driven by the problems that arise
from NASA applications, including condraint-based planning and scheduling, as described here above.
Among the gods in this area are the development of more effective tempora reasoning techniques, the
broadening of congtraint reasoning techniques to more genera classes of problems, the development of
fast methods for gpproximate reasoning, and more.

[I.A.ii.e  Accomplishments

Condraint-based planner:

=  The implementation of a uniform variable-based conditiona subgoaing mechanism, capable of
handling non-chronological changes, has been designed and implemented.

= The system has been extended to handle timeline condraints, including congtraints containing
variables.

= Support for the RAX domain description language (DDL) has been added, including automatic
trandation of And-Or gructures into conditiona subgods, and extensons to the language for
conditiond subgodls.

= The sysem supports heurigic guidance for the search control, usng both expressve
descriptions of gtatic heuristics and commonly used dynamic heuristics.

= Techniques for reducing search have been added to the system. These are based on identifying
necessary decisons, such as those arising from symmetric subgoas and congtraint propagation.
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The devdopment and use of module and system tests has improved the dability of the
implemented system.

Initid optimization efforts have yidded a sgnificant speedup for the system; many other
optimization opportunities have been identified.

Theoretical work

Domain analysis work; projected state spaces.

Formdization of RA planning framework.

Work on relating congtraint-based planning to other effortsin planning and scheduling.
Dynamic congtraint reasoning framework.

Panning as dynamic congraint satisfaction work

EOS scheduling

Study of exigting satellite operations, with particular focuson Landsat 7.
Initial outline of task modeling

SM S scheduling

AL

1.

Study of arport operations, ATC issues, €tc.

Completed a framework describing a principled approach to reasoning about arport surface
movement, based on combining tempora congtraint reasoning with resource conflict resolution
methods.

Publications and Presentations

Denise Draper, Ari K. Jonsson, David Clements, and David Jodin, "Cyclic Scheduling”, in
Proceedings of the 16th Internationd Joint Conference on Artificid Intdligence (IJCAI99),
1999.

Ari K. Jonsson, and Jeremy Frank, "A Framework for Dynamic Congtraint Reasoning usng
Procedural Condraints’, in Workshop on Congraints in Control, held in conjunction with the
Fifth Internationd Conference on Principles and Practices of Congraint Programming
(CP99), 1999.

Ari K. Jonsson, Paul H. Morris, Nicola Muscettola, Kanna Rgan, and Ben Smith, "Planning
in Interplanetary Space: Theory and Practice”, in Proceedings of the 2nd NASA Internationd
Workshop on Planning and Scheduling for Space, 2000.

David E. Smith, Jeremy Frank, and Ari K. Jonsson, "Bridging the Gap Between Planning and
Scheduling”, Knowledge Engineering Review, 15(1), 2000.

Ari K. Jonsson, Paul H. Morris, Nicola Muscettola, Kanna Rgan, and Ben Smith, "Planning
in Interplanetary Space: Theory and Practice’, in Proceedings of the Fifth Internationd
Conference on Artificid Intelligence Planning Systems (AIPS), 2000.
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6. Jeremy Frank, Ari K. Jonsson, and Paul H. Morris, "On Reformulating Planning as Dynamic
Condraint Satisfaction”, to gppear in Proceedings of Symposum on Abdraction,
Reformulation and Approximation (SARA), 2000.

7. Ari K. Jonson, and Jeremy Frank, "A Framework for Dynamic Congraint Reasoning using
Procedurd Congtraints', to gppear in Proceedings of the Fourteenth European Conference on
Artificid Intelligence (ECALI), 2000.

8. Robert Morris and Paul Morris, "On the Complexity of Reasoning about Repesting Events'.
Proceedings of the Internationa Conference on Knowledge Representation and Reasoning
(KR-2000).

9. Robet Morris and Lina Khatib, "Genera Tempord Knowledge for Planning and Data
Mining", Forthcoming in the Annals of Mahematics for Artificid Intdligence.

II.A.ii.g FuturePlans

Continuing the research and development in each of the focus aress.
[I.A.ii.h  Problems Encountered

None

[I.LA.ii.i  Problem Resolution

N/A

[1.A.lii  Bayesian Inference and | mage Analysis

[I.Alii.a Task Summary

NASA's EOS program, as well as other data collecting government agencies (such as NOAA, USGS,
NIMA, etc.) and industry generate vast sets of observationa data of the earth. This data is a basic
resource, that can help answer such basic scientific questions as globa warming, changing land use,
ocean circulation and so on. In addition this data provides the raw materia for answering broad policy
questions, such as crop assessment, forestry planning, urban planning, etc. Also, individua users may
find this data helpful in providing information about their particular farm or community. Also, NASA has
image processng needs for planetary rovers and for integrating information from multiple images of
planetary surfaces. Given this range of users, this raises the question how can NASA best meet the
information needs of these users?

Bayesan mode-based data integration in principle solves the problem of how to integrate information
form multiple sensors. However, there are many practicd problems in congtructing computationdly
efficient modds, especidly in view of the huge amounts of data involved. In the long run, it should be
possible to integrate dl satdlite (or other) data into one globa modd as the data is recelved. This
updated model can then be used to project particular information required by particular users. It isaso

-16-



RIACS FY 2000 Annual Report October 1999 through September 2000

very useful for spotting changes, because these are where there is a larger than expected difference
between what the mode expects and what is observed. The modd can aso be used to compress the
data, snce only the differences between expected and observed need to be stored. In the short term,
this technology potentia can be tested in much more limited demongtrations of deta integration, such as
integrating the images from the same satdllite on different passes. This limited case is what the Bayesian
Inference group isinvestigating.

I1.A.iii.b  RIACS Staff

Peter Cheeseman

Robin Morris

Vadim Smeyanskiy (now acivil servant)
David Mduf

[1.A.ili.c Overview

This problem of integrating information from different sensors to answer particular questionsis afamiliar
one in remote sensing and other fidds, and often is referred to as "data fuson'. "Data fuson”, as
sometimes envisioned, is a fundamental misconception. Data should **never** be tampered with, let
aone "fused". Data is what was observed, and as such cannot be changed after the event. What basic
theory says is possible is to construct geophyscd models of the surface and amosphere that "best”
predict the observed data. For example, a geophysica ground mode would include a point- by-point
description of the topography, ground cover types and spectra characterigtics, soil types, moisture
content, etc. From such a geophysica modd, it is possible to project what a particular patch of ground
would look like from a particular viewing angle, under particular lighting conditions, with a particular
camera etc. That is, given the mode, one can probabiligticaly predict what would be observed (the
expected data). The difference between what is actualy observed (the data) and the expected data can
be used to update the modd. Thus the modd acts as the central repository of dl the red information in
the data and is constructed from our prior knowledge of geophysical processes and how radiation
interacts with the geophysica system. This centrd mode could loosely be described as the result of
"fusang" the data, but it is not itsdf "data' or a "data product”. The Bayesan probabilisic estimation
gpproach not only dlows estimation of the most probable modd given prior domain knowledge and the
data, but it aso estimates the uncertainty associated with the modd. In particular, if this modd
uncertainty is high, it means that there is insufficient data/prior knowledge to pin down which model
actudly gpplies.

[I.A.iii.d Project Description

The basic theory behind our approach is that of inverse graphics. That is, if we knew what the ground is
like, the lighting conditions, and the camera orientation and characterigtics, etc., then we could predict
what the camera would see (an image). Thisis the slandard computer graphics problem. However, we
have the inverse problem--we know what the images are, and we want to find the most probable
ground truth (surface) that would have generated them, assuming we know the lighting conditions and
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camera characterigtics. The most important (and difficult) part of this process is recovering the camera
orientation and position for each image. To do this, we must register al the images with respect to each
other to an accuracy of a smdl fraction of a pixd; this regigration tells us how an image maps onto the
ground truth mode we are building.

Our initid ground mode is formed by letting each pixe "vote' on what the corresponding ground
position should be depending on how much that ground position contributed to that pixel. This initid
ground mode is then used to project what each image should be (i.e., predict each pixel vaue). The
differences between the predicted pixel vaue and the observed vaue are used to update the ground
model until it cannot be further improved. This procedure produces an increase in both spatia resolution
and gray-scale resolution (super-resolution). We are now able to generate images from a high-resolution
ground model, and then recongtruct the surface from these images a a resolution much higher than the
input images. We are currently trying to extend the sysem <o that it can learn the camera parameters
and lighting conditions while amultaneoudy inferring the unknown surface.

II.A.iii.e  Accomplishments

We have been successful in recongtructing unknown surfaces from synthesized low-resolution images of
that surface, even though the images are taken from different viewpoints and under different lighting
conditions. The surface is recongtructed a much higher resolution than the input images (super-
resolution). This is the firg time this has been achieved to our knowledge. The results of this super-
resolution can be seen on our web page:
http:/ic-www.arc.nasa.gov/ic/projects/bayes-group/people/rdm/

[1.A.iii.f  Publications and Presentations

1. "A Bayesan Approach to High Resolution 3D Surface Recongtruction from Multiple Images’,
by R. Morris, P. Cheeseman, V. Smdyanskiy and D. Maluf.

II.A.iii.g ProblemsEncountered:

Ingtability of NASA Funding (from the 632 program). This caused much stress for FY00, and is likely
to cause smilar stress for FY 01.

[1.A.iii.h  Problem Resolution

Proposal writing to mainly NASA funding sources may generate aufficient funds to cover this research
for FYOL.

[1.A.lv Renforcement L earning Techniqgues

[ILAliv.a Task Summary
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The research conducted under this task supports the development of advanced onboard autonomous
planning and control architectures and agorithms which enable current and future NASA planetary
exploration missons.

[1.A.iv.o RIACS Staff
John Loch
[1.A.iv.c Overview

Future exploration missons require new methods of commanding and controlling robotic agents on
digant planetary and asteroid surfaces. Communication with robotic agents operating on distant
planetary surfacesis congtrained by bandwidth, opportunity, and time delay. Bandwidth and opportunity
condraints can be improved by building additiona communication infrastructure, but the time delay
imposed by the limited speed of light is here to Stay.

What this means for the operation of planetary surface roversis that at a minimum they must be capable
of autonomoudy executing human designated command sequences on the order of tens of minutes
between command cycles for gperation on Mars and nearby asteroids. Rover operations on the moons
of Jupiter, such as Europa, will require robust execution of command sequences on the order of hours
between command cycles.

The objective of the research conducted under this task is to develop robugt, fault-tolerant autonomous
control architectures capable of executing human designated command sequences. The research
conducted under this task is being gpplied to two NASA projects. the Persond Satdllite Assistant
(PSA) project and the Robust Task Execution project.

The Persond Satellite Assistant (PSA) project is a NASA project to develop a free-flying robot that
will serve asavirtua astronaut assistant onboard the Internationa Space Station. The PSA robot will be
used to monitor environmental conditions, assst agtronauts in performing experiments and serve as a
telepresence device for ground-based operators via an onboard videoconferencing system.

The Robust Task Execution project is a recently funded NASA activity that is exploring the use of
reinforcement learning methods to improve the performance of autonomous rover navigation in natura
terrain. The successful application of the research conducted under this task can lead to enhanced
autonomous navigation agorithms, which will enable long-range Mars rover operations, planned for the
2003 Mars rover missions.

[I.A.iv.d Project Description

Development of areinforcement learning architecture for robust navigation of mobile robots in both
3-dimengona spaces (PSA) and naturd terrain.
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Research methods for handling large state space exploration for learning optima navigation
Srategies.

Research methods for automatic discretization of robotic sensors for optima performance.

Research methods for incrementd learning of tasks.

Research methods for transferring learned strategies between tasks.

[I.A.iv.e Accomplishments

Completed design and testing of PSA motion control software.

Completed design and testing of PSA position and velocity estimation software.

Completed rover-terrain amulator software.

Desgn and testing of reinforcement learning architecture for rover control was verified usng rover-
terrain Smulator.

Formulated research plan to investigate effects of sensor and actuator configurations on
reinforcement learning performance.

Reinforcement learning agorithms verified to find optima action selection policy using the rover-
terrain Smulator.

[I.A.iv.f  Publicationsand Presentations

None.

II.A.iv.g FuturePlans
Enhance fiddlity of rover-terrain smulator to include complex rover-terrain interactions.
Performed detailed testing of reinforcement learning dgorithms with varying sensor and actuator
configurations.
Port the reinforcement learning architecture to the K-9 hardware rover testbed.
Test performance of learned policy from smulation on K-9 rover testbed.
Test improved performance from additiond learning using K-9 rover testbed.

[I.A.iv.n  Problems Encountered

None.

[I.A.iv.ii  Problem Resolution

N/A

I[1.Alv Model-Based Autonomy and Integrated Vehicle Health
M anagement
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[ILAv.a Task Summary

This task focuses on the formdization and development of mode-based autonomous systems for
controlling complex systems operating in harsh environments, including deep space probes, next
generation reusable launch vehicles, biologicd life support systems, Mars rovers and other complex
physica devices. Currently, the research is focusing on the task of assessng and managing the hedlth of
these devices usng both quditative and quantitative models. Through the use of a modd that describes
the underlying processes and components that are active within the system, a modd-based system is
able to reason generatively about the behavior of the system to detect, isolate and respond to falures.

Currently, technology being developed under this task is being demonsrated within a number of
domains. Under this task, work is being done on two flight experiments on experimenta reusable
launch vehides — the X-34 and the X-37 vehicles. These flight experiments will demondtrate the use of a
model- based hedlth management system that a reasons broadly about system-level interactions to detect
and isolate off-nomina conditions.

IILAv.b RIACS Staff

Danid Clancy
Richard Dearden
AnupaBgwa

[I.Av.c Overview

Over the pagt year, this task has focused on maturing and extending the Livingstone model-based hedlth
management system initialy demondrated as part of the Remote Agent Experiment. Livingstone uses a
functiona/structurd modd-based upon firg-principles to describe the nomind and faulty behavior of the
components of a device and the interactions that occur between the components. Currently, Livingstone
uses adiscrete or “quaitative’ modd that describes the behavior of the components at an abstract level.
This amplifies the modeling process and alows coverage over a broad range of artifacts. In our

experience, thislevel of modding is adequate for amgority of the failures that must be detected.

Thistask has currently been focusing in three aress.

= porting and maturing the exising technology demongrated as pat of the Remote Agent
experiment so that it can be used to support the X-34 and X-37 flight experiments,

= extending the capahilities of this technology to reason about both the discrete and continuous
dynamics of acomplex physica device, and

= Applying this technology to the X-34 flight experiment.

In addition, work has been done under this task to assst NASA in the formulation and management of
both the Intelligent Systems program as well as the Design for Safety program.
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Links

= hitp://ic-www.arc.nasa.gov/ic/projectsmbal/index.html M odel-based autonomy home page
= http://www.ksc.nasa.gov/shuttle/upgrades/ksc/ivhm/datadepot/x34/ vti_bin/nitex.htm NITEX
experiment page

[I.LA.v.d  Project Description

Autonomous control of complex physica devices is criticd to achieving many of the gods identified in
NASA’s current god of “fadter, better and cheaper.” Exigting techniques within the area of model-
basad reasoning have focused on modeling the system using a set of high-leve, quditative models that
focus on a discrete characterization of the system’s behavior. Often, however, to accurately monitor
and diagnose the system it is necessary to use a quantitative characterization of the expected behavior of
individual components or subsystems that include continuous behaviors. We cal a mix of discrete and
continuous behaviors a hybrid modd. This task has been developing aset of techniquesfor monitoring
and diagnosis of complex physica devices using hybrid models. The product of this proposd isa hybrid
monitoring and diagnosis architecture that is able to reason about system-level interactions as well as
detailed component behavior by combining the computational benefits of a high-level discrete model
with the precison provided by lower level continuous modes of individua components or sub-systems.

This task is dso gpplying these techniques within a flight experiment. This experiment will fly on Orbitd
Sciences X34 vehide that will fly in FY 2002. The experiment will monitor the hedth of the main
propulson sysem and the reaction control system throughout the entire misson. Hedth status will be
downlinked to the ground and displayed to the ground control team through an advanced ground
dation.

[ILA.v.e  Accomplishments

Hired Richard Dearden to complement the existing staff on this project.

Completed a port of the Livingstone system to C++ dong with sgnificant enhancements to the
underlying core agorithms used within the sysem. Specificdly, we added the ability to reason
about multiple hypothesis and to track these hypothesis over time.

Have developed a detailed design for the X-34 flight experiment and begun the model development
task. In addition to developing the design, a requirement specification has been completed aong
with the project plan. We have begun implementing portions of the design and have developed a
number of models for the X-34 experiment. We dso have acquired domain knowledge and have
identified the failure scenarios that will be tested and demongtrated. An initid demondration of a
restricted model is expected at the end of October.

Collaborated with Stanford on developing Bayesan modd sdlection echniques when reasoning
about the behavior of a hybrid discrete/continuous system.

Supervised two summer students who performed research in the area of hybrid sysems. Both
summer sudents laid the ground work for defining their PhD thesis. We expect to continue
collaborations with both students as they continue their research.
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Assged in defining the Design for Safety program. This program is expected to have an FY02 gart
in the order of 50 to 80 million dollars a year. Significant support was provided to assist in defining
the technicd vison for this program.

[1.Av.f Publicationsand Presentations

1. Danid J Clancy, “Modd-based System-leve Hedth Management for Reusable Launch
Vehicles’, AIAA Space 2000, Long Beach, Ca 2000

2. Tony Gross, Butler Hines, Danid J. Clancy, “The Criticd Role of Information Technology in
Human Space Exploration”, AIAA Space 2000, Long Beach, CA, 2000.

3.  Mdllrath, S, Biswas, G., Clancy, D., and Gupta, V., “Towards Diagnosing Hybrid
Systems'. In the Proceedings of the Hybrid Systems Workshop, Pittsburgh, PA, March
2000.

4. A.Bgwaand D. Kulkarni, “Engine Data Anayss Using Decison Trees’ AIAA-2000-3627,
36th AIAA/ASME/SAE/ASEE Joint Propulson Conference and Exhibit, Huntsville, Alabama
,19 July 2000

[ILA.v.g FuturePlans
Continue to support the development of the X-34 experiment. We expect afull scale demongtration
to beready in early 2001.
Devedop techniques for gpplying particle filtering to the diagnosis of falluresin hybrid systems.
Extend Livingstone to enable it to reason about the discrete and continuous behavior of a complex
physical device.

II.A.v.h  ProblemsEncountered:

None

[1.A.v.i Problem Resolution

N/A

[1.A.vi Spacecraft Autonomy

[ILAvia Task Summary

The god of this task is to conduct research aimed at furthering the state of the art in congraint-based
planning, scheduling and execution, with particular focus on efficient handling of tempord condraints in
the presence of uncertain activity outcomes. The theories and dgorithms resulting from this research will
be directly gpplicable to planning and scheduling systems currently under development, such as the
HSTS 2.0 planning framework, and will support advances in the Sate of the art in plan execution. This
work will be performed in close collaboration with other researchers at NASA Ames and RIACS.
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I1.A.vib  RIACS Staff

KannaRgan
Paul Morris
Greg Doras
Rich Washington

[I.LAvi.c Overview

The primary objective of this research has been to support the Autonomy and Robotics areds (ARA)
aggressive charter to support NASA missons with closed-loop autonomy. This involves not just
research, but also design, implementation and integration of the software products generated by the in-
house research activities. In this context our primary efforts have been focused on Planning and
Scheduling activities specificaly in domain modeling, search control and knowledge representation
within the HSTS planning framework. The most prominent research effort is the 632- CETDP funded
effort on Intedligent Deployable Execution Agents (the next step in the development of the origind
Remote Agent architecture).

[I.LA.vi.d Project Description
One primary objective has been to build connections outsde ARC to be able to 'export’ ARA
technologies into other NASA entities and potentiadly missons on the ground. These connections
required building bridges with both commercid and academic contacts relevant to the long term
drategic needs of ARA and ARC a large. Specific inditutions that were involved were:

-JPL  (D. Bernard, SKrasner, D. Dvorak, C.Raymond, R.Rasmussen et.a)

-NASA Goddard (P. Hughes, H.Murray, P.Hempd)

-NASA JSC (D.Scherckenghogt, D.Kortenkamp)

-Johns Hopking/APL  (K.Heeres, M. Holdridge, E.Reynolds, JAppleby)

-ESA, Holland (E. Bornshlegl)

-Axlog, France (C. Guttier)

-CMU (R. Smmons)

-URtt (M. Pollack)

-U.Durham, UK (M. Fox)

-SRI (K. Myers, M. deJardin, D. Wilkins)

-USC/ISI (M. Tambe)

-United Space Alliance (M. Barry, A. Nowlting)

-Lockheed Martin (M. Gersh, C. Orogo, D. Suri)

-CSOC (M. Skudlarek)

In each of the above ingtances, substantial communication tes been established to build technica or
programmeatic bridges.

II.A.vi.e Accomplishments
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Lead the Spacecraft Autonomy group within ARA to foster these connections and to build on
efforts to 'fly' ARA software ether on the ground or on board. The group leads are dso
ingrumenta in helping shape the vison of ARA and to look 'beyond the horizon' on our research
gods and grategic vison concomitant with the goals and needs of the agency and specificdly of the
Information Directorate at ARC.

Organized and led the Program and Organizing committees for a successful 2nd NASA
International Planning/Scheduling workshop on Space in San Francisco. This workshop is the focal
point of presenting research and problem sets for the NASA P& S community and is bi-annud. We
had 22 high-qudity plenary papers and 10 pogters. We were innovating in getting a commentary
from on each plenary paper from a member of ether the research/misson or technologists
community, which was wel received. | am now the Chair of the permanent P&S Executive
committee which will steer how future workshops will be executed. The committee includes
representatives from NASA, APL, USA, ESA and well established academics from the US, Japan
and Europe.

Took over efforts to push the area towards Distributed Control of multiple spacecraft, athrust area
the agency as awhole is moving towards and which require subgtantia autonomy for large fleets of
Spacecraft in congdlations or formations. | led an ARC effort in conjunction with M. Tambe
(USC/191) to propose a 3yr $1.8M proposd for the AIST program which unfortunately was not
funded. However, in conjunction with B. Clancey (HCC Chief Scientist) we have proposed a
$2M/per year effort in cross-cutting HCC and autonomy areas for GSFC and APL missions.

Took over asthe char of the ARA Sdection Committee which will aggressvely market and get top
notch researchers necessary to sustain the core competency of the area.

Morris continued work on the New Remote Agent Planner (NRAP). This included enhancements
needed to support interfacing to an execution module being developed by the IDEA group. The
dispatchability code developed for RAX was ported from Ligp to C++. The ported code was then
optimized. Its speed was increased by a factor of 8 from 2 hours to 15 min., which is fagter than
the Ligp verson (35 min). In this process, some bugs in the existing NRAP were discovered and
fixed. The enhancements aso included modifying the tempord network to maintain timepoint
equivaence classes (TEQs), and to compute enabling conditions for TEQs.

Morris participated in the AlIPS Conference which took place April 14-18 in Breckinridge, CO.
Morris reviewed an Al Journd paper for a specid issue on Heuristic Search and aso reviewed a
paper for Annds Of Mathematics And Artificid Intelligence Journd.

Morris wrote a draft of mathematicd results concerning a generd drategy for dynamic
contrallability, and aso developed a prototype Lisp implementation of an agorithm for dynamic
controllability. This will form the bass of a paper to be submitted to IJCAI-01 in collaboration with
N. Muscettolaand T. Viddl.

Morris asssted K. Rgjan in preparing a presentation given by Rgan to RIACS Science board.
Morris prepared and submitted a Step 1 proposa for the IS NRA in collaboration with K. Rgan
and others.

Title Tempord Plan Merging For An Agtronaut Activity Organizer. Totad Funds $1219K (over 3
years). Personnd: Paul Morris (Technica P.l.), Kanna Rgan, Martha Pollack (U.Mich.), William
Clancey, John O'Neill, Mark Shirley (Adminigrative P.I.). Submitted to Automated Reasoning
(TA-1) through NASA ARC.
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Morris participated in the AAAI-2000 Conference in Austin, Texas, July 30 to Aug 3.

[I.A.vi.f  Publications and Presentations
Publications.
1. P. Morris and N. Muscettola, "Execution of Tempord Plans with Uncertainty” , Seventeenth
Nationd Conference on Artificid Inteligence (AAAI-2000), Austin, Texas, Jul/Aug, 2000.
2. A.Jonson, J. Frank, and P. Morris, "On the Representation of Mutua Exclusion Congtraints
for Panning”, Symposium on Abstraction, Reformulation, and Approximation (SARA-2000),
Audtin, Texas, July, 2000.
3. A. Jonsson, Paul Morris, Nicola Muscettola, Kanna Rgan, and Ben Smith, "Planning in

interplanetary space: Theory and practice’,  In Proceedings of the 5" Internationd
Conference on Al Planning Systems, Breckenridge, CO, April, 2000.

4. Robet Morris and Paul Morris, "On the Complexity of Reasoning about Repesated Events’,
K R-2000 Conference, Breckenridge, CO, April, 2000.

5. K.Rgan, A. Jonsson, R. Washington, G. Dorais, P. Morris, Presentation to RIACS Science
Council (Presented by K. Rgan). NASA Ames, June, 2000.

6. RA Expeiment Team, “DS1 Remote Agent Experiment” in the DS1 Symposum, Pasadena

7. K. Rgan, M. Shirley,W. Taylor and B. Kanefsky , “Ground Tools for the 21st Century” in
|EEE Aero 2000.

8. K.Rganetd, “The Remote Agent: An Autonomous Control System for the New Millennium”
at Applications of Al track of the European Conf. on Al, Berlin, Germany, Aug 2000.

Presentations:

1.  NASA Planning/Scheduling workshop, March 2000

2. AAAI Congraints Workshop, invited talk, July 2000

3. European Conf. on Al, August 2000

4.  European Space Agency, invited talk September 2000

5. Desgn for Safety Workshop, October 2000

II.A.vi.g FuturePlans

Proposed god sassignment for next review period:
Continue with research efforts to do scientific exploration of ideasin P& S and execution of plans.
Push on developing a modular and unified language for building domain modds of complex
systems.
Build a credible research effort in Didributed Control in cooperation with researchers &t ARC and
outside specificaly Goddard, JPL and USC/1Sl.
Continue efforts in building connections with academia and indudtry. developers despite the
booming internet economy.

[1.A.vi.h ProblemsEncountered:

None.
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[1.LAvi.i Problem Resolution

N/A
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[1.B  Human-Centered Computing

Many NASA missons require synergy between humans and computers, with sophisticated
computationa aids amplifying human cognitive and perceptud abilities. Areas of collaboration between
RIACS and NASA stientists are described in the following sections.

[1.B.i Work Practice Analysis

[I.B.i,a Task Summary

The focus of this research is on understanding how people and systems are interconnected in practice.
To accomplish this, research is conducting in the areas of work systems analys's and evauation and the
development of computational modeling tools for smulating how people collaborate, communicate, and
work within their environmen.

II.B.i.b  RIACS Staff

Maarten Serhuis
John O'Nsill

[1.B.i.c  Overview

The research conducted under thistask is an integra part of the Work Systems Andysis and Evauation
group in Code-IC. The group's research philosophy is based on the view that Human-Centered
Computing is a software engineering methodology. This methodology is based on the scientific sudy of
cognition in people and machines, especialy understanding the differences between perceptua-
motor/cognitive/social aspects of people and present-day computer systems with the objective of
developing computer systems that fit human capabilities and practices by exploiting and improving Al
programming methods.

[1.B.i.d Project Description

Thefollowing projects were conducted under thistask during FY 00:

Brahms

The objective of the Brahms project isto research how we can mode the work practices of people and
systems as an integrd part of a human-centered system engineering gpproach. Brahms is a multi-agent

modeling and smulatiion environment for smulaing the Stuated work processes and activities of
organizations, including people and systems.
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I nformation Environmentsfor Mission Control

Information system gpplications in Misson Control have traditiondly been desgned using functiona
gpproaches resulting in problems integrating data across systems, duplication of data, and problems with
the currency and updating of data. Work practice sudies are being conducted in Misson Control to
describe the total information environment. The information environment includes the data models used
by information system applications, and dl the information required by the flight controllers to perform
their work. An output of the information environment study will be an enterprise data mode for Mission
Control. This project is a collaboration with the Misson Operations Directorate at JSC and the Work
Systems Design and Evduation Grouyp at NASA Ames.

Studying Delays at United Airlines

A mgor objective of NASA's Aviatiion Program is to improve the efficiency of the U.S. Airspace
sysem. A mgor contributor to the efficiency of the U.S. argpace system are the arrlines, particularly
with respect to their scheduling of flights in dday Stuations. The Work Systems Design and Evauation
Group a NASA Ames is working in partnership with the SMS Technica Area a NASA Ames and
United Airlines to study how arlinesidentify dday stuations, and how they respond to delay Situations.

II.B.i.e  Accomplishments
Brahms

Reease of a Java-based multi-agent production system (Virtud Maching) on top of the Java
Language. The Java-based Virtud Machine is more than 100-times faster than the old prototype
simulation engine, developed in G2™ (from the Gensym Corporation).

Developed athird Brahms model as an experiment for researching the expressiveness of the Brahms
language and the ability for Brahmsto predict work activities, collaboration and communication of
people and systems in actuad NASA domains. Modds that have been developed are: A predictive
model of the activities and communications for Heat Flow Instrument Deployment on the Moon,
based on andysis of the work practices of the Heat Flow Deployment activity of the Apollo
adtronauts, during the Apollo Lunar Surface Experiment Package deployment.

Developed a modd of new Missons Operations practices for autonomous rover missons to the
Moon. The Victoria misson is proposed by Dr. Michad Sims, NASA ARC to the NASA
Discovery Program. The objective of this effort is to develop a design tool for the Victoria Misson
Operations, based on a design model of the work practices of the Science Team and Rover,
specificdly focusng on human-rover collaboration. The modd rdates the human and rover
activities, systems, insruments, and communication with the hard condraints of rover power
consumption and data transmisson volume. The objective is to develop Smulation tools for misson
designersto perform what-if scenarios for work processes, -procedures and misson activities of the
science teams, as well asthe rover.
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I nfor mation Environments for Misson Control

Conducted ethnographic observations of the work practices of Orbitd Hight Dynamics flight
controllersin Shuttle Mission Control.

Specified a priminary datamodd for Orbitd Flight Dynamics.

Initiated a program of work to leverage Oracl€'s expertise and products in aiding Misson Control
to evolve their information systems infrastructure.

Initiated a series of presentations to Harry McDonad, George Abbey, and John Y oung to establish
a cross-agency jointly funded program of work to evolve Misson Control's information systems
infragtructure.

Studying Delays at United Airlines

Conducted ethnographic observations of the aircraft turnaround processes at San Francisco airport.
Wrote a report analyzing the aircraft turnaround process from a delay perspective.

Conducted ethnographic observations of delays from a customer perspective.

Wrote a report analyzing how the arline's operation needs to be redesigned to better serve
cusomersin delay Stuations.

[1.B.i.f Publications and Presentations

1. Bradshaw, J. M., Serhuis, M., Gawdiak, Y., Thomas, H., Greaves, M. and Clancey, W. J.
(2000). "Human-Centered Design for the Persond Satdlite Assstant”, In Internationd
Conference on Human Computer Interaction in Aeronautics 2000Toulouse, France.

2. Sehuis, M. (2000). "Modding and Smulation of Work Practices on the Moon, In
Compuitationa Anayss of Socid and Organizationa Sydems'
2000http:/Amww.ices.cmu.edu/casog/papers content.html, Carnegie Meélon  Universty,
Rittsburgh, PA.

3. Serhuis M., Clancey, W. J,, Hoof, R. v. and Hoog, R. d. (2000a). "Modeling and Smulating
Human Activity", In Autonomous Agents 2000 workshop on Intelligent Agents for Computer
Supported Co-operative Work: Technology and Risks(Ed, Petsch, M.) Barcdlona. Spain.

4.  Serhuis, M., Clancey, W. J., Hoof, R. v. and Hoog, R. d. (2000b). "Modeling and smulating
work practices from Apollol2', In Internationa Workshop on Simulation for European
Space ProgrammesESTEC, Noordwijk, The Netherlands.

5. Sehuis, M., Sms, M. H., Clancey, W. J. and Lee, P. (2000c). "Applying multiagent
smulation to planetary surface operations’, In COOP2000 workshop on Moddling Humen
Activity(Ed, Chaudron, L.) Sophia Antipalis, France, pp. 19-28.

6. ONell, J "Creating Classfication Systems that Support the "Red” Work of Large
Organizations', Classification Schemesin Cooperative Work Workshop at CSCW 2000.

7. O'Naill, J & Wdes R. "The Myths of Rdiability and The Perfect Air Travel Experience:
Desgning an Airline to Pro-actively Manage Delay Situations', report submitted to NASA
and United Airlines, 2000.
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8. ONell, J “A Prdiminay Data Modd for Orbita Hight Dynamics’, RIACS Technicd
Report, 2000.

9. ONell, J "A “Middle-Out” Pergpective of Organizationad Learning”, Proceedings of the
Theorizing Organizationd Learning as Stuated Practice Symposum, Academy of
Management Conference, 2000

10. ONelill, J. & OBrien, F. "The Relationad Nature of Organizational Knowledge' to appear in
the Journa of Cognitive Technology.

11. ONell, J. & OBrien, F. "The Effects of Outsourcing on C2", Proceedings of the 2000
Command and Control Research and Technology Symposium, 2000.

12. Wades, R. & ONgelll, J. "Digributed Communication, Technology and Work Systems on the
Internationa Space Station”, Proceedings of the Computers and Communication in the
Workplace Workshop, Globa and Local Higtories: Applied Anthropology Across the
Centuries Conference, 2000.

13. ONell, J. & Wades, R. "A Human Centered Computing Study of Delays at United Airling's
San Francisco Operation: Initid Findings from Shuttle Operations' report submitted to NASA
and United Airlines, 2000.

[1.B.i.g FuturePlans
Brahms

Develop a user-friendly Brahms modd-builders environment.

Develop a Java-language gpplication interface to Brahms.

Apply Brahms as a multi-agent planning and execution system for intdlligent agent systems.
Extend Brahmswith Virtud Redity Display cgpabilities for end-user interaction.

Apply Brahms as a knowledge-based requirements engineering tool for human-centered design.

Current Brahms proposals

Multi- Agent Software Design and Engineering for Human-Centered Collaborative Autonomous
Space Sysems (funding awvarded by NRA 99-OS-05 - Cross Enterprise Technology
Development Program).

Teamwork in Practice: Design for Collaboration in Mixed Human-Robotic Teams. (proposed
by UWF to NRA 2-37143 - Intdligent Systems Program)

Work Practice Smulation Environment for Habitat Design and Scheduling (proposed by NASA
to NRA 2-37143 - Intdligent Systems Program)

Agent-Assisted Training Based on Modds of Team Activity (proposed by USC/ISI to NRA 2-
37143 - Intdligent Systems Program)

Mobile Agent Architecture (proposed by NASA to NRA 2-37143 - Intdligent Systems
Program)

Studying Delays at United Airlines
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Creste modds of United Airline's ground operations, identifying communication and information
flow "gaps’ and the effects of rework caused by delays.
Work with United Airlinesin rethinking their operations from a customer perspective.

I nfor mation Environments for Misson Control

Continue studying and describing the information environment in Misson Control with the am of
identifying new opportunities for inteligent systems.

[1.B.i.h  ProblemsEncountered:
The Brahms project lost a Brahms software developer in August "00.
[1.B.i.i Problem Resolution

We were able to hire an appropriate replacement using a QSS contractor.

[1.B.ii  Spoken L anguage I nterface to Complex Systems

[I.Bii.a Task Summary
The group's primary focus is on Spoken Didogue Naturd Language Interfaces (SDNLIs) to semi-
autonomous agents and complex software systems. We address three mgor areas in which significant
breakthroughs need to be made in order to have the type of spoken language interfaces envisoned for
the variety of applicationsrelevant to NASA

(1) Portability

(2) Hexible, Robust Didogue Capaliilities

(3) Language Modding.
Our group is actively exploring ways to integrate spoken didogue interfaces into current and future
NASA missions.

I1.B.ii.o  RIACS Staff
Beth Ann Hockey

Manny Rayner

John Dowding

Frankie James

[I.B.ii.c  Overview

A mgor issue for NASA in this age of Faster, Better, Chegper is the need for increased productivity by
key personne. As NASA launches more Shuttle missons © service the ISS, astronauts and mission
controllers will have more tasks to perform and lesstime for training. It is clear that personne working in
the field of Air Traffic Control are under smilar pressure. An important part of creating performance
enhancing systems to address these problems is to have interfaces that do not in themselves create
additional work or cognitive burden. Imagine how much easer it would be to use a computer system
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that you could smply converse with in the way you would when delegating to a human assgtant or as
you would when collaborating with a colleague.

Not only will research in spoken didogue systems result in superior interfaces, it will dso address
broader issues of communication between humans and computer systems. At the heart of the work is
the question of understanding and modeling how people communicate, of exploring wheat representations
can facilitate that communication ether with other humans or with computer and robotic systems. Our
approach is based on empiricd study of what people say to each other, what people say to actud

systems and what they say to smulations of possible future sysems. We believe that one of the benefits
of a spoken didogue interface is that the closer it is to handling the types of conversations that people
would have with each other, the more the interface provides a reduction in required training and in

cognitive load.

Speech recognition and naturd language processing have been identified as growth areas for NASA

Ames. NASA's needsin this area differ from the commercid sector in at least two ways.

1) NASA requires interfaces for many quite diverse applications. The number and diversity of NASA
gpplications drives the need for research in portability, that is the ability to use and /or adapt language
resources and system components to multiple applications

2) Many NASA applications, such as collaborative rovers will require dialogue capabilities that are
likely to be beyond the gtate of the art for commercid systemsfor the foreseeable future.

Part of our gpproach to addressng NASA's needs in the area of spoken language diadogue interfaces is
to leveraging off date of the at commercid and research software and develop the portability and
advance capabilities on top of that base.

[1.B.ii.d Project Description

The thrust of our project isto investigate near and longer term gpplications of spoken didogue interfaces
for NASA and to research areas that are crucid to developing the more advanced interfaces. The
Surface Movement Advisor system for Ramp tower controllers is an example gpplication that could
benefit immediately from a spoken interface. Longer term applications are in robotics and complex
sysems such as the Persond Satdllite Assigtant, collaborative rovers or smart ingrumentation. The
magor research issues we have been invedtigating are: Language Modeling, Portability and Advanced
Didogue capatilities.

L anguage M odeling

Language Modding is important for both portability and for mixed initiative didogue. In order to be able
to port from one application to another one needs to be able to build a domain specific language model

to guide speech recognition. Mixed initiative didogue put an added burden on language modeing

because the user is free to produce awider variety of utterances. We have been doing initid work on
domain specidization and on improving language models usng sparse or noisy data.

Portability:
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Methods are needed for specidizing from generd resources such as grammar and vocabulary to
paticular domains. This year we have been emphasizing techniques for specidizing language models
while congdering how the domain specific and domain independent aspects of other didogue system
components can be separated. For the language modding we have been testing Explanation Based
Learning (EBL) as atechnique for domain specidization.

Advanced Dialogue Capabilities:

Most current didogue systems assume gtrict turn taking between user and system. Asynchronous

did ogue management loosens this assumption. We have been working on some initia aspects of
asynchronous dialogue management, in particular interrupting actions and being able to subsequently
resume or abandon those actions. The problem of asynchronous didogue management has only just
started being addressed in the research community so there is much more leading edge work to be
done.

Failures can happen at any stage of processing in a spoken didogue system. We have been developing
an achitecture for handling these "errors' uniformly and asaintegra part of the processing. By carrying
aong information about failures and other agpects of the processing we have aready resource a every
stage of processing for querying the user to get needed information or for deciding between aternative
interpretations.

There are typicdly other potentia sources of information in a didogue besides the speech. We have
been invedigating usng information such as eye-tracking to improve the performance of spoken
didogue sysem components. Our investigation thus far has concentrated on using eye-tracking
information in reference resolution. The obvious extensions of this works would be to make use of eye-
tracking information in other parts of the dialogue system and/or to look at other modalities.

User Testing and Iterative Design

A key part of our methodology for this project isto gather information from user interactions
with our systems. We have been using both informa user interactions and structured user tests
to test and extend our interfaces. Feedback from users shows us where to extend vocabulary,
grammar, and dia ogue responses and suggests what new capabilities would be productive to
explore.

[1.B.ii.e  Accomplishments
Developed a set of base components for testing and development of spoken dialogue systems.

Built three demondration systems based on these components. Science Desk, Surface Movement
Advisor and The Smulated Persond Satdllite Assstant (PSA) Interface. The Smulated PSA isthe
most advanced and has served as our research and development test bed.

Research on portability (EBL) and advanced didogue capabilities such as asynchronous didogue
management, integrated failure handling through maintaining meta- outputs and using multiple sources
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of information such as eye-tracking with the didogue. We have aso investigated methods for
improved language modding to support mixed initiative dia ogue.

Carried out a moderate Sized, controlled user study which produced a corpus of interactions with
the Smulated PSA sysem. This corpus supplied the data for experiments reported in our
publications this year.

Deveoped methods and components for integrating multimoda information with the didogue
sysem. Demondrated integration of amulated eye-tracking events with the didogue system under
IS program funding for FY 00 from Lee Stone.

Integrated the Smulated PSA interface with a 6-degree of freedom smulation under funding from
the PSA project.

Developed collaborations with:
0 Lee Stone and Roger Remington (Code IH, NASA Ames)
David Miller (University of Oklahoma)
Yuri Gawdiak, Greg Dorais, Adam Sweet (Code IC, NASA Ames, PSA project)
Rich Keller (Code IC, NASA Ames)
Ted Berger(University of Southern Cdifornia)
Pete Bonnasso (JSC)
EU D'Homme Project (U. Edinburgh, SRI International, netdecisons [UK]; Telia, U.
Gothenburg [ Sweden]; Universty of Sevillgd Spain])

O O OO0 O0O oo

Submitted 5 proposals to 632 Thinking Systems NRA, 5 proposas to the IS program and 1 NSF
proposal as either Plsor Cols.
Recruited and hired two senior researchers.

[1.B.ii.f  Publications and Presentations
1. Boye, J, Hockey, B.A. and Rayner, M. ” Asynchronous Diaogue management: Two Case-

Studies’. Gotaog 2000: Fourth Workshop on the Semantics and Pragmatics of Dialogue,

June 2000.

Rayner, M., Hockey, B.A., James, F., Bratt, E.O., Goldwater, S., Gawron, JM. “Compiling

language modds from a linguigticaly mativated unification grammar”. COLING 2000. August

2000.

Hockey, B.A., Rayner, M. and James, F. “A comparison of the XTAG and CLE grammars

for English” In Proceedings of TAG+5: Intermational Workshop on Tree Adjoining

Grammars and Related Formdisms. Paris France, May 25-27 2000.

6. Rayner, M., Hockey, B.AA. and James, F. “A Compact Architecture for Diaogue
Management Based on Scripts and Meta-Outputs’.  Proceedings of Applied Naturd
Language Processing 2000, Seettle, April 29-May 3 2000.

7. Rayner, M., Hockey, B.A. and James, F. “Turning speech into scripts’. In AAAI Spring
Symposium on Natural Dialogues with Practica Robotic Devices. Stanford CA, April 2000.

absonN
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8. James, F., M. Rayner, and B.A. Hockey. 2000. “Accuracy, coverage, and speed: What do
they mean to users?” In CHI 2000 Workshop on Natural-Language Interaction.

[1.B.ii.g FuturePlans
God: Creating natural spoken didogue interfaces to robots and spacecraft systems which are flexible
and modd human behavior

Advanced Dialogue M anagement

Current spoken didogue systems are cgpable of taking didogue initiative but rarely take task initiative .
We will explore designing systems that can take task initiative, which will necessarily reguire building an
interface in a domain or gpplication in which a large amount of task-gpecific knowledge is avaladle.
Closely modding human behavior will make a system seems very naturd for the usersto use and let it
respond in ways which the users expect. For example, if the user asks a question, then the user can
answer the question, ask a darification question, answer another question relevant to the task, or
abandon the present task and start another. Mechanisms for treating al of these cases areavaldblein
the Information State Processing. We will continue to explore the problem of asynchronous dialogue
management, where the traditiona assumption of gtrict turn-taking between user and computer does not
apply. Issues that arise in asynchronous didogue management include overlapping speech, where the
user and computer speek smultaneoudy, and time-critica speech, where the computer will need to
modify its responses depending on the amount of time available to interact with the user.

Advanced Dialogue L anguage M odeling

The language modeling research that we will pursue is related to the issues of portability and robustness
when building spoken didogue sysems in a new domain. State-of-the-art Satidtica language modds
require a large amount of training data. This leads to good performance, but can be very expensive to
collect, and inhibits porting to new domains. We are exploring methods to take advantage of a large
broad coverage grammar of English, and use only a very smal collection of data to specidize thisto a
new domain. Thiswill require advances in the grammar specidization process, but also advancesin the
compilation process that converts a grammar-based language model to a speech recognition language
modd.

Advanced Speech Featuresin Dialogue Systems

The prosody, i.e: intonation, loudness and duration, of words in a didogue sgnd mgor phrase
boundaries, focus words and the digtinction between questions and statements. We will be marking
words in the lattices with intonationad meanings, which will hep the parser to accurately find the correct
andysis of the utterance.

Since the sysem knows the meaning of the Statements it wishes to generate, the intonation of the
synthesis can be forced to reflect the correct meaning. When a person hears a question with the wrong
intonation, they end up confused. For example, if the sysem says Where do YOU want to go? The
person wonders who else the person might refer to. The correct intonation is WHERE do you want to

go?
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Advanced Multimodal Dialogues

The power of integrating eye and peech information into a sngle, cooperative interface is that the
multiple independent sources of information about operator intent will greetly reduce both low and
higher-level speech interface problems, and thereby dlow more rdigble, as well as more powerful,
human-computer communication.  While there have been psycholinguistic studies of eye-movement
behaviors with respect to listeners there has been no investigation of eye movemernt of speakers. There
IS no data on correlaion of eye-movement events with what is being spoken. However, we believe that,
if a correlation exists between a speaker’s eye movements and his speech, the eye movements can be
extremdy ussful in disambiguating a speech signad to produce an interpretation. For example, if the
gpeech system is able to understand part of a user utterance ("open the door at the..."), and the user is
looking at the door to the crew hatch, the system should be able to use that information to decide that
the command was "open the door at the crew hatch." Smilarly, if none of the utterance was understood,
but the eye movements led the system to believe that the user was interested in the flight deck, it could
ask a clarification question to the effect of "what do you want me to do at the flight deck?' We could
a0 use eye movement data of this type to resolve deictic (and possibly other) references, which would
alow the didogue between the human and computer to be more naturd (e.g., 'go to that door"). Data
will need to be collected to verify that speakers do indeed use eye movements that correlate with ther
gpeech, as well as to determine the time a which the relevant eye movements occur in relaion to the
Speech.

Ancther multimodd area we are interested in exploring is the integration of avatars with the spoken
didogue interface.

[1.B.ii.n  ProblemsEncountered:

Saffing:
One mgor problem for the group this year has been loss of personnel. At three researchers the group

was very smdl for this area of research so Manny Rayner's departure left us below criticad mass. This
aso meant that much of Beth Ann Hockey's time had to be spent presenting papers at conferences and
recruiting.

Office/lL ab space

We have not had suitable space to do our research since the group moved to building 262 in April. Our
suceess in hiring has made the problem of having suitable space even more acute. We ill have no
appropriate space for conducting user testing or other system testing activities so have had to abandon
doing most of those testing and data collection activities Snce moving to building 262. We are dso
having trouble accommodating our equipment in our current space, and have additional equipment on
order.

European collaborations and Export control:

The Speech and Natural Language Processing research communities are globa. Some of our most
promising potentia collaborations are with European projects such as D'Homme and SIRIDUS. We
have been impeded in joining these collaborations by lack o accurate information about export control
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procedures and by various export control requirements. Particularly problematic has been the State
Depatment requirement for a TAA in order to actudly engage in any useful discusson with our
collaborators.

[1.B.ii.i  Problem Resolution

Staffing

The problem of insufficient personne has been greatly improved by recruiting two excdllent researchers.
John Dowding and Jm Hieronymus.

Office/lL ab space

We have prepared and circulated a document outlining the basic requirements for a peech and naturd
language testing and development lab.  We have discussed potentid solutions to the office/lab space
problem with RIACS director Barry Leiner and will continue to pursue possible solutions with him.

European collaborationsand Export control:

The problem of getting accurate information on procedures has improved through discusson with
USRA headquarters.  The problem of getting through the process in a timely way so that we can
participate in collaborative projects is ill aproblem. For example, we will be able to license software
to our collaborators on the D'Homme project which starts in January but not be able to discuss many
crucia aspects of that software with them until we receive permisson from the State Department in the
form of aTAA. The TAA could take as long as March to process, in the worst case scenario we could
miss participating in 1/4 of this 1 year project.

[1.B.iili Frameworksfor Distributed Computing

[I.B.iii.a Task Summary

The primary activity of this task is the development of aframework to smplify the creation of distributed
goplications. Key ideas include applying aspect-oriented programming technology to separate the
specification of sysematic policies from underlying functiond code and developing richer mechanisms
for event-based publishtand-subscribe services. This work is applicable to the development of
digributed gpplications as the DARWIN wind-tunnd data reporting system and the NASA-wide
Intelligent Synthes's Environment virtua design system.

[1.B.iii.o RIACS Staff
Robart Filman
[1.B.iii.c Overview

A critica issue in developing component-based and distributed systems is getting the assembled set of
components to follow the policies of the overdl system. To achieve ilities such as rdidbility, avalahility,
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responsveness, performance, security, and managegbility, dl sysem components must condstently
perform certain actions.

We have been developing the Object Infrastructure Framework (OIF), a CORBA centered system for
achieving ilitiesin didributed sysems. OIF redlized the following key ideas

Intercepting communications. OIF intercepted and manipulated communications among
functiona components, invoking gppropriate “services’ on these cdls.

Discreteinjectors. Our communication interceptors, injectors, arefirst class objects:
Injection by object/method. Each instance and each method on that object can have a digtinct
sequence of injectors.

Dynamic injection. The injectors on an object/method are maintained dynamicaly and can,
with the appropriate privileges, be added and removed.

Annotations. Injectors can communicate among themselves by adding annotetions to the
underlying requests of the procedure cal mechanism.

Thread contexts. To dlow dients and servers to communicate with the injector mechaniam,
the sysem maintains a “thread context” of annotations for threads, and copies between this
context and the annotation context of requests.

High-level specification compiler, a compiler from high-levd specification of desred
properties and ways to achieve these properties to default injector initidizations.

OIF injectors on CORBA-wrapped tools and services can be used to enforce and perform systematic
services such as.

Maintain the annotations of artifacts created by running design tools.

Enforce complex, not-yet-anticipated access control rules on data, particularly as contractors
form federations to ded with design sub-problems.

Enforce automatic data set transformations to trand ate between representations.

Supply dterndive servers of the same service.

Report on the status of jobs to distributed managers and debuggers.

Support “session” environments reflecting user privileges downstream and carrying the user
environmen.

Support “long-lived” transactions needed by the design process, (in contrast “database”
transactions, such as bank account updates and airline reservations.)

Obtain and assure the appropriate versons of datasets.

Provide software redundancy and mobility, enabling moving computations and data for
increased efficiency.

I1.B.iii.d Project Description

Extend the OIF system to work in additiond environments (e.g., VisBroker 3.4 and Java 2).
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Extend the OIF system developed in the prior work to include additiona policy mechanisms for
configuration management, agent-based computing, futures, and choice-based problem solving
mechanisms.

Extend the OIF specification system to adlow segmented specifications and to provide “wizards’ to
amplify policy-injector cregtion.

Develop the theoretical framework for injector-based aspect-oriented progranming

Apply the OIF mechanisms to domains such as DARWIN and I SE.

[1.B.iii.e  Accomplishments

Upgraded OIF to VisiBroker 3.4, Java 2, and Orbacus 3.2.

Extended the publish-and- subscribe event mechanism to include embedded events and marshdling
object references.

Designed an overdl I1SE application layer architecture centered on OIF and repository/annotation
behaviors

[1.B.iii.f Publications and Presentations

1. Robert E. Filman, Stu Barrett, Diana Lee, and Ted Linden, " Insarting llities by Controlling
Communications,” Communications of the ACM, in press.
http://ic-www.arc.nasa.gov/ic/darwin/oif/leo/filman/text/oif/oif- cacm-find .pdf

2.  Robet E. Filman, David J. Korsmeyer, and Diana D. Lee, "A CORBA Extension for
Intdligent Software Environments” Advances in Engineering Software, Vol 31, in press,
2000. (Also gppeared in Nationd Aeronautics and Space Adminigtration, 5th Nationd
Symposum on Lage-Scde Andyss Desgn and Inteligent Synthess Environments,
Williamsburg, VA, October 1999.)
http://ic-www.arc.nasagov/ic/darwin/oif/leo/filman/text/oif/williamsburg- print-find . pdf

3. Robet E. Filman and Diana D. Lee, "Managing Didributed Sysems with Smart
Subscriptions,” Proc. 2000 International Conference on Pardld and Distributed Processing
Techniques and Applications (PDPTA'2000), Las Vegas, June 2000, pp. 853-860.
http://ic-www.arc.nasagov/ic/darwin/oif/leo/filman/text/oif/docs- pubsub. pdf

4. Robet E. Flman, "Applying Aspect-Oriented Programming to Inteligent Synthess,”
Workshop on Aspects and Dimensions of Concerns, 14th European Conference on Object-
Oriented Programming, Cannes, France, June 2000.
http://ic-www.arc.nasagov/ic/darwin/oif/leo/filman/text/oif/cannes.pdf

5. Joan Wadton, Robert E. Filman, and David J. Korsmeyer. "The Evolution of the DARWIN
System." 2000 ACM Symposium on Applied Computing March 2000, Como, Itay, pp.
971-977.
http://ic-www.arc.nasa.gov/ic/darwin/oif/leo/fil man/text/darwin/evol ution-of - darwin. pdf

6. Robert Filman, “The Arachnoid Tourist: 2020 Hindsight,” 1EEE Internet Computing, Val. 43,
No. 1, January 2000, pp. 79-82.
http://ic-www.arc.nasa.gov/ic/darwin/oif/leo/filman/text/aracht/vanlat.pdf
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[1.B.iii.g Future Plans
Develop an overdl theory of aspect-oriented computing.
Apply these mechanisms to a NASA application. |SE would be ided, but a the moment isin afar
amount of adminigtrative and directiond trangtion.
Demondtrate some additiona injector-based systematic approaches to particul arities.
I1.B.iii.h  Problems Encountered:
None

[1.B.iii.i Problem Resolution

N/A

[1.B.iv  Ames Center for Advanced Space Concepts (ACASC)

[1.B.iv.a Task Summary

The Ames Center for Advanced Space Concepts (ACASC) will establish a think tank environment to
support development of cutting edge, cross-disciplinary, concept-based research in science and
technology. ACASC ams to strengthen collaboration, not only across research disciplines at NASA
Ames, but dso with externd partnersin order to incubate new, innovative gpproaches to space mission
design and mission control.

II.B.iv.o RIACS Staff

Zaon Glll

[I.B.iv.c Overview

The think tank will provide a petri dish for experiments in group collaboration and in collaborative
computing. A meta-level research program will be designed in FY 01 that will make use of the think
tank as its experimentd testbed. Zann Gill has had initid conversations with arange of researchers about
the design of such a research program. We will wait to begin its design until we have approvd for the

proposed Implementation Plan for the think tank.

[1.B.iv.d Project Description

|dentify options for ACASC infrastructure and processes.
Identify related cross-disciplinary research thrusts with potentia to support innovation in NASA
gpace mission design.
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Select severd prototype cross-disciplinary fuson areas with potentiad to generate advanced

concepts.

Work with representatives to formulate a tacticad approach in each fuson area.

Survey smilar centersto identify relevant programs, functions, and facilities,

Initiate seminars series with associated work sessions to define cross-disciplinary advanced concept

research opportunities.

Define a methodology that ACASC can use to promote development of advanced concepts

involving cross-disciplinary teams.

Consder what benchmarks and metrics should be used to assess the effectiveness of ACASC at

speeding the innovation of advanced concepts relevant to NASA's mission.

Desgn an ACASC webgte, which will not only disseminate information, but dso act as an

interactive collaborative environment for the development of advanced concepts.

The following collaborative activities have been initiated:

o JPL/Ames’'DARPA workshop on Bio—evolutionary Engineering Systems (BEES),
December 2000
0 Amed/SETI/Stanford collaboration on the development of a collaborative web environment

(Webtank) to support the Voyages Through Time curriculum and to try idess that may be
later adopted and expanded in a Webtank to support the NASA Think Tank.

Prior to implementing a webtank for NASA's Think Tank it seemed useful to identify a testbed

opportunity. So began a collaboration with the SETI Inditute, which has saverd million dollars to

develop a cross-disciplinary high school science curriculum (physics, chemidry, biology, evolution

of technology) in which students explore how the concept of evolution underpins and integrates

these disciplines. The requirements of the fourth Evolution of Technology curriculum module

provided an opportunity to develop and pilot test a Collaborative Web Environment, a webtank to

be adapted, augmented, and extended to support the NASA Think Tank. The webtank serves two

complementary functions: providing process support for invention and collaborative problem-solving

(active mode), and offering a knowledge management framework for information resources and

project archives (passive mode). Users can click back and forth between active and passive modes.

SETI has established a systematic method using externd contractors for pilot testing, and later field

testing, dl dements of the Voyages Though Time (VTT) curriculum. Rlot testing of the SETI

curriculum and Verson 1.0 of the webtank will be completed by January 2001. This input will be

used to redesign for the field test September 2001 to June 2002 and aso to begin development of a

prototype of the webtank for the NASA Think Tank.

The following two steps have been completed for the fall 2000 pilot test of the Evolution of
Technology module:

=  Work with Voyages Through Time (VTT) to design a series of activities to “turn kids into
inventors”

= Develop amultimedia presentation to make these activities available on the VTT CD and/or the
web.
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[1.B.iv.e Accomplishments

During FY 2000 effort was directed toward accomplishing three objectives:

=  Prepare a drategic plan for ACASC for presentation to senior management a NASA Ames
and to potentia outside collaborators.

= Develop the concept for a think tank spin-off research program and initiate meetings with
possible key leaders for such a program within the haf dozen potentia research thrust areas
designated for the program.

= |nitiate meetings with potentid externa collaborators.

A preliminary package was presented in June to Harry McDonald, Jack Hansen, and Steve Zornetzer
and theregfter externdly. The presentation package is currently being revised for presentation to senior
management, to HQ, potential externd university and industry collaborators. In addition, work has been
initiated on a possble cross-code spin-off program for FY’02 called BEACON (Bio-Evolutionary
Advanced Concepts for NASA).

[1.B.iv.f  Publications and Presentations
Presentations on ACASC a the following locations.

= Inditute for Advanced Study, Princeton
= Raddiffe Inditute for Advanced Study
= Johnson Space Center

Publications;

1. Zann Gill, “A Desgn Method using Darwinian Principles for Collaborative Problem Solving
Environments (CPSEs), CSCL ' 99 (Computer- Supported Cooperative Learning) at Stanford
University, December 1999, in press.

2.  Zan Gill, “Guided Dedgn of Smat CPSES’, Sesson on Collaborative Computing,
SmartSystems2000 conference organized by Johnson Space Center, Houston Texas,
September 2000.

[1.B.iv.g Future Plans

Support and develop a handful of cross-disciplinary research thrusts as pilot integration experiments
involving cross-disciplinary skunk works teams.

Establish ACASC Program Assessment metrics.

Design the ACASC website.

Determine program requirements for the ACASC fecility.

Design an ACASC program to include externa speakers, workshops in collaboration with other
NASA Centersor ingitutions.
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Egtablish externa collaborations, both with other centers (e.g. JPL), with other inditutions (e.g.
SETI) and with research teams at other universties (e.g. Stanford, Brandels, M.I.T.) and with
industry (e.g. Sun Microsystems).

Desgn a meta-level research program on collaborative design and problem-solving for the think
tank and specify the design of a smart website and CPSE tools to support this research program

[1.B.iv.h Problems Encountered

Funding cross-code activities requires support & a high level and takes time because multiple
management structures must be enlisted and be assured that their priorities are being met.

[1.B.iv.ii Problem Resolution

Ongoing discussions that appear likely to have a positive resolution.

[1.B.v Human-Centered Computing: NASA Astrobiology | nstitute

[I.B.v.a Task Summary

This task is to provide leadership and expertise in the area of humancentered computing to the NASA
Adrobiology Ingtitute (NAI), focusng on its efforts to creste a “virtud inditute’ through Internet
technologies, under the heading of “user sudies’. The task is focused on projects in research, design
and organizationa and technological strategy. It aso includes monitoring and advising projects for which
it does ot take priory responghility. The work aso includes working collaboratively with other people
in the Indtitute to develop a research and operationa Strategy

II.B.v.b  RIACS Staff
Jon Guice
[I.B.v.c  Overview
Humancentered computing efforts have been concerned with the working relationship among NAI
reearchers, daff and wider communities, with a focus on the enabling capabilities of information
technology. The human-centered computing task performer did the following:

= Provided informatiion and advice in discussons concerning inditutiond development and

information technology strategy among NAI management and members.
= Assged inthelearning and use of information technology within the NAI.
= |dentified needs and opportunities for new information technology for use in the NAL.

[1.B.v.d Project Description
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Postdoc:

Provide recommendations on specific data to be collected through the NAI Postdoc system.
Provide recommendations to improve usefulness/learnability/usability of NAI Postdoc.

Field Science Studies:

Research and write overview of the extent, range and broad characteristics of fieldwork currently
conducted in the Indtitute.

Conduct review of relevant research literature.

Conduct one or more pilot sudies of field expeditions.

Develop proposa for continued research and devel opment.

If proposal is accepted, follow plan for research and devel opment.

ScienceDesk:

Act asliason to Inditute management and members
Provide advise on user studies issues based on experiencein the Ingtitute.

[1.B.v.e Accomplishments

Overall:

Jon Guice recommended the hiring of a new NAI Collaboration Manager who would share and be able
to support a human-centered perspective on the NAI. This resulted in RIACS hiring Dr. Lisa Faithorn
for the pogtion.

Postdoc:

A joint committee is being formed, following Jon Guice's recommendation, to conduct a trade study
evaduaing Pogtdoc in the context of current commercid offerings, involving the NAI, the Ames

Information Technology Directorate (My Ames) and the Computationa Sciences Divison.

Fidd Science Studies:

Jon Guice wrote and submitted a paper for publication based on his research. (See below.)
ScienceDesk:
ScienceDesK is currently expected to have its funding continued and possibly increased in FYOL..

[1.B.v.f  Publications and Presentations
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Publications:

1. Guice J, T. W. Likens and R. Duffy, “The Future of the Internet in Science",
Communications of the ACM (under review).

2. Guice, J, H. Hoffower, “Science in the Wild: Technology Needs and Opportunities in
Scientific Fieldwork”, Computer Supported Cooperative Work (under review)

Pr esentations:

1. Workshop proposad accepted, with Richard Kéler: Lifecycle Support for Collaborative
Science, Saturday, December 2, 2000 at the ACM-sponsored Conference on Computer-
Supported Cooperative Work (CSCW2000) in Philadelphia, PA USA
Workshop URL : http://sciencedesk.arc.nasa.gov/cscw2000
Conference URL: http://www.acm.org/cscw2000

RIACS Technical Reports;

1. TheFutureof the Internet in Science TRO0-04
2.  Fdd Science TR00-003

[1.B.v.g FuturePlans

Future plans are currently under discussion with the new NAI Collaboration Manager.
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[1.C High Performance Computing and Networking

Advances in the performance of computing and networking continue to have mgor impact on a variety
of NASA endeavors, ranging from modding and amulation to data analyss of large datasets to
collaborative engineering, planning and execution. RIACS and NASA collaborate in severd aress as
described in the following sections.

[1.C.i Information Physics

[I.C.i.,a Task Summary

This task provides leadership and expertise within NASA in the aress of physcs-basad information
gorage and processing. The focus is on the use of andyticd models and smulations to describe the
dructure of the materiads and devices being used. Emphasis is placed on understanding the physica

features relevant to information storage and processing, and developing efficient agorithms based on the
underlying physics. Currently, two projects in the areas of holographic optical data Storage and

guantum computing are being pursued.

I1.C.i.o  RIACS Staff

Dogan Timucin
Meric Ozcan

[1.C.i.c  Overview

The overdl research vison is one of developing a fundamenta understanding of the underlying physics
for nove information storage and processing systems, and harnessing the power and potentia of these
gsystems for NASA gpplications. The optica data storage work has been performed with a nove

organic materid caled bacteriorhodopsin (BR). The quantum computing work isjust being initiated; the
broad objective at this point is to develop and carry out a synergistic research program at the
intersection of quantum physics and computer science.

[I.C.i.d Project Description

Hologr aphic stor age project (technical work on this project is nearing conclusion):

materias issues pertaining to the development of polymer-based BR filmswith optimized recording
sengtivity and storage lifetime;

BR film characterization in the |aboratory;

quantum-chemica modeing and genetic engineering of the BR molecule;

systems issues concerning optima data multiplexing schemes and achievable storage capacities and
bit-error rates;
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systemt+leve theoretica andyss, Smulations, and experiments,

Quantum computing project (this project isjust getting off the ground):

literature search and networking to determine potentidly ripe areas for exploitation;
contacts with colleagues in academia and industry for cultivation of potentia partnerships;
theoreticd work on quantum agorithm development for solving difficult (NP-complete) problems.

II.C.i.e  Accomplishments

Theoretical cdculations, computer smulations, and |aboratory experiments on the BR-based
holographic data storage system were continued, and severd journa papers describing this work
arein press, review, or preparation.

A proposa on quantum optimization for solving NP-complete problems was submitted to the
NASA Intelligent Systems Program, and recaeived high marks in phase 1, with phase 2 proposa
currently in preparation.

Technicd partnerships with severd quantum computing groups in US univergties have been forged.

Funds from the NASA Nanotechnology program have been secured for the development of an
experimenta component to the quantum computing research effort.

[I.C.i.f  Publicationsand Presentations
1. D. Timucin and M. Ozcan, “Information physics task review,” RIACS Science Council
Annud Mesting, 15 June 2000, NASA Ames Research Center.
2. D. Timucin, “Holographic optical data storage with bacteriorhodopsin,” RIACS Seminar, 31
August 2000, NASA Ames Research Center.
3. D. Timucin and J. Downie, “Holographic optical data storage,” to appear in the Oct/Nov.
2000 issue of the IEEE Potentials magazine.
I1.C.i.g FuturePlans
This task has terminated as Drs. Timucin and Ozcan have both left RIACS as of September 2000.
I1.C.i.h  ProblemsEncountered:
None.

[1.C.i.i Problem Resolution

N/A

[1.C.ii  NGI/NREN Testbeds
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[I.Ciii.a Task Summary

The NREN project conducts research to enable the fusng of emerging network technologies into
NASA misson gpplications. NREN provides a next-generation network testbed to serve as aplatform
for prototyping and demongrating new agpplications that stress network capdbilities. Emerging
technologies will enable new methodologies for achieving NASA science, engineering, and education
objectives. RIACS supports many of the mgor activities within this project.

I1.C.ii.b  RIACS Staff

Marjory Johnson
Jerry Toung

[1.C.ii.c Overview

The objective of the NREN Project is to research and integrate advanced networking technologies to
enable emerging NASA applications that stress high-end networking capabilities. The NREN testbed is
a next-generation network testbed that peers with NGI testbeds sponsored by other Federal agencies
and with the univergty-led Internet2 testbed to provide a nationwide network testbed for conducting
network research and demondrating revolutionary applications. RIACS provides support for the
NREN project a8 NASA Ames, including conducting basic networking research, participating in
projects to develop new networking technology and revolutionary network applications, and asssting
with software engineering and network performance engineering. For more information about the
NREN Project see http://www.nren.nasa.gov.

[1.C.ii.d Project Description

M. Johnson is NREN Associate Project Manager. J. Toung is a member of the NREN applications and
research group, speciaizing in network software engineering. Components of the RIACS task include
assiding in the formulation of NGI/NREN projects, participating in specified research projects for the
devdopment of new networking technology, interfacing with the universty research community,
participating in development of revolutionary network gpplications, and publishing and presenting results
at conferences.

[1.C.ii.e  Accomplishments

Gigabit Networking Wor kshop

NREN hogsted a workshop entitled "Gigabit Networking: The End-to-End View" in August 2000. The
objective of the workshop was to determine the status of gigabit networking to the desktop, achieve
consensus among the Federd agencies on remaning chdlenges, and edtablish roadmaps for
demondtrating at least 10 gigabit applications by the end of the NGI program in September 2002. A
highlight of the workshop was demondrations of seven high-bandwidth gpplications representing the
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efforts of severd Federal agencies and the Internet2 organization. Three of these demongrations
achieved between 200 and 250 Mbps. Application areas addressed during workshop breakout
sessons included tdeseminarstdlemeetings, models in red time, huge databases, and remote
indrumentation; technology aeas included gigabit testbeds, platforms, measurement, and
middleware/integration.

M. Johnson helped to organize and conduct the workshop, to facilitate one of the breakout sessons,
and to prepare the find report. Thisreport islocated at http://www.nren.nasa.gov/gn_report.html.

Networ k Quality of Service Monitoring

J. Toung developed software for a network monitoring tool caled PCMon. PCMon measures
throughput of individua traffic flows, in contrast to traditiond tools which measure aggregate bandwidth.
Hence, PCMon enables measurement of the effectiveness of various approaches for achieving network
Quadlity of Service, eg., assgning preferentid treatment to specified traffic flows across a network.
PCMon was successfully demondrated in September 2000, measuring best-effort traffic and
preferentia traffic between three nodes on NREN: NASA Ames Research Center, NASA Glenn
Research Center, and the Chicago STARTAP (a network exchange point).

Project Support

M. Johnson helped develop NREN application demondtration for SC99.

M. Johnson assisted in preparation of revised NREN Project Plan and preparation of HPCC
Independent Annua Review materid.

M. Johnson is member of HPCC Application Integration Management team, to coordinate
goplication activities within al the HPCC projects.

M. Johnson is member of LSN Network Research Team, to coordinate research activities among
the Federa agencies participating in the Next Generation Internet initiative.

University Collabor ations

M. Johnson manages NREN research grants to universties, working with the PIs to integrate their
research with on-ste NREN activities Some highlights of these grant activities include:

=  UIUC. Professor Klara Nahrgtedt a the University of 1llinois - Urbana, Champaign, is Pl of a
grant entitled "QoS Programming and Development Environment." The objective of this project
is to develop adaptive QoS middleware to enable multimedia applications to maintain
acceptable performance while adapting to the availability of sysem resources. Under the
NREN grant, the UIUC team vdidated their middleware gpproach with the Omni-directiond
Didributed Visua Tracking Application in ther lab LAN environment. One of Professor
Nahrgtedt’s students visted NASA Ames last spring to experiment with therr adaptive
middleware in aWAN environment, using the NREN testbed. The future focus of this project is
development of generd middleware framework to support the devdopment of multimedia
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goplications with QoS as an integrad part of the goplication. Application of adaptive QoS
middleware to selected NASA mission applications is a key eement of the NREN research
program. M. Johnson coauthored an article highlighting Professor Nahrstedt's research,
"Multimedia applications fly with new software™” for the Insghts magezine (published by the
NASA High Performance Computing and Communications Program), summer 2000.

UC Davis. Professor Matt Bishop, UC Davis, presented a seminar at NASA Ames on "Denid
of Service: Old Problem, New Approaches,” April 2000, discussing results obtained under an
NREN grant.

Georgia Tech. Hybrid networking protocols (modifications of TCP/IP) developed under an
NREN grant at Georgia Tech were tested over the ACTS satdllite in conjunction with CSOC
personnel.

Other Activities

M. Johnson chaired technical paper session at SC99 conference, November 1999.

M.

Johnson sarved on NSF Travd Grant Committee to sdect students to receive financid

assistance to attend Infocom 2000, March 2000.

M. Johnson participated in the USRA Educational Technology Workshop, “IT in the Service of
Education,” April 2000. M. Johnson facilitated breakout group on Distance Learning.

M. Johnson chaired pand to review networking proposas for the High Rate Data Ddlivery thrust of

the

NASA progran on "Advanced Cross Enterprise Technology Development for NASA

Missions," May 2000.

M. Johnson was member of program committee for IFIP Networking 2000 Conference, May
2000.
I1.C.ii.t  Publications and Presentations

1.  Marjory Johnson, Matthew Chew Spence, and Lawrence Chao, "Using the NREN Testbed
to Prototype a High Performance Multicast Application,” Proceedings of SC99. Paper dso
published in the NASA Science Information Systems Newdetter, March 2000 (http:/Awww-
ssn.jpl.nasa.gov/I SSUESS/issueS5home.html) and as RIACS TR 00.01.

2. Marjory Johnson and Richard desJardins, "Bridging the Gap from Networking Technologies
to Applications," High Performance Computing and Communications Program/Computational
Aerosciences (HPCC/CAS) 2000 Workshop, February 2000 Also published as RIACS TR
00.02.

3. Marjory Johnson presented talk "NREN Hybrid Network Applications’ at 14™ Annua IEEE

Computer Communications Workshop, October 1999.

I1.C.ii.g FuturePlans

Networking technologies that will be the focus of NREN activities next year include gigabit to the
desktop, QoS and QoS middleware, hybrid networking, transfer of multicast technology to NASA
operationa networks, and measurement and monitoring of different classes of traffic flows.
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NREN grant activities will focus on QoS adaptive middieware.
Future PCMon activities include determining how many individud traffic flows can be measured
smultaneoudy and scaling PCMon to OC-12 (622 Mbps) rates.
J. Toung will modify 3D visudization software developed for the Mars Rover Project, to enable
interactive use of the software by clientslocated at remote Sites, e.g., multiple NASA centers.
[1.C.ii.h  Problems Encountered:
None
[1.C.ii.i  Problem Resolution

N/A

[1.C.iii  ARCLAN 2000

[I.C.iii.a Task Summary
Perform studies and provide recommendations pertaining to the security, design, implementation, and
operation of advanced networksin a distributed user environment.

I1.C.iii.b  RIACS Staff
David L. Gehrt

[1.C.iii.c  Overview

The Ames Research Center Locad Area Network (ARCLAN) has been a collection of individua
networks routed over a single FDDI backbone, with a security policy that alows access to dl of its
system from any system on the Internet. The primary activity of the Ames Networking group this year
has been the converson of the Ames Research Center's Loca Area Network. This conversion will

result in three separate backbone segments.  These backbone segments are private, public and open.

Each backbone has a different security policy alowing different access methods viafirewals and for the
most secure network, the private, the access policy requires VPN for access from systems externd to
that network.

I1.C.iii.d Project Description

This task was to assst the Ames Computer Security group in the development of the new security
policies as they relate to the provison of Domain Name Service to the uses of the ARCLAN while
hiding information about the private network from users externa to AMES.

[1.C.iii.e  Accomplishmentsduring FY 1999:

Experimented with Firewal systems and their associated rule sets in a private network in ad of the
Ames firewal security systems
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Maintained the security of the Authoritative DNS servers so as to provide continuous authoritative
name service for users of Ames systems free of successful network attack.

Egablished a centrdized RDBMS archive of attempts to obtain unauthorized access to dl the
systems for which | am responsible and unauthorized zone transfers from the Ames authoritative
name servers.

Designed an approach for providing appropriate and secure DNS service for Ames as it trandtions
from a single routed network to three networks with different access and security policies which
affect provison of DNS sarvice.

Participated mesetings conducted to perfect the desgn and implementation of the new Ames
Research Center Local Area Network.

[1.C.iii.f  Publicationsand Presentations during FY 1999:
None.

[1.C.ilii.g FuturePlans:

Continue to log atempts to breach the security of the Ames Authoritative master and dave
name servers and other system which | am able to monitor.

Complete the implementation of a RDBMS based data management system for the storage of
data for the generation and the generation of DNS tables. This will include evauation of new
features coming into the RFCs specifying DNS services and implementing those required a
Ames.

[1.C.iii.h Problems Encountered:
None.

[1.C.iii.i Problem Resolution
N/A
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[1.D Applications of | nformation Technology

In addition to the areas of research outlined above, RIACS scientists and visitors have collaborated with
NASA researchers in an interdisciplinary context to gpply (and advance) information technology in a
number of application domains, as described in the following sections.

[I1.D.i Collaborative Virtual Environments for Medical and Scientific
Imaging

[I.D..a Task Summary

Development of advanced 3D recongtruction and visudization techniques for cell biology and medica
research, and collaborative virtud environments for interactive data analyss. This is a multi- project task
oriented towards creating virtua redity technol ogies associated with biologica models. Projectsin 1999
included: High bandwidth distributed imaging, multiresolution data display, Wide Area Telemedicine,
Didributed Virtua Environments, and 3D Image segmentation (CT, MRI, and Ultrasound) and
recongtruction.

II.D.i.b  RIACS Staff

Xander Twombly
Andreas Frank
Re Cheng

II.D.i.c  Project Description

Multiresolution representation and display of complex 3D surface modds. Multiresolution display
dlows the software to automaticaly adjust the modeling fiddlity to maintain interactive display rates
inavirtua environment.

Red-Time linkage of 3D scenegraphs in multiple virtua environments. Provides the basic
connectivity between virtual environments in a collaborative setting.

High bandwidth image replication protocol. Used to leverage the rendering capabilities of a graphics
supercomputer such as an SGI Onyx2 Infinite Redlity2 system.

2D Ultrasound segmentation for the andys's and measurement of heart valve defects.

[1.D.i.d  Accomplishments

Virtud Collaborative Clinic v1.0 was completed and fied-tested in FY 2000. The following components
were functiond in the demongration:
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= Multiresolution display — two resolutions per object. The display system toggled between the
low-resolution representation during manipulation of the object, and the high-resolution image
for satic display.

= Cadllaborative environment — using the World2World toolkit from Sense8 Inc. created a method
for automaticdly andyzing and linking the objects in a scenegrgph between dl virtud
environments participating in the collaboration.

» Remote diplay server — created an encoding protocol for capturing the display of the virtua
environment on a graphics supercomputer and transmitting the images to dl systems in the
collaboration via the IP multicast protocol. This system stressed the high bandwidth capabilities
of the next generation Internet and contained tuning control to account for network bottlenecks.

= Developed a segmentation method for use with Ultrasound data based on a modification of the
Metropolis dgorithm to ad in the identification of heart valve defects. Subsequent images were
used in the Virtua Collaborative Clinic demonstration.

[1.D.i.e  Publicationsand Presentations

Public demongtration of the VCC system on May 4™, 1999. The program was used to link
physcians & ARC, Stanford Universty Hospitad, Sdinas Vdley Memorid Hospita, Cleveland
Heart Clinic, and the Navgo Nation hedlth clinic at Shiprock, New Mexico viasatellite.

Awarded NASA Software of the Y ear runner-up, 1999.

Submission of 3 patent applications for software components used in the VCC system.

[1.D.i.f Future Plans

The focus of the Center for Bioinformatics is shifting from sraight visudization to a more interactive
technology. Leveraging the previoudy developed virtud redity environments, we are beginning to
develop a smulation engine for rea-time interactions with dynamic 3D modds. In paticular, we are
developing a finite dement-based smulator of soft tissue dynamics for use in smulated surgery. The
aurgica tools will be usaed in the development of a virtud glovebox (the glovebox workstations to be
used on the International Space Station for biologica experiments), designed to ad in the training of
adronauts in animd surgery. The virtud glovebox will comprise an immerdve environment of the same
physica dimensions as the red glovebox, a series of force-feedback devices to provide redigtic “fed”
of the objects in the box, and a variable gravity to smulate al conditions under which the box may be
used (terredtrid, zero gee, and centrifuge Smulated gravity).

1.D.i.g ProblemsEncountered
None.
[1.D.i.h  Problem Resolution

N/A
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[1.D.iIi  Integrated Human/Robotics Exploration & Astrobioloqy

[I.D.i.a Task Summary

Increase USRA participation in the planning and execution of the Integrated Human/Robotics
Exploration Program, asss in the establishment of aHEDS Human Exploration Science Community to
fecilitate greater academia involvement in HEDS exploration efforts, and support the formulation,
planning and advocacy of the Agtrobiology Program.

[1.D.ii.b RIACS Staff
LewisL. Peach, J.
[1.D.ii.c Overview

There is a growing awareness that the integration of human exploration and robotics space sciences
goals and objectives will result in a sironger, more comprehensive and productive exploration program
that will lead to a time-phased, balanced set of objectives to drive future robotics missons and enable
human exploration beyond low Earth orbit. This requires the collaboration of two formaly somewhat
diverse communities, in the development of an integrated set of objectives and requirements, and in the
participation of a process to implement these requirements in the Integrated Mars Exploration Robotics
Program. The Adrobiology Program further provides an overarching and integrating theme of this
research asit relaes to the questions of the possibility of life, past or present, esawherein the Universe,
and in the possibility of sustaining humean life in Space.

[1.D.ii.d Project Description

Co-Lead of HEDS’ 03 A/O Process for Mars Surveyor Program

Co-Lead of extended definition period to further refine above instruments
Member of various Mars Architecture Development Committees

Member of International Mars Exploration Working Group (IMEWG)
Member of Mars Exploration Program Andysis (Advisory) Group (MEPAG)
Member of NASA Mars Integrated Program Team (1PT)

Member (ex-offido) of initid Mars’03 Program Science Group (PSG)
Member of the Mars’ 01 Program Science Working Group

Provided Oversgght of the implementation of the HEDS OSF’ 01 Instruments
Member (ex-officio) of ASl (Italian) '03 A/O Peer Review Process

Co-lead in the development of a program to effect collaboration between Russa and USA on
Human Exploration
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[1.D.ii.e  Accomplishments

Successfully completed '03 A/O Process, sdlecting highest qudity scientific flight investigations for
this misson, in the areas of Radiation, Environmentd and Biologica Measurements and in in-Stu
R&T verifications experiments with sgnificantly greater Universty (dl PI's were from academia)
involvement than in the previous mission.

Oversaw successful completion and flight qudification of the ‘01 Mars Robotics Misson HEDS
I nstruments.

Initiated a series of workshops and technica exchanges between the Russian Space Agency and
NASA leading to an understanding of the two countries different approaches to human exploration
and fadilitating collaboration in these efforts.

Co-chaired a technical sesson a a mgor Mars Architecture Development Workshop a LPI to
provide a forum to introduce new and innovative ideas that could significantly impact the Mars
Exploration Program, resulting in a number of concepts that have been adopted by the Program,
including the development of a ‘Digitd Mars database that would provide the community with a
configuration controlled, sate of the art and science understanding of dl that is known about Mars
at any giveninquiry.

Participated in, and helped facilitate, an advisory process to establish an integrated set of robotic
science and human exploraion goas, objectives and investigations which are framing the robotic
exploration of Mars for the next two decades.

Sarved as a member of the NASA Adrobiology Council, and asssted in the formulation and
development of the Agtrobiology Program, including providing persona leadership in the advocacy
to establish a Computational Astrobiology Initiative, and Hight Program e ements.

Co-Led the successful effort to integrate HEDS, Space Science, Astrobiology and ASI objectives
in the development of the Mars Organic Detector Hight Experiment for the Mars Robotics
Program.

Recipient of NASA Group Achievement Award for the Astrobiology Program.

[1.D.ii.f Publicationsand Presentations

Co-authored various Proceedings, Workshop Reports, and Requirements Documents resulting from the
above activities.

[1.D.ii.g FuturePlans

Continue these tasks as initiated this past year, with greater emphasis on: 1) the development of a
HEDS Science Community (initid Workshop planned for January '01); 2) stronger peer review

processes (ongoing); and, 3) NRC review and prioritization of the integrated set of exploration
requirements (established process to conduct this effort with the NRC for 2001).

[1.D.ii.h Problems Encountered:
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Mars Robotics Program re-planned following loss of Mars Climate Orbiter and Mars Polar Lander in
1999, resulting in loss of near-term flight opportunities for instruments selected for the *01 and *03 Mars
Mission opportunities.

[1.D.ii.i  Problem Resolution
Participating in the reformulation of the Mars Exploration Program, overseeing completion of the various
technica efforts to prepare for future flight opportunities, and continuing the development of a HEDS

Science Community and incorporating these efforts with the integrated Human /Robotic Exploration and
Adtrobiology Programs.

[1.D.lii ASRS — Aviation Safety Reporting System

[I.D.ii.a  Task Summary

The primary activity of this task is to support the NASA Aviation Safety Program (AvSP) and related
international aviation safety liaison efforts. The objective of the research are to provide proactive risk
asessment, safety economics analyss, internationd pergpectives, and human factors expertise in
support of the aviation safety program and system analysis team.

[1.D.iii.o RIACS Staff
Matthias Schmidlin
[1.D.iii.c Overview

The AvSP was established in 1999 by the National Aeronautics and Space Adminigtration (NASA)
with the god of reducing the rate of fatal accidents by a factor of 5 by the year 2007 and by afactor of
10 by the year 2022. The program is integrated with complementary research activities within the
Federd Aviation Adminidgration (FAA), and indudtry partnersin the aviation community.

In order the lessen the likdihood of aviation accidents, the AvSP is moving in the following directions

= Shift the aviation safety paradigm away from reective accident/ incident totals/ analys's towards
proactive risk assessment and management.

= Hep/ guide GAIN Government Support Team to inventory andyticd tools, methods and
sharing initiatives around the world and coordinate with these organizations efforts with the am
to inform arlines and sharing system operators about available options.

= Deveop common terms, definitions, and taxonomies for aviation accident/ incident reporting
systems to enable worldwide coordination and focus on common safety agendas.

= Development and implementation of an internationa AvSP coordination plan.

= |ncorporate cost-benefit perspectives and devel opments into aviation safety.

= Provide added insght into airline operations, safety philosophies, and economical-congraints.
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=  Provide a fresh understanding of the insurance/ economic factors that can lead to erroneous
interpretation of accident/ incident statistics and recommend better measures of system safety.

For moreinformation:
http://avsp.larc.nasa.gov

[1.D.iii.d Project Description

Tasksrelated to NASA AvSP level 1 office

Member/ Independent assessment of the NASA Safety Assessment Paradigm Shift —SAPS team.
Help shift the aviation safety paradigm away from reactive accident/ incident totals/ analys's towards
proactive risk assessment and management.

Co-chair of Globa Analysis and Information Network (GAIN) WG —B & C'.

Help/ guide GAIN Government Support Team to inventory andyticd tools, methods and sharing
initiatives around the world and coordinate with these organizations/efforts with the am to inform
arlines and sharing system operators about available options.

Member of the CAST/ICAO Common Taxonomy Teant

Help to develop common terms, definitions, and taxonomies for aviation accident/incident reporting
systems to enable world-wide coordination and focus on common safety agendas

Fecilitate NASA's Aviation Safety Progran’s Internationd leverage

Asss NASA’s Aviation Safety Program in the development and implementation of an internationa
AvSP coordination plan.

Tasksrelated to NASA AVSP level 2 & 3 office

Development of better cost/benefit anayses for safety interventions and socio economic impact of
public perception of aviation safety risk

Update AvSP on aviation safety cost-benefit perspectives and developments, eg. DESIRE.
Provide support to the planned NASA/ NLR cooperation in related domain (ASTER).

Fecilitate coordination of internationa safety data collection efforts with amilar domestic
NASA/FAA activities.
Provide the AvSP with added indght into arline operations, safety philosophies, economic-
congtraints(e.g.BASS).

Conduct periodic "brown-bag" seminarsfor ARC staff on a selected range of topics.

! Initiated by the Federal Aviation Administration (FAA) in May 1996, GAIN is aconcept for worldwide collection,
analysis and dissemination of safety information to help reduce aviation accidents.

2 Initiated by the Commercial Aviation Safety Team and the International Civil Aviation Organization on February 2™
1999.
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Provide the AvSP with a fresh understanding of the insurance/ economic factors that can lead to
erroneous interpretation of accident/incident statistics and recommend better measures of system
safety risk.

Provide presentation to ARC AvSP community

Provide ARC AvSP community with an introduction to Maithias Schmidlin highlighting the
background in aeronautical engineering, technology management, economic aspects of
organizationa aviation safety, and experience in confidentid airline safety reporting systems and
Airbus Crew Resource Management.

Conduct PhD at the University of Manchester,

Continue PhD research and peruse empirical survey aimed at identifying the risk attitudes and
perceptions of the traveling public as a function of nationa culture in order to identify the likely
conseguences of unsafe acts (aviation accidents or incidents) on consumer behaviour.

I1.D.iii.e  Accomplishments

Member/ Independent assessment of the NASA Safety Assessment Paradigm Shift —SAPS- team.
- Stated support task in shifting the aviation safety paradigm away from reactive accident/
incident totals/ andysis towards proactive risk assessment and management.

Co-chair of Globa Anaysis and Information Network (GAIN) WG —B & C°.
- Guided GAIN Government Support Team to identify, evaluate and inventory andyticd tools,
methods and sharing initiatives.
- Fourth GAIN world conference.
°  Provide one of the two key address on economical benefits of airlines safety programs.
°  Present “Gain Working Group B: Activities and Products’.
©  Chair of the Implementation Workshop on Anaytical Methods and Tools.

Member of the CAST/ICAO Common Taxonomy Team
- accident/incident reporting systems.
- Participated to last working group meeting in ISPRA, Itdy.

Fecilitate NASA’s Aviation Safety Program’s Internationd leverage
- Sarted the deve opment and implementation of an internationd AvSP coordination plan.

Conduct PhD at the University of Manchester.
- Continuing the PhD research.
- Fndized the development of survey questionnaire and survey methodology.

® Following discussions with Steve Pinches, IAPA’s Managing Director and Dr. Hans Krakauer, Senior Vice
President Aviation, |APA expressed extremely high interest in the “ never before done” survey and underlined its
willingness to support the study. Supporting the development of common terms, definitions, and taxonomies for
aviation
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- Obtained industry support on public perception survey.
[1.D.iii.f  Publications and Presentations

1. Mathias J. Schmidlin. “Judtifying Safety Dollars: Some thoughts on Accident Statistics and
Accident Cost”. Fourth GAIN World Conference, June 2000, Paris France.

2. Prof. Im Luxho} & Matthias J. Schmidlin. ‘GAIN Working Group B (WGB): Andytica
Methods and Tools Review”. Fourth GAIN World Conference, June 2000, Paris France.

3. Mathias J Schmidlin. ”Justifying the Cost of Safety: An Aviation Industry perspective’. 2
Nuclear Power Senior Executive Seminar, October 2000, Paris, France.

[1.D.iii.g FuturePlans
Accomplish tasks as listed above.
Publish at least two papers (preferably jointly with NASA aff) related to the ongoing PhD work in
magor scientific journas such as Cognition, Technology & Work (Springer).
Give a least two presentations at mgjor conference/ seminars on topics of interest to NASA
Complete firgt draft of entire PhD theses.

[1.D.iii.n  ProblemsEncountered

None

[1.D.ii.i Problem Resolution

N/A

[1.D.iv  AvVSP Information Sharing

[I.D.iv.a Task Summary

Serve as member of the Earth Science Technology Office inter-center team. Develop technology
roadmaps and plans to support mid and far term earth science mission requirements.

[1.D.iv.b RIACS Staff

Walter Brooks

II.D.iv.c Overview

The earth Science enterprise a HQ has consolidated dl of it's technology funding under aleve 11 office

located at GSFC. This office seeks to use agency wide expertise to daff the development and
implementation of technology programs that support. The task involves both day to day support of the
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Information Technology group within this office as well as representing the center as part of the ESE
Technology Strategy Team.

[1.D.iv.d Project Description

The god of this project isto insure that NASA Ames|T technology expertise is brought to bear on high
level planning as well as specific technology projects initiated by the Earth Science Technology Office.
The task requires weekly support of ESTO staff meeting, AIST staff meetings and biweekly ESTO TST
mestings.

[1.D.iv.e  Accomplishments

Lead team of NASA and non NASA personnel that evaluated proposals to the AIST NRA for
Space based IT technologies

Deveoped and presented the results of the evauation to senior NASA HQ saff to be used as part
of their decison making process in developing a portfolio of research projects

Led team of NASA and Non-NASA stientis and engineers in the development of technology
roadmaps for long term storage and archiving.

Participated in the Earth science Enterprise Workshop on technology requirements in support of the
20 year Vision including the development of the sensor and supporting systems for next generation
Data Information Systems

Supported the New DISS program through reviews of architecture and technology studies
Arranged for vidts and presentations of Vison and NEwDISS architecture to the Ames IT
community

Participated in and supported efforts to help define the long term Computationa Sciences Division

Strategy

[1.D.iv.f Publicationsand Presentations
None

[1.D.iv.g FuturePlans

Continue to support the HQ Earth Science Enterprise Technology Office. this includes participation and
pand leadership a road mapping workshops, outreach to industry, universities and other agencies,
development of mid and long term drategies based on Earth Science Misson Requirements and
ongoing andysis of technology gaps. Day to day work includes representation of Ames at Weekly staff
mesetings for the ESTO office and the AIST group within ESTO as well as monthly TST telecons and
quarterly meetings. Serve as coordinator and focal point for the Technology Strategy Team Workshop
at Amesin Feb of 2001.

[1.D.iv.h Problems Encountered:

None
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[1.D.iv.i Problem Resolution

N/A

[1.D.v Integrated Thermal Protection

[I.D.v.a Task Summary

The god of this task is for USRA to establish a cooperative research program with the Therma

Protection Systems development and Information Systems/Nanotechnology research groups at Ames
that will lead to the developments of Adoptive Intdligent Thermd Protection Systems for future Space
Trangportation Vehicle sysems.  This effort will define and evauate potentia gpproaches to detecting
diagnosing and repairing therma protection systems damage on Reusable Vehicles and HEDS Space
Trangportation systems. It will dso provide consulting on therma protection materids and systems and
other relevant technical issues.

[1.D.v.b RIACS Staff
Howard Goldstein
[I.D.v.c Overview

The development of future Space Trangportation Vehicles is dependent on the development of reliable
thermal protection ystems that require minimum refurbishment and repair.  Instrumentation thet can
detect, diagnose and report defects in atimely manner is required. Repairs must be performed easly
and quickly on the ground and preferably automaticaly in Space. This research program will try to
identify and develop technologiesto fill these needs

[I.D.v.d Project Description

Evduate capabilities and the potentid pay-off of coupling information Systems technologies with
Therma Protection System technologies and Nanotechnology to develop Adaptive Intdligent TPS
(@TPS). Define possible approaches to detect, diagnose and repair TPS damage due to impact
from micrometeorites and other on orbit debris..

Define and investigate new concepts for aTPS including sdf-heding heat shidd materids, novd
gpproaches to ingrumentation and new materid/insrument combinations that will diagnose and slf-
repair after damage from any source.

Participate in technica reviews for Code AS and AX and other NASA organizations and programs
asrequested. Consult with these organizations on program related to atmospheric entry technology.

[I.D.v.e Accomplishments
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Participated in the Stardust Space Craft thermal protection system review
Initiated investigation of the Sate of the art of Adoptive Intdligent TPS
Performed investigation of the status of RussarVEuropean Inflatable reentry vehicle technology
(IRDT) and developed contacts with organizations in the United States that are developing Smilar
technologies.
[I.D.v.f  Publications and Presentations
None
[I.D.v.g FuturePlans
Continue to investigate approaches to developing aTPS and sdlf hedling TPS concepts
Continue and complete participation in Stardust Project Review
Continue studies of flexible/inflatable therma protections sysems
[1.D.v.n ProblemsEncountered:
None

[1.D.v.i Problem Resolution

N/A
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[I.E Visiting Students and Scientists

A magor contribution made by RIACS is the sponsoring and hosting of visiting sudents and scientists
from univerdties and indudtry.

I.E.i Summer Student Resear ch Program (SSRP-2000)

Eleven undergraduate and graduate students, from universities across the country, were sdected out of
over 80 gpplicants in this, the inaugura year of the program. They spent 10 weeks a Ames, teaming
with NASA scientists on research projects in a variety of areas in information technology, induding
automated planning and scheduling, naturd language understanding, mode-based autonomy for
pacecraft and rovers, automated software synthesis and verification, visudization and collaborative
virtud environments for medica and scientific imaging, quantum computing, and collective intdligence.

Toward the end of the summer, students were invited to submit a proposa to continue their research a
thelr universities on ther return. Three of these sudents, Brian Murphy, Raph Benzinger, and Adrian
Agogino, were chosen to receive these continuing research awards.

The following are descriptions of the research projects conducted by the SSRP participants.

II.E.i.a  Controlling Multi-agent Systemsin a New Way
Adrian Agogino of University of Texas, Mentored by Kagan Tumer

This summer my mentor Kagan Tumer had me work on an exciting project where we designed machine
learning dgorithms that could be used to control multiple autonomous agents. We did this in the context
of controlling multiple Mars rover so that they would work together to try to gather the most possible
information. We fdt that having multiple Mars rovers compared to one rover was useful as they share
many of the benefits of other multi-agent systems, including robustness againgt catastrophic failures and
greater ability to take risks in hazardous environments. We wanted to approach this task of controlling
multi-agent systems in a new way that was less brittle than traditiona rule based gpproaches yet could
be applied to larger domains than many mode-based approaches. Previous work done at NASA Ames
with “Collective Intdligence’ (COIN) attempts to dedl with the problem of having multiple agents use
reinforcement learning dgorithms in such a way that they can learn in a dynamic environment, while at
the same time work for acommon god. The mgor principle of COIN theory isthat it gives the learners
the appropriate reinforcement so that they learn atask that is both easily learnable and helps accomplish
the common goa. My task was to find away of using COIN theory to make a class of learning systems
that could be applicable to stuations relevant to Mars rovers.

II.E.i.b  Rover Control asaMarkov Decision Process
Dan Bernstein from University of Massachusetts, Mentored by Rich Washington
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This summer, | was assgned to work on the Advanced Autonomy for Rovers project. An autonomous
planetary rover can use data from its sensors and information about the gods of the misson to make
decisgons on its own, rather than waiting for commands from Earth. Because communication with Earth
consumes resources such as time and power, less communication can lead to increased productivity.
One way to design a more autonomous rover isto explicitly program a decison-making strategy for the
rover and put it on board. For smple decison making this may be a good gpproach, but as more
factors are taken into account, it becomes difficult for us to guess what the optima strategy should be.
Sometimes it is easier to develop a modd of te problem and dlow the computer to automatically
generate a drategy using the modd. Idedly, this gpproach will dlow us to take advantage of both
humean intuition and the number crunching ability of computers.

II.E.i.c  Remote Agent Planner & Domain Representation
Kristin Branson from Harvard University, Mentored by David Smith

Implemented a program that converts a STRIPS domain to a Remote Agent domain by creating an
attribute for each ingantiation of each STRIPS predicate and alowing these attributes to take on true,
false, and action vaues.

II.E.i.d  NP-Complete Problemswith Quantum Computation
Brian Murphy from Stanford University, Mentored by Dogan Timucin

The summer’ s research involved investigation of the following:

=  Why would QC be able to solve NP-Complete problems?

=  Provenresult: A QC canimplement any classcd agorithm with same complexity.

= Therefore, we can efficiently generate an exponentiad number of possible solutions in polynomid
time (specific example later).

= HOWEVER, measurement does not reved an exponentiad amount of information.

= Proven result: Reative to an unstructured oracle, QC can at best provide a square root speed-
up, not enough to efficiently solve NP-complete problems

= Therefore we MUST use structure of the problem to solve efficiently.

II.E.i.e  The AutoBayes Project
Ralph Benzinger of Cornell University, Mentored by Bernd Fischer

This task involved the AutoBayes system, which employs severd iterative dgorithm schemata for
goproximating optimization problems for which no closed solution is known. The accuracy of the
solutions obtained depends not only on the particular dgorithm sdected, but dso on the convergence
criteria used by that dgorithm. The choice of agorithm schematais largely predetermined by the modd,
but the seection of convergence criteriais open to experimentation. The god of this research task was
to enable the domain expert as the user of the system to specify customized convergence criteria that
are modd-sengtive but schema-agnodtic. In paticular, the user should be able to identify criticd
parameters, to comfortably select appropriate progress measures, to relate accuracy required to other
moded variables, and to relax the optimization problem for potential speed up. As a result of this
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research we found tha manua convergence control in combination with careful selection of sensble
progress measures and norms greetly enhances both the reliability and the ease of use of the system.

I.E.i.f Using Statistic Matching for Cross-validation Error to Improve Generalization
Sergey Kirshner from Universty of CA —Irvine, Mentored by David Wolpert

This task involved exploring advanced machine learning (data mining) techniques, techniquestha, if they
prove useful, will have extremey broad applicability. The fird task is a set of computer experimenta
exploraions comparing two generd-purpose satistica agorithms, agorithms that judge whether two
data sets were generated from the same underlying probability digtribution. The second agorithm
explored is called "satigic matching”. It is a technique for supervised learning, i.e, for learning the
mapping from an input space to an output space from a set of examples of that mapping. The technique
is a "mea-dgorithm”, in that it is a way to combine supervised learning agorithms to produce a
(hopefully) better one. It is based on acompletely novel gpproach to the combining task.

II.E.i.g Integrating NLP and Eye Tracking in Interfacesfor Semi-autonomous Agents
Jason Baldridge of University of Edinburgh, Mentored by Beth Ann Hockey

Congtruct a prototype system that combines the eye-tracking technology developed in Code IHH and
the spoken language technology developed at RIACS. Integration of these two lines of research is
currently of great interest within Code IC and is 1 be funded as a new research effort. The initid

verson of the prototype is scheduled to be completed during FY 00, with a more elaborate system to be
developed during FYOL1. The system will include at least two key functiondities: activation of gpeech
recognition through eye-gaze detection permitting completely hands free operation, and dynamic
modification of recognition vocabulary in response to the users eye movements.

[I.E.i.Lh  Iterated Forward Checking in (non-binary) CSPs
Glen Nuckollsfrom University of CA — Davis, Mentored by Jeremy Frank

Congraint Satisfaction Problems (CSPs) involve forward inference to reduce branching. This research
congdered the utility problem and the use of iterative forward checking to solve condraint satisfaction
problems. The research experiments considered 3SAT and measured a number of nodes (of successful
variable ingantiations) in the search tree. Conclusions from research results suggest that some inference
is useful beyond FC and the Size of search tree seemsto level off before full AC.

I.E.i.i I mplementation of Hapticsin an Immersve Virtual Environment
Forrester Cole of Harvard University, Mentored by Xander Twombly

This project involved the implementation of an immersive environment that combines haptic and visud
gimuli. The chdlenges included determining how to create and mantain an effective illuson and
developing and implementing an immersive workbench concept. That lead to need for cdibration of the
haptic device with the visud rendering and dedling with variations of the observer observing with his
head fixed or head free. The results of this research are asfollows.
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= Demondration software showed the effectiveness of the interface.
= A least squares calibration method proved workable, but limited.

= Head tracking proved necessary, but the magnetic hardware noisy.
= Off the shdf solutions were tested but proved insufficient.

I.E.i,j Property Specification for Java Pathfinder
Jeff Thompson of University of Minnesota, Mentored by Willem Visser

The project involves initid definition of a property specification language for Java based on severd
existing specification languages. The results of the exploration suggest that the gppropriate path conssts
of the following:
»  Useafull-featured specification language, for example, IML as a base.
= Add thetempord features of, for example, BSL to the language above. For semantic purposes,
the expressions of the base language can be treated as state expressonsin the tempora logic.
= For system properties that do not map to any code module, utilize the sequence diagrams (and
potentidly state machines) normaly produced in the development process to generate the

properties.

II.E.i.k  Non-parametric State Estimation for Rovers,
Vandi Verma of Carnegie Méellon University, Mentored by Maria Bualat

This task involves the Autonomy and robotics area problem of diagnosis of hybrid systems.. The focus
is on the problem of rover diagnoss since this problem was particularly troublesome when applying
Livinggtone to the rover. This in turn involved framing of the problem to asss us in understanding how
different techniques can be applied and explored. Statistica techniques for reasoning about uncertainty
has complemented the exigting expertise in logic-based gpproach to diagnoss existing within the group.

[1.E.ii  Visiting Scientists Resear ch Project Descriptions

RIACS regularly sponsors and hodts vigting scientists from universities and industry to provide highly
specidized expertise to various NASA projects. The following are descriptions of the research
conducted by these vistors.

II.E.ii.a Abdelah Hadjadj, Bjorn §ogreen, Nell Sandham, Turan Coratekin

Task Supported

Computational Huid Dynamics— Helen Yee of NASA Ames

Resear ch Description

Three research topics were addressed by this team:
1.  Congruction of gable, efficient and low dissipative high order shock-capturing schemes
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2. Entropy splitting of inviscid flux derivatives for high order numerical smulation of compressible
turbulence

3. Multiresolution wavelet based adaptive numerica disspation control for hgh order shock-
capturing schemes

Our focus is on improving the speed, accuracy, and nonlinear gability, and minimizing the use of
numericd disspation in large scde computationad aerosciences, computationd astrophysics and
adrobiology smulations without resorting to extremely fine grids and time steps.

Accomplishments

Our recently developed class of low disspative high order schemes requires only a 10% increase in
operations count over standard second-order TVD schemes for 2D direct numericd smulaions.
Studies showed that higher accuracy was achieved with fewer grid points when compared with that of
gtandard higher-order TVD, postive, ENO or WENO schemes. The results are published in [1-3].

Publications and Presentations

1. Collogquium, Dept. of Mathematics, Florida State University, Tdlahassee, March 3, 2000
(Invited Presentation with full rembursable travel)

2. Symposum on Computationa Huid Dynamics for the 21¢ Century, July 15-17, 2000,
Kyoto, Japan (Invited Presentation)

3. Nationa Tawan Universty, Tape, Tawan, July 17-19, 2000 (Three Invited Lectures with
reimbursable travel)

4. The Firg Internationad Conference on CFD, July 10-14, 2000, Kyoto, Japan (Contributed
Paper).

5. H.C. Yeeg B. Sogreen, N.D. Sandham and A. Hadjadj, "Progress in the Development of a
Class of Efficent Low Disspaive High Order Shock-Capturing Methods,” RIACS
Technical Report 00.11, June, 2000, NASA Ames Research Center, 2000, aso,
Proceedings of the Computational Fluid Dynamics for the 21st Century, July 15-17, Kyoto,
Japan, Notes on Numerical FHuid Mechanics, Vieweg.

6. N.D. Sandham and H.C. Yee "Entropy Splitting for High Order Numericd Simulation of
Compressible Turbulence,” RIACS Technica Report 00.10, June, 2000, NASA Ames
Research Center, 2000, also, Proceedings of the 1st ICCFD Conference, July 10-14, 2000,
Kyoto, Japan.

7. B. Sogreen and H.C. Yee, "Multi-Resolution Wavelet Based Adaptive  Numerica
Disspation Control for Shock-Turbulence Computations” RIACS Technica Report,
October, 2000, NASA Ames Research Center.

[1.E.ii.b Hector Geffner
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Task Supported

Spacecraft Autonomy - Nicola Muscettola of NASA Ames

Resear ch Description

Hector Geffner got his Ph.D in UCLA with a dissertation that was co-winner of the 1990 Associaion
for Computing Machinery (ACM) Dissertation Award. Then he worked as Staff Research Member at
the IBM T.J. Watson Research Center in NY, USA, for two years before returning to the Universidad
Simon Bolivar, in Caracas, Venezuda, where he currently teaches. He is the author of te book
“Default Reasoning: Causd and Conditiond Theories' published by MIT Press in 1992. He is
interested in models of reasoning, action, planning, and learning. During his visit & Ames he discussed
the HSP approach to planning with researchers in the Planning and Scheduling group, and compared it
with the gpproach to planning gpplied in the Remote Agent planner.

[1.E.ii.c Danid Hammerstrom

Task Supported

High Performance Computing — RIACS/NASA Ames

Resear ch Description

Massively parallel VLS architectures for intelligent systems.

The god of this on-Site research isto focus my efforts on the Associative Data Processor (ADP), achip
architecture that | am developing in the Cognitive Architecture Project, which | lead at the Oregon
Graduate Indtitute.

Recently there have been revolutionary advances in computational neurobiology. In fact, | believe
that the greatest result of the recent resurgence in neurd network research has been the fundamenta

change that has occurred in neuroscience.  Neuroscientigts are thinking more in functiond terms, and
they are usng sophigticated mathematicd and systems analysis to understand the computation being

performed by biological nervous sysems. In pardld to this, slicon technology has been advancing a a
phenomend pace. We will soon have the ability to place 100s of millions of trangstors on asingle piece
of dlicon. The merging of these two technologiesis creating what Andy Grove (ex-CEO of Intdl) refers
to as a strategic inflection point.

Although previous attempts at combining these technologies were premature, it is my belief that slicon
and computationa neurobiology will merge over the next ten years to create an extremely powerful, and
radicaly new form of computation, which will lead to a large, new market in neuromorphic slicon for
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solving a number of important problems ranging from Internet routing and content recognition to robotic
control and speech processing.

The god of the Cognitive Architecture Project, or CAP, is to derive new kinds of slicon architectures
based on neurobiologicd modds.  As semiconductor technology approaches fundamenta physicd
limits, the massive pardldism and fault tolerance of biologica computing models becomes ever more
gppeding. In addition, there are dill fundamental problems in computing which have no good solutions
and which computationa neurobiology may provide these solutions.

We eventudly intend to create a family of commercid ICs for use in a range of ISP solutions.
Tentativdly we plan for the firs commercid chip that will be derived from this work to be the
Asociative Data Processor (ADP). The ADP will implement high speed, high capacity, best-match,
associative memory.

II.E.ii.d Mohamed Hafez

Resear ch Description

For studying viscous flows over atrain of bumps representing a genera topography , as for example in
the Earth Smulator Project, one has to solve alarge system of equations involving asmall parameter( 1/
Re). Two zones can be identified and in the outer one inviscid flow model & adequate. To take
advantage of this fact, a new formulation is introduced which reduces to irrotationd flow in the outer
zone. Generdized Cauchy/Riemann equations, with a non-homogenous term representing the vorticity ,
are solved for the velocity components . The vorticity is evauated only in the viscous flow regions using
the momentum equations. The present formulation can be viewed as a heterogeneous doman
decomposition method to ded effectively with viscousfinviscid interaction snce communication is
achieved through the forcing function and not just through the interfaces among the zones as in the
standard methods. Currently, some test cases are calculated to asses the validity of this gpproach.

I.E.ii.e FlavioLerda

Resear ch Description

The main focus of the research is the gpplication of digtributed and pardld architecturesin scaling up the
effectiveness of software modd checking. To this end a distributed verson of the Java model checker
(JPF) has been developed that execute on multiple SUN workstations. This work included a number of
innovative extensons to the core JPF system. Current work focuses on developing a pardld verson of
the JPF modd checker to run on amassively parald shared memory machine (SGI Origin 2000).

[1.E.ii.f DimitrisMaroudas

Resear ch Description
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In collaboration with Dr. S, P. Wach of NASA's Ames Research Center, we conducted a systematic
theoretical and computationa study of the mechanisms and energetics of hydrogen abstraction from the
hydrogen-terminated dimerized S(001) surface by H atoms impinging from a gas phase. These
abgtraction reactions were andyzed following a hierarchica computational approach that combined
molecular-dynamics amulations with ab initio dendty functiond theory cdculations. For H aoms
impinging a therma energies, a new two-step abdtraction mechanism was identified involving surface
dihydride formation and subsequent desorption of a hydrogen molecule from the surface; a higher
kingtic energies of the impinging H atloms, an atherma Eley-Rided abstraction mechanism was found to
be operative.

During his two-week vigt to NASA Ames and RIACS, June 19-30, 2000, the PI (Prof. Maroudas)
focused his research efforts on two tasks. The firgt (in collaboration with his co-PI, Prof. E. S. Aydil
and ther sudents S. Sriraman and S. Ramdingam) was andyss of the evolution of dructure,
morphology, and reactivity of hydrogenated amorphous slicon (aS:H) film surfaces grown by
molecular-dynamics (MD) amulation. The second (in collaboration with Dr. S. P. Walch a8 NASA
Ames) was the detailed andysis of chemicd reactions between chemicaly reactive radicas, such as
SiH3, and crygdline slicon surfaces, such as S(001), based on quantum mechanica cdculations within
the framework of density-functiona theory (DFT); these reactions are crucid dementary steps in the
growth of dlicon thin films from slane (SH4) containing plasmeas.

Specificdly, the rdationship between the sructure, hydrogen coverage, morphology, and chemica
reactivity d plasma deposited hydrogenated amorphous silicon (aS:H) film surfaces was investigated
usng MD dmulations. These aSi:H films were generated computationdly by nanosecond-scae MD
amulations using the gyl radicd (SH3) as the sole depostion precursor. The corresponding aS:H
surfaces were found to be remarkably smooth due to a valey-filling mechanism where mobile
precursors, such as SIH3 and Si2H6, diffuse and react with dangling bonds in the valeys on the surface.
Andyss of the MD trgectories reveded that surface valeys are reactive due to the increased
concentration of slicon dangling bonds and the decreased hydrogen coverage in these regions. This
was the firs computer smulation work to provide definitive evidence for a mechanism that has been
speculated for over a decade in the experimentd literature. According to our MD smulations, the
previoudy speculated physisorbed configuration, where SH3 is weakly bound to the surface through an
H aom, is highly unlikdy to be the mobile precursor state. This work has been submitted for
publication in Applied Physics Letters.

In addition, quantitative surface chemica reaction andys's based on DFT was completed for a number
of reactions identified by MD smulations and further detailed study of the corresponding reaction paths
was caried out by quenching the MD trgectories dong the reaction paths. The analyss included
insertion reactions of SH3 on hydrogen-terminated Si(001)-(2x1) surfaces, adsorption of SIH3 on the
prigine S(001)-(2x1) surface, and both Eley-Rided and Langmuir-Hinsedwood pathways for
abdraction of surface H atoms from hydrogenterminated Si(001)-(2x1) surfaces. This work
elucidated the corresponding reaction mechanisms and provided, for the first time, definitive answersto
various proposals that were made over the past decade in the experimentd literature. Part of this work
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has been published in Chemical Physics Letters and other parts are in preparation for submission for
publication (Publications No. 4, 9, 10, and 13 in the attached List of Publications).

II.E.ii.g Francesca Rossi

Task Supported

Soft tempord congtraint reasoning

Resear ch Description

Francesca Ross's expertise is in the area of congtraint reasoning with soft congtraints. A representation
of soft congraints is useful for applications, such as planning, in which certain plans can be sad to be
preferred over others. Soft condraints is a representation of such preferences. During her week at
Ames, Professor Ross discussed her framework for representing soft congtraints with the Planning and
Scheduling group, in particular, with Paul Morris, Lina Khatib, and Robert Morris. She aso presented a
seminar on her work to awider 1C audience.

I1.E.ii.h  Neil D. Sandham

Task Supported

CFD

Resear ch Description

An entropy-plitting Navier-Stokes code, previoudy developed and run for turbulent channd flow, was
further refined during this vist. The technique involves a canonica plitting of the Euler terms to satiy
conditions for a nonlinear stability bound. Compatible boundary schemes are aso used, dong with a
reformulation of the viscous terms.  The schemes can successfully smulate compressible turbulent
channd flow, even on relaively coarse grids. The previous dendty equation treatment was found to be
incompatible with the summation by parts (SBP) differentiation scheme for laminar flow, and is now
normally turned off. For comparison, new routines with reduced order a boundaries were written. The
gxth order scheme was sgnificantly more stable with the order reduced successively to 4th and 2nd
order a boundaries than the corresponding SBP scheme. To reduce truncation errors near boundaries
an dterndive geometricaly-stretched grid was developed. Neither this, nor the other modification
above were able to remove a smdl wiggle in the totd averaged stress near the wall, which may be an
unavoidable consequence of coarse grid smulations; the solution converges to the correct one as the
grid isrefined. High Mach number smulations (channe centerline Mach number up to 4.0) were run,
athough some additiona dissipation was needed to integrate through the initid trangents. It was not
possible to smulate higher Mach numbers, perhaps due to a more extreme version of the same
problem. Pushing the high Mach number limit of the code remains an issue for future investigation. A
modified code was developed with no-dip adiabatic wal boundaries in two directions, remaning
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periodic in the third. This was successfully gpplied to the Daru-Tenaud shock tube test case using an
artificd- compression-method (ACM) shock and contact detector. This case will provide a chalenging
test for the S§ogree-Y ee wavel et detector.

II.E.ii.i  Sankaran Venkateswaran, Ph.D.

Resear ch Description

Research focused on the implementation of a coupled CFD/neural network based formulation for
chemica vapor depostion (CVD) reactor desgn and control. The model consdered polysilicon
deposition from a dislane/hydrogen mixture in a CVD reactor capable of accommodating a 300 mm
wafer. CFD computations were used to generate deposition rate data (average and distributed), which
were then used to train the neurd net. In tota, about 250 individual CFD computations were obtained
to cover the parametric ranges of interest. The net was represented by a three-layer, feed-forward
network. The trained net was then used to predict the functiona behavior of the deposition rate with
respect to the process variables. Additiond CFD computations were used to vdidate the neurd
network predictions. Further, the research dso included preliminary assessments of adapting the
plasma-CVD code for space propulson applications, such as Hal thrusters and pulsed plasma
thrusters.

[I.E.iij  Simon Wildermuth, Ph.D.

Resear ch Description

A digitd, volumetric model of arat was constructed from high resolution CT scansto create a 3D atlas
of the rat's anatomy. Axid CT scans were taken dong the entire length of the anima, with nomina
sampling resolutions of 0.5 mm between dices. The data were combined into a Single volumetric image
of the animd, and used as a bass for segmentation and modeling of the anatomy. Isosurface
segmentation was used to segment out bone, skin, and mgor organs such as heart, liver, kidney, and
lungs. Extensve use of the AMIRA toolkit was used to isolate individua portions of the anatomy for
segmentation, dlowing distinct recongruction bones as individud eements of the skdetd Sructure.
Similar techniques were employed to segment and isolate different soft tissues, notably mgor organs
and their connective systems.

The 3D modds of the rat anatomy obtained from segmentation of the CT data were used in a virtud
surgery sysem. In collaboration with the NASA- Stanford center for biocomputation, the anatomical
models are used as a test data set in the development of a computer aided surgicd smulator. Using
force feedback devices to smulate physica interaction with the models, a system is under development
to dlow physcians to fed themsdves cutting through the virtua objects, and practice basic surgica
procedure in a virtua setting. This system will aso be used to aid astronaut training in basic biologica
surgica procedures, a project in tandem development with the NASA Ames Center for Bioinformatics.
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II.E.ii.k  David Zingg

Resear ch Description

Prof. David Zingg visted the Algorithms and Application Group in code INA during his tenure for the
summer 2000. His research included collaboration in the design, development and andysis of higher
order finite difference methods for the Euler and Navier- Stokes equations. This was a continuation and
culmination of research started by his group at the University of Toronto, see:
1. De Rango, S, and Zingg, D.W., "Further Investigation of a Higher-Order Algorithm for
Aerodynamic Computations, AIAA 2000-0823, Jan. 2000.
2. Zingg, D.W., De Rango, S., Nemec, M., and Pulliam, T.H., "Comparison of Severd Spatia
Discretizations for the Navier- Stokes Equations,” AIAA 99-3269, June 1999.

In addition, Prof. Zingg in collaboration with Tom Pulliam (Code INA) initiated research into

"Numericd Uncertainty from Computationa Algorithms', an atempt to develop a theory of error
assessment and risk assessment for Computationa Fluid Dynamics.

II.F Inventions

Based on the work described above as well aswork performed in prior years of this cooperative
agreement, the following inventions have been filed with NASA.

CaseNo. Title [ nventor

ARC-14529-INP IND 2.1 - Creation and Manipulation of Decision Trees | Wray Buntine
from Data

ARC-141517-1ICU Remote Agent Planner/Scheduler: A System for Paul Morris & Kanna
Generating Complex Rajan

ARC-14287-1 Virtual Cutting Tool for Use With High Resolution Steven Senger
Three-Dimensional Medical Imaging System

ARC-14441-1 Method and Apparatus for Virtual Interactive Medical lan Twombly & Steven
Imaging by Multiple Remotely-L ocated Users Senger

ARC-14490-1 Livingstone: A System for Automated Diagnosis and Barney Pell, Pandu Nayak
Discrete Control of Complex Systems & William Millar

ARC-14489-1 Ultrasound Segmentation and Echo-Cardiogram Using Esfandiar Bandari
Stochastic Relaxation

Table 1: Invention Disclosures
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Il Seminarsand Workshops

RIACS holds both regularly scheduled and specid seminars which bring in speskers from the Ames
scientific community, Univergty researchers, and High-tech indusiry researchers. These seminars
provide an excdlent forum for education and collaboration with leadersin the field.

RIACS dso holds workshops which address computer science issues in depth by bringing together
NASA and RIACS stientists with |leading researchersin the fidd from Universities and industry.

[11.A Dates, Speakers, and Abstracts of RIACS Seminars

September 28, 2000: Hector H. GonzalezBanos, Stanford University, CS Robotics Lab,

M otion Strategies for Autonomous Observers

This talk presents techniques to generate motion Strategies for a new class of autonomous agent caled
the Autonomous Observer. An autonomous observer (AQ) is a physicd agent performing high-leve
vison-oriented operations, such as tracking a moving target or building maps of an environment. What
diginguishes an AO from other autonomous agents is the use of its sensors as end-effectors. In
traditiona robotics, sensing is a means to an end --- e.g., sonars are used for collison avoidance in
robot navigation, cameras are used to recognize individua parts in assembly tasks, and proximity
sensors enhance grasping operations. For an AO, on the other hand, information gathering is the godl.
Building models of objects and/or environments, detecting faults in large structures, tracking moving

targets, or performing survellance operations, are dl examples of tasks for AO sysems. One
characterigtic feature of al AO-based sysemsis the need to satisfy geometric vishbility congraints while
planning and executing motions. Although smilar problems have been sudied in other contexts, the
materia presented in this talk focuses on the fundamenta motion planning problem rather than on the
vison or senang aspects. Which locations must be visited by a robot to efficiently map abuilding? How
must a robot proceed in order to explore an environment? What motions will keep a target in view?
How can we reduce the number of sensing operations? To answer these questions we propose
randomized art-gdlery and next-best-view dgorithms. These dgorithms have been integrated in robot
sysemsand experimentd results will be described. hhg@robotics.stanford.edu

Sept. 14, 2000: Robert Eklund, Tdia Research & Linkdping University, Disfluency Studies
at Telia Research

Automatic speech recognition (ASR) has reached a level of rdiability that dlows use in commercid
gpplications. However, not dl problems with regard to ASR have been solved, and one particular field
that remains to be solved is the handling of 'disfluencies, typica of spontaneous speech, i.e, filler words
like "en", "uh", unfilled pauses, repeated words, truncated words, mispronunciations, prolonged
segments and other hesitation phenomena. This talk gives an introduction to ongoing disfluency studies
a Telia Research, Sweden's biggest telecom operator. The talk will cover methodology and data
collection as well as different speech corpora. Results from different corpora are presented, and
comparisons are made between human-machine interaction using different modalities eg. telephone
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conversations vs. graphical interfaces. Some results from cross-linguidtic sudies (Svedish vs American
English; Swedish vs. Tok Pisin) are will aso be presented.

Sept. 14, 2000: Lise Getoor, Stanford University, L earning Probabilistic Relational M odels

A large portion of red-world datais stored in commercid relationa database systems. In contrast, most
datigtica learning methods work only with “flat" data representations. Thus, to apply these methods,
we are forced to convert our datainto aflat form, thereby losing much of the reationd structure present
in our database. I'll describe recent work on probabilistic relationa models (PRMs), and describe how
to learn these nodels directly from structured data. PRMs alow the properties of an object to depend
probabiligtically both on other properties of that object and on properties of related objects. PRMs are
more expressive than standard grephicd modds, such as Bayesan networks, and I'll show how to
extend wel-known datigticd methods for learning Bayesan networks to learn these modes. I'll
describe a range of learning dgorithms, beginning with methods for learning modds with uncertainty
over atribute vaues, next incorporating class hierarchies, and findly learning dgorithms that handle
sructura uncertainty. As we go adong, I'll present experimenta results on both red and synthetic data.
Joint work with Nir Friedman, Daphne Kaller, Avi Pfeffer and Benjamin Taskar

August 31, 2000: Dogan A. Timucin, RIACS-NASA Ames, Holographic Optical Data Storage
with Bacteriorhodopsin

The holographic storage paradigm has been pursued for nearly four decades as an dternative to
traditiond memory technologies. This quest hes followed a cydica path between vitdity and dormancy
over time - atypicad symptom of the disease of fashion in science: interest was fueled by the promise of
unprecedented storage capacities and access times on one hand, while real progress was hindered by
the lack of many enabling technologies on the other. In this (tutorid) talk, | will sart by reviewing the
principles behind holography and optica information processing. | will then describe holographic optical
data storage architectures and materias, and discuss the current status of research and development
eforts in this fidd. Findly, | will highlight a promisng bio-opticd materid, bacteriorhopsin, with which
we have worked recently toward building a holographic storage test-bed for NASA applications.

August 17, 2000: SSRP 2000 "Rover Control as a Markov Decision Process', Dan
Bernstein, Univerdsity of Massachusetts, " Property Specification for Java Pathfinder”, Jeff
Thompson, University of Minnesota; "Integrating Natural Language Processing and Eye
Tracking in Interfaces for Semi-autonomous Agents', Jason Baldridge, University of
Edinburgh; "Non-parametric State and Fault Identification for Rovers', Vandi Verma,
Carnegie Mdlon University; " Implementation Issues with Haptics in an Immersive Virtual
Environment”, Forrester Cole, Harvard Universty; " Incremental Reasoning in (non-binary)
CSPs', Glen Nuckolls, UC Davis

Students discuss the problem or task(s) they are working on as participants in the SSRP, the goasto be
accomplished with this work, the approach taken to solve the problem or perform the tasks, the current
gtatus of the work and possible interesting future extensions to thiswork (part 11).

August 14, 2000: Jim Hieronymus, Gothenburg University, Spoken Dialogue Management
using Dialogue Moves and I nformation States
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Spoken didogue systems which closdy modd humarnthuman didogues will be easy to use and more
readily accepted by the general public. The EU Sridus project systems under development by
Gothenburg Univergty, SRI Cambridge, Telefonica and University of Seville attempt to model how
humans behave in task oriented didogues. Given atask domain, it is possible to define a set of diaogue
moves which cover dl of the utterances from a database of human-human didogues on the same task.
Information States provide a framework for implementing plans and flexible didogue andyss to
determine the present spesker move and the next move by the systlem. Example dialogues from the
trave information doman will be shown, didogue moves and information date structures used to
manage a very natura, mixed imitative dialogue will be discussed. A new asynchronous implementation
of the didogue manager has just been implemented which alows processng of acknowledgement
moves during system speech will be discussed and perhgps a demo will be shown of this system
working.

August 11, 2000: Francesca Rossi, University of Padova, Italy, Soft constraints

Soft congtraints add to the classica notion of congtraint the possibility of dealing with important features
like fuzziness, uncertainty, optimization, probability, and partia satisfaction. This talk will describe the
current state-of-the-art in the area of soft congraints, by reviewing the existing frameworks and pointing
out the relations among them. Then, it will focus on one of the most generd frameworks for soft
condraints, which is based on a semi ring structure, and, for such a framework, it will present its
properties and congtraint propagation agorithms. Notions of abstraction and learning for soft condraints
will dso be given. Findly, it will describe and show the usefulness of a logic-based programming
language, caled clp(fd,S), where soft congtraints can be naturaly used and are efficiently implemented.

August 10, 2000: "Converting STRIPS Planning Domain Representations to Equivalent
Remote Agent Representations', Kristin Branson, Harvard University; " Towards Solving
NP-Complete Problems with Quantum Computation”, Brian Murphy Stanford Universty"”;
Collective learning of action sequences in groups of semi-autonomous agents', Adrian
Agogino, University of Texas, "Automated Analysis of Convergence Properties of
Synthesized Programs’, Ralph Benzinger, Cornell University; "Using Statistic Matching for
Cross-validation Error to Improve Generalization", Sergey Kirshner, University of California,
Irvine

Students discuss the problem or task(s) they are working on as participants in the SSRP, the goasto be
accomplished with this work, the approach taken to solve the problem or perform the tasks, the current
gtatus of the work and possible interesting future extensions to thiswork (part I).

July 26, 2000: David Traum,Ph.D. University of Maryland, Computational Models of
Grounding in Collaborative Systems

Common ground (or mutua belief) between conversationa participants is assumed to be crucid for
many collaborative tasks. However, the process by which this common ground is augmented (caled
Grounding) has often been ether overamplified or sudied in an off-line manner. | will present two
computational gpproaches to grounding, using ideas from speech act theory, and discuss ther
advantages and short-comings for hedping enable a computer sysem to andyze and engage in
cooperative spoken and multi-modad communication. The firgt, from Traum 1994, views grounding
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related action as performing one or more of seven types of "grounding acts’, and uses finite Sate
automata to track the state of grounding and serve as context for planning grounding related utterances.
The second, presented in Traum and Dillenbourg 1996, 1998, generdizes the notion of grounding act
function, and uses a utility theory mode to help select an appropriate next action.

July 25, 2000: Theodore W. Berger, Ph.D. and Jim-Shih Liaw, Ph.D. Department of
Biomedical Engineering, Center for Neural Engineering, University of Southern California
The Dynamic Synapse Speech Recognition System: Using Neural Nonlinear Dynamics for
Temporal Pattern Recognition

Drs. Berger and Liaw will describe anove neura network architecture based on the nonlinear dynamics
of synaptic transmission in the hippocampus, a part of the brain involved in the formation of pattern
recognition memories. A combined experimenta-theoretica approach based on nonlinear systems
theory is used to characterize functiona properties of hippocampa neurons and syngpses, and in
particular, those properties that underlie the sengtivity of hippocampa neurad eements to higher-order
tempord patterns. These nonlinear transformationa characteristics are then embedded in neurd network
models, and used as the instruments to extract features of temporaly coded inputs, e.g., Speech Sgnas.
A novd "dynamic learning rule," based on adgptive mechanisms of hippocampa syngpses, is used to
obtain an optimized feature set. Results demondtrate that this approach provides the basis for speaker-
independent and speaker-specific word recognition with very small, highly smplified neura networks.
Performance of trained networks is highly robust with respect to noise, with systems to date out-
performing both human listeners and commercid gpeech recognition systems, when ether Gaussan
white noise or background speech from multiple, non-target speakers is used. Because the model
assumes only neurobiologica properties, the system also can be extended to other application domains
involving tempora or spatio-tempora pattern recognition, e.g., Speeker verification/identification, sonar
classfication, and sensor fuson. Also to be reviewed is rdaed work involving andog VLS
implementations of the nonlinear neura network modes, including those developed for speech

recognition.

July 24, 2000: Paul Dan Cristea, Department of Engineering Sciences, " Politehnica"
University of Bucharest, The evolutionary intelligent agent concept

The presentation will focus on prdiminary results in exploring the Evolutionary Intelligent Agent (EIA)
concept, that merges the Intelligent Agent and the Evolutionary - Genetic Algorithms approaches. EIAs
are Intdligent Agents provided with a genotype that controls their capabilities to carry out various tasks,
i.e, their phenotype. E1As benefit of the two mgor forces of adaptation: learning - occurring &t the level
of each agent and a the time scale of an agent's life, and evolution - taking place & the level of the
population and unfolding at the time scae of successve generations. Thus, EIAs can address the red-
life problem of adaptation in complex and non-predictable environments as the nowadays worldwide
computer networks. In this phase, a prototype of the EIA system has been implemented for study
purposes, to experimentdly investigate the EIA concept. The modd is quite Smple, but illustrates the
basic features of an EIA system. According to the concept, the EIAs have not only areactive behavior,
but dso cognitive features. To help visudize the EIA system dynamics, a sensorimotor type of agents
has been consdered, evolving in a two-dimensond world and performing severd smple tasks. The
system can comprise one or nore agent populations (teams). The agents from different populations
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interact only by acting in the same environment. The agents from the same population may aso interact
directly, e.g., through message exchanges, genetic interactions, etc. An agent holds subjective, partid
information about the environment, a two levels of world representation: the sensorid leve - depictedin
a sensorid map congructed with the tactile and visud inputs, and the cognitive level - depicted in a
cognitive map based on the information in the sensorid map, but modified and enriched through some
heurigtic processing and with the information received by communicating with other agents in the same
population.

July 24, 2000: Adina Magda Florea, Professor, PhD - Department of Computer Science,
"Politehnica® University of Bucharest, Sdf-interested agents. from competition to
cooper ation

In a multi-agent system, an agent exists and performs its activity in a society in which other agents exit
and act. Therefore, coordination among agents is essentid for achieving the goas and acting in a
coherent manner. When agents in the system are sdlf-interested, coordination and cooperation should
be achieved through communication and negotiation. The presentation will focus on two aspects of sdlf-
interested cognitive agents behavior. A first part is dedicated to present a modd and associated
behavior of sdf-interested agents that are endowed, besides the widely accepted BDI attitudes, with
preferences, obligations, norms, and gain. The behavior of the agents is mainly motivated by the gain
they obtain while fulfilling their preferred gods and by the necessity to cooperate with other agents for
achieving these gods. The main focus is on negatiation, an agent using a set of inference rules based on
codt, gain, and the cooperation profile of the other agents developed during previous interactions. The
mode is fitted to develop multi-agent based gpplications for open environments but also for applications
with cooperative agents in which agents are distributed and have a certain degree of independence. A
second part of the presentation is dedicated to a multi-agent system that tries to solve the problem of
rationa exploitation of natura renewable resources, named dso the "tragedy of cwmmons' problem.
The agents use a genetic representation to model the evolution of the unpredictable world in which they
live, leading to ecologica plans of actions to preserve the resources. The genetic approach is based on
cooperative coadapted species and modes the multi-agent world from the point of view of a particular
agent. The proposed genetic representation may aso be used to investigate, in a centralized manner, the
behavior and features of the entire society of agents for the "tragedy of commons' problem. The am of
the work is to propose and investigate a hybrid type of intelligent agents that are basically cognitive but
which are endowed with evolutionary components to overcome the limitations of their beliefs and lack
of complete knowledge on the environment in which they act.

July 11, 2000: Yigal Arens— Intelligent Systems- USC/ISI

The Information Sciences Inditute of the Universty of Southern Cdifornia is a computer science
research facility located off-campus in Marina del Rey. It b active in a number of areas of computer
science, incdluding networking, software engineering, and artificid inteligence. The Intdligent Systems
Divison at ISl is one of the largest Al groups in the country, with over 70 staff researchers, research
faculty, students and vistors. Al research a 1S includes research in the areas of knowledge
representation and ontologies, information management and integration, intelligent agents, naturd
language trandation and summarization, modeling and smulaion, distance education, digita government,
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robotics, and more. My talk will describe the main Al projectsat |Sl, devoting specid attention to those
that overlap with ongoing research at RIACS.

July 7, 2000: Dr. Arun Jagota - Univerdsity of California at Santa Cruz, Statistical Machine
Learning for Large Scale Optimization

Difficult optimization problems arise in dl fields of stience, engineering, and indudtry; exact solution
methods are often lacking, heuristic methods of dl sorts abound. Recently, a group of researchers has
begun to add yet another such meta-method to the mix. Optimization involves a search for good
solutions. During the course of a search one vigts severd feasblelinfeasble/partid/complete solutions.
Perhaps something can be learnt from them, to be profitably gpplied to discovering a better solution, or
perhaps towards solving ardated problem. In thistak | will present an overview of the recent works of
severd groups on gpplying machine learning methods to optimization problems. | will aso discuss my
ownwork in this area.

July 6, 2000: Robert Filman, RIACS/NASA Ames, Applying Aspect-Oriented Programming to
the Inteligent Synthesis Environment Problem

A criticdl issue in developing component-based and distributed systems is getting the assembled set of
components to follow the policies of the overdl sysem. To achieve ilities such as rdigbility, avalability,
respongveness, peformance, security, and managesbility, dl sysem components must consstently
perform certain actions. One emerging example of a system in need of such regularity is NASA's effort
to create an Intdligent Synthess Environment (ISE).ISE ams to link scientidts, design teams,
manufacturers, suppliers and consultants in the virtud crestion and operation of aerospace systems. In
this talk, | describe the ISE problem and architectura issues for ISE. A solution to the architecture
complexity of ISE lies in employing the technology of Aspect-Oriented Programming (AOP). AOP
provides mechanisms for separating the specification of different ilities and weaving them together into
running systems. | will present an AOP system we have implemented, the Object Infrastructure
Framework (OIF), and discuss how OIF could be applied to the ISE problem.

June 28, 2000: Manny Salas, USRA —ICASE, Overview of Research at ICASE

The Ingtitute for Computer Applications in Science and Engineering (ICASE) was established at NASA
Langley Research Center on July 1972. The purpose of the ingtitute when it was created was not only
to do unclassfied basic research in goplied and numericd mathematics, fluid mechanics and applied
computer science, but aso to infuse the results of such research into Langley's programs, to expose the
academic community to problems and programs of interest to NASA, an to foster interactions with that
community. While research areas have changed over the years, the mission of the inditute has remained
true. For 28 years ICASE has played a critical role in advancing the State of the art in computatiord
flud dynamics turbulence modding, boundary layer dability and trangtion, pardld numerica
dgorithms, and pardld compilers. Today, in addition to these research areas, ICASE conducts
research in sructures and materids, forma methods, multidisciplinary optimization and other areas of
interest to Langley. In this lecture | will give an overview of the inditute and of its current research
topics.
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June 22, 2000: Logic-Based Subsumption Architecture, Pedrito Maynard-Reid II, Stanford
University

We describe a logic-based Al architecture based on Brooks subsumption architecture. In this
architecture, we axiomatize different layers of control in Firs-Order Logic (FOL) and use independent
theorem provers to derive each layer's outputs given its inputs. We implement the subsumption of lower
layers by higher layers using circumscription to make assumptions in lower layers, and nonmonotonicaly
retract them when higher layers draw new conclusons. We dso give forma semantics to our approach.
Findly, we describe four layers designed for the task of robot control and an experiment that empiricaly
shows the feashility of usng fully expressve FOL theorem provers for robot control with our
architecture.

June 8, 2000: Interactive Visualization of Large Graphs and Networks, Tamara Munzner,
Stanford University

Many red-world domains can be represented as large node-link graphs: for instance, backbone Internet
routers connect with 70,000 other hosts, mid-sized Web servers handle between 20,000 and 200,000
hyperlinked documents, and dictionaries contain millions of words defined in terms of each other.
Computational manipulaion of such large graphs is common, but previous tools for grgph visudization
have been limited to datasets of a few thousand rodes. Visua depictions of graphs and networks are
external representations that exploit human visua processing to reduce the cognitive load of many tasks
that require understanding of globd or loca sStructure. We assert that the two key advantages of
computer-based systems for information visudization over traditiona paper-based visud exposdtion are
interactivity and scdability. We dso argue that desgning visudization software by taking the
characteristics of a target user's task domain into account can lead to systems that are either more
effective and scde to larger datasets than previous work. This tak includes an andyss of three
pecidized systems for the interactive exploration of large graphs, reaing the intended tasks to the
spatid layout and visua encoding choices. We present two nove agorithms for specidized layout and
drawing which use quite different visud metgphors. The H3 sysem for visudizing the hyperlink
structures of web sites scales to datasets of over 100,000 nodes by using a carefully chosen spanning
tree as the layout backbone, 3D hyperbolic geometry for a Focust+Context view, and provides a fluid
interactive experience through guaranteed frame rate drawing. The Congellation system fegtures a highly
specidized 2D layout intended to spatidly encode domain-specific information for computationd
linguists checking the plausibility of a large semantic network created from dictionaries. The Planet
Multicast system for displaying the tunnd topology of the Internet's multicast backbone provides alitera
3D geographic layout of arcs on a globe to hdp MBone maintainers find potentialy misconfigured long-
distance tunndls. Each of these three systems provides a very different view of the graph structure, and
we evauate ther efficacy for the intended task. We generdize these findings in our andyss of the
importance of interactivity and specidization for graph visudization systems that are effective and
scdable.

June 6, 2000: Didributed Sharedmemory Programming with the Unified Paralld C
Information Power Grid, Tarek El-Ghazawi, Geor ge Mason University

Paralel programming paradigms have been designed around three models. These are message passing,
data pardld, and shared- memory. Shared-memory can Smplify programming, asit provides a memory
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view smilar to that of uniprocessors. Practical experience, however, has shown that large-scde pardld
meachines should have physicdly digtributed memories. Further, it has shown that as the programmer
gets closer to the underlying hardware, higher performance execution could be achieved. Thus,
desgning pardle programming languages around a digtributed shared-memory model has the promise
of ease-of-programming as well as efficiency, Snce programmers can exploit features such as memory
locality in distributed memory systems. Furthermore, the use of an abstract distributed shared-memory
model can lead to program portability and dlow efficient compiler implementation on other pardld
architectures. UPC is supported by a forum of government, academia, and industry, and many
implementations are available or will become available soon.

Dr. El-Ghazawi will dso present an overview of his previous research in high-performance computing
and future direction.

May 11, 2000: Optimal Reward Functions in Distributed Reinforcement Learning, Kagan
Tumer, Code IC, NASA Ames

The mathematics of " COllective INtelligence’ (COINS) is concerned with the design of multi-agent
gysems in order to optimize an overdl globd utility function when those systems lack centralized
communication and control. Typicaly in COINs each agent runs a distinct Reinforcement Learning (RL)
dgorithm so that much of the design problem reduces to how best to initidize/lupdate each agent's
private utility function, so as to avoid their working at cross purposes as far as the globd utility is
concerned. Traditiond ~team game” solutions to this problem assign to each agent the globa utility as
its private utility function. In previous work we used the GOIN framework to derive the dternative
“Wonderful Life Utility" (WLU), and experimentaly established that having the agents use it induces
globa utility performance up to orders of magnitude superior to that induced by use of the team game
utility. In this work we discuss new utility functions that provide improvements over both the WLU and
the traditiona approaches.

April 27, 2000: Bayesian Super-Resolved Surface Reconstruction From Images, Vadim
Smelyanskiy, RIACS/NASA Ames

Bayesan inference has been used successfully for many problems where the am is to infer the
parameters of amodd of interest. In thistalk we formulate the three dimensiona reconstruction problem
as the problem of inferring the parameters of a surface modd from image data, and show how Bayesian
methods can be used to estimate the parameters of this mode given the image data. Thus we recover
the three dimensiona description of the scene. This gpproach aso gives greet flexibility. We can specify
the geometrica properties of the mode to suit our purpose, and can dso use different modes for how
the surface reflects the light incident upon it. In common with other Bayesan inference problems, the
edimation methodology requires that we can smulate the data that would have been recorded for any
vaues of the modd parameters. In this gpplication this means that if we have image data we must be
able to render the surface model. However it aso means that we can infer the parameters of a model

whose resolution can be chosen rrespective of the resolution of the input images, and may be super-
resolved. Also, once the model is inferred we can produce high resolution images of a surface from the
view points that are different from those of low-resolution input images. We present results of the large
scde inference of surface modds from smulated aerid photographs for the case of super-resolution,
where many surface dements project into a single pixd in the low-resolution images.
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March 2, 2000: Compiling Language Models from a Linguistically Motivated Unification
Grammar, Manny Rayner, RIACS/NASA Ames

Systems now exist which are able to compile unification grammars into language modes that can be
included in a gpeech recognizer, but it is so far unclear whether nonttrivid linguisticdly principled
grammars can be used for this purpose. We describe a series of experiments which investigate the
question empiricdly, by incrementally constructing a grammar and discovering what problems emerge
when successively larger versons are compiled into finite state graph representations and used as
language moded s for a medium-vocabulary recognition task.

February 17, 2000: The Sun's Magnetic Attractions, Lyndsay Fletcher, Lockheed Martin,
Missiles and Space

The last three decades, since the advent of space-borne solar observatories, has been a period of rapid
flourishing in our understanding of the outer atmosphere of the sun. Observations in the ultraviolet to X-
ray parts of the spectrum have shown clearly that the structure, the dynamics and the evolution for the
solar atmosphere are dominated by its magnetic field, which is generated by a dynamo located a the
interface between the radiative core and the convection zone. The manifestations of the sun's magnetic
activity indude sunspots, solar flares, coronal mass gections, and aspects of the solar wind. | will
attempt to summarize our current understanding of the magnetic solar amosphere, with the ad of many
beautiful images from satellites such as Yohkoh, TRACE and SoHO. | will aso touch upon the
implications of solar magnetic activity for life on our planet.

February 3, 2000: Knowledge-Based Abstraction, Visualization, and Exploration of Time-
Oriented Data, Yuval Shahar, Stanford University Medical Center

| will describe a conceptud and computationd architecture caled Knowledge-based Navigation of
Abdractions for Visudization and Explanaion (KNAVE). KNAVE is a domain-independent
framework specific to the task of interpretation, summarization, visudization, explanation, and interactive
exploraion in a context-sengtive manner through time-oriented raw data and the multiple levels of
higher-levd, interva-based concepts that can be abstracted from these data. The KNAVE domain-
independent exploration operators are based on the relations defined in the knowledge-based temporal-
abstraction problem-solving method, which is used to abgtract the data, and thus can directly use the
domain-specific knowledge base on which that method relies. Thus, the domain-specific semantics are
driving the doman-independent visuaization and exploration processes. By accessing the domain-
specific tempora-abstraction knowledge base and the domain-specific time-oriented database, the
KNAVE modules enable users to query for domain-specific tempora abstractions and to change the
focus of the visudization, thus reusing for a different task the domain modd that has been acquired from
the doman experts.  Although | will focus on the methodology, | dso will present a preiminary
evauation of the KNAVE prototype in amedical domain. Our experiment incorporated seven users, a
medical patient record, and three complex tempord queries, typica of guideline-based care, that the
users were required to answer and/or explore. The results d that preiminary experiment have been
quite encouraging. The KNAVE methodology has potentidly broad implications for tasks such as
planning, monitoring, explanation, and interactive data mining of time-oriented data.
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January 20, 2000: Modeling and simulating work practices on the Moon - An agent-based
approach, Maarten Serhuis, RIACS

In recent years, interest in collaborative agents has increased due to the fact that most applications al'so
require collaboration with other systems and their users. Although we have started from a different need,
namely understanding the way people work, collaborate, and communicate in thelir environment, we
have developed an agent-based smulation environment (Brahms) that dedlswith alot of the same issues
as the intelligent agent community is now addressing. In thistalk | will present a multi-agent modd of the
collaborative work practices of the Apollo astronauts during the Apollo Lunar Surface Experiments
Package (ALSEP) offload from the Lunar Module. The god of this experiment was to investigate the
use of the Brahms-language in describing an exidting, though mostly forgotten, work practice. The
chdlenge we faced in this experiment was to investigate if our theory of modeling work practice, as
implemented in the language, would be sufficient to describe the work practice in the chosen domain. |
will present an overview of the Brahms language and environment, based on this Apollo example.

December 13, 1999: An Overview of the Spoken Language Trandator, Manny Rayner,
RIACS

In this tak, | will give an overview of the Spoken Language Trandator (SLT) project. SLT, which ran
from 1992 to 1999 under sponsorship from Telia Research, Stockholm, was one of the first serious
projects in the area of automatic trandation of speech. The find prototype performed trandation
between English, French and Swedish in the domain of ar travel inquiry systems, using a vocabulary of
about 1500 words, and with an accuracy of about 75%. Average processing times are around 4
seconds per utterance.

The SLT system conssts mainly of generd purpose domain-independent components which are tuned
to the domain using supervised training techniques, and uses a hybrid architecture which combines deep
and shdlow processing methods. Many of the techniques developed under the project are applicable to
other types of spoken language understanding task.

A book about the SLT system will be published next year by Cambridge University Press.

December 02, 1999:  Combining Prosodic and Language Models for Speech Segmentation
and Recognition, Andreas Stolcke, SRI International

This tak will give an overview of recent work a SRI amed a extending the output of speech
recognizers beyond the usud stream of words, providing additiond information such as sentence
segmentation, disfluency detection, identification of proper names and topic segmentation. All of these
tasks are addressed in a common approach: a combination of the (fairly standard) lexical modeling,
usng hidden Markov and datigticd language modding, and the (not-so-standard) exploitation of
prosodic cues to the "hidden” events (tags) sought. | will discuss the modeling approaches used, and
present results for sentence segmentation and disfluency annotation on the Switchboard corpus, aswell
as for sentence and topic segmentation in the Broadcast News domain. Prosodic modeling is shown to
improve performance on these tasks, in some cases dramaticaly. It turns out that hidden event modeling
can aso improve word recognition itsdf, by congraining hypotheses to be consstent with prosodic
characterigtics of hidden events.

Thisisjoint work with Liz Shriberg, Dilek Hakkani- Tur and Gokhan Tur.
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Bio: Andreas Stolcke is a S. Research Engineer in SRI's Speech Technology and Research
Laboratory, where he has been working on statistical language modeling, spontaneous speech modeling,
and large-vocabulary recognition since 1994. Prior to that, he received his undergraduate education at
the Technica Universty of Munich, and a Ph.D. from UC Berkdey, with a thess on Bayesan
unsupervised learning of grammatica structure.

November 18,1999: Thelntdligent Systems Program, Butler Hine— NASA Ames

Dr. Butler Hine has just returned to NASA Ames as anew Level 2 Program Manager for the Inteligent
Systems (1S) Program. His area of respongbility will be the Autonomous Reasoning (AR) area, the
god of which is to create smart spacecraft, rovers, and ground systems capable of achieving misson
gods independent of low-leve human control. Prior to returning to NASA Ames, Butler was CEO of a
Silicon Vadley software start-up company and before that was the head of the Intelligent Mechanisms
Group in Code IC. Butler's tak will begin with a brief summary of his background followed by a
discussion of the goas and organization of the Autonomous Reasoning Program within IS,

November 04, 1999: Modd Checking for Autonomy Softwar e, Charles Pecheur - RIACS

To fulfill its misson of deep gpace exploration in a "faster, better, and cheaper” way, NASA is putting a
lot of efforts in autonomous software such as Ames Remote Agent (RA), demondtrated last May on
Deep Space One (DS-1). The vdidation of such complex software systems poses a big chdlenge:
because of internd decision taking and concurrency, the range of possible Situations becomes so large
that traditiona black-box testing is very ingfficient. Achieving and assessing the rdliability of autonomous
system will require the use of advanced V&V techniques such as model checking. After a succinct
introduction to the ins and outs of modd checking, this presentation will survey past, ongoing and
planned work on applying model checking to autonomy software in NASA Ames Automated Software
Engineering Group. As an initid case study, our team found important concurrency bugs in the
executive subsystem of the RA, using the Spin modd checker. Building on initid work a CMU, we are
now extending a compiler that feeds models used by the Livingstone fault recovery system into the
SMV symbolic model checker. Some smilar work has been performed on a mode for the HSTS
planner (HSTS and Livingstone are dso part of the RA). The next stage will be to address the
vdidation of a mode-based system as a whole, which poses a difficult problem: such a sysem is built
around an inference engine that would be very hard to model in aform amenable to amodd checker.

Oct. 21, 1999: Turning Speech into Scripts, Manny Rayner - RIACS

We describe an architecture for implementing spoken natura language didogue interfaces to semi-
autonomous systems, in which the centrd ideais to transform the input speech sgnal through successive
levels of representation corresponding roughly to linguistic knowledge, did ogue knowledge, and domain
knowledge. The find representation is an executable program in a smple scripting language equivaent
to a subset of CSHELL.

At each dtage of the trandation process, an input is transformed into an output, producing as a
byproduct a "meta-output” which describes the nature of the transformation performed. We show how
consstent use of the output/meta-output distinction permits a smple and perspicuous trestment of
goparently diverse topics including resolution of pronouns, correction of user misconceptions, ad
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optimization of scripts. The methods described have been concretely redized in a prototype speech
interface to asmulation of the Persona Satellite Assistant.

Oct. 07, 1999: BarrierstoDigital Libraries, Hector Garcia-Molina, Stanford University

In this tak, the speaker will discuss the chdlenges and barriers faced in implementing a modern digita
library, including technicd, legd, and societd ones. In particular, he will aso give an overview of the
Stanford Digitd Library Project, and describe how we are addressng some of the technicd barriersin
the areas of interoperability, preservation, searching, mobile access, and protection of intellectua

property.
[11.B RIACS-supported Workshops

As part of its misson of fogtering ties with the academic community in information technology, RIACS
provides financia, adminigrative, and technica support for sdected workshops involving RIACS
scientigts. There were three workshops supported during this reporting year:

NASA International Workshop on Planning and Scheduling

San Francisco, CA. March 16-18, 2000

This workshop brings together researchers in automated planning and scheduling to discuss the use of
these technologies for space missons and gpplications involving both completely automated systems and
those with human intervention in the exploration of space.

NASA Workshop on Evolvable Hardware

Palo Alto, CA. July 13-15, 2000

Evolvable hardware is an emerging field that gpplies smulated evolution to the design and adaptation of
physca sructures, particularly eectronic syslems. The Second NASA/DoD Workshop on Evolvable
Hardware (EH-2000) brought together leading researchers and technologists from academia,
government, and industry to discuss advances and the State-of-the-art in thisfield. A focus of thisyear's
workshop is on rea-world applications of evolvable hardware. Current gpplication aress include
adaptive and reconfigurable computing, circuit and antenna design, and evolutionary robotics. Evolvable
hardware methods could also be efective in deding with incressed complexity and rdiability
requirements in arees such as sensors, MEMS, biomolecular design, quantum computing, and
nanoelectronics.

SPIN 2000

Stanford University August 30 — Sept. 1, 2000.

The SPIN workshops constitute a forum for researchers interested in the subject of automata- based,
expliat-gate model checking technologies for the andyss and verification of asynchronous concurrent
and digtributed systems. Traditionaly, the SPIN workshops present papers on extensons and uses of
SPIN. As an experiment, this year's workshop was broadened to have a dightly wider focus than

previous workshops in that papers on software verification were encouraged. Consequently, a small

collection of papers described attempts to anadyze and verify programs written in conventiond
programming languages. The workshop featured seventeen refereed papers sdlected from thirty-one
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submissions, two invited talks, and four invited tutorias about forma method and testing tools, three of
which were commercid.
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IV RIACS Staff

The primary mechanism used a RIACS is the engagement of RIACS scientists in NASA projects.
RIACS daff scientists are recruited from the broad university research community to provide a nucleus
of activity to both collaborate with NASA scientists and to provide an “dtraction point” for bringing in
vigitors from academia. These scientists typicaly work in clusters on NASA projects — collaborating
cdosely with NASA stientists and ondte contractors, providing senior technica expertise and
coordinating vigtors from academia

80

70 & Director
O Support /
60 B Student

O Visitor /J

@ Scientist

Oct-97 Apr-98 Oct-98 Apr-99 Oct-99 Apr-00 Oct-00

Figurel: RIACS Staff

Figure 1 shows the growth in RIACS saff from 1997 through the reporting period. Over the period of
the current Cooperative Agreement shown, the number of scientific Saff onsite has grown from three to
forty one.

The following sections ligts both the permanent and visting staff at RIACS over the reporting period,
with the time they have been & RIACS shown in parentheses.

IV.A Management Staff

Barry Leiner, Director — Ph.D. Electricd Engineering, Stanford University, 1973. (06/28/99 —
present)

Robert Morris, Deputy Director — Ph.D, Philosophy, Indiana University, 1984. (08/02/99 — present)
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IV.B Administrative and Support Staff
Diana M artinez, Administrator (08/18/97 - present)

Beatrice Burnett, Adminigrative Assstant (11/3/97 - present)

Sue Christman, Adminigrative Assstant (4/06/00- present)

Rasheeda Shaheed, Adminigirative Assstant (04/16/99 — present)
Peggy Leising, Project Facilitator (04/01/00 — present)

Ryan Nelson, Systems Administrator (subcontractor) (6/17/00 — present)
Carson Little, Systems Administrator (subcontractor) (9/17/99 —6/17/00)
Ted Penabella Adminigtrative Assgtant (9/29/99 - 1/21/00)

Vincenzo Del Vecchio Adminigrative Assstant (1/19/00 - 3/31/00)

IV.C Scientific Staff

Anupa Bgjwa, Ph.D., 1995, Aerospace Engineering, Pennsylvania State University, Mode-based
reasoning for autonomous systems diagnosis. (04/03/00 — present)

Esfandiar Bandari, Ph.D, 1995, Computer Science, University of British Columbia, Computationa
Vidgon, Signd Processing, 3-D Recongtruction and Medica Imaging (09/2/98 — present)

Walter F. Brooks, Ph.D., 1977, Phydscs, Stevens Inditute of Technology, Advanced air traffic
control, advanced information systems technology in support of Earth Science Enterprise. (04/04/00 —
present)

Peter J. Cheeseman, Ph.D., 1979, Monash Universty, Artificid Inteligence, computationa
complexity, bayesian inference, computer vision, plasma physics (09/1/97-present)

Re J. Cheng, BS, 1973, Pharmacy, Taipe Medical Coallege, 3-D sdentific visudization and medicd
visudization (09/1/98 — present)

Danid J. Clancy, Ph.D., 1997, Computer Science, Universty of Texas, Austin. Mode-based
reasoning, artificid intelligence, diagnosis, hedth management (01/24/00 — present)

Richard Dearden, MS, 1994, Computer Science, Univerdty of British Columbia  Artificid
inteligence, reasoning, and decision making under uncertainty (07/19/00 — present)

Gregory A. Dorais, Ph.D., 1997, Computer Science, University of Michigan, Autonomous systems,
machine learning (04/01/00 — 9/10/00)

-90-



RIACS FY 2000 Annual Report October 1999 through September 2000

John Dowding, MSE, 1988, Computer Science, Universty of Pennsylvania, Spoken didogue
systemns, speech recognition, language processing (9/18/00 — present)

Lisa Faithorn, Ph.D, 1990, Anthropology, University of Pennsylvania, Technology enhanced team
research communication and cdibration, human dimensions and technology options (9/18/00 — present)

Robert E. Filman, Ph.D., 1979, Computer Science, Stanford University. Frameworks for distributed
computing. (12/01/99 — present)

Bernd Fischer, Ph.D., 1998, TU Braunschweig, Germany, Computer Science (11/01/98 — present)

Andreas Frank, Ph.D., 1999, Biomedica Engineering, Universty of Texas, Arlington. Numerica and
mathematicd modeling of biologicd tissue. (11/17/99 — present)

Dave Gehrt, JD Law, 1972, Univerdty of Washington, UNIX system adminigration, security, and
network based tools (1/84 - 7/85, 2/1/88 - present).

Dimitra Giannakopoulou, Ph.D, 1999, Didributed Software Engineering, Imperid College, London,
Digtributed computing, design, analysis and implementation (8/28/00 — present)

Zann Gill, M.Arch, 1979, Harvard Universty, Collaborative problem-solving environments (CPSE),
concept formation (the creetive process). (03/07/00 — present)

Howard Goldstein, 1963, MS, Chemicd Engineering, University of Arizona, Research on therma
protection systems that utilize intelligent systems technology and smart materids (7/1/00 — present)

Jon Guice, Ph.D., 1997, Sociology (Science Studies, University of Cdifornia, San Diego. Research
and development management, technology strategy. (04/01/00 — present)

Butler Hine, Ph.D., 1988, Agtronomy, Universty of Texas, Augtin. Autonomous Systems for Space
and Planetary Exploration. (11/01/99 - present) (Currently 1PA to NASA Ames)

Beth Ann Hockey, Ph.D., 1998, Linguigtics, University of Pennsylvania, (01/01/99 — present)

Frances H. James, Ph.D., 1998, Computer Science, Stanford University, Speech undersanding
technologies and applications, developing interfaces using speech. (7/13/98 — present)

Marjory J. Johnson, Ph.D., 1970, Mathematics, University of lowa, High-performance networking
for both space and ground applications (1/9/84 - present).

Ari K. Jonsson, Ph.D., 1997, Computer Science, Stanford University, New Techniques in congtraint
satisfaction and Automated Planning. (10/1/97 - present)

Frank Kuehne, Ph.D, 2000, Physics, Michigan State University, Computervison in 3D super-
resolution and artificid intelligence. (08/01/00 - present)

John Loch, Ph.D., 1998, Computer Science, University of Colorado at Boulder (12/28/98 — present)
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David Maluf, Ph.D.,McGill Universty, Canada, 1995, Post Doctord Fellow, Stanford Universty,
knowledge-based systems, database management systems, image databases, computer vison, and man
machine interfaces. (01/03/00 — present)

Paul Morris, Ph.D., 1984, Computer Science, University of Cadifornia, Irvine. Automated reasoning,
planning, congraint satisfaction, and knowledge representation. (04/01/00 — 9/11/00)

Robin D. Morris, Ph.D., 1995, Engineering, Trinity College, Cambridge, U.K., Bayesan Inference
and Image Andyss, Mathematicd Modeding of Naturd Imagery and Associated Computationa
Methods. (3/1/98 — present)

John O’Naeill, Ph.D., 1997, Computing, Royd Mebourne Ingtitute of Technology (12/01/98 —
present)

Meric Ozcan, Ph.D., 1991, Electrica Engineering, Stanford University. Quantum computing, quantum
cryptography, optica data storage (4/03/00 — 9/19/00)

Seungjoon Park, Ph.D., 1996, Electricd Engineering, Computer Science, Stanford University
(10/01/98 — present)

L ewisPeach — USRA Chief Engineer (09/04/99 — present)

Charles Pecheur, Ph.D., 1996, Electricd Engineering, Computer Science, University of Liege,
(11/06/98 — present)

Kanna Rajan, MA, 1989, Computer Science, New York University, Automated reasoning, planning
and scheduling. Modd-based reasoning, knowledge representation and space craft autonomy.
(04/03/00 — present)

Manny Rayner, Ph.D., 1993, Computer Science, Royd Ingtitute of Technology, Stockholm, Natura
language processing, gpeech recognition, Artificid Intelligence. (07/01/99 — 4/7/00)

Grigore Rosuy, Ph.D, 2000, Computer Science, University of Cadifornia, San Diego Forma methods
in system specification and verification, gpplied logics in computer science. (9/1/00 — present)

Matthias Schmidlin, M.Sc., 1994, Technology Management, John Moores University, Liverpool.
Organizationd Aviation Safety and its Economica Implications (03/01/00 — present)

Johann Schumann, Ph.D, 1991, Computer Science, Technical Universty of Munich, Germany
(Neura networks, automated theorem, parallel symbolic systems (03/03/00 — present)

Maarten Sierhuis, MS, 1986, Engineering, Mague Polytechnic Universty, Intdligent multi-agent
smulaion agent-oriented programming languages (4/1/98 — present)

Vadim N. Smelyanskiy, Ph.D., 1991, Physics, Inditute of Semiconductors. Bayesan methods in
computer vison, satistica physics, non-linear dynamics, control theory (02/16/00 — 07/21/00)
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Mahadevan Subramaniam, Ph.D., 1996, Computer Science, State University of New Y ork, Albany,
Forma methods, verification of hw/sw, and software engineering processes (07/05/00 — present)

Dogan Timucin, Ph.D., 1996, Electrical Engineering, Texas Tech University, Physicd, datistica, non
linear and quantum optics. Holography, signa and image processing. (04/03/00 — 9/22/00)

Jean Jerry Toung, MS, 2000, Electrica Engineering and Computer Science, Universite de Nantes,
France, High performance WAN network monitoring and technology deployment for the NGI/NREN
project. (07/15/00 — present)

lan A. Twombly, Ph.D., 1997, Biophysics, John Hopkins University, (9/1/98 — present)

Willem Visser, Ph.D. (in progress), 1998, Computer Science, University of Manchester (10/19/98 —
present)

Richard Washington, Ph.D., 1994, Computer Science, Stanford University. Artificid Intelligence,
Roboatics, Autonomous Systems, Plan Execution. (04/03/00 — present)

IV.D Visiting Scientists and Consultants

Note: Dates shown for visiting scientists are not necessarily continuous.

M ar sha Ber ger, Ph.D.,1982, Department of Biomedical Engineering, Center for Neural Engineering,
Univeraty of Southern Cdifornia, The Dynamic Syngpse Speech Recognition System: Using Neud
Nonlinear Dynamics for Tempora Pattern Recognition, (06/13/00 — 08/19/00)

Turan Coratekin, Ph.D., 2000, Mechanica Engineering, RWTH Aachen. Hypersonic arplanes,
shock/boundary-layer interaction. (06/13/99 — 12/11/99)

Paul Cristea, Ph.D., Department of Engineering Sciences, "Politehnica’ Universty of Buchared,
Seminar: The evolutionary intelligent agent concept, (07/20/00 — 07/28/00)

Tarek El-Ghazawi, Ph.D., George Mason University, Digtributed Shared-memory Programming with
the Unified Pardlel C Information Power Grid, (09/21/00 — 09/30/00)

Adina Magda Florea, Ph.D., Department of Computer Science, "Politehnica’ University of Bucharest,
Sdf-interested agents. from competition to cooperation, (07/10/00 — 07/30/00)

Hector Geffner, Ph.D, 1989, Computer Science, UCLA, Universdad Smon Bolicar, Planning and
scheduling in artificid intelligence, (8/4/00 — 8/24/00)

Abddlah Hadjadj, Ph.D., Computational Fluid Dynamics (01/15/00 — 02/20/00)

Danid Hammerstrom, Ph.D., 1977, EE University of Illinois. Oregon Graduate Ingitute. Massively
pardld VLS architectures for intdligent systems.  (03/01/00 - present)

Mohamed Hafez, Ph.D, 1972, Aerospace Engineering. University of California, Davis. Computationa
Huid Dynamics. (09/18/00 - 09/29/00)
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Richard G. Johnson, Ph.D. - Physics, Indiana University, 1956, Globd environmenta problems and
issues (11/1/92 - present).

Todd Leen, PhD., Universty of Oregon Graduate Indtitute, Theoreticd Physics, Locd adaptive
agorithmsfor sensor data understanding (7/15/00 — 09/30/00)

Dimitrous Maroudas, Ph.D.- Chemigry, Anayss of the evolution of Sructure, morphology, and
resctivity of hydrogenated amorphous silicon (a-S:H) film surfaces (6/19/00 — 7/30/00)

Francesca Rossi, Ph. D. — Computer Science, Universty of Padova, Italy. Soft tempora congtraint
reasoning. (08/07/00 08/11/00)

Nell D. Sandham, Ph.D., 1989 — Mechanicd Engineering, Stanford Universty, Numerica amulation
of high speed flow involving interaction of shock waves and turbulence.(12/27/97 — 8/23/00)

Bjorn Sogreen, Ph.D, 1988 - Numericd Andyss Royd Inditute of Technology. Advanced
computationa methods for fluid flows.(01/25/00 - 03/05/00)

Millind Tambe, Ph.D., USC/ISI, Multi-agent, digtributed Al, agent modeding, plan recognition, and
intelligent agents in synthetic environment. (08/16/00 — 08/19/00)

Sankaran Venkateswaran, Ph.D. -Sr. Research Associate, University of Tennessee Space Indtitute,
preconditioning methods and use of neurd networks for agpplication to semi-conductor materids
(5/18/98 — present)

Simon Wildermuth, MD, University of Zurich, Switzerland, Clinica radiologica database and medica
image post- processing. (03/10/00 — present)

David Zingg, Ph.D., Universty of Toronto, Aerospace Engineering, Navier-Stokes equations
(07/01/00 — 09/30/00)

IV.E Visiting Students

Adrian Agogino, MS, 1999, Electrica Engineering, University of Texas, Agents Controlled by neurd
networks and collective agorithms (06/19/00 — 08/31/00)

Amrita Bhagat, Computer programming, DeAnza College. (7/26/99 — 6/30/00)

Jason Baldridge, MS, Computer Science, Universty of Edinburgh, Theoretica Syntax and Natura
Language Processing (07/17/00 — 09/22/00)

Ralph Benzinger, MS, Computer Science, Cornell University , Computational Type Theory, Applied
Logic, Congtructive Mathematics (06/12/00 — 08/18/00)

Daniel S. Bernstein, BS, 1998, Computer Science, University of Massachusetts, Artificid Intelligence
Reinforcement Learning (6/26/00 — 08/25/00)

-04-



RIACS FY 2000 Annual Report October 1999 through September 2000

Kristin Branson, BA, 2000, Computer Science, Harvard University (06/19/00 — 08/31/00)
Forrester Cole, BA, 2001, Computer Science, Harvard University (06/12/00 — 08/25/00)
Charlene Daley, (01/04/00 — present)

Sergey Kirshner, BA, 1998, Information and Computer Science, University of Cdifornia, Berkeley,
Machine Learning, Bayesan Learning (06/19/00 — 08/31/00)

K. Flavio Lerda, MS, 2000 — Computer Engineering, Politecnico di Torino, Didributed and pardld
modd checking (7/27/00 — present)

Satish Kumar Thittamaranahalli (T), BA, Computer Scientist, Stanford University, Diagnosis and
tracking of hybrid models of physica systems (06/15/00 — 09/22/00)

Zara L. Mirmalek,BA, Public Adminigration, Cdifornia State Universty, Hayward, Work Systems
Design and Evauation (06/12/00 — present)

Brian Murphy, BS, Physics, Stanford Universty, Potentid implementation methods and dgorithms for
quantum computing (06/26/00 — 09/01/00)

Glen Nuckolls, MS, MathematicgComputer Science, Universty of Cdifornia - Davis, Algorithms
Anaysis (06/19/00 — 08/25/00)

Tae-young Oh, Device modding and smulation, Stanford University. (1/1/98 — present)

Corina S. Pasareanu, MA, Computer Science, University of Kansas, Software Verification; model-
checking and data abstraction. (4/17/00 — 6/30/00)

Shyam Ramalingam, Chemicad Engineering, Universty of Santa Barbara, Computer Modeling of
deposition of S Filmsusing PECVD. (9/2/97 - present)

Jeffrey M. Thompson, MS, 1999, Computer Science, University of Minnesota, Software for safety-
critical systems (06/26/00 — 09/01/00)

Jean Jerry Toung, Universte de Nantes, France, Networking & Telecommunications. Provide
programming support for the NGI/NREN project. (01/02/00 — 06/15/00)

Vandana Verma, MS, Robotics, Carnegie Mdlon University, Probabilistic gpproach to fault diagnosis
and detection (06/19/00 — 08/25/00)

IV.F Science Council

Dr. Jeffrey M. Bradshaw, Char The Boeing Company

Dr. Nabil Adam, Rutgers Universty
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Dr. David Bailey, Lawrence Berkeley Labs

Dr. Daniel G. Bobrow, Xerox Palo Alto Research Center

Dr. Burton I. Edelson, George Washington University

Dr. Ken Ford, Universty of West Horida

Dr. Abdollah Homaifar, North Carolina A& T State University
Dr. Mitchel P. Marcus, Universty of Pennsylvania

Dr. Alain Rappaport , Carnegie Mdlon University
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