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This Final Technical Report covers research carried out by the Advanced Teleprocessing Systems
at UCLA under contract MDA- C-82-0064 from the period October 1, 1981 to September 30,
1987.

This contract has had three primary designated research areas: Distributed Communications Ac-
,% cess; Distributed Processing; Distributed Control and Algorithms. This report briefly summarizes
*our research results and accomplishments in these areas during this period.

Under our first task, distributed communications access, we conducted an indepth research effort
in evaluating the performance of packet radio systems in a variety of environments. We pushed
the analytic side of this field to its point of diminishing returns and found that we had reached a
barrier beyond which the analytic payoff will be meager and the analytic effort would be enor-
mous. We have determined a number of key principles and properties of multi-hop packet radio
networks and have reported upon these in our publications. The problem of a complete analysis
of multi-hop packet radio systems was found to be intractable and, therefore, we phased out that
portion of the research half way through this contract. We devoted much of our effort to the final
two tasks, namely, distributed processing and distributed control and algorithms. Here, we have
launched into uncharted terrain in an attempt to uncover the proper models with would expose the
important principles of Distributed Systems. Our efforts here have been rewarded with some im-
portant successes. We have studied distributed algorithms in networks involving such functions
as elections and traversal. Local area networks has been an object of our study and here, the in-
troduction of a broadcast communications environment has provided the motivation for some
rather extensive evaluation of broadcast communications. We have found there are some impor-
tant advantages of broadcast communications in a number of these environments. Y1 e have be-
gun to lay down the foundation of a theory of distributed processing. Furthermore, barallel pro-
cessing systems have yielded in some important ways to our analysis and we have been able to
get a very general result regarding the concurrency in a very general parallel processing system.
Load balancing has been an object of importance to us, and here, we have invented some useful
load balancing algorithms and have provided an evaluation of their performance. Extensions to
the basic analytic techniques for many of these systems were published not only in our papers,
but also in some books that were completed.

We provide a complete list of publications in this final technical report listing journal publica-
tions, Ph.D. dissertations, Master's thesis, and books published.

In the final section of this report, we reproduced two papers published by the Principal Investiga-
tor (Leonard Kleinrock). The first of these is, "Distributed System", and this was published in
ACM/IEEE-CS Joint Special Issue, (November 1985): Communications of the ACM, Vol. 28, No.
11, pp. 1200-1213, and Computer, Vol. 18, No. 11, pp. 90-103; the second of these is, "Perfor-
mance Models For Distributed Systems", and this was published in Teletraffic Analysis and Com-
puter Performance Evaluation, the Proceedings of the International Seminar, 1986, pp. 1-16.

*g These papers provide an indication as to some of our results, but more importantly, an indication
as where some of the open and remaining important problems are which define the thrust of our
continued studies.
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ADVANCED TELEPROCESSING SYSTEMS

Defense Advanced Research Projects Agency

Final Technical Report

September 30, 1987

This Final Technical Report covers research carried out by the Advanced Teleprocessing

Systems Group at UCLA under DARPA Contract No. MDA 903-82-C-0064 covering the period
from October 1, 1981 to September 31, 1987. We restate below the tasks which have been the
subject of this research project. That is followed by an extensive bibliography of those published

* E'papers which have appeared during the contract period from October 1, 1981 through September

30, 1987. Although this contract was formally ended on September 30, 1987, the period from

July 1, 1986 through September 30, 1987 was simply a no cost extension of funds to complete
and publish results of studies that had begun during the main contract period. At the end of this
report, we reproduce two papers entitled, "Distributed Systems" an( "Performance Models For

* Distributed Systems", which were authored by the Principal Investigator (Leonard Kleinrock) and

published as invited papers for ACM/IEEE-CS Joint Special Issue (November 1985): Communi-
cations of the ACM, Vol. 28, No. 11, pp. 1200-1213, and Computer, Vol. 18, No. 11, pp. 90-103;
and Teletraffwc Analysis And Computer Performance Evaluation, the Proceedings of the Interna-
tional Seminar in Amsterdam, June 1986, pp. 1-16, respectively. These papers summarize many
of the research activities and results of this contract. The research conducted earlier in this period

has been amply reported upon in our semi-annual technical reports as well as in the published
professional literature (see the bibliography below).

During this contract period, we have been engaged in the following three designated
tasks:

TASK I. DISTRIBUTED COMMUNICATIONS ACCESS

The general problem of sharing a multi-access broadcast distri-

buted systems among a set of competing users will be studied. General
issues involving exhaustive communications, start-up problems and

refined models to manifest some more realistic phenomena in these sys-

CW tems will be studied. Applications to packet radio systems and large sur-

vivable networks involving the study of tandem networks, multi-hop net-
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works, one-way communication links, correct reception of more than one
simultaneous transmission and mobility will be included. Further appli-
cations will include the study of very high bandwidth channels and/or
very long propagation delay systems, multiple token systems and corn-
pound hierarchical network structures.

TASK II. DISTRIBUTED PROCESSING

The interplay between distributed communications in a broad-
cast environment and processing of distributed data will be studied. For
example, the effect of merging sorted lists in a broadcast environment, as
well as finding properties of elements in these lists, will be studied. Con-

currency in multiprocessor systems will be studied in order to investigate
performance in terms of response time and speedup factors for various
graph models of computation. Connection architectures for multiproces-
sor systems will be investigated as well. One application here is the
structure of the processing and communication architecture for super-
computers.

TASK III. DISTRIBUTED CONTROL AND ALGORITHMS

Routing, flow control and survivability in large packet radio net-
works as well as in public data networks will be studied as control algo-
rithms in a distributed environment. Measures of performance, including
throughput, response time, blocking, power, fairness, and robustness will

be applied to these systems. Distributed algorithms for finding shortest
paths, connectivity, loops, etc. will be studied. The effect of node and
link failures, limited amounts of memory at each node and restricted
channel capacity for communications will be investigated. The effect of
network failures and delays on distributed data base management sys-
tems will also be studied.

These tasks have advanced in some major ways during this research period. The output
of the research effort during the period October 1, 1981 through September 30, 1987, has resulted

in the completion of:

a. 8 PhD. dissertations,

b. 51 publications by the Principal Investigator, faculty, staff and students appearing in
the professional literature,
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c. 5 M.S. theses.

and a number of acccpted and submitted papers (all of which are pending publication), which
have not yet appeared in the published literature. These publications are listed in the bibliography
below.

Thus, as one measure of our achievements during this contract period, we offer the publi-

cations and Ph.D. professionals listed below. In addition to these, there has been a large number
of presentations at professional conferences around the world. The substance of recent progress
in distributed systems is to be found in the papers following the publication list.

ATS PUBLICATIONS
DARPA CONTRACT

Computer Science Department
University of California, Los Angeles

Professor Leonard Kleinrock

* •October 1981 - September 1987

BOOKS PUBLISHED

1. Kleinrock, L. and R. Gail, Solutions Manual for Queueing Systems, Vol. I. Theory,
Technology Transfer Institute, Los Angeles, 1982.

2. Kleinrock, L. and R. Gail, Solutions Manualfor Queueing Systems, Vol. /I. Comput-

4er Applications, Technology Transfer Institute, Los Angeles, 1986.

CHAPTERS IN BOOKS

I. Gerla, M. and L. Kleinrock, "Flow Control Protocols", in Computer Network Archi-
tectures and Protocols, Green, Paul E., J. (ed.), Plenum Press, New York and Lon-
don, 1982, pp. 361-412.

2. Kleinrock, L., "Channel Efficiency for LANs", in Local Area & Multiple Access Net-

works, Pickholtz R. (ed.), Computer Science Press, Rockville, Maryland, 1986, rp.
31-41.
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3. Kleinrock, L., "Performance Models for Distributed Systems", invited paper (and
keynote presentation) for Teletraffic Analysis and Computer Performance Evalua-

tion, the Proceedings of the International Seminar held at The Centre for Mathemat-
ics and Computer Science June 2-6, 1986, Amsterdam; North-Holland, Amsterdam,
June 1986.

Ph.D DISSERTATIONS

1. Nelson, Randolph "Channel Access Protocols for Multi-hop Broadcast Packet Radio
Networks', July 1982.

2. Takagi, Hideaki "Analysis of Throughput and Delay for Single and Multi-hop Packet

Radio Networks", May 1983.

3. Sadr, Ramin "UCLA Demodulation Engine", May 1983.

4. Gail, H. R. "On the Optimization of Computer Network Power," September 1983.

5. Levy, H. "Non-Uniform Structures and Synchronization Patterns in Shared Channel
.* Communication Networks," August 1984.

6. Kung, K. C. "Concurrency in Parallel Processing Systems," June 1984.

7. Afek, Y. "Distributed Algorithms for Election in Unidirectional and Complete Net-
works," November 1985.

8. Belghith, A. "Response Time and Parallelism in Parallel Processing Systems with
Certain Synchronization Constraints," available as UCLA, Computer Science
Department Report No. 860015, December 1986.

M S THESES

1. Rosenberg, C. P. "Exponential Queueing Systems with Randomly Changing Arrival
and Service Rates," 1984.

2. Green, J. J. "Analysis of Time Stamp Queue," 1984.

3. Korfhage, W. R. "Distributed Election in Unidirectional Eulerian Networks, with
4° Application," March 1985.

- 4. Huang, J. H. "Throughput Analysis for Certain Multi-access Protocols with Imper-

fect Sensing," March 1985.
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5. Felderman, R. E. "Flocks of Birds as a Paradigm for Distributed Systems," 1986.

PUBLISHED RESEARCH PAPERS

1. Kleinrock, L. "A Decade of Network Development", Journal of Telecommunication
Networks, Spring 1982, pp. 1-11.

t 2. Kleinrock, L. "Packet Switching Principles", Proceedings of the L. M. Ericsson
Award Ceremony, Stockholm, Sweden, May 5, 1982, also as a special editorial in
Journal of Telecommunication Networks, Spring 1983, as well as in Ericsson Re-
views.

3. Nelson, R. and L. Kleinrock, "Mean Message Delay in Multi-hop Packet Radio Net-
works Using Spatial-TDMA". Conference Record, International Conference on
Communications, Philadelphia, June 13-17, 1982, pp. 1C.4.1-IC.4.4.

4. Naylor, W. and L. Kleinrock, "Stream Communication in Packet-Switched Net-
works", IEEE Transactions on Communications, December 1982, pp. 2527-2534.

5. Belghith, A. and L. Kleinrock, "Distributed Routing Scheme in Stationless Multi-hop
Packet Radio Networks 'Mobility Handling"', ACM SIGCOMM '83 Proceedings,
March 9, 1983, Austin, Texas, pp. 101-108; Packet Radio Temporary Note #313.

6. Nelson, R. and L. Kleinrock. "Maximum Probability of Successful Transmission in a
Random Planar Packet Radio Network', IEEE Infocom '83 Proceedings, April 18-
21, 1983, San Diego, California, pp. 365-370.

* 7. Silvester, J. and L. Kleinrock, "On the Capacity of Single-Hop Slotted ALOHA Net-
works for Various Traffic Matrices and Transmission Strategies," IEEE Transactions
on Communications, Vol. COM-31, No. 8, August 1983. pp. 983-991.

8. Silvester, J. and L. Kleinrock, "On the Capacity of Multihop Slotted ALOHA Net-
works with Regular Structure," IEEE Transactions on Communications, Vol.
COM-31, No. 8, August 1983, pp. 974-982.

9. SchoU, M. and L. Kleinrock, "On the M/G/1 Queue with Rest Periods and Certain
'I Service Independent Queueing Disciplines," Operations Research, Vol. 31, No. 4,
"'1 July-August 1983, pp. 705-719.

10. Gerla, M., Kleinrock, L. and Y. Afek, "A Distributed Routing Algorithm for Uni-
directional Networks," IEEE Global Telecommunications Conference GLOBECOM
'83, November 28-December 1, 1983, San Diego, CA.
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S1. Gail, H. R., "On the Optimization of Computer Network Power," UCLA, Computer
Science Department Report No. 830922, 1983.

12. Kleinrock, L. and G. Akavia, "On a Self-Adjusting Capability of ALOHA Net-
works," IEEE Transactions on Communications, Vol. COM-32, No. 1, January
1984, pp. 40-47.

13. Takagi, H. and L. Kleinrock, "Optimal Transmission Ranges for Randomly Distri-
buted Packet Radio Terminals," IEEE Transactions on Communications, Vol.
COM-32, No. 3, March 1984, pp. 246-257.

14. Takagi, H. and L. Kleinrock, "Diffusion Process Approximation for the Queueing
Delay in Contention Packet Broadcasting Systems," Performance of Computer
Communication Systems, Proceedings of the International Symposium held in Zu-
rich, March 21-23, 1984, pp. 111-124.

4, 15. Rodrigues, A. P., Fratta, L. and M. Gerla, "Token-less Protocols for Fiber Optics
Local Area Networks," Proceedings of ICC '84, Vol. 3, Amsterdam, May 1984, pp.
1150-1153.

16. Nelson, R. and L. Kleinrock, "The Spatial Capacity of a Slotted ALOHA Multihop

* Packet Radio Network with Capture," IEEE Transactions on Communications, Vol.
COM-32, No. 6, June 1984, pp. 684-694.

17. Gafni, E. and Y. Afek, "Election and Traversal in Unidirectional Networks," ACM
Symposium Proceedings, Principles of Distributed Computing, Vancouver, British
Columbia, August 1984, and UCLA, Computer Science Department Report No.
850008.

18. Gafni, E., Afek, Y. and L. Kleinrock, "Fast and Message-Optimal Synchronous
Election Algorithm for Complete Networks," UCLA, Computer Science Department
Report No. 840041, October 1984.

19. Kleinrock, L., "On the Theory of Distributed Processing," presented at and pub-
lished in the Proceedings of the Twenty-Second Annual Allerton Conference on
Communication, Control, and Computing, Urbana-Champaign, October 1984, pp.
60-70.

20. Afek, Y and E. Gafni, "Simple and Efficient Distributed Algorithms for Election in
Complete Networks," presented at and published in the Proceedings of the Twenty-

; Second Annual Allerton Conference on Communication, Control, and Computing,

Urbana-Champaign, October 1984, pp. 689-698.
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21. Gafni, E. and W. Korfhage, "Distributed Election in Unidirectional Eulerian Net-
works," presented at and published in the Proceedings of the Twenty-Second Annual
Allerton Conference on Communication, Control, and Computing, Urbana-

Champaign, October 1984, 699-700.

22. Afek, Y. and E. Gafni, "Time and Message Bounds for Election in Synchronous and
Asynchronous Complete Networks," UCLA, Computer Science Department Report
No. 850003, January 1985, also submitted to the Proceedings of ACM Sponsored
Conference, 1985.

23. Takagi, Hideaki and L. Kleinrock, "A Tutorial on the Analysis of Polling Systems,"
UCLA, Computer Science Department Report No. 850005, February 1985.

24. Kleinrock, L., "On Queueing Problems in Random Access Communications," in-
vited paper for IEEE Transactions on Information Theory, Special Issue, Vol. IT-31,

No. 2, March 1985, pp. 166-175.

-25. Gerla, M., Chan, H.W. and J.R. Boisson de Marca, "Fairness in Computer Net-

works," Proceedings, IEEE International Conference on Communications, (CIi-

cago, June 23-26, 1985), Vol. 3, 1985, pp. 1384-1389.

26. Takagi, H. and L. Kleinrock, "Throughput Analysis for Persistent CSMA Systems,"
_ •IEEE Transactions on Communications, Vol. COM-33, No. 7, July 1985, pp. 627-

638.

27. Dechter, R. and L. Kleinrock, "Parallel Algorithms for Multiprocessors Using Broad-
cast Channel", Computer Science Department, UCLA Report No. 850025, January

* 1985 (formerly Working Paper No. 81002, November 30, 1981).

28 Gerla, M., "Routing and Flow Control in ISDN's" ICCC '86 Proceedings, Munich,
Germany, September 1986.

29. Belghith, A. and L. Kleinrock, "Analysis of the Number of Occupied Processors in a
Multiprocessing System," UCLA, Computer Science Department Report No.
850027, August 1985; revised and reissued as UCLA, Computer Science Department
Report No. 870003, February 1987.

30. Nelson, R. and L. Kleinrock, "Rude CSMA: A Multihop Channel Access Protocol,"
IEEE Transactions on Communications, Vol. COM-33, No. 8, August 1985, pp.

,, 785-791.

31. Nelson, R. and L. Kleinrock, "Spatial TDMA: A Collision Free Multihop Channel

Access Protocol," IEEE Transactions on Communications, Vol. COM-33, No. 9,

September 1985, pp. 934-944.
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32. Molle, M. L. and L. Kleinrock, "Virtual Time CSMA: Why Two Clocks are Better
Than One," IEEE Transactions on Communications, Vol. COM-33, No. 9, Sep-

tember 1985, pp. 919-933.

33. Gerla, M. and H.W. Chan, "Window Selection in Flow Controlled Networks,"
Proceedings of the Ninth Data Communications Symposium, Vancouver, Canada,
September 1985, pp. 84-92.

34. Takagi, H. and L. Kleinrock, "Mean Packet Queueing Delay in a Buffered Two User
" CSMA.'CD System," Correspondence in IEEE Transactions on Communications,

Vol. COM-33, No. 10, October 1985, pp. 1136-1139.

35. Takagi, H. and L. Kleinrock, "Throughput-Delay Characteristics of Some Slotted-
ALOHA Multihop Packet Radio Networks," IEEE Transactions on Communica-
tions, Vol. COM-33, No. 11, November 1985, pp. 1200-1207.

36. Takagi, H. and L. Kleinrock, "Output Processes in Contention Packet Broadcasting
Systems," IEEE Transactions on Communications, Vol. COM-33, No. 11, No-
vember 1985, pp. 1191-1199.

37. Kleinrock, L., "Distributed Systems," invited paper for ACM/IEEE-CS Joint Special
Issue (November 1985): Communications of the ACM, Vol. 28, No. 11, pp. 1200-
1213, and Computer, Vol. 18, No. 11, pp. 90-103.

38. Rodrigues, P., Fratta, L., and M. Gerla, "Tokenless Protocols for Fiber Optic Local
Area Networks," IEEE Journal on Selected Areas in Communications, Vol. SAC-3,
No. 6, November 1985, pp. 928-940.

39. "Improvements in the Time Complexity of Two Message-Optimal Election Algo-
' rithms", Proceedings of the Fourth Annual ACM Symposium on Distributed Comput-

ing, Miniaki, Canada, pp. 175-185, August 1985.

40. "Time and Message Bounds for Election in Synchronous and Asynchronous Com-
plete Networks", Proceedings of the Fourth Annual ACM Symposium on Distributed

Computing, Miniaki, Canada, pp. 186-195, August 1985.
Also appeared as "Simple and Efficient Distributed Algorithms for Election in Com-
plete Networks", In the Proceedings of the 22nd Annual Allerton Conference on

Communication Control and Computing, Urbana-Champaign, Ill., October 1984.
(with Y. Afek).

" 41. Dechter, R. and L. Kleinrock, "Broadcast Communications and Distributed Algo-

. rithms," IEEE Transactions on Computers, Vol. C-35, No. 3, March 1986, pp. 210-
219.
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42. Levy, H. and L. Kleinrock. "A Queue with Starter and a Queue with Vacations: De-
• lay Analysis by Decomposition," Operations Research, Vol. 34, No. 3, May-June

1986 (cover article), pp. 426-436.

43. Takagi, H. and L. Kleinrock, "Approximate Output Processes in Hidden-User Packet
Radio Systems," IEEE Transactions on Communications, Vol. COM-34, No. 7, July
1986, pp. 685-693.

44. Marsan, M. A., and M. Gerla, "TOKENET -- A High Speed Token Reservation
LAN," Proceedings of ICCC 1986 (The 8th International Conference on Computer
Communication), Munich, September 1986, pp. 259-264.

45. Gerla, M., "Routing and Flow Control in ISDN's," Proceedings of ICCC 1986 (The
8th International Conference on Computer Communication), Munich, September
1986, pp. 643-647.

46. Belghith, A. and L. Kleinrock, "Average Response Time in Parallel Processing Sys-

tems with Certain Synchronization Constraints," UCLA, Computer Science Depart-
ment Report No. 860033, November 1986.

47. Kleinrock, L., "Performance Models for Distributed Systems," invited paper (and
keynote presentation) for Teletraffic Analysis and Computer Performance Evalua-
tion, the Proceedings of the International Seminar held at The Centre for Mathemat-
ics and Computer Science June 2-6, 1986, Amsterdam; Elsevier Science Pub. B.V.,
Amsterdam, 1986, pp. 1-16.

,48. Kleinrock, L. and J. Silvester, "Spatial Reuse in Multihop Packet Radio Networks,"
invited paper for Proceedings of the IEEE. Special Issue on Packet Radio Networks,

Vol. 75, No. 1. January 1987, pp. 156-167.

49. Takagi, H. and L. Kleinrock, "Correction to 'Throughput Analysis for Persistent

CSMA Systems'," Correspondence item. IEEE Transactions on Communications.
Vol, COM-35, No. 2. February 1987. pp. 243-245.

50. Kleinrock. L and H Lc-.v. ''On the Behavior of a Very Fast Bidirectional Bus Net-
work." Proceedings of the IEEE International Conference on Communications (ICC

'87). June 1987, pp 1419-1426

51. Felderman. R E. Extcn_,ion to the Rude (SMA Analysis." Correspondence item.

IEEE Tran.saction. in ,m'uni, att,, Vol COM-35, No. 8, August 1987, pp.
'-r 848-849
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PAPERS ACCEPTED FOR PUBLICATION

1. Levy, H. and L. Kleinrock, "The Analysis of Random Polling Systems," to be pub-
lished in Operations Research, 1987.

PAPERS SUBMITTED FOR PUBLICATION

1. Akavia, G. and L. Kleinrock, "Hierarchical Use of Dedicated Channels," submitted
to Performance Evaluation, June 1987.

2. Schooler, E., R. Felderman, and L. Kleinrock, "The Benevolent Bandit Laboratory:
A Testbed for Distributed Algorithms", submitted for publication in IEEE Journal on
Selected Areas in Communications, Communications for Personal Computers II, No-
vember 1987.

PAPERS IN PREPARATION

I1. Gerla, M. and L. Kleinrock, "Congestion Control in Interconnected LAN's", IEEE
" Network, October 1987.

2. Kleinrock L. and H. Levy, "On The Behavior Of A Very Fast Bidirectional Bus Net-
work", Reprinted from IEEE Communications Society, IEEE International Confer-
ence on Communications, June 7-10, 1987.

3. Levy, H. and L. Kleinrock, "Polling Systems With Zero Switch-Over Periods: A
General Method for Analyzing the Expected Delay", to be submitted for publication
in the IEEE Transactions, '87 - '88.
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0 1 Boxma. IJ Cohen, H.C. T ms (Editors)

Elsevier Science Publishers B V North-Holland), 1986

PERFORMANCE MODELS FOR DISTRIBUTED SYSTEMS

Leonard Kleinrock

Computer Science Department
University of California, Los Angeles

Los Angeles, California
U.S.A.

" We discuss the relatively sad state of affairs regarding perfor-
mance evaluation of distributed systems. We introduce some of the
popular models, discuss the architecture and algorithm modelling,
and then proceed to present a scattering of known results. Finally,
a number of open areas are discussed which offer directions through
which we hope to gain more understanding and insight into the opera-

C tion and principles of these systems.

1. INTRODUCTION

We have finally seen the convergence of two giant technologies, namely, data pro-
* cessing and data communications. For years they had each been developing individually at a

breakneck pace fueled largely by the needs demanded by the end user and by the enormous
cost/performance improvements brought about by the semiconductor industry. Now they have
merged, and they have created a technological environment whose potential is staggering.

The environment is one which is heavily distributed. We are beginning to see systems
*O with distributed communications, distributed storage, distributed processing and distributed

control. We are moving headlong into such structures in response to the user demands and in
response to the manufacturers' desire to roll out products as rapidly as possible.

Unfortunately, we lack an understanding of the basic principles of distributed systems,
principles which are badly needed to predict performance, to explain behavior and to establish
design methodologies. We are even lacking the basic models to describe these systems. And
the systems we are constructing are running into various performance problems in the form of
high cost, poor response time, low efficiency, deadlocks, difficulty in growth, unproved operational
algorithms, etc.

We are implementing too quickly for the theory, on the one hand, and too slowly for the
applications, on the other. The situation is frustrating, due, in part, to the rapid rate at which
technological change is occurring relative to the ability of our analytical science to keep pace
with it. Even more frustrating is the recognition that Nature seems to have implemented
some exquisite distributed systems which defy our understanding and analysis; further, these
systems appear to be structured very very differently from the way we build our distributed
systems today.

In this paper, we discuss some of the issues and performance measures, comment on archi-
tectures and algorithms, present some of the meager and scattered results which have been esta-
blished, and then offer some open areas and problems.

This research was supported by the Defense Advanced Research Projects Agency of the Department
of Defense under Contract MDA 903-82-C0064.
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