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COMMAND AND CONTROL THEORY

1. PROJECT OBJECTIVES

The main goal of this research is to start bridging the gap between

mathematical theories of command and control and empirical studies. More

spec..fically, the goal is to develop theories on the one hand and to model

:,e.timental paradigms on the other, so that realistic problems in command

and - )ntrol (C2 ) can be studied prior to the design of experiments and the

colle<,tion of relevant data.

The research program undertaken for this project has three main

objectives:

(W) The extension of a mathematical theory of C2 organizations so

that it can be used to design an experimental program;

(b) The further development of an analytical methodology for measures

-of effectiveness, and

(W) The investigation of organizational architectures for distributed

battle management (many weapon- on many target3 r'esource

allocation problew).

The tunifying theme of utis reaeari is ýne conioapt of ýrouted

information -ýroezz.ng andS cisorzsci0g Tezhasio 1-I Ott t4
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2. STATEMENT OF WORK

The research program has been organized into five tasks, four that

address the research objectives and a fifth that addresses the question of

di3seminating the results of this project both directly to the members of

the Basic Research Group of the Technical Panel on C3 of the Joint

Directors of Laboratories and to the C3 community at large through

publications and presentations.

2.1 RESEARCH TASKS

TASK 1: Development of Computer-Aided Design System

1.1 Develop the specifications for the Computer-Aided Design

System. Specifically, design the data bace, the architecture

generator, the performance-workload locus module. and the

analysis and evaluation module. The system should be able to

handle a generic five member, three ecnelon organization.

1.2 Implement the design developed in Task 1.1. Design the

graphic3 module to he u3ed in presenting the performance-

workload locu3 and itz projectlons a3 well az the loci

obtained from the analy3is and evaluation module.

1.3 Deaian and lmpieztnt the uaer intarCa•6. Uae the Petr- Noet

f'ormals= for ".e 3peeLfication oC the interactions etween

orgnization Zebdri 4rnt4 the desilin or protodola.
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the decisionmaker models. These tasks and algorithms should

be appropriate to future experimental efforts.

2.2 Use organizations with up to five members to exercise and test

the CAD system developed in Task 1.

2.3 Analyze and evaluate command and control organizational

architectures using the CAD system. Begin developing

hypotheses that can be tested through experimental efforts.

2.4 Incorporate in the design system and in the analysis module

the theoretical results obtained from parallel research

projects.

TASK 3: C3 Organizations and Architectures for Distributed Battle

Management

3.1 Develop a unified theory for complex engagements of several

weapons against several targets. Assume imperfect defensive

weapons sySteMs so that the elemental gone-on-one" kill

probability is non-unity. Also assume imperfect defen3ive

surveillance so that the target/decoy discrinination

probability is non-unity.

3.2 Develop 3everal *-ny-on-tanyl engagement ••ratogie and

evaluate their itpact upon Oecentralized C& oyatem

requi••ontz and •brhitootures. Develop the noesary tooli

ao as to diign -iatributed C3 architattu'ea cpatibl ul

tme ensagement satratedgIea.

3.3 ZliuztrAte the tact~gal doctrind and C' ltrfatQ

V11 =oputer 3aioulationa. 5evelop hyoUt4;eze t~at could. tW

test.ed Lft tho le d
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TASK 4: Measures of Effectiveness

4.1 Conceptual Development. Develop and refine the concepts and

definitions of measures of effectiveness (HOEs), measures of

performance (MOPs), and system/mission parameters. Interpret

the concept of measure of force effectiveness (MOFE) as a

global effectiveness measure in the context of C" systems.

4.2 Implementation of the Methodology. Develop a quantitative

framework where models of various types can be used to

estimate measures of performance (MOPs). Develop analytical,

computational dnd graphical tools for measuring effectiveness

(MOEs). Begin the implementation of these Lechniques on the

same workstation used for Task I with the objective of

developing a system based on MOE evaluation that can be used

as an aid in system development and selection. Note that many

of the software utilities to be developed are common to Tasks

1 and 4.

4.3 Application of the Methodology. Illustrate the various

conceptual and technical developments with exam.ples drawn from

actual or planned C systems. Apply the methodology to an

evolving C' system. While motivated by real 3yatems. the

application3 will be described in generic teot.

TASK S: Information Ditioination

$.1 Participate in t•ohnieal 3eozLona of tne &•ic Reteath Group

to be held approxL'Wt-iy ontWe .r u ndar quarter,

5.1 Present idc uaeaerh rteulw ats atoonlhal -ontr'rot.es Ad

zedtin43 and Publsim articlea in archivJal Journala.
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3. OROGRESS REPORT.

During this quarter, the research effort was directed (a) to the

integration of the computational and graphical tools to be used in the

design of organizations, and (b) the design of the first experiment

involving human subjects.

3.1 Development of Computer-Aided Design System.

The computer aided design system being developed has been named CAESAR,

for Computer-Aided Evaluation of System ARlchitectures. It consists of four

major components:

The Architecture Generator which constructs feasible organizational

forms using the Petri Net formalism.

The Analysis and Evaluation Module contains algorithms for the analysis

of organizational architectures and their evaluation.

A Data Base which is used to store the results of the analysi3 of

organizational architectures.

The Locus module- that constructs the performance-workload locus of an

organizational form that is carrying out giver task and computes and

presents graphically aelected measures of eftcQivenoss (440M ).

The structure of the software aystem is snown in Ftgure 1. All tbe

modules and Zheir atatus are described in the %,able that follova. iw

should be pointed out sa•t CA•EAR ltaorporates t.-•oreoaI ,n-

Oocput5tiOnal deveLopoenta obt•ained over a ;*riod of toven 7eart %bmu~fn

more that tera oopleted theses And aix aore :.n poress. Sot zodulea %re
bei4 Uevelop~ed explici%&'y under this .ontr-at*- others ar4 btit4 devvlopod

with -upport by the Distributed Tactital ,eloanin H4ina litILAL ve of the
ofi~ f •avsl Rqener,.
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LIST OF MODULES IN CAESAR

A. ARCHITE URE GFNERATOR

DMO GCJ.AT Program that generates the Petri Nets of Decisionmahog
Organizations that satisfy a set of structural constraints.
as well as constraints imposed by the user. The
algorithm is based on P. Remy's thesis (1986) and has
been implemented in DOS 3.0 1 IBM, using Turbo
Pascal 3.01A © Borland International and Screen
Sculptor @Software Bottling Company.
Status: Program operational.

DMO DalAT Interactive graphics program for the construction of the
Petri Nets of arbitrary organizational architectures. It can
be used to create and store subsytems and to combine
them to form large organizational structures. Program.
developed by 1. Kyratzoglou. also creates the analytical
description of the Petri Nets. Implemented in DOS 3.0.
Professional Fortran. Graphics Tool Kit, and Graphic
Kernel System. all @IBM.
Status: To be completed by June 1.

DMO DeI.Mac Interactive graphics program for the construction of the
Petri Nets of arbitrary organizations. It can be used to
design organizations of arbitrary size through the use of
nested subnets. Program developed for tile Apple
Macintosh by the Meta Software Corp. usirg the Design
Open Architec:ute System VNteta Software Corp.
Program being enhanced by J. L. Grevet, The program
creates the analytical description of the Petri Net. as well
as store functions and attributes represented by the
transitions. places. and connecton.
Status: Program openuion4.

Madcink tWaviz Comnercial softw.x for for convening and ia.smitning
files between the DOS mwchines and the Macintosh.
Status: MacLttk has beet uasald Ad is operaotnA

thknidd e Matrii AstrihbuMs Standard form for the a".1lytical dcwnpflon of Peln
Nets. The flie% conti the incidence matns or lDow
MnAWr if the Petri Net and the ulchre d func~iowm
nwurotacd with dweclements 0f the we.



Status: Standard version of incidence matrix has been
implemented; the specifications for the attribute file are
being developed. Expected completion date: May 1.

B. ANALYSIS AND EVALUATION MODULE

MNatrx Conversion Simple algorithm that transforms the incidence matrix
irto the interconnection matrix used in Jin's algorithm.
Algorithm in Turbo Pascal 3.01A.
Status: Algorithm is operational.

Paths Algorithm developed by Jin in her thesis that determines
all the simple paths and then constructs the concurrent
paths in an organizational architecture. This is an
efficient algorithm that obtains the answers by scanning
the interconnection matrix.Algorithm in Turbo Pascal
3.01A.
Status: Progam is operational.

Delay Simple algorithm that calculates path delays and expected
delay when processing delays are conUanL Algorihmt in
Turbo Pascal 3.01A.
Status: Algorithm is opwonaL

DlA Corn Algorithm developed by Andreadakis that calculates
measures of timeliness when the processing delays are
described by beta distributions, It al1o accounts for the
presence of jamming and its- effect on timeliness.
Algorithm in Turbo Pascal 3.01A.
Status: Problem speciric version operational. general
version to be completed by Sptetn'e" I.

R"sCon Algorithm developed by- Hillion in his thesis that
calculates the maximun throughput in a Timed Event
Graph, a special class of PNu Nets. lI also deirmmnes the
optimal chedule in the pre-ence of resource and time
emOs"$tranS. the procedure incowpoates an alsgithm
proposed by Nlaunez mtd Silva for d•eceminig sftpie
Juthm hugh tle Cmk 'lton 01 v

iteg-rate4 Version m *rk6,01to" tw be On-u"1h

I8V Colp 3 Atgorithm W Me hcomumtmot1 of ai ihreepc~ n



the workload of each one of the decisionmakers. The
algorithm computes the accuracy of the response and the
workload for each admissible decision strategy. This
version was developed by Andreadakis in Turbo Pascal.
Status: Program is operational.

PWCoins A variant of PW Comp 3, but for a five-person
organization modeling the ship control party of a
submarine. Algorithm developed by Weingaertncr as parn
of his thesis. Implemented in Turbo Pascal.
Status: Progrn is operational.

C. DATA BASE MODULE

LOCUS Data File Data file in which the results from the evaluation of a
decisionmaking organization are stored. The file. as
currently structured. can accommodate five measures of
performance - accuracy. timeliness, and workload 1or
three persons. It also contains four indices that specify
the decision strategy associated with each record.
Status: Three-person organization version operation4l.
General smtictureto be implenented by June 1.

I LOCUS MODULE

LOCUS -Graphics ploulng program that generates two or three
dimensional loci or two- and three-dimen sional
projections of higher dimensional loci. This is h d .c
program used to construct the Perfonance - Workload

us of an organization. Basic vemion developed by
Andreadakis and lohner and dewibed to laticstesm
Status: Verst uming profemiowal giohitci coatrolcrt
operational. Revised trwuo-ttable veon i'henn -o
the VDI standard and writh improved 0w*r interface. 4
beifn mpita"C41 by JAn. b•s•ocld complkuon datc o'.'II1 I,

1,o) Dfie AIM fting smtv ntwsfe.iur0( 4" 4evi
thL f por ut _4c M th Locus

Data file. spfklllty. it And's vgtfkt ' w
const~ant waq~ux. ot conoa.nt -;*"'k~,d.
Status: Ne vers"I"" ýor b. 'iopue- en
'snplficntend by A::oU a siog A ej i



E. INPUT / OUTPUT

Output By adopting the Virtual Device Interface (VDI) standard
and the Enhanced Graphics standard, it is possible to
develop a version of the CAESAR software that is
transportable to other IBM FC ATs or compatibles iand to
drive a wide variety of output devices: various monitors,
printers, laser printers, and pen plotters.

InpuL: A uniform user interface with windowing capability is
needed to make the system useable by analysts an.-
designers. Commercially available software are t- :tg
investigated to select the most appropriate one, Exp%. -d
completion date is September 1.



3 /2 Organizational Designs . -

Experimental Investigation of the Bounded Rationality Constraint.

In this experiment, a simplified air defense task is being used to

establish the existence of the bounded rationality constraint. This

constraint is defined as a point value and expressed in terms of a bit rate

of processing using the information theoretic surrogate for workload

developed by Boettcher and Levis.\ If such a point is found to exist for a

sufficient proportion of our experimental subjects, and the point is

sufficiently stable within individuals, then the experimental data will

provide specific parameter values needed for the analytical evaluation of

alternative organizational architectures.

During the past quarter (1) the experimental design has been

implemented on an IBM PC/AT, (2) analytical and empirical techniques have

been used to determine appropriate initial settings of the experimental

parameters, (3) pilot experimentation has begun .(4) analytic tools for

analyzing the experimental data have been developed.

All stimulus presentation and data collection/reduction is controlled

by the microcomputer. Incoming threats are displayed on a si4plified radar

screen and subjects attempt to select the threat with the earliest time of

arrival. Time pressure is varied incrementally. The minimum and maximum

task inteoarriral times differ by roughly a factor of three. A clock face

and secona hand beside the radar screen indicate the total window of

opportunity as well as time remairnng.

Setting critical experimental. parameters, such as the minimum and

* raxim.um task interar-rival times, requires an iterative 'honing-in* process.

Proper tetting of these parameters is critical, because the psychophysaial

*Thj s experiment was first dicuased in the 12/86 progresu report.
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procedures necessary to derive accurate tbreshhoid estimates (of, in this

case, the bounded rationality constreint) typically require large numbers

of experimental trials. Mathematrical analy~iA was used initially to

determine appropriate relative settings as the number of threats is varied.

'Pre-piloting' was then used to determine absolute interarrival times. The

pilot data (currently being collected) will yield the final parameter

values to be used in the actual experiment. In addition to fixing

parameter values, the pilot results will indicate how much practice is

necessary for subjects to become 'expert* in the task - that is, to reach

asymptotic performance.

The necessary machematical/statistical tools have been developed-

identified for addressing the following questions: (1) For what proportion

of people (if any) does a bounded rationality constraint exist as defined

above? (2) Is this constraint stable within individuals over time? (3) Is

this constr• nt stable across individuals? (4) What is the numerical value

of the ot.,..traint (in bits per unit time) for eacn indivIdual and, if

4lpossible, aggregated ata oss individuals?

3.3 C• Organizations and Architectures for Distributed Battle Management.

Project Objective: The long-range goal of tnis research iz to

understand basic issues associated with Battle ManagamentIC3 (14/C3)

architectures associated with =any weapons engaging several targets. The

defensi.ve weapons are a3sumed imperfect, and tne targeta may nave a finlte

probability of being decoys. Thus, the problem 13 one of wise iea;on-to-

Target (WTA) asaignment strategies, and their -ntereace with otler IMIC3

functions.,, 4e also seeg t".e evaluation af •orAi•:ed4. aeentrall:ed, -n

4srbe4 4CS architeta*'ei that, aupport auct% %a-or.-man~o

=.,~aOr omn~ ~ t~mef ntearcz *.o 1At

Deen in tne area of proble= efr liq, .- v .... dIt "

0n- 1 to-t-argt (CA ) 1.rn c n. . at -41# art
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the "many-on-many' problem. Several formulations of the problem are

possible. Suppose that we have a total of M weapons whioh we are willing

to commit against the total. of N targets. At that most general level, the

effectiveness of each weapon can be different against each target; this can

be quantified by having a different kill probability Pij for weapon J

assigned against target 11 (j--,2,...,M); i=1,2,...,N). The WTA function

should allocate the right weapons against the correct tzrgets so as to

minimize some cost function.

The simplest cost function is leakage, i.e., the expected number of

surviving targets. Thus, if we adopt an opttmization framework, we wish tP

minimize the leak L whieb is given by

N M
L (1- i (-PiJl) (I)

i=1. ,j-1

by selecting optimally the M.N allocation decision variable3 Xjo each of

which is either 0 or 1. Thus. xij I if the j-th weapon is assigned to

the i-th target and 0 otherwise and

N
ml-1 -2.,...•° (2)

i-I

which simply states that each weapon can only engage a single target.

The solution of ouch optimization problems for the WTA funct~ion is very

difricult, because I bhas a atrong comoinatorial flavort in "aot, at

been proven to be NP-complete by Lloyd and ýituennauaen in 1996. Part of

the Complexity elates to the fact that the 4i.! probabilt*eos P are

dirferent. If thwe kll pobabilitioo are the ame, i.0.0 p~p t'or +a4

and J. twon the opticmal aoLution (to minmfize tie lcdicage) 1. easy An it

requirea the taxicully uaniform A~iununta, of' =ae vepons. aco~ig .rid ".rgoll3.
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*• The problem is inherently hard even in the special case that the kill

probabilities depend only on the weapons but not the targets, i.e., Pij is

independent of i.

More realistic versions of this Problem can be formulated in a similar

manner. For example, each target indexed by i = l,2,...,N can be assigned

a value Vi reflecting the importance of that specific itorget to the

defense. In this case, the defense may wish to minimize the expected total

surviving value associated with all targets, i.e., minimize the cost

function

N M

C v 171 ( i xij) (3)

-I J=i

again by selecting iptimally the M.N allocation variables xii, subject to

"the covst.aints of Eq. (2).

Anotner, still more complicated, problem that we have been studying

reouantly couples the WTA pr- blem to that of preferential defense. In this

frnzework we exllcitly take irto acaount the value if the defense assets.

3o let us suppose that tne defense wishes to ;rotect a total of Q assets,

indexed by . ano thaw e-ch asset has a value denoted by Dq.

Eaoh one of the defense asrets can be attacked by one or mor,' enemy

t targets. Let %, lonote the piobab'.11ty that the i-th tarret can kill the

q-%.h aaet*. Note that the Xqi captLre$ such ta,&ortant attributes as target

yield, asset hsrdneas, targeting , -uracy etc. in this case we can form a

utility funjt.on whi.rk the de'ense wiane4 to maximize. This ,.utility

fun• ti.on t•kes the form

* ~U D % j(-h 1 (ip,c1 ,)) (4)
4 1 1 ( ,i (I & .

q-1 i-I i-

"•,•,•,•" '•",":•"+ •.' • .;', ," h"%," ,' ,• l, ,' , . &...• .', b',, • * ' •* ,* • • ,'. *" *" ' ," .. . .. " " ".• .. * , . " ,', *. * , *.' ,.. ,



The above formulation allows for optimal selective defense of the defensive

assets. it may be worthwhile to leave a low-value overtargeted defense

asset undefended in order to direct the defensive weapons against other

targets.

Description of Recent Progress: This research is being carried ou by two

doctoral students, Mr. J. Walton and Mr. P. Hossein, under the supervision

of Prof. M. Athans. Mr. Walton joined the project in June 1986, wnile Mr.

Hossein joineJ the project in January 1987. Both students are attempting

to define Ph.D. thesis topics in this area. Most of the recent effort has

been in the area of developing efficient computational algorithms for

solving the centralized WTA problem. The development of such algorithms is

highly nontrivial in view of the generic NP-complete nature of the

optimization problem. We are also examining additional tradeoffs that

arise from decoy considerations, vulnerability of BM/C3 to enemy

countermeasure-, and delays in decision execution. We foresee highly

nontrivial tradeoffs as we move from centralized to distributed and then to

purely decentralized (or autonomous) BM/C3 architectures. In particular,

we are working on developing analytical models and quantitative approaches

to study the following issues:

o Optimal weapon resource utilization deteriorates with increased
distribution, however, such degradation will be strongly dependent upon
the effectiveness of one-on-one engagements (the kill probabilities Pij
defined above).

o The overall vulnerability of the RM/C3 functions will reduce as the
degree of its distribution increases.

o The communications requirements for coordination will increase as we
distribute the 3M/C3 functions more and more.

o The complexity of the coordination strategies will increase as the
degree of distribution increases.

o The delay in executing a local BM/C3 function will decrease in
distributed architectures, simply because each subfunctitn wil; have to
handle fewer targets and weapons.

16



To what extent the improvement in survivability and reduced delays are

counterbalanced by increases in communication/ coordination and resource

misutilization remains a problem for future research.

Documnetation: No formal documentation exists as yet.

3.4 Measures of Effectiveness

4.0 RESEARCH PERSONNEL

Dr. Alexander H. Levis, Principal Investigator

Professor Michael Athans

Dr. Jeff T. Casey

Mr. Patrick Hossein, Research Assistant (Ph.D. Candidate)

Mr. John Kyratzoglou, Research Assistant (ME Candidate)

Mr. Didier Perdu, Research Assistant (MS Candidate)

Mr. James Walton, Research Assistant (Ph.D. Candidate)

5.0 INFORMATION DISSEMINATION

The following documents were issued as Laboratory Technical Reports or

as Technical Papers. There were submitted to ONR, to the Basic Research

Group of the JDL Panel on C3, and to the distribution list specified in the

contract. Some aspects of the work contained in these reports were

supported by other related projects, such as the one from the Office of

Naval Research on Distributed Tactical Decisionmaking (N00014-84-K-0519).

5.1 Theses/Technical Reports

1. C. M. Bohner, "Computer Graphics for System Effectiveness Analysis,"
LIDS-TH-1573, S.M. Thesis. Laboratory for Information and Decision
Systems, MIT. Cambridge, MA, July 1986.

2. P.J.F. Martin. Large Scale C3 Systems: Experimental Design and System
Improvement", LIDS-TH1-1580, S.M. Thesis, Laboratory for Information and
Decision Systems, MIT, Cambridge, August 1986.
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3. H. P. Hillion, "?erformanoe Evaluation of Decisionmaking Organizations
Using Timed Petri Nets,' LIDS-TH-1590, S.M. Thesis, Laboratory for
Information and Decision Systems, MIT, Cambridge, MA, August 1986.

4. S. T. Weingaertner, "A Model of Submarine Emergency Decisionwaking and
Decision Aiding,' LIDS-TH-1612, S.M. Thesis, Laboratory for Information
and Decision Systems, MIT, Cambridge, MA, September 1986.

5. P. A. Remy,'On the Generation of Organizational Architectures Using
Petri Nets," LIDS-TH-1630, S.M. Thesis, Laboratory for Information and
Decision Systems, MIT, Cambridge, MA, December 1986.

5.2 Technical Papers

1. P. Remy, A. H. Levis, and Y.-Y. Jin, 'Delays in Acyclical Distributed
Decisionmaking Organizations,' LIDS-P-1528, Laboratory for Information
and Decision Systems. MIT, January 1986. To appear in Proc. 10th World
Congress of the International Federation on Automatic Control, Munich,
FRG, July 1987: revised version to appear in Automatica, 1987.

2. A. H. Levis, "Modeling the Measuring Effectiveness of C3 Systems,'
LIDS-P-1608, Laboratory for Information and Decision Systems, MIT,
September 1986. Proc. Seventh Annual AFCEA European Symposium,
Brussels, Belgium, October 1986.

3. M. Athans, *Command-and-Control Theory: A Challenge to Control
Science$ LIDS-P-1S84, Laboratory for Information and Decision Systems,
MIT, September 1986; also IEEE Transactions on Automatic Control, Vol.
AC-32, No. 4, April 1987.

4. P. A. Remy and A. H. Levis, "On the Generation of Organizational
Arcbitectures Usirg Petri Nets,* LIDS-P-1634, Laboratory for
Information and Decision Systems. MIT, January 1987. To appear in
Proo. Eighth European Workshop on Applications and Theory of Petri
Nets, Zaragoza. Spain, June 24-27, 1987.

S. H. P. Hillion and A. H. Levis, *Timed Event-Graph and Performance
Evaluation of Systems,' LIDS-?-1639, Laboratory for Information and
Decision Systems, MIT, January 1987. To appear in Proc. Eighth
European Workshop on Applications and Theory of Petri Nets, Zaragoza,
Spain, June 24-27, 1987.

5.3 Technical Interactions

On January 5-7. Dr. Levia participated in the 1987 Modular Command and
Control and Evaluation System (MCES) meeting and presented current
research problems and issues.
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On December 2, 1986, two representatives from the Navy Personnel
Research and Development Center (NPRDC), Dr. D. Nebeker and C. Tatum,
visited the Laboratory to be briefed on our research and discuss
possible joint experimental efforts in the future.

Dr. Levis presented an invited lecture on Measures of Effectiveness at
the 7th Annual AFCEA European Symposium on October 30, 1986.

Dr. Levis presented the result, of the work on Measures of
Effectiveness in a Seminar at the -HAPE Technical Center on October 29,
1986.

On August 11 and 12, 1986, 8 faculty and students from the C3

Curriculum of the Naval Postgraduate School visited the MIT Laboratory
for Information and Decision Systems where they had an in-depth
presentation of the research results in anticipation of joint efforts
in carrying out the experimental program.

In June 1986, Dr. Levis presented the first results on the generation
of alternative organizational forms at the 9th MIT/ONR Workshop on C3
Systems.

Dr. Levis attended four meetings of the Basic Research Group in
accordance with contractual requiremerts in which he briefed the Group
on the progress of the research effort. The meetings were held at the
Naval Ocean Systems Center, At Ft. Monmouth, and at the National
Defense University.

Dr. Levis participated in the second workshop on Measures of
Effectiveness for Command and Control Systems held at the Naval
Postgraduate School in January 1986. His involvement in this workshop
led to the use of the IFFN testbed as the illustrative example in
Martin's thesis.

Dr. Levis and Mr. P. Martin participated in a meeting organized oy
Studies and Analyses, USAF, to discuss the applicability of the work to
the experimental program of the IFFN Joint testbed (US Army, US Air
Force).

These interactions are considered essential for presenting the results

of basic, fundamental research to the C3 community and for receiving

feedback -- comments and suggestions -- that inareaae the relevance of the

work.
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