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COMMAND AND CONTROL THEORY
1, PROJECT OBJECTIVES

The main goal of this research is to start bridging the gap between
nathematical theories of command and control and empirical studies. More
spec.fically, the goal is tc develop theories on the one hand and to model
uxperimental paradigms on the other, - so that realistic problems in command
and -ontrol (C2) can be stucdied prior to the design of experiments and the

collectior of relevant data.

The research program undertaken for this pro;ec; has three wmain

cbjectives:

(2) 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

(c) The inveanisation of organizational architectures for diatributed
battle management (many ueapons on 3zany targets rasource

allocation problems).

The unifying theze 3f hi3 researsh 13 the conoapt of distriduted
information ‘Lroceasing and leclslonmaking. fhé' eophasis L3 on Lhe
development of 2ddels and basis analytical t0els that would Lead to ine
design of an experiZenta; Hrogras ad sontrasted 0 ad hoc experisentatiosn, -

The projedt Srawa upon and 205Lribules 30 he thHeorelical feve.apmenta

badagins ¥ )

an naval distributed tactidza  deglaionmaking (3VSM)  Delnd purduved i

L4

parallel under NR Jontract No. NOND0i4-84-K-0519. “he lo-exiitence o
these WG Programs sad Bade it PUA3idie L0 usderlase .ong-ratge, a3k

segearos of fundizentd. Ldaues and Problels I cofRand and sohtiral.
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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 fifta that addresses the question of
disseminating the results of this project both directly to the members of
the Basic Research Group of the Technical Panel on 03 of the Joint
Directors of Laboratories and to the C3 compunity 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 %o
handle a generic five member, three echelon organization.

1,2 Inplement the design developed in Task 1.1, Design the
graphica module to he used in presenting the performance-
workload locus and it: projections as well as the loci
obtained {rom the analyais and evaluation module.

1.3 Deaign and iopiemsnt Lhe user interface., Use the Petri Net
formalism for %he specification of the interactions bvetween
organization scabers and the design of protocois.,

=

TASK 2: Comwmand and Jontrol Organizatiof Jeaizn and Evaiualissn

2.0 Jevelop 360 Lnpaetent 4 et S TR3KF, a3 well 43 3ets of
inforcation Frocessing (situdtion assvsdnent) afd

decidionsaring {responie seaeclion) aidorithns Jor e #itn
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TASK 3:
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the decisionmaker models. These tasks and algorithms should
be appropriate to future experimental efforts.

Use organizations with up to five members to exercise and test
the CAD system developed in Task 1.

Analyze and evaluate command and control organizational
architectures wusing the CAD systen. Begin developing
hypotheses that can be tested through experimental efforts.

Incorporate in the design system and in the analysis wodule
the theoretical results obtained from parallel research

projects,

C' Organizations and Architectures for Distributed Battle

3l

3.2

Management

Develop a unified theory for complex engagements of several
weapons against several targets, Assume imperfect defensive
weapons 3systems 30 that the elemental “Yone-on-one" Kkill
probability is non-unity. Also assume imperfect defensive
surveillance 3o that the target/decoy discrimination
probability i3 non-unity. |

Develop several "nany-on-pany® engagement atrategies and
evaluate their ispact upon decentralizes ¢ aystes
requiresents and arshiteQlures, Develop the necessary 0013
20 as to design distributed C' architectures compatible with
the engagesent 3trategles.

Iilustrate the taetical dootrine and C° interface requircsents

viz fosputer 3ipulations, Develop typolseses ihat ¢ould 59
re3tad in the fleid.
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TASK 4: Measures of Effectiveness

4.1 Conceptual Development. Develop and refine the concepts and

definitions of measures of effectiveness (MOEs), 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 %o
estimate measures of performance (MOPs). Develop analytical,
computational and graphical tools for measuring effectiveness
(MOEs). Begin the implementation of these iechniques on the
same workstation used for Task 1 with the objective of
developing a system based on MOE evaluation that can be used
as an aid in aystem 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 examples drawn fron

actual or planned c? systems. Apply the methodology to ian
evolving ¢! aysten, While wotivated by real systems, the
‘applications will be deacribed in generic terms.

TASK §: Information Dissecination

$.1 Participate in technical sessions of the Basic Research Uroup
to be held approxisately once per calendar guarter,

$.2 Predent ihic redearch re3ulls at tedhnical confleretices and
Seetings and publish articles in archival journais.
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3. PROGRESS 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.i Development of Computer—Aided Design System.
The computer aided design system being developed has been named CAE3AR,
for Computer-Aided Evaluation of System ARchitectures. It consists of four

major components:

The Architecture Generator which comstructs 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 analysis of
organizational architecqtures.

The Loous module.that constructa the perfornance-workload loous of an
organizntionai form that {3 carrying out given task and computes and
presents graphically selected measures of effectivencss (MOEs).

The structure of the software system i3 snown in figure 1. All the
aodules and their status are described in 3he 3able that Pfollows., It
should be pointed out zhat CAESAR  incorporates ‘theoretical  amd
cosputational developments obralned over i period of seven years Shrough
Bore that ted sotploted theses and six 20Me in progress. Sose 2odules are
being developed expiicitly under this sontqact: dthers ars being developed
with support by the Distributed Tactical Decision Making initiative of the
U fice of Raval Researcn,
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LIST OF MODULES IN CAESAR

A. ARCHITECTURE GENERATOR

DMO GenAT

DMO Des AT

DMO DesoMac

MacLink ©Dativiz

Incidence Matrix/ Attributes

Program that generates the Petri Nets of Decisionmaking
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 ® IBM, using Turbo
Pascal 3.01A ©Borland International and Screen
Sculptor ©Software Boutling Company.

Status: Program operational.

Interactive graphics program for the construction of the
Petri Nets of arbitrary organizational architecwres. 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
Kemel System, all ©IBM,

Status: To be completed by June |,

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 the Apple
Macintosh by the Meta Software Corp. using the Design
Open Architeciuie System ©Meta Software Corp.
Program being enharced by J. L. Grevet, The program
creates the analvtical description of the Petri Net. as well
as store functions and attributes represented by the
transitions, places, and connectors. ,
Status: Program operational.

Commercial software for for converting and iransmitting
files between the DOS machines and the Macintosh,
Status: MacLink has been installed and 15 opemtional.

Standard form for the anaivtical descnipion of Pein
Nets. The files contain the incidence matrix or flow
matrix of the Petri Net and e atterhretes and Tustctions
associated with the elements of the net.




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

Matnx Conversion

Delay

Del Com

Res Con

PW Comp 3

Simple algorithm that transforms the incidence matrix
into the interconnection matrix used in Jin's algorithm.
Algorithm in Turbo Pascal 3.01A.

Status: Algorithm is operational.

Algorithm developcd 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

;h?) limeu:cmm:ction matrix.Algorithm in Turbo Pascal
OlA. o

Status: Program is operational.

Simple algorithm that calculates path delays and expected
delay when processing delays are constant. Algonthm in
Turbo Pascal 3.01A. , _

Status: Algorithm is operational,

Algorithm developed by Andreadakis that calculates
meacures of imeliness when the processing deiays are
described by beta distributions, It also accounts for the
presence of jamming and its effect on timeliness.
Algonithm in Turbo Pascal 3.01A,

Status: Problem specific version operational: general
version to be completed by Septembe- 1.

Algorithm developed by Hillion in his thesis that

calculates the maximun throughput in a Timed Event

Graph, a special class of Petri Nets, Il also detsymines the
optimmal scheduie in the presence of resource and time
constraints. The procedure incorporates an algorithm
proposed by Marunez and Silva for desermining simple
gzuhs through the calculation of sinvariants. _
ratus: independent version of algoithm i operattonal

integrated version 1 workstation (¢ be operational by

June }.

Algontiun for the computation of a tiree:petwon
ofganization’s perforimance measife 1 (ACcufacy s and

T R P g

A 4 4 cemms




PW Comp §

C. DATA BASE MODULE
LOCUS Data File

D. LOCUS MODULE
LOCUS '

150 Data

the workload of each ore 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.

A variant of PW Comp 3, but for a five-person
organization modeling the ship controi party of a
submarine. Algorithm developed by Weingaertner as part
of his thesis. Implemented in Turbo Pascal.

Status: Program is operational.

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 for
three persons. It also contains four indices that specify
the decision strategy associated with each record.
Status: Three-person organization version operationul.
General structure to be implemented by June 1.

-Graphics plotting program that generates two or three

dimensional loci or twe- and three-dimensional
projections of higher dimensional loci. This is the basie
?mgam used to construct the Performance - Workload
ocus of an organization. Basic version developed by

" Andreadakis and Bohner and described in latter's thesis,

Status: Version using professions! graphics controller is
operational. Revised trans;ortable version adhering o
the VDI standard and with improved user iaterface is
-@ﬂglinmlememed dy Jin, Expected completion date 1s
¥ v y »

Algorithim for obtaining sottie measures of effectiveness
from the measures of per‘ofmance stored m the Locus
Data file. Specificaily. &t finds 1soguants: ¢. ¢.. Jocus of
CORSTAM JCCUrICY. of comstant swkioad, :
Status: New version for a.crocomputers bemg
tmplemented by Azzola using a1 design by
Wesngaertner Expectes date of compietion s May 1.




E. INPUT/OUTPUT
Output:

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

A uniform user interface with windowing capability is

needed to make the sysiem useable by analysts an.

designers. Commercially available software are b 1g
investigated to select the most appropriate one. Expe. wd
completion date is Scptember 1. B




e -
N e \

3/2)0rganizational Designs - —
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Experimental Investigation of the Bounded Rationality Constraintf/

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.

Dhring 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 precentation and data collection/reduction is controlled
by the microcomputer. Incoming threats are displayed on a siweplified radar
screen and subjects attempt to select the threat with the earliest time of
arrival, Time pressure is varied incrementally. The minimum and maxioum
task interarrival 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 remaining.

Setting critical experimental parameters, such as the minimum and
- raximun tack interaprival times, requires an iterative "honing-in® progess.

Proper uetting of these parameters is critical, because the psychophyalcal

*This axperiment was first discussed in the 12/86 progress report.

--------
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procedures necessary to derive accurate threshhold estimates (of, in this e
case, the bounded rationality constreint) typically require large numbers
of experimental trials, Mathematical analysis was used initially to
determine appropriate relative settings as the aumber of threats is varied.
"Pre-piloting” was then used to determine ahbsolute interarrival times. The
pilot data (currently being c¢ollected) 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 questiomns: (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 ot stable across individuals? (4) What is the numerical value
of the cu.ceraint (in bits per unit time) for eacn individual and, if

3

possible, aggregated across individuals?

4

3.3 C%;Qgggg}:a:ions and Architectures for Distributed Battle Management .
T

Project Objective: The long-range goal of tals research iz to
understand basic issues associated with 3Battle Managament/C3 (3M/C3)
The

defensive weapons are assumed imperfect, and the largets may nave a-finite

architectures asscciated with sany weapons engaging several targets,

probadility of being decoys. Thus, the prodlem s one of wise ﬁea;cn-ao-'
Target (WTA) asaignzent strategies, and their interface with other sﬂfcs
funotions,.. We also seek the evaluation of sontraiized. decentralized, and
distributed . MM/C3  aroniteotures  that suppors  such  "zmany-on-many*
engagezents, '

Prablens Definition: THe 2a70r <ophasiad of ihe refearin 10 3ate 2ad

Seen in the area ¢of prodlen Jefinitien., We aave atudied the probles of

OpLimizing ihe  acapoh-io~larger (wiA) function whith s al the Leaprr §f

N A TR L R ) . LIS NG ) R T N . - . .
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the “many-on-many” problem, Several f{ormulations of the problem are
possible. Suppose that we have a total of M weapons which we 2re 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 agaiagst target i (j=1,2,...,M); i=1,2,...,N). The WTA function
should allocate the right weapons against the correet targets 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 opt.mization framework, we wish te
ainimize the leak L whicr is given by

¥ M
L =§ I—[ (=pyyx; ) (1)
i=1 iml

by selecting optimally the M.N allocation decision variables Xy 40 each of
which is elther 0 or 1, Thus, Xy = 1 if the j~th weapon is assigned to
the i-th target and 0 otherwise and

N A .
) g m1 o LN o (2)
{e1 |

which simply atates ihat sach weapon can only engage a single target,

The solution of such optimization problens for the WTA function is very
difficult, because it has a strong comdinatorial flavor: in faet, (b nas .
been proven %o be &P~conpieaé by Lioyd and wilsennausen in 1986, Part of-
the ocomplexity relales o the fael that the &ili probabii;n:es'ai, are
different, I the kill probabilities are the Sa2e, L.24y Py TP fbr ;i: i
and j, then tne optimal asolution (o ainimize tue lcaxage) z; ¢asy and it
reguires the aaxiuéziy unifors asaigneent of he weapons sfoag he sargets.

PR ] "o-‘\ o‘h".i.o.-‘m 5 ‘6. R IR R DI IS IR S S ST Jran
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The problem is ipherently 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 nroblem can be formulated in a similar
manner. For example, each target indexed by L =1,2,...,N can be assigned
a value V; reflecting the importance of that specific isrget 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 |
¢ = } v, I_I (1-p x; ) (3)
i=1 j=a

again by selecting »ptimally the M.N allocation variables xij' sub ject to
the const. aints of Eq. (2).

Anotner, still more complicated, problem that we have been studying
recuntly couples the WTA pr-blem to that of preferential defense. In this
framework we explicitly take irto acoount the value 2f the defense assets.
So let us suppese that tne delense wishes to protect a total of Q assets,
indexed by g=.,2,....Q, anc tha. e~ah asset has a value denotedfby Dé.
Bach one of the defense aszets ocan be attacked by one or zor: enemy

targeta. Let 7. -dcnote the probabllity that the i-th target can xill the

G

G-t asset. Note thaut the “ad gcaptiures such ‘sportant a~tributes as target

yield, asset hardness, targeting ¢. -uracy eto. In this case we can form a '
tility funation whieh the Je”ense wighes o wmaximize. This utillity

funet-on “akes the form

QN M - )
v -} 2, r[ (Aen rl (1-p, x, 1) (4
qel

iel Jml

13
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! 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, while Mr.
Hossein Joined 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 c¢omputational algorithms for
solviné the centralized WTA problem. The development of such algorithas 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
countermeasures, and delays in decision execution, We foreseé 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 probabllities pj_'j
defined above). A

o The overall vulnerability of the AM/C3 functions will reduce as the
degree of ita distribution increases. '

o The communications requirements for coordiration wiil increase as we
distribute the BM/C3 functions more and more,

o The complexity of the c¢oordination strategies will inorease as the
degree uf distribution increases.

o The delay in executing a local BM/C3 function will decrease in

distributed architectures, 3imply because each subfuncticn wil. have to
‘handle fewer targets and weapons. :
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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, Researqh Assistant  (MS Candidate)

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

5.0  INFORMATION DJISSEMINATION

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 becisionmaking (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. B.J.F. Martin, "Large Scale C3 Systems: Experimental Design and Systeam
Improvement”, LIDS-TH-1580, S.M. Thesis, Laboratory for Information and
Decision Systems, MIT, Cambridge, August 1986,
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3., H, P, Hillion, "Performance 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 Decisionumaking 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 Symposiuam,
Brussels, Belgium, October 1986.

3. M. Athans, "Command-and-Control Theory: A Challenge to Control
Science” LIDS-P-1584, 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
Architectures Using Petri Nets,®* LIDS-P-1634, 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. H, P, Hillion and A, H., Levis, "Timed Event-Graph and Performance
Evaluation of Systems,” LIDS-P-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 $§-7, Or., Levis 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 Deccmber 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 results of the work on Measures of
Effectiveness in a Ssminar at the JHAPE Technical Center on October 29,

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 requirements 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 by
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 basie, fundamental research to the ¢3 community and for receiving

feedback -- comments and suggestions -- that inorease the relevance or the

work.




