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Reasons for this Research

* Reducing errors by human/computational
organizations (e.g., DOE/MAS) =>
regulation, control, and dynamics > mergers

* The game theory-rational theory failure to
resolve an organization and its

disaggregated members (GT: Luce & Raiffa, 1967;
Kelley, 1979, 1992; attitudes v. behavior: Eagly, 1993; Tversky, 1993)

» Can E transitions in argument be modeled?
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Agent Based Models (e.g., Robotics)

Currently: d
— One Predator per 20 human y
operators (Pfister, 2002, Annie-02)
+ Single agents (MDP, GA, ANN)
» Rational individual
* Limit: wdp’s w/few N
— Global Hawk, Predator w/Hellfire,
Helios, & X-36
Future:
— One operator per 20 Predators
» Social agents
» Rational group perspective
* idp’s w/unlimited N

e Swarms?

However, Bankes (2002) concluded tha
many ABM’s

— aren’t as complex as the social
— predictions cannot be validated
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Tablel :S om e streng ths and weakn essesofga me theorya fter60 yearsof research

St rength s We aknes ses

Ration al mode 1o f the interac tion (even t Emo tion is not integ ral to the mode 1
trees , condi tiona 1 prob abilities)

M at he m atica 1 log ic of interdependenc e Unce rtainty ism ode leds equen tially, no't

interdependen tly (i.e., ob serva tion

unce rtainty is indep enden to faction

unce rtainty; Von Neu mann & M orgen stern,
1953 ,pp . 147 -8)

Mixed motives ofcon flictand coope ration Argu men tation, inco mm ensu rab ilit y, and
dive rsityh ave zeroso cial value (con trast
Na sh, 1950 with VonN eum ann, 1961)

M athe matical equ ili bria( e.g ., Axe Irod, Static conf igu rations (Von Neu mann &

1984 ) Mo rgen stemn , 1953 ,p.45 ) and equ ili bria

im ply information pro cessing (dl/dt)oc curs
Nex tra-ration allyO (i.e.,con tingen ton

othe rs) withou t reg ard to soc ial forces ,
produc ingde scriptive da ta and incre asing
obs erva tiona | unce rtainty

Quan tit ative utility of expec ted ou tcomes Arbitrary utiliti es for coope ration and

co m pe titi on lead to exp lana tionve rsus

pred iction, ove rstating the va lue of

coope ration (e.g. , Axe Irod, 1984 ; Shea rer &
Gou 1d, 1999 )

Learning is predicated on rewa rds and SLT occur s ou tsi deo f awa renes s,

pun ish men ts (tradition al Soc ial L ea rning deva luing rationa 1 probl em so lving skill s
Theory --SLT ) (Sk inn er, 1978 )

Mod els lead to clear pred ictions No lab (Ke lley, 1992 )or field va lida tion

(Jone s,1998) ; further, AB M predictionno t
pos sible (Bankes ,2002 )

Firstm ode 1 of group behav ior Shifts be tween ind ividua 1 to groupo r
ing roup toou tgroupu tiliti es canno t be
stud ied ;

Sim ple mode 1 of group s Mod el co mplex ity insufficien tt o m ode 1
socialorgan iza tions (Banke s,2002)

Gene ralizable Con clusions areno rm ative (Gmytrasiewicz,

2002 ); e.g., Nfairnes sO
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When Cooperation works

* The evolution of cooperation improves civilization
(Axelrod, 1984)

e Cooperation 1s more moral (rejects compromise)
and reduces bloodshed (Worchel, 1999)

* For well-defined problems (wdp’s) (Lawless et al.,
2000b)

e Mathematically, less diversity => + stability (May,
2001, p. 174)
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* Cooperation does not work with:
— Social loafing (Latane, 1981)
— Asymmetric / (terrorism, corruption, blackmail)

— Computational blowup as N cooperating agents exceed 100 (Darpa,
2002)

— For ill-defined problems (idp’s)(Lawless et al., 2000a)
* Government by Consensus

— Japan: Unable to reform
— Germany: More Corrupt (from 14th in 1999 to 20th in 2000, TI, 2002); Tietmeyer

(2002), ex-president Bundesbank, ... what we need are majority decisions ... [not] consensus.”

— EC: “The requirement for consensus in the European Council often
holds policy-making hostage to national interests in areas which

Council should decide by a qualified majority.” (WP, 2001, p. 29)
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Alternatives to Game Theory

* Quantum Game Theory (Eisert et al., 1999, PRL)

— Entanglement, Superposition
— No field support

* Social Quantum Perturbation Theory => Bistable
R (Lawless et al., 2000)
— Entanglement, superposition -> maps (Zlot et al., 2001)

— Democratic d.m. (DDM) -> science, politics, courtroom
law (Lawless & Schwartz, 2002)

— Difficult to rationalize b/c meaning arises from
convergence into bistable beliefs
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History of Quantum and Social Theory

* Traditional Signal Detection Theory = continuous
ROC curves (Signal-y, S-n) (Swets, 1964)

* (Quanta
— Bekesy-Stevens discrete linear model v. ogives

— Linear 2:1 relationship w/frequency, E effects (=> £
levels)

— Luce (1963, 1997) HMvy, IMy
— Eye as quantum / processor (French & Taylor, 1978)
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History, continued

. Bistability (Bohr, 1955)

— MUltlple CUltureS WMajority Rule

100% ]

— Differences between observation and action

 DDM => [ processing -> # of concept
reversals -> a solution = SDT (Lawless &
Castelao, 2001)

 Shifting between E levels (cooperation = o T
ground state; competition = excited first
state)

Conzensus
5076 -

Infarmation Procassing

Concept Reversals
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Bistability Fundamentals

e Organism exists superimposed simultaneously as
— Observer and actor
— Individual organism and member of a group
— Member of a group A and group B

- Supe?osition represented as o T> + B>, where
prob() = a? given that |a* + |B|> =1
* Measurement -> bistable shift to observer (static /) or actor
(action I = AI/At) (Gibson, 1986)

* Measurement -> individual Event Histories = K, =K #
reconstruct interaction (Zeilinger, 1999; Carley, 2003

10
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Models of Bistable (quantum) R

* (Given Bankes (2002) concerns:
— Models must be at least as complex as the social
— However, ABM predictions cannot be validated

* Feynman (1985) found similarly:
— Traditional computers model quantum R w/difficulty
— Quantum computers easily model OR

 Maybe Quantum ABM’s could easily model SR

« ABM’s based on OR => parallelization + QIP ->
+ increased power
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’ Bistable R (e.g., Faces-Vase Illusion) => Multiple Frames

1. Object acquisition based on + £ -> convergence (y waves => + F)

2. (K&T, 1981): “Framing” => Convergence of beliefs reduces
dissonance; e.g., “culture” (Bohr, 1955)

3. Participants can perceive “frame” A or B, but not both simultaneously
(Cacioppo et al., 1996)

4. Convergence marginalizes divergent groups (Campbell, 1996)

5. Opposite K&T frames -> tension, disagreement, or conflict (Janis,
1982)

6. Managing opposed frames = argument -> [ processing, optimal d.m.
(compromise) (Schlesinger, 1949)
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* We are actors or spectators (Bohr, 1955)

« Convergence of ingroup worldview increases
outgroup uncertainty (Tajfel, 1970)

» Let Aa = Al/At = action uncertainty;
* Let Al = information uncertainty;

AaAl > ¢ (1)

13
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Solving AaAl = ¢

e Caseli: Al->0, Aa->»

 Results:

— 125 USAF combat pilots in eight 3-min ACM encounters against
machines and humans. Book K of air combat = multiple-choice
exam. Experience = flight-time histories + training.

— Multiple regressions => experience predicted wins-losses (R=.34,
p<.03), total aircraft relative E availability (R=.37, p<.01), and
expert rating of performance (R=.47, p<.0001).

— Book K did not predict wins-losses, E availability, or

expert ratings (R=0.0, p n.s.). (Lawless et al., 2000, SMC)
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Case ii: Aa -> 0, Al -> o [Nuclear Waste Cleanups]

*Theory => adversarial decision-making (e.g., courts, science)

*Contrast SAB (competition) v. HAB (consensus)

. /— [t-te sts: SAB (co mp etition) versu HA B (cons ensus )
e - 0 . . o
Soyth Carolln 1. De mog raphi cs M or e M ino rity memb er s 2.9
.‘ 2. M em ber perc eption s Si teh ee ds advi ce 4.7 **
of Site
, Georgia &

( g S Con curs with Si te 5.3 **

\ Si tep rog ress ing 1.6

- TrustsSit e 1.6
{ 3. M ember perc eption s Int er nal co nfli ct -2 .1 **

Savannah River SitcWy of m emb ers
2 L ik es cons ensuse s -3 .3 **
~ 315 sq. miles

Trustsoth er members 0.6

M em ber s sha re ideas 3.2 **

Conclusion: “competition of ideas” improved nuclear waste
cleanup + trust (wendt, 1999); neutral participants decide outcome

8th ICCRTS, Jun 17, (from Lawless et al., 2000a) 1 5
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S AB Success Examples Contaminated Remediated
2 HLW tanks closed SO *
1200 vitrified HLW cans

’Plug-in-ROdS (borrowed from Hanford)

SRL basins before-after: SAB saved 2 years on
cleanup -> plug-in-rods (i.e., idp’s -> wdp’s)

*Old burial ground closed

*2500 tru drums v 551 drums

F&H and LLW-BG
! DWPF/GWSB — -

8th ICCRTS, Jun 17, (Lawless et al., 2000, SMC) 16
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1 2 3 4 5 6 7
1.SW | 1.0
2.H -72%% 1 1.0
3.E 3% -.66%* | 1.0
4.pc’s | .93** | -T70%* [ .78** | 1.0
5.web | .61% -.37 g4 L T71FE 1 1.0
6. EF | .88** | - 79%* | 70%** | 84%* | .48 1.0
7.CPI | .81%* | -72%* | 7J3%* | 89** | 60* 82%*% 11.0

Case ii: Aa -> 0, Al -> oo [Inter-Nation Competitiveness]

 Summary: Increased SW, H, E, EF, reduced corruption
(versus Skinner, 1978, Worchel, 1999)

e Trust in Congress > EU (W.E. Forum, 2003)

*  Notes (Lawless & Castelao, 2001, IEEE):
SW Scientific Wealth (May, 1997, Science)
H  Poor Health (infant mortality per 1000 births; World Bank)
E  Energy consumption in Energy kg OE per capita, World Bank
pc’s personal computers per 1,000 capita, World Bank
web Internet web hosts per 10,000 capita, World Bank
EF Economic Freedom, Cato Institute w/Milton Friedman
CPI Corruption Perceptions Index, Transparency International

8th ICCRTS, Jun 17, 17
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Case il: Aa -> 0, Al -> oo [U.S. Airspace System]

Convection Weather =
Single most disruptive
force within NAS

eeeeeeeeeeeeeeeeeeeeeeeeee

NCWF: Computational Forecasts (AI->0)

S ep 3 : 200 1 . 1 9 Z wene e
) 217
N Collaboration Forecasts:
CCFP (Aa->0)
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FAA’s Validation Results (rsL rTVS)

Product Issued |Forecast | Human/ |Avearea |Average [FAR |Bias
(UTC) | Length |Automated |[Forecast | PODy
covered
CCFP 1500, |1,3,5and H 5.2% .28 .84 1.9
1900 3,5,7h
Conv ective |[Hourly | 1,2 and H 2.3% .28 70 [ 1.0 <]

SIGMET 0-2 h
SIGMET |Hourly 2-6 h H 14.9% .04 .92 6.1

Ou tlook and 6 h

NC WF Smin |1and2 h A 0.5% .09 41 | .10 |

Table 1. In this table, better forecasts have a lower convective areac overed by the forecast,a greater
PODy,a lower FAR, and a Biascloser to one (bias greater than one over-predicts convection; less than one
under-predicts). [SIGMET is significant meteorological in formation; NCWF is the automated computer
gene rated numerical prediction; POD -y is theprobability o f a foreca st being observed =

Y (forecast)Y (observed)/(YY+NY); FAR is the falsealarm ratio = YN/(YY+YN); and Bias is thetendency
tooveror under predict convec tion = (YY+YN)/(YY+NY).]

Forecast Conclusions:

*Experts Best; CCFP a close 2nd; NCWF worst

*However, no conflict w/ CCFP versus SAB

8th ICCRTS, Jun 17, 19
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Decision-Making: Conclusions

Bistable R => orthogonal operators
(competition of 1deas) => dissonance
arousal + neutral judges => superposition -
>+ E and [ processing => optimal d.m.

Resonance tunnels thru social barriers

(compromise)
Converts idp’s to wdp’s
Solution = best fit (from increasing number

of participants => more Fourier
components)

8th ICCRTS, Jun 17,
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Revising Equation (1)

* Given reactance, j, AaAl = A (AI/At) At/At Al =] A

(AI/At)? At, giving
. AaAl = AtAE > ¢

(2)

e Case 111: At -> 0, AE -> o (e.g., big court cases & science)
* Case1v: AE >0, At -=> o (e.g., vocal resonance)

* Human cognition

e 16 mm movie film = 62.5 ms
AIAE > ¢ = AtAhw = h
At = 1/Aw = 1/(40 Hz) = .025 s = 25 ms

8th ICCRTS, Jun 17,
2003, NDU-DC

40 Hz Gamma waves => object acquisition = 75-150 ms

(Roger Penrose)
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Community Set-Point Theory (C-SPT): Square wells of E form emotion =
set points => SPT (e.g., food, lotto; Diener & Oishi, 2000). Baseline E,
associated with emotion potential energy, V. As excitation E attempts to
redefine meaning, V keeps beliefs stable. C, D, E: Groups. C-D illustrates
E,, D-E shows first excited state, E,. F. Experts at I, Novices at 11

(Landers & Pirozzolo, 1990; Lawless & ’ b. | 9

Chandrasekara, 2002) B. V\\H(\} m }\\
() .

Conclusions:

*]st model of a group # X~ disaggregated individuals
*Models experts versus novices

*Models AE levels for groups

8th ICCRTS, Jun 17,
2003, NDU-DC
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IDFT (organization, mergers, and K)

©  EPP(xy)=ming,, ET (xyzR,,) 3)
— Function, hierarchy, organization (Sallach, 2002) => Hamiltonian (Lyapounov)
* H=H 0 + ]{int (4)

s H,=EAYn +EBY m + V48 % nm, (0if empty, 1 if occupied)
© H, =12V, A%, e T2V Y iy, T 12V, BN mmy 12V B S mmy 13
I/trioB Zk,a,a ’mkmk+amk+a S

Conclusions:
*W/growth heterogenous island stresses reduce from Hi to Low (terrorism)
*Replaces Utility theory: /', = n nza o, exp ((AA/k,T)  (5)
*Interaction cross-section o, = a, (. o(@P-0,)%) (6)

*Friends = vocal harmonic oscillators => resonance = HXS

sterrorists cooperate to preclude warning observers = LXS

8th ICCRTS, Jun 17, (Lawless & Chandrasekara, 2002)
2003, NDU-DC
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EPES (x,y) = min, g .. E'T (x,y,2,R,,0);
explains in g.t. why » x. # organization

E A
2A+B
A2B
(Lawless & Chandrasekara,
2002)
|
x,y (PES surface)

10 Emin :

*Social Loafing (Latane, 1981)

*Audience Skills enhancement (Zajonc, 1998)

*Terror Mgt (Rosenblatt et al., 1990)

*Health (House et al., 1988)
2. E, . => Perturbation Theory (Lewin, 1951)

Attacks (cyber, business pricing, war) 2 4

8th ICCRTS, Jun 17, *Only way to M(K;,)
2003, NDU-DC



Future Research

_ Individual versus group Measures
1. Neurophysio-psych (SR’s,
AB=h* Av (Penrose: 40 Hz, gamima) T S EMEs e
Detectors, etc.)
Ground States (Single, Joint)
Anger (S, J)

Relationships (U-AZ, Foster)
D.M. (S, 1))

Neurological 2E

Dissonant [/

AR A

Entanglement (interaction F’s
stronger than context F’s =>

Vocal ZE

(Anger; in Kang, 2001)

EPR test: entangled subjects

8th ICCRTS, Jun 17, 25
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Quantum Perturbation Theory

<+

Endogenous | = new
defenses,strategies

— Organization ><| generation
Dissonant
Information
Exogenous | = new

weapons,strategies

<G

After perturbations, an organization uses endogenous feedback to defend itself. A competitor uses
exogenous feedback to defeat the organization. In general, the quicker one wins; e.g., in 2003 in the war
with Iraq, coalition decision-making and implementation of those decisions occurred faster than Iraq’s
Defense Forces, causing the latter to panic.
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Current Research (links to Markovian Processes)

1. Predicted-Actual CBO two-year average growth rates for GNP
(USA), 1976 to 1992 (CBO, 1999; in 1992, CBO switched to GDP).
The estimated limit cycle is for GNP data; it contracts towards origin
(increasing predictability), and expands away (increasing choice). (We _‘
have not calculated the dimensions of this phase space or attractor to "
see if chaotic, but in a contrast with a CDM economy, we expect a

market economy to have a higher dimension; e.g., Nicolis & Prigogine,
p. 281.)

2. For curve AaAl = c, the value for c is arbitrary, but predicated on no
feedback.

1. Bifurcations: The double square well model represents £ barrier
between opponents and neutral middle, overcome in democracy by
compromise or persuasion (e.g., even for BMW or GM to succeed, a
Estimated GNP company must appeal to neutral middle). Feedback (Al -> o) =

Limit Cycle fluctuations -> bifurcations when Y F = 0, giving 7 = exp(NAV) =>

T, <t ->regulation [M(K,) |

majority rule consensus

2. dl/dt and dX7dt are Kolmogorov coupled nonlinear equations +
F(t) as forcing function is predicted stronger for CDM (dampening)
than democracy (stochastic resonance) => K)

3%

CBO Forecast GWP Growth Rates, %

| | 3. Regulatory Control (Lyapunov exponents => divergence from

5% Aa feedback) = f(environmental stability, productivity, K,,)
Actual GMP Growth Rates, 4

4. A = wave length ~ organizational distances (no threat -> +
cooperation w/less / dense, + K,; competition + / density, -K ;)
8th ICCRTS, Jun 17, 27
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Conclusions

* Observation interacts with R (Pauli), collapsing State
function (K of R) -> new K (Laurikainen, 1997)

* But K, cannot reconstruct R (Zeilinger)
* Org’s under attack + E -> -4 => tighter, closer groups

« C-SPT: If level of fluctuations are constant, given a stable
env: => + diversity but w/- dyn stability (evolution wins);
given an unstable env: - diversity but w/+ dyn stability
(dynamics wins; e.g., survival mergers)

* Thus, while prediction may not be possible (deterministic
chaos from density dependent signals), regulatory control
or management of MAS 1s possible (1.e., limit cycles)
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Additional Reading
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