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Entropy
L] Origins: Thermodinamics (Clausius;Kelvin,1850)
LI Boltzmann: microscopic states

S=kInf}

Ll (Shannon,1948):
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E[-logpi| = —an log p; = H(X)
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Entropy
Ll Properties
1 H(X) is limited
7 Joint Entropy

H(X,Y)=— Z plxi, y;)10g p(x:, y;)
7 Conditional Entropy-
H(X|Y) = Ey[H(X|y;)] Z;; yi ) H(X|y;)

o Mutual Information

f[:}f:_ }") — H{X)+ H[:}"} — H(X. }’)
W i
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Entropy and Information in the Military Domain

LI (Sherrill;Barr,1997)
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Entropy and Information in the Military Domain

.l (Beene,1998)

Satellite Kesolution

]

H(X) == pn(5)

J5TARS 47 - 1
Rezolution 'ﬁl
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Entropy and Information in the Military Domain
LI (Beene,1998)
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Entropy and Information in the Military Domain

| (Beene,1998)

A

Four-direction Fight-direction Hexagonal cell Actual Area
Time model model model
Steps Area | Entropyv| Area |Entropy| Area | Entropy| Area | Enfropv
100 20201 991 40401 10.61 26241 10.17 31416 10.36
1000 | 200x10° | 1451 [400x10°| 1520 |260x10°| 1477 | 3.14x10° | 1496
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Metric 1: Information Gain

(T(I) = H(T) — H(T|I)
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Metric 2: Information Superiority

3(BLUE)=H_ - H(BLUE),
3(RED)=H_ - H(RED)

S(BLUE,RED) = $(BLUE) - 3(RED)

S(BLUE,RED) = H(RED) - H(BLUE)
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Example: Air Campaign
] Operations Area: 600NM x 300NM

L] 2 Opposing Air Forces
1 Fighters and Strikers
1 Sensors
1 Comm Stations and
7 Command Centers

L] Goal:

1 To study the relationship between performance, organizational
structure and uncertainty.
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L] Common Entities

O

O

O

O

O

O

Fighter Squadron Commands

Conceptual Model

111
[=]

Rdra

Strike Squadron Commands

Comms Stations
Fighter Aircrafts
Strike Aircrafts
Radar Sites

LI Centralized Organizational Structure

o Attack Command

O

Defense Command

CmdOfens

I Regional Organizational Structure

O

Regional Commands

CmdDefen
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Communicated Model

LI Structural Specification
7 Centralized Structure
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Communicated Model

LI Structural Specification
1 Regional Structure
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Communicated Model
LI Functional Specification
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Programmed Model
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Experimental Model
Ll Parameters:
1 Organizational Structure
0 { Centralized, Regional }

1 Sensors Range
1 {155km, 217km, 279km }
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Experimental Model
Ll Phase 1 — Centralized Scenario:
1 BLUE Radar Range ={ 155km, 217km, 279km },
RED Radar Range = 217km, Pxi..=40%, 10X
Ll Phase 2 — Regional Scenario:
1 BLUE Radar Az={ 155km, 217km, 279km },
RED Radar=217km, PxiL,=40%, 10X

“” 1IEAvV
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H(VE}H(AZ) bits) H(VE}H(AZ) bls)

H(VEYH(AZ) (bits)

Results
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Centralized Scenario
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Results

[ BLUE Radar={155km,217km,279km}

[ RED Radar=217km, PKILL=40%, 10X, Centralized Scenario
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Results

[ BLUE Radar={155km,217km,279km}

[l RED Radar=217km, PKILL=40%, 10X, Regional Scenario
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Results

[ Comparing centralized and regional structures on final values of

Alvos(VE }-Alvos(AZ)

entropy
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[]

Alvos(VE)-Alvos(AZ)

Results

Comparing centralized and regional
cummulative values of entropy
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Conclusions

LI Two metrics based on Shannon entropy
7 Information Gain
1 Information Superiority

.| Moderate correlation between information superiority
and performance (as defined)

LI Higher correlation: Sum[Sup] > Supfinai
Ll Small advantage to centralized structure
Ll Entropy metrics are dynamic

I Organizational and Systemic structures were
considered
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