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Is and “Is Not’s”

= This project is not attempting to model human cognition
and decision making.

*= This is a model of optimal decision making theory.

* Model provides a solution to the optimal action path for a
problem based on minimum cost. In other words, itis a
model designed to optimize the reward gained by
making optimal decisions based on a reward structure.

= Approach:

» Bayesian Statistics.
= Partially Observable Markov Decision Processes.
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7R Modeling Optimal Decision Making .3 8

Background

= Fundamental Aspect Of Human Cognition Is The Ability To Make Decisions.
= Most Decisions That Are Made Are Not “One Off” Decisions In Which The Decision Is
Made And Then The Rewards Reaped Or The Punishment Endured.
= One Challenge Faced By Any Decision Maker Is The Uncertainty That The Decision
Maker Has About The True State Of The System.
= Generally The True State Of The System |Is Unknown Or Hidden.
» True State Cannot Be Directly Observed.
= Typical Response Can Be Characterized By The Observe-Orient-Decide-Act (OODA)
Cycle.”
» Observe: Example Is To Send A UAV To Find The Enemy.
» Orient: Example Is To Update Belief About The Enemy Based On UAV
Report.
» Decide: Example Is To Declare Mission Complete And Take Appropriate
Followon Actions
= Act: Example Is To Take Action To Kill Enemy Such As Firing Artillery At
Suspected Location.

* Belknap, M. (1996). Military Decision Making in the Information Age. Unpublished Monograph, Naval War College, Newport, RI. Joint
Military Operations Department. Ad-a307-648-6-xab.
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Approach

= Optimal Observer.
= To evaluate performance in a task that leads to uncertainty and probabilistic
actions, it is useful to determine the optimal performance within a task.
» The optimal performance can be calculated using an extension of Bayesian
statistics called Partially Observable Markov Decision Processes (POMDP).

= Optimal performance can then be used as a benchmark by which to compare
human performance.

= Belief Updating.

» Hypotheses can be generated about the current state of the problem following an
action and the returned observation.
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Modeling Optimal Decision Making

Bayesian Updating Rule

p(s’|b,0,a) = p (o|s’,b,a) p(s’|b,a)

p(olb,a)
s’ = true state (of the condition being present within the total of all states, S)
b = prior belief
O = observation
a =

action that was generated
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Updating the Belief Vector

With Enemy residing at State1 & initial Belief Vector = [0.5, 0.5, 0.0]

Belief Vector after first action of Recon to State1 =

p(Statel | [0.5, 0.5, 0.0], “EnemySighted”,Reconl) = 0.7895
p(State2 | [0.5, 0.5, 0.0], “EnemySighted”,Reconl) = 0.2105
p(StateDead |[0.5, 0.5, 0.0], “EnemySighted”,Reconl) = 0.0000
Or
[0.7895, 0.2105, 0.0000]
Meaning

78.95%  probability of belief that the enemy is still in State1.

21.05%  probability of belief that the enemy is in State2.

0.0000% probability of belief that the enemy is in State Dead
(i.e., belief that the enemy is not still alive).
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Control Parameters for Determining the Action Sequence

A = (Delta) Declare Threshold; if the Belief Probability of Enemy Destroyed
> A, then Declare. A only refers to the DEAD state.

o = (Sigma) Shoot Threshold; if the Belief Probability of Enemy Destroyed
> 0, then Shoot, otherwise Look. ¢ only refers to the LOCATION states.
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Modeling Optimal Decision Making

Human Research and Engineering Directorate

Conditional Probability Expression

The probability of the next action being to S1 is given by:
P(S1|!S3)= CP1= (P(S1)/(P(S1) + P(S2))

Likewise for S2:
P(S2|!S3)= CP2-= (P(S2)/ (P(S1) + P(S2))

If CP > o then Look, otherwise Shoot.
If S3 > A then declare mission complete.
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Human Research and Engineering Directorate I

Example: Command and Control Simulation Vignette

«Begin Simulation (1_66) ¥

« CP2_S3_SINCGARS_TAU1(1.30) 31—

SITREP (1_81)

Log Report (1_38)

Intel Message (1_35) >

|Sequential Decision Making Under Uncertainty (DMUC) Model- Test Shell|

[

»4 PasstoS4(1_44)

Pass to $2 (1_45)

Initialize Variables (1_11) >

Directive to
Seek & Destroy (1_29)

»<¢ XO Action (1_54)

»4 S4 Action (1_55)

»{ S2 Action (1_57)

»¢ 53 Action (1_79)

%}—P(Pﬁssto Comrnander (1_40) @—b{CommﬁnderActionU_BU 3@}7
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Initiate DMUC (1_62)

£

\-P(Communicate & Report (1_58) K>

\-P(Evaluate & Estimate Impact (1_59) 3:>

'-h{ Decide & Recommend [ Direct (1_32)

DMUC Result (1_69) <>

¢ Identify / Understand Situational Picture (1_60) 3>

Effect of Percieved Good

Decision on Battle Outcome (1_34)

»-

Effect of Percieved Bad

Decision on Battle Outcome (1_B8)

P
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Decision Making Under Uncertainty Model

|Sequentia| Decision Making Under Uncertainty (DMUC) Model|

UAV Believes It
SeesTarget (1_28_32)

UAV Caorrectly Reports

X
W Target Found (1_28_62)

Right )
Location (1_28_54)

Target
Dead ? (1_28_124)

UAV Believes it UAV Incorrectly Reports
Does Not SeeTarget (1_28_33) Target Not Found (1_28_61)

UAV Believes It

4 UAV Incorrectly Reports
SeesTarget (1_28_36)

Target Found (1_28_82)

Send UAV
To Look for
Target (1_28_9)

Wrong 4
Location (1_28_55)

UAV Believes it UAV Correctly Reports
Does Not SeeTarget (1_28_37) Target Not Found (1_28_83)

Falsely Declare
Target Destroyed (1_28_19)

Decision Threshold
Check for Good vs
Bad Decision (1_28_76)

Decide
—p On -
Action (1_23_68)

Declare
End of Mission (1_28_73)

Accurately Declare
Target Destroyed (1_28_8)

1&}

Artillery Kills 4
Target (1_28_51)

Right

Location (1_28_47)

Artillery Does Mot
Kill Target (1_28_52)

y

Fire Artillery
On Suspected
Location (1_28_14)

Artillery Only Reports
Mission Fired &
Location Fired At (1_28_2)

Artillery Misses
Target (1_28_31)

Wrong

"
Location (1_28_48) W

M
..................... - Commander Update J

*_ Initiate DMUC (1_62) $————»4 Enter DMUC (1_28_15) 3@}—?{ Commander Evaluates Initial State (1_28_79) ® Belief Vector & L
..................... Evaluate Situation (1_28_72)
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Modeling of Belief Updating

i :Cmnmander Evaluates Initial State (1_28_79) »— First Time Through

"""""""""""""""""""""""""" Obvious Decision is to
Fire Artillery or

Fly UAY Because
e : Assumption is that

i UAV Correctly Reports E is Ali

*. Target Found (1_28_62) [ R A

B e o o e e e L o s :

;" UAV Incorrectly Reports o
| Terget Not Found (1.28.61)

St " >—»4Evaluate Report (1.28 72 1) §—»< Update Belief Vector (1_28 72 13) f>—>»#On
‘ b

P

e S Py,

:"UAV Incorrectly Reports
l_‘Ta:get Found (1_28_82)

e  mam

<" UAV Correctly Reports -
. Target Not Found (1_28_83)

" Artillery Only Reports ;
i Mission Fired & —

.

B

. Location Fired At (1.28_2)
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Belief Vector Updating Logic

If the action generated was to Look, then update the BV from the look mission:
Do for each state:
Calculate PoGs’ba from Table 1 lookup.
Calculate Ps'Gba from previous belief probability of the enemy in the state occupied.
Calculate PoGba from:
(Probability of Enemy in State Action To * Table 1 Lookup for that State) +
(Probability of Enemy in State Action Not To * Table 1 Lookup for that State) +
(Probability of Enemy in State Dead * Table 1 Lookup for condition applicable to State Dead)
Calculate Ps’Gboa from: (PoGs’ba * Ps’Gba) / PoGba
Equate the BV component for that state = Ps’Gboa.
End Do
Else if the action generated was to Shoot, then update BV from the shoot mission:
Do for each state:
Calculate PoGs’ba from Table 2 lookup which will always = 1.0.
Calculate Ps’Gba from:
[Probability (In-State) x (previous probability for State Struck] +
[(1.0- Probability (Out-State) x (previous probability for State Occupied)]
Calculate PoGba from Table 2 lookup which will always = 1.0.
Calculate Ps’Gboa from: (PoGs’ba * Ps’Gba) / PoGba
Equate the BV component for that state = Ps’Gboa.
End Do
End
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Modeling Optimal Decision Making

Conditional Probability Updating Logic

Do
Calculate CP1=PS1 /(PS1 +PS2)
Calculate CP2 =PS2 /(PS1 +PS2)
End Do
If (CP1 & CP2) < 0) then
If (CP1 > CP2) then LOOK at S1
If (CP1 < CP2) then LOOK at S2
If (CP1 = CP2) then LOOK at Random pick of S1 or S2
End If
If (CP1 > o) then SHOOT at S1
If (CP2 > o) then SHOOT at S2
If (CP1>0) & (CP2 > 0) ) then SHOOT at Random pick of S1 or S2
Calculate new BV
If ((BV component for S3) > A) then
Declare mission complete
Else continue processing and go to next iteration
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Human Research and Engineering Directorate

State Space Matrix for Initial Model Development

State 1

Location
State 1

11t ICCRTS- Middlebrooks

State 3
Dead
State 2
Location
State 2
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Sequence (wW/Enemy @ S1): Conditional Probability Action Decisions
A=09;0=0.75

Modeling Optimal Decision Making

. 8

. State_SpaceiState Space!State Space
10000 A (1] [2.1] Dead
0.9000 0- Initial 05000 0.5000 0.0000
’ 1- Recon to 51 0.7895 0.2105 0.0000
2- Shoot to 51 0.1974 0.2105 05921
0.8000 3- Recon to 52 0.2308 0.0769 0.6923
A 4- Shoot to 51 0.0577 0.0769 0.5654
0.7000 5 Recon to 52 0.06039 0.0254 09137
/ \ / B- Recon to 51 0.1957 0.0217 0.7826
2 06000 —e— State_Space||/- Shaot to =1 00439 0.0217 09293
5 [1,1] 8- Recon to 51 01617 0.0192 0.5192
% 0.5000 \ f _a— State_Space||Z- Shoot to 51 0.0404 0.0192 0.9404
0 [2,1] 10- Recon to 51 0.1364 0.0172 0.5463
) —a— State_Space 11- Shoot to 51 0.0341 0.0172 0.9457
g 0.4000 - _Deac_i 12- Recon to 51 01169 0.0158 0 5673
13- Shoot to 51 0.0292 0.0158 0.9550
0.3000 - 14- Fecan to 51 01015 0.0146 05240
15- Shoot to 31 0.0254 0.0146 0.9600
0.2000 | 16- Recaon to 51 0.0839 0.0136 0.5974
17- Shoot to 51 00222 0.0136 0 9641
/\ /\ /\ ~ 18- Recaon to 51 0.0736 0.0129 09036
0.1000 A 19- Shoat to 51 0.015965 0.0129 0 9675
/ =>< \/ \/ ¥ _\ii E i z i : i 20- Fecon to 51 0.0599 0.0122 0.9179
0.0000 += —

SH H D DD DD DD DDDDD DD DD D D

£ 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2°¢

L c - c (0] c c = c = [ = c = [ = c = [ = c

x ¥ o g P oD gDy hoy d g Doy O

I I R A

Action
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Human Research and Engineering Directorate

T, Sigma- Sequence
0.00-
0.01-
0.0s-
0.10-
0.15-
0.20-
0.25-
0.30-
0.35-
0.40-
0.45-
0.50-
0.55-
0.59-
0.60-
0.61-
0.62-
0.63-
0.64-
0.65-
0.66-
0.67-
0.58-
0.59-
0.70-
0.71-
0.72-
0.73-

Recon Cost
Shoot Cost

51-520
SESEESE
SS55E5
SSSEE
N
SS5EE
=555
=555
e
5555
5555
=555
RSR5S
RSRER
RSRER
RSRER
RSRE=R
RSRSR
RSRSR
RERER
RSRSR
R=RSR
RSRER
RSRER
RSRER
RRZRS
RRSRS
RRESRE
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10
100

RS
2000
700
k00
&00
&00
&00
400
400
400
400
400
400
320
230
230
230
230
230
230
230
230
230
230
230
230
230
230
230

T, Sigma- Seguence
0.74-
0.75-
0.76-
0.77-
0.78-
0.79-
0.80-
0.81-
0.82-
0.83-
0.84-
0.85-
0.86-
0.87-
0.88-
0.89-
0.90-
0.91-
0.92-
0.93-
0.94-
0.95-
0.96-
0.97-
0.98-
0.99-
1.00-

page 16

RRERS
RRESR:
FESRERSRS
RFESRERESRS
FESRERSRS
RSRRERSRS
FESRERSRES
FESRERSRES
FRERSRSRE
RRERSRSRE
FRESRERSRS
FESRERSRS
RFESRERESRS
FESRERSRS
FESRERSRS
FESRERSRES
FRERSRSRE
RRERSRSRE
RRERSRSRE
FRESRRERERS
FERSR=RSRS
FERSR=RZRS
FERSR=RERS
FERSR=RERS

FEREESRREREERS

FRRESRSRE
20R

Reward Structure Sequence by ¢

RS
230
230
450
440
450
450
450
450
450
450
450
450
440
450
450
450
450
450
450
450
460
460
450
450
5380
360
200
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Reward Structure by Sigma (o)
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Human Research and Engineering Directorate
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I

State Space Development

Next Step State Matrix

State 3 State 4
Location Location
State 3 State 4

State 1 State 2 z
Location Location
State 1 State 2
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State Space Development

State 1 State State 3 State 4 State &
Location Location Loc ation Location Location
Target State 1 State 7 State 3 State 4 State 5
State
Matrix
State & State 7 State & State O State 10
Location Location Loc ation Location Location
State & State 7 State & State O State 10
State 11 State 12 State 13 State 14 State 15 State 26
Location Location Loc ation Location Location Dead
State 11 State 12 State 13 State 14 State 15 ea
State 16 State 17 State 18 State 10 State 20
Location Location Loc ation Location Location
State 16 State 17 State 18 State 19 State 20
State 21 State 22 State 23 State 24 State 25
Location Location Loc ation Location Location
State 21 State 22 State 23 State 24 State 25
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Questions?
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Back Up Slides
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Belief Vector Sequence as ¢ Varies from
0.0 to 1.0 in 0.1 increments

(Gaps in increments indicate no change)
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Human Research and Engj

Sequence (W/Enemy @ S1): Conditional Probability Action Decisions

A =0.9;0=0.00
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Human Research and Engj

ity

Belief Probabil

Action Decision Sequence by ¢

Sequence (W/Enemy @ S1): Conditional Probability Action Decisions
A =0.9; 0=0.01

1.0000

0.9000

0.8000

0.7000

0.6000

- _/ —=— State_Space

0.5000

0.4000

—e— State_Space

[1.1]

[2.1]

\ m —n— State_Space
\ _Dead

—
—

0.3000

0.2000

//><
'l

0.1000

0.0000 -

0- Initial

1- Shoot to S1
2- Shoot to S1
3- Shoot to S1
4- Shoot to S1
5- Shoot to S2
6- Shoot to S1
7- Shoot to S2
8- Shoot to S1
9- Shoot to S2
10- Shoot to S1
11- Shoot to S2
12- Shoot to S1
13- Shoot to S2
14- Shoot to S1
15- Shoot to S2
16- Shoot to S1
17- Shoot to S2
18- Shoot to S1
19- Shoot to S2
20- Shoot to S1

Action
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Human Research and Engj

Sequence (W/Enemy @ S1): Conditional Probability Action Decisions

A =0.9;0=0.05
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Human Research and Engj

Sequence (W/Enemy @ S1): Conditional Probability Action Decisions

A=09;0=0.10

pace

Dead

[1.1]
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Sequence (W/Enemy @ S1): Conditional Probability Action Decisions

A =09;0=0.25
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Action Decision Sequence by ¢

Human Research and Engj ]
Sequence (W/Enemy @ S1): Conditional Probability Action Decisions

A =0.9;0=0.55

1.0000 £
0.9000 /A/A/A/E_lﬁ
0.8000 /A/

0.7000 //\ //

2 0.6000 —¢—S1ta1te_Space

: /] e

o 0.5000 —8— olate_opace

o [2,1]

E —n— State_Space

2 0.4000 \ /\ _Dead
0.3000

0.2000 \
0.1000
0.0000 ﬂ—i%

0- Initial

1- Recon to S1
2- Shoot to S1
3- Recon to S2
4- Strike to S1
5- Shoot to S2
6- Shoot to S1
7- Shoot to S2
8- Shoot to S1
9- Shoot to S2
10- Shoot to S1
11- Shoot to S2
12- Shoot to S1
13- Shoot to S2
14- Shoot to S1
15- Shoot to S2
16- Shoot to S1
17- Shoot to S2
18- Shoot to S1
19- Shoot to S2
20- Shoot to S1
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Action Decision Sequence by ¢

Human Research and Engj ]
Sequence (W/Enemy @ S1): Conditional Probability Action Decisions

A =0.9;0=0.59

1.0000 Lt
0.9000 /A/A/w

0.8000 /A/

0.7000 //\ //

2 0.6000 _e— State_Space
WAy
S 0.5000 —=— State_Space
a 2,1

kS \ \/ —n— State_Space
g 0.4000 \ /\ _Dead

0.3000
0.2000

0.1000 \

0.0000 JM

0- Initial

1- Recon to S1
2- Shoot to S1
3- Recon to S2
4- Strike to S1
5- Recon to S2
6- Shoot to S1
7- Shoot to S2
8- Shoot to S1
9- Shoot to S2
10- Shoot to S1
11- Shoot to S2
12- Shoot to S1
13- Shoot to S2
14- Shoot to S1
15- Shoot to S2
16- Shoot to S1
17- Shoot to S2
18- Shoot to S1
19- Shoot to S2
20- Shoot to S1

Action
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Human Research and Engj

Sequence (W/Enemy @ S1): Conditional Probability Action Decisions

A =0.9;0=0.66

_Space

(1,11
—=— State_S
[2,1]

—n— State_Space
_Dead

—e— State_Space

1.0000

A/A/ \
\VA

1 | T
T
o o o o o o o o o o
S S S S S S S S S S
S S S S S =) S S S S
@ @© ~ © 0 < @ N - <
S S S S S} S S S S S

Aungedoud joijeg

1 S 0} U0d8Y -0C
1S 0} jooys -6
1 S 0} UOOSY -8L
LS o}jooys -/}
1 S 0} UOdSY -91
LS 0} jooys -G
1 S 0} UOOSY -¥1
LS 0} jooys -gi
LS 0} UOd3Y ¢l
LS 0}jooys -L|}

LS 0} UODSY -0 %

1S 0} 1004S -6
1S 0} U0OBY -8
ZS 0} UooBY -/
1S 01 1004S -9
ZS 0} UooBY -G
LS O} IS -
ZS 0} UooaY -¢
1S 0} 1004S -Z
1S 0} UooRY -|
e -0
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Human Research and Engj

Sequence (W/Enemy @ S1): Conditional Probability Action Decisions

=0.71

09;0

A AL AANANN

AVAA RS

/

A=

_Space

(1,11
—=— State_S
[2,1]

—n— State_Space
_Dead

—e— State_Space

A

N ANA A

R A AAVAVAVAY

1.0000

— L
A\\

T

o o o o o o o o o o
S S S S S S S S S S
o o o o o o o o o o
2 @ ~ © © < e N - S
IS IS IS IS IS IS o o IS} IS

Aungedoud joijeg

1 S 0} U0d8Y -0C
1S 0} jooys -6
1 S 0} UOOSY -8L
LS o}jooys -/}
1 S 0} UOdSY -91
LS 0} jooys -G
1 S 0} UOOSY -¥1
LS 0} jooys -gi
LS 0} UOd3Y ¢l
LS 0}jooys -L|}

LS 0} UODSY -0 %

1S 0} 1004S -6
1S 0} U0OBY -8
1S 0} J004S -2
1S 0} UOOBY -9
ZS 0} UooBY -G
LS O} IS -
ZS 0} UooaY -¢
1S 0} 1004S -Z
1S 0} UooRY -|
e -0
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Human Research and Engy ]

Action Decision Sequence by ¢

Sequence (W/Enemy @ S1): Conditional Probability Action Decisions
A =09;0=0.76

1.0000

A AL ALASN

0.9000

0.8000 -

0.7000

A /\/\/\/\/\L/\/Y .

AVA

0.6000

0.5000 -

0.4000

Belief Probability

0.3000 -

—e— State_Space

[1.1]

—=— State_Space

[2.1]

—a&— State_Space

_Dead

0.2000

0.1000 -

0.0000 -

0- Initial

1- Recon to S1

2- Shoot to S1
3- Recon to S2
4- Recon to S1
5- Shoot to S1
6- Recon to S1
7- Shoot to S1
8- Recon to S1
9- Shoot to S1
10- Recon to S1
11- Shoot to S1
12- Recon to S1
13- Shoot to S1
14- Recon to S1
15- Shoot to S1
16- Recon to S1
17- Shoot to S1
18- Recon to S1
19- Shoot to S1
20- Recon to S1 Al
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Human Research and Engy

Sequence (W/Enemy @ S1): Conditional Probability Action Decisions

0.77

A=09;0

1.0000

) ) )
o 5] o
@ @ @
aQ aQ aQ
S_ S_ S_
Q. _ 0o o8
2 L L8
T B~ ©
BT BT 80
[7p I V) B AR /) B
q
AA/ |
/
*~
AA\ |
K—|
A\\ !
//.
: : : : : ,
o o o o o o o o o o
S S S S S S S S S S
S S S S S S S S S) S
& &8 & & B ¥ & & = 8
S =] 1= o =] IS =] o =] IS

Rinqeqoud jateg

1S 0} UoddY -0¢
LS 0} jooys -61
LS 0} Uodsy -g|
LS 0} j00ys -/1
LS 0} Uodsy -9}
LS 0} jooys -G
LS 0} U033y -y
LS 0} j0o0ys -g|
LS 0} Uodsy -¢|
LS 0}jo0ys -1}

LS 0} U038Y -0}

1S 01 J00US -6
1 S 0] UODO8Y -8
LS 0} 300yS -2
1S 0} uooaY -9
1S 01100UsS -G
1S 0} U0OBY -
ZS 0} uooay -¢
1S 01 J00US -Z
1S 0} U0DBY -|
fenul -0
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Human Research and Engj

Sequence (wW/Enemy @ S1): Conditional Probability Action Decisions A

=0.79

A A AN

ATAR

/

[1.1]

—a— State_Space

[21]

—— State_Space
Dead

—e— State_Space

I\
W,

CVANAA A

\]

v v

vy

Y Y Y

*
=

1.0000

0.9000 +

0.8000

0.7000 +

0.6000
0.5000
0.4000 +

Aijiqeqoud jaieg

0.3000 +

0.2000

0.1000

0.0000 +a——t—2A—

1 S 0} UOO8Y -0C
1S 0} jooys -6
1 S 0} UOOSY -8L
1S 0}jooys -/}
1 S 0} UOdaY -91
LS 0} jooys -G
1L S 0} UODSY L
1S 0}jooys -gi
1 S 0} UOd3Y ¢l
LS o}jooys -L|}

1 S 03 UOD8Y -0}

LS 0} 100yS -6
1S 0] UOJ3Y -8
1S 0} J00US -/
LS 0} U0D3Y -9
LS 0} 100US -G
LS 0} U0D3Y -
ZS 0} UooaY €
LS 0} 100yS -Z
LS 0} U03Y -}
fenu] -0
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Action Decision Sequence by .3 8

Human Research and Engj
Sequence (W/Enemy @ S1): Conditional Probability Action Decisions
A =0.9;0=0.90

Y WAVAVA'A A/
B ARVAA: |

0.6000 —e— State_Space

/

el L
\ ,
\

—
~_

[2.1]
—n— State_Space

ool LA
INENIEVAW)
o\

0.0000 -

Belief Probability

0.4000

e

——
L—]

L
/
I~
/
\»
=
\‘\
/
™~
/

o

<

1

0- Initial

1- Recon to S1
2- Recon to S1
3- Shoot to S1
4- Recon to S1
5- Shoot to S1
6- Recon to S1
7- Shoot to S1
8- Recon to S1
9- Shoot to S1
10- Recon to S1
11- Shoot to S1
12- Recon to S1
13- Shoot to S1 u<
14- Recon to S1 | >
15- Shoot to S1
16- Recon to S1
17- Recon to S1
18- Shoot to S1
19- Recon to S1
20- Shoot to S1
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Human Research and Engj

Action Decision Sequence by ¢

Sequence (W/Enemy @ S1): Conditional Probability Action Decisions
A =09;0=091
1.0000
- / \ /ﬁ\ / f\\/ ¢ \ / \/
0.7000 X
£ 0.6000 / \ f\ / \/ \A/ —e—State_Space
©
3 0.5000 K —=— State_Space
o [2,1]
E’ —n— State_Space
] 0.4000 \ /\ / \ /\ _Dead
0.3000 \' / v \ /\\ / \ /\
o \/ y \/ /\ / *\ / \/ \/ ﬂ\
0.1000 /\ 4
0.0000 +A~trAF+— T+ e e—e——u
SO 0o 00O n B DO DO DDNDD DN DD D
£ 2 2 22 2 2 22 2 2 22 222 2222 2°8
CI> c c ol c - c oS c = c ot c - c c ot c - c oS
53288232882 82¢823¢82¢82¢8S3
€ ¢ ® x ? gD gDy h g hogododogd g D
i T =R SR SR
Action
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Human Research and Engj ]

Action Decision Sequence by ¢

Sequence (W/Enemy @ S1): Conditional Probability Action Decisions
A =09; 0=0.92
1.0000
0.9000 //Y\ A A /A\ /A
- / \ /\ / \/ XX / \ / v x
0.7000 A A y
2 0.6000 / \ f\ / —e— State_Space
©
g 0.5000 K —=— State_Space
o [2,1]
E’ —n— State_Space
- \- / v \ //\\ / \ /A\
o \/ / \/ /\/ v \/ /\ / \
0.1000 /\
7_\_'\'—:\0—L\. ) v \/ \
0.0000 + bt +— T T e —s—s s _a
SO 0o 00O nBDODONODDNDD DN DD D
£ 2 2 22 L2 22822828 8 L 2228228 28e2ee8e.:e
L c c ol c - c oS c = c c ot c oS c ot c - c oS
T 3828328323288 283828228:23°:;
€ ¢ P g DDy D g dhogd g D D
FAdd b et dd e zdedebdgg
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Human Research and Engj

Sequence (W/Enemy @ S1): Conditional Probability Action Decisions

A =09;0=093

1.0000

g &8 8
8 8 8
R )
e_ e_ e_m
ST 5T 58
RN
A/ \.‘
- <1
> <
AA v.
- <L
< S
VA .A .
<« e .\
/v_ A\ [
[
AA vuo .\
AA\ /v L
[
—1 | [ — |
| _— — L
1 | I — |
o7 | /VVA_
— L L
=" —— I
A\\\ . e L
— —
2§ 888888 ¢8¢
=] =] =] =] =} =} =] (=] [ (=]

Aungedoud joieg

1S 0} jooys -0¢
1 S 0} UOOSY -61
LS 0} jooys -gi
LS 0} U0dsY -/L
LS 0} jooys -9}
L S 0} UODSY -GL
1S 0}jooys -vi
1L S 0} U0d8Y -€1
LS 0} jooys -¢i
LS 0} U0dsY - L

LS 0}jooys -0} %

1S 0} UOOBY -6
1S 0} 1004S -8
1S 0} UOOBY -/
1S 01 1004S -9
1 S 0] UOJ3Y -G
1S 0} UoORY -p
1S 0} 1004S -¢
1S 0} UooBY -Z
1S 0} UooRY -|
feru -0
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Human Research and Engj ]

Action Decision Sequence by ¢

Sequence (W/Enemy @ S1): Conditional Probability Action Decisions
A =09;0=0.94
1.0000
0.9000 //'/\ /\ /A\ //A\\//A\\//\\A//\X/
0.8000 f\
0.7000 f v
2 0.6000 / \ / \ / —e— State_Space
g 0.5000 —=— State_Space
o [2,1]
E’ —n— State_Space
] 0.4000 \ /\ / \ /\ _Dead
0.3000 \. / y \ / \
- \ / v \//\\ / x\
0.1000 \\l_'\_ Y v \/ /\\//\\/A\/a\
0.0000 ba~rtrtrbr—F 1 o o o ——
SO 000000 BDODONODDNDD DN DD D
£ 2 2 22 2 222 2 2 22 222 222 22°28
CI> c c c ot c - c ot c ot c ot c oS c ot c - c oS
5332828232328 ¢8238¢82¢828¢8S3
€ ¥ ? o P oD Dy g D g d g Dd g D
i BRI = R T A A - R
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Human Research and Engj ]

Action Decision Sequence by ¢

Sequence (W/Enemy @ S1): Conditional Probability Action Decisions
A =09;0=097
1.0000
0.9000 //'/\ /\ /A\ //A\\//A\\//\\A//\\
0.8000 f\
- / \/ \ / v ]
2 0.6000 —e— State_Space
g 0.5000 —=— State_Space
o [2,1]
E’ —n— State_Space
0.3000 \. / V \ / \ /’
- \ / v \//\\ / x\ /
0.1000 \\l_'\_ V YRV /\\//\\//\\/
0.0000 ba~rtrtrbr—F 1 o o o ——
SO o HHnHnH OO0 DD DDDDDD DD D
£ 2 2 222 222 2 2 22282228 222-°¢
CI> c c c ot c - c ot c ot c ot c oS c ot c - c c
€ ¥ ? o P oD Dy D g D g d g D P
Tl et ol dedebdgg
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Human Research and Engj ]

Action Decision Sequence by ¢

Sequence (W/Enemy @ S1): Conditional Probability Action Decisions
A =09;0=0.98
1.0000
0.9000 //‘/\ f\ /A\ /f\\//\v/\\A
- / \ /f\\ f\ / \/ y
- / \/\ / & /\ / \/ x ——
£ 0.6000 State_Space
g 0.5000 —=— State_Space
o [2,1]
E’ x —n— State_Space
- \- / V \ / \/ \ /*\
0.2000 /\
N R SRR R VAVAWA
0.1000 /
R VAV
0.0000 -
SO 0o 0000 B DO DNODDDD DD DD D
£ 2 2 22 L 2282828 8 L 22%28L22¢e28e2e2e.e:e
L c c c ot c - c c = c ot c - c ot c ot c oS c
T 3882832332828 223822823°:23
€ ¥ ? o P d Dy P g hog dgg D g DY
I I - T I R
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Action Decision Sequence by .3 8

Human Research and Engj ]

Sequence (W/Enemy @ S1): Conditional Probability Action Decisions
A =09;0=0.99

NZa A AAA
S VAR N WAWAVA
/ AVAYE

0.7000 ﬁ

£ 0.6000 / \ / v —e—State_Space
ﬁ 0.5000 —=— State_Space
o [2,1]

E —n— State_Space
8 0.4000 \ \ / \ /\ “Dead

0.3000 /
0.2000 \' / y
0.1000 \ /

0.0000 -

VAW
PVSAAA A

1o

0- Initial

1- Recon to S1
2- Recon to S1
3- Recon to S1
4- Recon to S1
5- Shoot to S1
6- Recon to S1
7- Shoot to S1
8- Recon to S1
9- Shoot to S1
10- Recon to S1
11- Shoot to S1
12- Recon to S1
13- Shoot to S1
14- Recon to S1
15- Shoot to S1
16- Recon to S1
17- Shoot to S1
18- Recon to S1
19- Shoot to S1
20- Recon to S1
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Action Decision Sequence by ¢

Human Research and Engj ]
Sequence (W/Enemy @ S1): Conditional Probability Action Decisions
A =09;0=1.00

0.9000 //‘/’/ﬁ
0.8000 /
0.7000

1.0000 -

0.6000 —e— State_Space

[2.1]

—n— State_Space

0.4000 “Dead

Belief Probability

(1,11
0.5000 \ —s— State_Space

0.3000

0.2000 \‘
0.1000 \

0.0000 W

W - - — ™ ™ ™ ™ ™ ™ “ ™ “ ™ ™ ™ ™ “ ™ ™ v
5 OO0 N N N N N0 N N 0N 0 nnnnnonnnon
€ 0 09 9 9 0 0O 0O O Q9 9 0 0 0 0 0 0 9 9 9o
8 8 L2 2 2222 £ 8 8 2 22 8L 8 L 2822828
CI> c c c c c c c c c c c c c c c c c c c c
o o o o o o o o o o o o o o o o o (e} o o
[S] [S] [&] [&] (&) (&) [S] [&] [&] [&] [&] [&] (&) [S] [&] [&] [&] (& [S] [S]
Q Q Q Q Q Q Q Q O Q O O Q Q Q Q O Q Q Q
¥y ¢© ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¥ ¥ ¥ ¥ ¥ ¥
e d d T B O N Db DA DD O N D D
- - = v v v+ - v~ +~ =
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