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Työn saa tallentaa ja julkistaa Aalto-yliopiston avoimilla verkkosivuilla. Muilta osin kaikki oikeudet pidätetään.



Decision Making in Air-to-Air Combat

• A flight comprises four fighter aircraft

• Fighter controllers and Fighter allocators

• Tactics, Techniques and Procedures (TTP)

 Geometry alternatives (Range)

 Launch range alternatives (Fox)
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”Viper 1, fox 3 on eastern.”

”Viper 3, fox 3 on western.”

”Viper 1, splash, bugging out.”

”Viper 1, Wizard, single group 

straight ahead, two contacts, hostile.”



Course of Action (COA)

• COA consists of four separate TTPs – one for each flight

• Seven viable TTPs

⇒ 7×7×7×7 = 2401 COAs

4 close-range TTPs

2 mid-range TTPs

1 long-range TTP

Commander’s Intent
Which COA should we choose?



Objective: Multi-Attribute Decision 

Analysis Model Providing “Best” COAs

• Additive value function to measure and rank COAs

wi weight of attribute i; xi measurement level of x w.r.t. attribute i;

vi single attribute value function of attribute i – attribute scoring

• Attributes: Probability of Kill (PK), Probability of Survival (PS), 

Efficiency of Missiles (EM)

• Commander’s intent represented as incomplete preference 

information - Feasible weights

Overall value of COA x:

𝑤𝑃𝐾 ≥ 𝑤𝑃𝑆 ≥ 𝑤𝐸𝑀



Specifications and Restrictions

• Find a set of non-dominated COAs

• Ignore all geographical / additional restrictions



Multi-Attribute Decision Analysis

(MADA) Model in Action

AOD & ATO

𝑤𝑃𝐾 ≥ 𝑤𝑃𝑆 ≥ 𝑤𝐸𝑀

𝑉(𝑥𝑗) for all COAs 𝑥𝑗

𝑤𝑃𝑆 ≥ 2 𝑤𝐸𝑀
Best: 𝑥78, 𝑥254, 𝑥981,…

𝑥254 fits the situation



Implementation in MATLAB and Excel

• Attribute-specific rankings of COAs from Excel to MATLAB

• Computation in MATLAB, output results to Excel



Experiment 1:

Preference Order and Attribute Scoring 1/2

• How many non-dominated (ND) COAs are identified?

• How does attribute scoring affect number of ND COAs?



Experiment 1:

Preference Order and Attribute Scoring 2/2



Results of Experiment 1 1/2

• Preference orders with linear scoring produce a feasible 

number of ND COAs

• Shape of the single attribute value function matters

Preference

information

# of ND 

COAs



Results of Experiment 1 2/2

• Preference orders with linear scoring produce a feasible 

number of ND COAs

• Shape of the single attribute value function matters



Experiment 2: 

Convergence of Weight Intervals

• How many non-dominated COAs are identified?

• Do non-dominated COAs fit given preference information?



Results of Experiment 2
• Number of non-dominated COAs decreases as given 

preference information gets stricter and stricter

• Non-dominated COAs fit the preference information

PK: Rmin, Foxclose/med/long 

PS: Rmax, Foxlong

EM: Rmin/mid, Foxclose/med 

Center: Rmin, Foxclose/med



Conclusions

• Incomplete preference information suffices to reduce the 

number of COAs in consideration (2401 → ~15)

• Close attention must be paid to choosing the shape of 

single attribute value functions

• The MADA model provides COA recommendations that 

match given preference information

• Model fulfills its intended purpose and opens up 

avenues for future research



Going Forward

• Develop an accessible, easy-to-use user interface

• Incorporate geographical restrictions to the MADA model
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