Limiting Risk In Manifests for U.S. Army Airborne Operations:
An Optimization Framework for Risk-Aware Personnel Load Planning

Matthew Gleason and Dr. Brandon McConnell | Operations Research Graduate Program

Background Experiment Methodology

= Airborne Operations contain inherent risk. Simulated Aircraft Loss

Unit-Focused
Model P,

Baseline Data
o Enemy exploitation on route to the drop zone (JRTC)

1. Single Aircraft Removal

BASELINE DATA

o Environmental factors can impact the precision of delivery 2. Sequential Removal (2x Aircraft)
% %E ‘ 3. Capacity-Based Removal

o Aircraft may experience mechanical failure :
Rank Available Aircraft Tactical Plan z(ygla") - (2X Infantry CompanleS)

. . . . . Company Assignment U =U
= Risk Trade-offs: Delivery is not guaranteed; dispersion \ / I I I Min Y (1) I I I CEMOVAL TRIAL
must not disrupt the planned operational timeline. Y 1~ | A\ = ¢ || S
| . w%%%%
Quantifiable Importance: Soldier importance is quantified
using rank, equipment, and leadership factors. A01T g Af02 - AT0S  Al04
Size and Rank

Biecive Tactical Distribution Per Uni
Cross-Loadin Co
g

Rank / Capability
oo -t 444

Model P, B201  B202  B203 Bzo

Spectrum of Personnel Load Plans

Organizational
Database
(FMs Web

Military Doctrine

lz = First Sergeant - l; = Captalns

% % % % % % Compare Manifest Performance

Assignment Distribution

m
£ 074
s L
EXE 4 //‘
=] - --«
& B

[ | | % o5 Rerd
- L /1
T
£ 0.4 ,,:;p—‘—d
2 o
3 03 -ty
& -

- s
(an) an) - [

£ 021 - =

A—--'—I-—;-&‘-‘

Unit Manning ‘.«,TIMI R J»I:e @;I@ b
- ) SYNTHETIC DATA ) ™ > (- ypim) = 18 Z ax — ypin) = 1. Average Expected Losses
= Manifests are currently generated manually. % “ f@ < I 6| |o in S o ypin E%E 2. Max Losses
— Jl
. . : , , o N Aircraft =) Aircraft 3. Average Worst-Case Losses (CVaR,)
o Time-intensive; lacks quality control and dispersion capability Rank Available Aircraft ~ Model Parameters
TM/SQD/PLT/CO Dispersion Control

K Position Title Force Availability/

- = = Baseline (JRTC) Rank/Capability-Focused Unit-Focused
Passengers Aircraft 4 Operational Decisions I . . .
. Parameterized Unit Dispersion Unit AC Max L1 L2 |[AC Max L1 L2 |AC Max L1 L2 Mode.led Units are more dispersed than . . -
. Doctrinally Informed Constraints A /1 INBN 9 0296 0990 0.010| 12 0.184 1.000 0.000 | 12 0.133 1.000 0.000 basellne. ThlS framework gives practltloners total COIltI'Ol
. Targeted Capability Balancing B /1INBN 9 0262 0.029 0971| 10 0.204 0.010 0990 | 12 0.146 0.068 0.932 . L. . I i f t t. . . t
e . C /1 INBN 8 0202 0.012 0.988| 12 0298 0.107 0893 | 12 0.131 0.095 0.905 = This often coincides with a decrease in Max OVEr mamniiest generation, 1improving curren
* Timeliness of Arrival / . .
HHC / 1INBN 14 0.321 0.857 0.143| 12 0.190 0.857 0.143 | 12 0.167 0.857 0.143 losses. methods in the follow1ng manmner-:
‘ AC = Aircraft Used, Max = Max Assignment Proportion, L1 = Cumulative Lift 1, L2 = Cumulative Lift 2
/ S S = Reduced production time: 1-2 days = ~ 1 hour-.
Opt|m|zat|on Mode| \ T oss Distributions Across Rifle Companies: rials
Objective: _ Side Constraints: | o et : T . .
Max We define an oo . = Guaranteed doctrinal adherence with tunable
Min z Yu aSSignment prOblem 1. Linkina: So|dier assi nment > unit o] . e i : Unlt-Focused MOdel Decreases Average o
LINKINg g g : d T T
: ucy with side constraints. presence L T o = T : o T 1 1 . ddjusStmernts.
Subject To: v 5 worst-case 10ss 1n most cases
- . Cohesion / Dispersion: limit uni s . .
: T 5, n . . . . .
dispersion; enforce passenger This decrease can increase average expected « Provides objective metrics for comparison and

z z Yiw = LVLET We ensure every co-assignment

losses, indicating a more equitable loss

; F passenger is assigned e
‘eI 2nd ro aircraft is over. | 3. Aircraft Priority: individual importance e evaluation
z Xikj < Ckj VK EK,j € Ji capacitated. - aircraft importance distribution.
S ] 4. Combat Power Constraints: control . . o . .
\ build-up of forces / = Enables effective, tailorable capability dispersion
1 Sergeant First Class (E7) Assignment Distribution by Aircraft
Operational Manifests - e T

Jumper
No.

NAME GRADE| UNIT | TYPE OF JUMP

Across-unit dispersion is essential.

= Rank / Capability-Focused Model effectively
controls this issue.
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