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Strategic Parameter Generation
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Abstract: This paper proposes a novel hybrid framework for multiple Unmanned Aerial Vehicle (UAV)
task allocation that bridges the semantic gap between strategic intent and numerical control in
dynamic environments. Traditional optimization algorithms often fail to adapt flexibly to unpredictable
events due to their reliance on rigid, rule-based logic. To address this limitation, we introduce a
hierarchical hybrid decision-making architecture that integrates Large Language Model (LLM) with
the Consensus-Based Bundle Algorithm (CBBA). In this framework, the LLM serves as a strategic
planner, interpreting the semantic context of dynamic events and generating high-level strategic
parameters, which then guide the CBBA’s decentralized execution. Furthermore, to rigorously
analyze the system’s performance, we established multi-faceted evaluation metrics encompassing
mission success, time efficiency, reallocation, survivability, and resource efficiency. Simulations
comparing our method against Greedy and standard CBBA algorithms demonstrate its superior
strategic adaptability. The simulation results demonstrate that the proposed method exhibits human-
like strategic flexibility. This study validates the LLM as an effective strategic optimizer for resilient

swarm operations.
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Simulation World
(%: Target, a: Executor, @ : Observer)

(8] Reallocation Condition
*

. Evaluation

»

T=0 or event occurrence

Dynamic Event Detection and Situation Report

T=10, Loss of Drone Assets T=15, New Target Detection

3 random drones disabled

2 new targets additionally detected

-

@ LLM Mission Strategy Planner

g °
© Input: Situation Prompt

« Situation (Remaining Drones,

- 10X10Km 2D Environment
- Drone, Target Generation

Target Information)

\_* Mission objective text

Output: Strategy Parameters
* Understanding situational context « Priority: target weight
+ Quotar number of allocated drones

2
Semantic Reasoning
» Reasoning: rationale

» Bridging the semantic gap
Selecting priority tasks

" _/

A

¥ JSON Output Example

"allocations": { "0": { "priority": 2.5, "quota": 4}, “1".
“reasoning": "The mission plan will be revised to prioritize the urgent targets...",

: { "priority™: 1.8, "quota™: 2}, ...}

-

i

@ CBBA Tactical Executor

@ Score Matrix Calculation
- Based on distance, performance

and Importance

= Semantic priority weights

@ Consensus Phase

« Drone target selection and « Drone information sharing

bid price update

@ Bidding Phase
+ Quota application and

allocation

[Fig. 1] A framework for swarm UAYV task allocation using LLM and CBBA hybrid algorithms
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[Fig. 2] Results of total Mission Performance Score (Top) and
Resource Efficiency Score (Bottom) in scenarios with a high
UAV-to-target ratio (Blue: Greedy, Green: CBBA, Red: Ours)
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[Table 1] Comparison of average algorithm scores across
experiments in scenarios with a high UAV-to-target ratio

S rotal S success S Time
Ours 70.57 0.99 0.4
CBBA 67.16 0.98 0.4
Greedy 68.25 0.98 0.43
S Reattocation S survivabitity S Resource
Ours 0.85 0.44 0.86
CBBA 0.8 0.42 0.76

Greedy 0.83 0.43 0.74
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Normalized Score
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[Fig. 3] Results of Reallocation Score (Top) and Resource
Efficiency Score (Bottom) in scenarios with a low UAV-to-target
ratio (Blue: Greedy, Green: CBBA, Red: Ours)
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[Fig. 4] Correlation between resource efficiency scores and
mission success scores in scenarios with a low UAV-to-target
ratio (Blue: Greedy, Green: CBBA, Red: Ours)
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[Table 2] Comparison of average algorithm scores across
experiments in scenarios with a low UAV-to-target ratio

S rotal S success S Time

Ours 44.98 0.58 0.49
CBBA 38.7 0.51 0.59
Greedy 40.47 0.52 0.56

S Reatiocation S Survivabitity S Resource

Ours 0.68 0 0.49
CBBA 0.5 0 0.33
Greedy 0.58 0 0.36
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1000 EXp 4: LLM+CBBA (t=5, A'd, R®)

During the initial allocation phase,

————— 1000 ——
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Exp 4: LLM+CBBA (t=15 A'a, R'@®)
. e
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[Fig. 5] Task allocation of the LLM-CBBA algorithm at scenario 29 (t=5, 15) (%: Target, A: Executor, @: Observer, x: Completed Target)
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[Table 3] Comparison of algorithm scores for case study:
Experiment 4

S Total SSuccess S Time
Ours 49.62 0.48 0.5
CBBA 39.86 0.29 0.56
Greedy 37.96 0.22 0.56

SReallocalilm SSurvivability SRe.murce

Ours 0.87 0 0.63
CBBA 0.83 0 0.31
Greedy 0.76 0 0.36
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