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Introduction

This document presents the mathematical framework and optimization strategies used to
achieve the world record for forming the Roman Empire in **Hearts of Iron IV (HOI4)**.
HOI4 is one of the most complex and realistic grand strategy games, simulating geopoli-
tics, military operations, and resource management during the 1930s and 1940s.

The record, achieved with an in-game date of **1937-11-11** and approximately 40
minutes of real-time play, required a deep understanding of the game’s systems. This
framework models key strategic components, including:

• Forecasting territorial requirements for capitulation and annexation.

• Optimizing production and supply chains to support military campaigns.

• Identifying the shortest paths to critical objectives, such as ports and capitals.

• Managing trade routes and mitigating geopolitical risks.

• Balancing division deployment, inventory, and logistical constraints.

The model integrates multiple factors—territorial planning, production efficiency, sup-
ply management, and military effectiveness—into a cohesive mathematical representation.
While this achievement took place within a game, the principles presented here offer in-
sights into real-world resource optimization, logistics, and strategic planning.

This work highlights the application of **data-driven analysis and optimization tech-
niques** in a high-complexity simulation, demonstrating how mathematical models can
guide effective decision-making in dynamic environments.

—

Mathematical Framework for Strategy Optimization

This unified mathematical model integrates all critical aspects of military logistics, pro-
duction, supply chain management, and territorial acquisition for forming the Roman
Empire efficiently in Hearts of Iron IV. Each component is interconnected to represent
real-world complexity and strategic decision-making.

max
S,P,D,F,R

[ ∑
i∈T

Pi(S) · Ci(D,R)︸ ︷︷ ︸
Territorial Value and Capitulation Impact

+
∑
j∈D

Ej(D,T )︸ ︷︷ ︸
Division Combat Effectiveness

+
∑
k∈F

Ok(F,R)︸ ︷︷ ︸
Factory Output and Infrastructure Development

−
∑
t

Runsupplied(t)︸ ︷︷ ︸
Supply Chain Risks

]
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1. Capitulation Threshold and Territorial Prioritization

The subset of territories S ⊂ T must satisfy the capitulation threshold τ for the target
nation: ∑

i∈S

Pi ≥ τ,

where:

• Pi: Capitulation value of territory i, influenced by political importance, infrastruc-
ture, and economic contribution.

• S: Subset of territories targeted for acquisition.

• τ : Required capitulation threshold for the target nation.

2. Division Supply Constraints and Effectiveness

Divisions D must operate within the maximum supply Smax(T, P ), which depends on
production and territory control: ∑

j∈D

Sj ≤ Smax(T, P ),

where:

• Sj: Supply consumption of division j.

• Smax(T, P ): Maximum supply, modeled as:

Smax(T, P ) = γ ·

(∑
k∈T

Ik + α · P (t)

)
,

with:

– Ik: Infrastructure contribution of territory k.

– P (t): Daily production rate (influenced by factory output).

– γ: Supply chain efficiency factor.

– alpha: is a policy or advisor multiplier representing efficiency boosts from
national policies, industrial concerns, or political advisors.

3. Production and Infrastructure Dynamics

The production rate P (t) is influenced by the allocation of civilian factories Fc(t) to either
military production or new construction:

P (t) = β · Fm(t) · T (t),

where:

• Fm(t): Number of military factories allocated to production at time t.
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• Fc(t): Number of civilian factories, partitioned into:

Fc(t) = Fc,construction(t) + Fc,trade(t).

• T (t): Technology efficiency multiplier.

• β: Advisor or policy multiplier (e.g., War Economy).

The construction of new military factories or infrastructure is governed by:

Cnew(t) = δ · Fc,construction(t),

where δ is the construction efficiency factor.

4. Supply Chain Risks During Invasion

The supply deficit Runsupplied(t) quantifies the risk of logistical failures during operations:

Runsupplied(t) =
∑
j∈D

max(0, Sj − Savailable(t)),

where:

• Savailable(t): Supply available at time t, constrained by:

Savailable(t) = min (Smax(T, P ), Slogistics(t)) ,

with Slogistics(t) accounting for active supply hubs and transport efficiency.

5. Path Optimization for Strategic Objectives

The shortest path Poptimal to strategic targets (e.g., ports, capitals) is calculated on a
multi-modal graph G = (V,E), incorporating land, air, and naval routes:

min
P⊂G

∑
(i,j)∈P

dij,

where:

• dij: Cost (e.g., time, supply) of traversing edge (i, j).

• P : Path that captures critical objectives such as supply hubs or capitals.

• Modes include:

– **Land:** Army movements constrained by terrain and supply lines.

– **Air:** Paratrooper operations limited by transport plane range.

– **Naval:** Amphibious invasions requiring naval superiority.
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6. Resource and Trade Constraints

Resource availability R(t) is determined by domestic production, imports, and trade risks:

R(t) = Rdomestic(t) +Rimported(t)−Rlost(t),

where:

• Rdomestic(t): Resource output from controlled territories.

• Rimported(t): Imported resources constrained by trade agreements.

• Rlost(t): Resources lost due to geopolitical risks (e.g., Gibraltar blockades).

7. Optimal Division Allocation

Division allocation Dopt balances effectiveness and supply:

Dopt = argmax
D

[∑
j∈D

Ej −
∑
j∈D

Sj

]
.

Variable Definitions

• T : Set of territories, with capitulation value Pi and infrastructure Ik.

• S: Subset of T targeted for acquisition.

• D: Set of divisions with effectiveness Ej and supply consumption Sj.

• Fm(t), Fc(t): Military and civilian factories at time t.

• R(t): Available resources, balancing domestic output, imports, and losses.

• G = (V,E): Graph of territories and connections for path optimization.

• P (t): Production rate, influenced by factories and technology.

• L(t): Logistics and supply availability, constrained by hubs and transport.

Optimization Objective

This formulation integrates logistics, resource management, military planning, and supply
risks into a single coherent model. It ensures rapid empire formation while minimizing
inefficiencies and operational risks.

Conclusions and Future Potential

The mathematical framework presented in this document demonstrates how the rapid
formation of the Roman Empire in Hearts of Iron IV was achieved through careful opti-
mization of resources, logistics, and strategic planning. While this achievement took place
within a simulated environment, the techniques and methodologies used have significant
potential for real-world applications.
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Future Potential with Reinforcement Learning

To further refine and automate the strategic process, this framework can be integrated
with reinforcement learning (RL) algorithms. The key steps in such integration are:

1. Creation of an Optimization Environment

The game mechanics and strategic elements of HOI4 can be abstracted into an RL-
compatible environment, where:

• States represent the geopolitical situation, including territory control, resources,
supply levels, and production capacity.

• Actions correspond to player decisions, such as division allocation, production as-
signments, focus tree selections, and trade agreements.

• Rewards are derived from key objectives, such as:

– Maximizing capitulation thresholds for target nations.

– Minimizing supply deficits and operational delays.

– Achieving territorial control within the shortest time frame.

2. Policy Optimization via Reinforcement Learning

Using RL algorithms, policies can be optimized to identify the most efficient sequences
of actions for achieving the desired objectives:

π∗ = argmax
π

E

[
T∑
t=0

γtrt

]
,

where:

• π: The policy mapping states to actions.

• rt: The reward at time t.

• γ: The discount factor, balancing immediate and long-term rewards.

• T : The time horizon for achieving the objective.

Policy optimization can be achieved using advanced RL techniques such as:

• **Proximal Policy Optimization (PPO)**: To handle the large state-action space
and ensure stable training.

• **Deep Q-Networks (DQN)**: For discrete decision-making scenarios, such as focus
tree selections.

• **Actor-Critic Models**: To balance exploration and exploitation in dynamically
changing environments.
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3. Simulation-Based Learning and Evaluation

By integrating the mathematical framework with RL algorithms, the following can be
achieved:

• **Automated Decision-Making**: RL agents can simulate thousands of game iter-
ations to identify the most efficient strategies.

• **Dynamic Adaptation**: Agents can adapt policies in real-time, responding to
unforeseen changes such as enemy actions or supply disruptions.

• **Efficiency Gains**: Reduced reliance on trial-and-error strategies, enabling opti-
mal performance with minimal manual intervention.

Broader Implications

The integration of reinforcement learning with this optimization framework extends be-
yond HOI4 and can be applied to real-world domains, including:

• **Supply Chain Optimization**: Automating logistics and inventory management
in dynamic environments.

• **Geopolitical Strategy**: Informing decision-making in international relations and
conflict resolution.

• **Resource Allocation**: Optimizing production and infrastructure investments
for maximum efficiency.

Final Thoughts

The strategies and models developed for this record-setting achievement in HOI4 demon-
strate the power of analytical thinking and data-driven optimization in complex systems.
By incorporating reinforcement learning and other advanced computational methods,
these principles can be further refined to achieve even greater efficiency and scalability.
Whether in gaming or real-world applications, the potential for innovation and discovery
is boundless.
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