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Abstract: The video game industry is undergoing a paradigm shift driven by the integration of Artificial 

Intelligence (AI) technologies across every facet of game design, development, and runtime experience. 

This paper presents a comprehensive survey of AI applications in modern video games, examining three 

primary domains: (1) intelligent Non-Player Character (NPC) behaviour powered by Large Language 

Models (LLMs), reinforcement learning, and procedural dialogue memory; (2) AI-driven dynamic 

environment generation through Procedural Content Generation (PCG) and adaptive world-building 

systems; and (3) player-centric gameplay enhancement via Dynamic Difficulty Adjustment (DDA), 

personalisation engines, and generative AI-assisted narrative systems. Drawing on recent industry 

deployments—including Ubisoft NEO NPC, NVIDIA ACE, Inworld AI, and the Nemesis System—

alongside data from the GDC 2025 State of the Game Industry Report, we analyse the technical 

architectures underpinning these advances and the challenges of transitioning from prototype to 

production. We further identify open research problems in real-time inference cost, ethical content 

generation, and long-term NPC memory consistency. Our analysis demonstrates that AI in gaming has 

moved beyond a supplementary tool to become a core architectural component, fundamentally redefining 

player immersion, developer workflows, and the boundaries of interactive storytelling 
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I. INTRODUCTION 

The global video game industry, valued at approximately $3.28 billion for AI-specific applications in 2024, is projected 

to exceed $51 billion by 2033 at a compound annual growth rate of 36.1% [1]. This explosive trajectory is driven by the 

maturation of AI technologies that have fundamentally changed what is possible inside a game world. From enemies 

that adapt to player playstyle to entire landscapes generated algorithmically in real time, AI is no longer an optional 

feature but a core architectural pillar of modern game development. 

Historically, Non-Player Characters (NPCs) operated through rigid finite state machines and scripted decision trees: 

patrol a fixed path, trigger a canned response, repeat. This determinism created predictable, often immersion-breaking 

experiences. The arrival of deep reinforcement learning, transformer-based language models, and real-time neural 

inference has shattered these constraints. Today's NPCs can reason, remember, adapt, and surprise—capabilities that 

were confined to research demonstrations as recently as 2022 but are now shipping in commercial titles [2]. 

This paper makes the following contributions: (1) A structured taxonomy of AI applications across NPC behaviour, 

environment generation, and gameplay personalisation. (2) Technical analysis of leading industry systems including 

NVIDIA ACE, Inworld AI, Ubisoft NEO NPC, and the Nemesis System. (3) A comparative framework for evaluating 
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AI-NPC architectures across dimensions of memory, adaptivity, and real-time cost. (4) Identification of key open 

research challenges and future directions for AI in games. 

The remainder of this paper is organised as follows. Section II examines intelligent NPC architectures. Section III 

covers AI-driven dynamic environments. Section IV discusses player-centric gameplay enhancement. Section V 

analyses open challenges, and Section VI concludes the paper. 

 

II. INTELLIGENT NPC BEHAVIOUR 

A. From Finite State Machines to Neural Agents 

Traditional NPC design relied on Finite State Machines (FSMs) and Behaviour Trees (BTs) to encode decision logic. 

While computationally efficient, these approaches produce inherently predictable behaviour: an enemy that always 

flanks left under fire, a merchant who cycles through exactly four dialogue lines. As player expectations have grown, so 

has the inadequacy of purely scripted systems [3]. 

Modern AI-NPC architectures are stratified into three cognitive layers: a perception layer (processing environmental 

and player state), a reasoning layer (planning and decision-making), and an expression layer (dialogue generation and 

animation). The substitution of rule-based reasoning with neural models—particularly transformer-based LLMs and 

reinforcement learning policies—at the reasoning and expression layers constitutes the defining advancement of the 

current generation [4]. 

 

B. LLM-Driven Dialogue and Procedural Memory 

Large Language Models have unlocked a qualitatively new mode of NPC interaction: open-ended natural language 

dialogue. Rather than selecting from a finite menu of scripted responses, LLM-powered NPCs generate contextually 

appropriate replies in real time, conditioned on character personality, relationship history, and world state. 

Ubisoft NEO NPC, deployed in open-world environments, allows NPCs to answer unscripted player questions, provide 

dynamically generated quest directions, and engage in multi-turn conversations that branch based on player tone and 

prior actions [2]. Inworld AI, integrated with Unity and Unreal Engine, extends this with voice synthesis, emotional 

state modelling, and evolving personality traits that shift as players progress through the narrative [5]. 

A critical enabler is Procedural Dialogue Memory (PDM): systems that store and retrieve key interaction metadata—

past choices, faction reputation, completed objectives—to condition future NPC responses. PDM transforms each 

playthrough into a personalised narrative, as characters reference specific past events rather than treating each 

interaction as stateless. Recent architectures, such as those employed by Jenova AI, use persistent external storage 

rather than context-window tricks, enabling genuine long-term relationship simulation across unlimited sessions [6]. 

 

C. Reinforcement Learning for Adaptive Combat AI 

Beyond dialogue, Reinforcement Learning (RL) has transformed NPC combat intelligence. Research employing 

Proximal Policy Optimization (PPO) to train NPC agents in 2D fighting game environments demonstrates that RL-

trained NPCs exhibit significantly superior responsiveness, adaptiveness, and dynamic challenge scaling compared to 

rule-based counterparts [4]. The policy is trained offline across difficulty tiers (Easy, Medium, Hard) based on 

quantitative metrics—win rate, damage efficiency, survival time—and deployed as a modular runtime inference 

component in the game engine, cleanly separating learning from execution. 

Middle-Earth: Shadow of Mordor's Nemesis System remains a canonical industry landmark: enemies remember past 

encounters with the player, gain rank from victories, develop unique personality traits, and return with modified tactics 

[1]. More recent titles extend this paradigm, enabling NPCs to form social relationships with each other and coordinate 

strategies that emerge from multi-agent dynamics rather than predetermined scripts. 

Table I compares the architectures of four major commercial AI-NPC systems across key dimensions of memory, 

reinforcement learning integration, and deployment engine. 
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TABLE I: Comparison of Commercial AI-NPC Systems (2025–2026) 

System LLM Core Memory RL Combat Engine 

Inworld AI Yes Session Partial Unity/UE 

NVIDIA ACE Yes Session Yes UE5 

Ubisoft NEO Yes Long-term No AnvilNext 

Nemesis System No Persistent Yes Proprietary 

 

III. AI-DRIVEN DYNAMIC ENVIRONMENTS 

A. Procedural Content Generation 

Procedural Content Generation (PCG) uses algorithmic and AI-driven methods to create game content—levels, terrain, 

quests, items, music—at runtime or during development, replacing or augmenting manual creation. PCG has evolved 

through three generations: (1) rule-based (cellular automata, noise functions), (2) search-based (evolutionary algorithms 

optimising content against fitness functions), and (3) deep generative (GANs, diffusion models, LLM-guided 

generation) [7]. 

The third generation represents a qualitative leap. Generative AI now enables the automated creation of 2D/3D art 

assets, scene assembly, narrative scaffolding, and environmental storytelling, enabling smaller teams to deliver near-

production-quality content with significantly fewer resources [7]. Games like No Man's Sky demonstrated the 

commercial viability of procedurally generated universes; contemporary systems add semantic coherence—AI ensures 

generated content is not merely structurally valid but narratively meaningful and aesthetically consistent. 

Table II summarises the three generations of PCG, contrasting their underlying approaches, key advantages, and 

principal limitations. 

TABLE II: Generations of Procedural Content Generation in Games 

Generation Approach Advantages Limitations 

Rule Based Cellular automata, noise 

functions 

Fast, 

deterministic 

Low 

diversity 

Search-Based Evolutionary algorithms, 

fitness functions 

Optimisable 

quality 

Computation 

ally heavy 

Deep Generative GANs, diffusion models, 

LLM-guided generation 

Rich, coherent 

content 

Requires large 

datasets 

 

B. Adaptive World-Building and Dynamic Events 

Beyond static generation, AI systems now govern dynamic world evolution: environments that change in response to 

player actions, NPC decisions, and simulated ecological systems. AI-powered procedural story events can integrate side 

quests, alter faction dynamics, and modify environmental states—a town ransacked by bandits the player ignored, a 

forest reclaimed by wildlife after a factory the player destroyed [1]. 

NVIDIA's ACE (Avatar Cloud Engine) platform extends this to character-level physics and animation: AI governs real-

time biomechanical simulation, enabling NPCs to interact with environments through authentic physical reasoning 

rather than pre-baked animations. The BOSS character Astrion in MIR 5 employs NVIDIA ACE with real-time 

learning and memory retention, constituting one of the most advanced deployed examples of AI-driven character-

environment co-simulation [7]. 

 

IV. PLAYER-CENTRIC GAMEPLAY ENHANCEMENT 

A. Dynamic Difficulty Adjustment 

Dynamic Difficulty Adjustment (DDA) modifies game parameters—enemy health, resource availability, puzzle 

complexity—in real time based on inferred player skill and emotional state. Early DDA systems used simple heuristics 
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(e.g., enemy health scaling with player win rate). Modern implementations deploy player experience models: machine 

learning classifiers trained on behavioural telemetry that estimate cognitive load, frustration, and engagement, feeding 

into a closed-loop control system that maintains optimal flow state [3]. 

User studies measuring AI-driven NPC interaction confirm the efficacy of adaptive systems: participants rated AI-

driven characters as significantly more emotionally engaging and intelligent than scripted counterparts, with a 

significant positive correlation (r = 0.67, p < 0.05) between NPC perceived likeability and player-reported enjoyment 

[8]. DDA applied to these systems—modulating NPC response sophistication to match player literacy—further 

amplifies immersion without sacrificing challenge. 

 

B. AI-Powered Personalisation and Esports 

Beyond difficulty, AI personalisation engines analyse player behaviour patterns to curate content recommendations, 

tailor narrative arcs, and surface contextually relevant in-game events. The GDC 2025 State of the Game Industry 

Report confirms that over 50% of game development studios now actively use generative AI in production workflows, 

with 97% of developers believing it is transforming the industry [1]. 

In competitive gaming and esports, AI has emerged as both competitor and coach. Systems trained via self-play 

reinforcement learning—including OpenAI Five (Dota 2) and AlphaStar (StarCraft II)—have defeated world 

champions, demonstrating superhuman strategic reasoning in real-time environments [9]. AI-based training tools, 

projected to constitute a $1.5 billion market by 2025, analyse opponent tendencies, identify exploitable patterns, and 

generate personalised coaching feedback, democratising access to high-level strategic analysis [9]. 

 

V. OPEN CHALLENGES AND FUTURE DIRECTIONS 

A. Real-Time Inference Cost 

The primary barrier to large-scale LLM-driven NPC deployment is computational cost. Running transformer inference 

for hundreds of concurrent NPCs in an open-world game at interactive frame rates (60+ fps) requires either aggressive 

quantisation, specialised hardware (GPU clusters, NPUs), or cloud-edge hybrid architectures. Current solutions—cloud 

offloading for non-latency-sensitive dialogue, on-device models for immediate reactive behaviour—introduce network 

dependency and raise questions about offline playability [2]. 

 

B. Memory Consistency and Hallucination 

LLM-powered NPCs are susceptible to confabulation: generating plausible but factually inconsistent responses that 

contradict established world lore or prior conversation history. Maintaining character consistency across multi-hour 

sessions, across save/load cycles, and across multiple players in shared-world environments remains an unsolved 

problem. Retrieval-Augmented Generation (RAG) over structured character memory databases partially mitigates this, 

but introduces latency and retrieval precision challenges [6]. 

 

C. Ethical Content Generation and Player Trust 

The 2025 flood of low-quality AI-generated game assets has intensified player scrutiny of AI content disclosure. 

According to the GDC 2026 State of the Game Industry Report, 52% of game industry professionals now believe 

generative AI is having a negative impact on the industry—up from 30% in 2025—driven by concerns about asset 

quality, creative displacement, and undisclosed AI content [6]. Standardised disclosure frameworks and quality 

assurance pipelines for generative content are urgently needed. Ethical concerns also extend to manipulative AI 

monetisation: industry experts caution that AI-driven personalisation must not exploit psychological vulnerabilities for 

predatory engagement [10]. 
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D. Multimodal and Embodied AI 

The next frontier is multimodal AI agents: NPCs that integrate vision (recognising player avatar expressions, gesture), 

audio (responding to player tone, ambient sound), and language simultaneously. Whispers from the Star by Anuttacon 

represents an early commercial deployment, featuring AI-driven character dialogues with real-time emotional 

expressions and action sequences computed from multimodal context [7]. As VR and AR gaming mature—with the 

market projected to exceed $90 billion by 2028—embodied AI agents capable of physically grounded reasoning within 

volumetric environments will become the central research challenge in game AI [9]. 

 

VI. CONCLUSION 

This paper has surveyed the state of AI integration in video games across three interconnected domains: intelligent 

NPC behaviour, AI-driven dynamic environment generation, and player-centric gameplay enhancement. The evidence 

is unambiguous: AI has transitioned from a supplementary optimisation technique to a foundational architectural 

component that defines the expressive and experiential ceiling of modern interactive entertainment. 

The convergence of large language models, reinforcement learning, procedural generation, and player experience 

modelling has enabled game worlds of unprecedented depth, responsiveness, and personalisation. Yet substantial 

challenges remain—real-time inference cost, memory consistency, ethical content governance, and the gap between 

impressive prototype and robust production deployment. 

Addressing these challenges demands collaboration between the AI research community and game industry 

practitioners, with an emphasis on deployable, player-centred, and ethically grounded systems. The games industry, 

reaching over three billion players globally, represents not only a massive commercial opportunity for AI but also one 

of the richest real-world testbeds for advancing human-AI interaction research. 
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