Artificial Intelligence in Dying Light
Introduction
The introduction of complex terrain which requires high agility, in open world survival games, has fundamentally shifted the genre. Traditional methods of navigation are now obsolete. This presents a unique architectural challenge for developers; how can NPCs maintain a threatening and realistic presence in a world created for advanced movement and potentially extreme player verticality. This issue is particularly prominent in Techland’s Dying Light (2015). This study addresses that question: How can planning and real-time analysis create AI which remains efficient and appears realistic, when traversing modern environments?
This review will cover automated planning, procedural traversal, and dynamic difficulty management. The aim is to assess the effectiveness of Dying Light’s AI architecture, moving beyond reactive state-based systems toward goal-oriented autonomy. The grounds for this study lie in the current shift toward systemic design, where AI must interact with a dynamic world state as opposed to following set values. By analysing developer retrospectives and technical studies/comparisons, this review highlights how the interaction between the “Natural Movement” system and hierarchical task planning creates a cohesive and immersive ecosystem (Roberts 2024; Binkowski 2016).

Critical Discussion
Natural Movement and Traversal
The defining characteristic of Dying Light is its parkour-based traversal. According to Binkowski (2016) early development relied on a hook-based system where designers manually placed thousands of interaction points on ledges/walls etc. This proved unmanageable as the map grew. The solution was the "Natural Movement" system, which scans the environment’s 3D mesh in real-time to determine reachability based on physical parameters like velocity and jump height (Kulon, 2016).
This means the entire area could be considered a traversable surface. Once players possessed 100% reachability of the climbable mesh, standard AI became non-threatening. Players could also now access areas which were previously left untextured and because they could move and climb more their animations had to be shortened and camera movement freed up to make the gameplay feel fluid. This created an agility gap. To combat this, developers were forced to re-engineer AI chasing behaviours to include advanced climbing logic that mirrors player movement (Binkowski, Kulon & Milewski 2016).
Critically, this freedom forced a shift in combat logic. Because players could easily evade simple hits, the AI's primary operator was changed from hitting to grabbing, neutralizing the player's movement and re-establishing the survival-horror tension (Binkowski, Kulon & Milewski 2016).

Combat Intensity and the Horde System
Management of the infected “horde” in Dying Light (Techland, 2015) is governed by dynamic population control. Community analysis notes that this system shares architectural similarities with the “Director” found in Left 4 Dead, utilizing "Intensity Curves" and "AI Pools" that adjust difficulty based on player location and performance (dimwalker, 2019). According to Kulon (2016), “the higher the threat level, the more agile they [AI] needed to be.” This was displayed clearly in the game’s files, which when analysed by the modding community, found that high-level areas, such as Old Town, are tagged with steeper intensity curves to drive this aggression (will2kk, 2018).
To maintain immersion, Techland developed environmental spawning. In a high-agility game, the player can see almost anywhere, making "thin-air spawning" a major risk to immersion. The solution was to have the zombies either spawn where no one is looking or to use a set environmental spawn “scenario”. These “scenarios” are nearby spawn locations, such as behind vans, inside sewer canals, or behind doors to replenish the horde. This ensures that even when the system triggers a new wave after 75% of a current wave is killed, the arrival of reinforcements feels natural and maintains immersion (Kulon 2016; will2kk 2019).
Combat pacing in Dying Light (Techland, 2015) is strictly regulated by a turn-taking system. In a world with dozens of agents, a realistic "all-at-once" attack would overwhelm the player. Instead, community observations suggest, the AI limits itself: only 1-2 infected will attempt to climb a car or execute a grab simultaneously, while others remain in "Idle" or "Wait" states (GamerMom1969 2019). This system ensures combat remains a readable, skill-based challenge rather than a chaotic "meat-grinder." Additionally, the integration of "active ragdoll" physics allows the HTN planner to react to limb destruction; an agent losing an arm may pivot from a “Grab” to a "Lunge” behaviour, creating a dynamic feedback loop between player action and AI response (Neufeld et al. 2019; Roberts 2024).

HTN
The complexity of the Dying Light environment meant it had to be different. Finite State Machines (FSM) are far too simple and lack scalability. Behaviour Trees (BT) are better because of their modularity however; they are inherently reactive and lack the "look-ahead" capabilities required for complex tactical planning in a 3D space (Roberts 2024; Hong et al. 2023). Techland implemented Hierarchical Task Network (HTN) planning to address these limitations.
HTN architecture allows agents to treat complex behaviours as "macros." In Dying Light, a high-level goal such as “kill player” is refined through decomposition until it reaches actionable primitive tasks like “find ledge”, “jump gap” or “attack”. A critical technical advantage of HTN is its optimisation. Research into Plan Reuse indicates that by modifying previously successful plans; developers can reduce processed nodes by up to 11.5% and the total time by 18.6% (Figure 1); metrics essential for maintaining performance in crowded open-world scenes (Soemers 2016). Furthermore, Techland described all methods directly in C++ rather than a domain-specific language, allowing programmers to save the effort of developing a compiler while providing designers with exposed parameters for agent balancing (Neufeld et al. 2019).
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Conclusion
The artificial intelligence in Dying Light represents a landmark achievement in the creation of procedural traversal and hierarchical planning. By successfully integrating HTN planning with the Natural Movement system, Techland transitioned from scripted, reactive NPCs to autonomous agents capable of navigating complex 3D geometry with the same fluidity as the player.
This system has clearly profoundly affected open-world design as a whole; the transition from manually placed designer-defined hooks to area scanning fundamentally changed the level design pipeline, requiring "full environments behind the curtain" to support AI and player freedom (Binkowski, Kulon & Milewski 2016). Furthermore, the use of HTN highlights a growing industry trend: the prioritization of proactive planning over pure reactivity to create more believable adversaries. Ultimately, Dying Light’s success lies in its understanding that AI intelligence is not just about complex decision-making, but about how those decisions interact with the physical constraints of the world. The systems established here, specifically occluded spawning and attack slots serve as a blueprint for balancing chaos with player action, ensuring that the AI remains a persistent, logical threat in an increasingly vertical gaming landscape. 
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EFFECTS OF PLAN REUSE IN TOTAL

Parameter Values ANodes Processed ATime
M=10,p=0 -7.04% -11.11%
M =10,p=0.25 -11.51% -18.60%
M=20,p=0 -1.70% +1.86%
M =20,p=0.25 -1.18% +3.53%
M=30,p=0 -2.81% -2.41%
M =30,p=0.25 -2.43% -0.98%





