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COURSE SYLLABUS & MAPPING 

════════════════════════════════════════════════════════ 

[ UNIT V SYLLABUS — PRESCRIBED UNIVERSITY CURRICULUM ] 

This section contains the official syllabus for Unit V. Verify with your university curriculum mapping. 

Unit V Syllabus Breakdown: 

Unit V Game Development and Integration with Animation: 2D and 3D Game Development Process, Physics: 

Motion, Gravity, Collision Detection, and User Interactions, Integration of Animated Assets in Games, Game 

AI Basics (Pathfinding, Decision Making), Optimization and Performance in Games, Introduction to XR 

(AR/VR/MR) in Gaming • Course Code: ____________________       • Semester / Year: ____________________ 

════════════════════════════════════════════════════════ 
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5.1  2D and 3D Game Development Process & The Game Loop 

Definition: The Game Loop 

The Game Loop is the core architectural heart of every video game engine. It executes continuously in 

an infinite cycle (typically at 60 or 120 frames per second), processing user inputs, updating game 

world state and AI logic, simulating physical collisions, and rendering final graphics to the display. 

 

THE CLASSIC REAL-TIME GAME LOOP ARCHITECTURE 

  +-------------------------------------------------------------+ 
  |                   START GAME RUNTIME                        | 
  +-------------------------------------------------------------+ 
                                | 
                                v 
                   +---------------------------+ 
  +--------------> | 1. PROCESS USER INPUT     | (Keyboard, Gamepad, Touch) 
  |                +---------------------------+ 
  |                             | 
  |                             v 
  |                +---------------------------+ 
  |                | 2. UPDATE GAME STATE & AI | (Animation State Machines, AI) 
  |                +---------------------------+ 
  |                             | 
  |                             v 
  |                +---------------------------+ 
  |                | 3. SIMULATE PHYSICS (dt)  | (Gravity, Collisions, Forces) 
  |                +---------------------------+ 
  |                             | 
  |                             v 
  |                +---------------------------+ 
  |                | 4. RENDER GRAPHICS        | (Draw Calls, Shaders, UI) 
  |                +---------------------------+ 
  |                             | 
  |                             v 
  |                +---------------------------+ 
  |                | 5. PLAY SPATIAL AUDIO     | (Sound Effects, Dynamic Music) 
  |                +---------------------------+ 
  |                             | 
  +--- [ Check Quit Signal ] ---+ (Loop until Game Over / Window Closed) 

Figure: Sequential execution flow per frame inside modern game engines (Unity, Unreal) 

 

5.2  Game Physics: Motion, Gravity & Collision Systems 

1. Newtonian Kinematics in Games 

Game physics engines simulate rigid-body motion using numerical integration (e.g., Semi-Implicit Euler 

or Verlet integration) evaluated over discrete delta time dt: ▪ • Velocity Update: v(t + dt) = v(t) + a(t) × dt,   where a(t) = F_total / mass 
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▪ • Position Update: p(t + dt) = p(t) + v(t + dt) × dt ▪ • Forces Modeled: Gravity (F_g = m × g), Friction (F_f = -μ N v̂), and Drag (F_d = -0.5 ρ v^2 C_d A). 

 

2. Collision Detection Techniques 

Bounding 

Volume / Method 
Mathematical 

Definition 
Computational 

Speed 
Tightness of Fit & Use Case 

Bounding Sphere 

Sphere defined by center 

point C and radius R. 

Overlap occurs if ||C_1 - C_2|| ≤ R_1 + R_2. 
Fastest (Single 

distance 

calculation). 

Loose fit; ideal for broadphase 

culling and round objects 

(fireballs, spheres). 

Axis-Aligned 

Bounding Box 

(AABB) 

Box aligned with 

coordinate axes defined by 

[min_x, max_x], [min_y, 

max_y], [min_z, max_z]. 

Extremely Fast 

(Simple interval 

comparison per 

axis). 

Moderate fit; standard 

broadphase bounding volume 

for static level geometry. 

Oriented Bounding 

Box (OBB) 

Rectangular box that 

rotates with the object's 

orientation in 3D space. 

Moderate (Requires 

vector projections). 

Tight fit; used for rotated 

characters and vehicles in 

narrow corridors. 

Separating Axis 

Theorem (SAT) 

Two convex 3D shapes do 

NOT intersect if there 

exists a 1D axis along 

which their orthogonal 

projections do not overlap. 

Moderate-High. 

Exact mathematical test for any 

arbitrary convex polygonal 

meshes. 

Raycasting 

Parametric ray R(t) = 

Origin + t × Direction. 

Tests intersection with 

geometry surfaces. 

Fast per ray. 

Bullet trajectory calculation, 

line-of-sight AI vision checks, 

ground terrain snapping. 

 

5.3  Integration of Animated Assets in Game Engines 

Definition: Animation State Machine (ASM) 

An Animation State Machine is a computational graph that controls character animation playback in 

real time, transitioning between discrete animation clips (e.g., Idle, Walk, Run, Jump, Attack) based on 

player input parameters (speed, isGrounded, isAttacking) and transition blend times. 

 

Core Animation Integration Systems 
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▪ 1. Animation Blend Trees: Smoothly interpolates multiple animation clips simultaneously based 

on continuous numeric input variables (e.g., blending 1D/2D Walk-Forward, Walk-Left, Walk-Right, 

Run-Forward based on Joystick X/Y values). ▪ 2. Root Motion vs. In-Place Animation:  – • In-Place Animation: Character animates while root bone stays fixed at (0,0,0); game engine 

code script moves the physical character controller. Can cause foot sliding artifacts. – • Root Motion: The 3D animation clip drives both the visual pose and the physical world 

coordinate translation of the character, ensuring 100% foot-to-ground adherence. ▪ 3. Inverse Kinematics (IK) Foot Grounding: Raycasts from character foot bones down to the 

uneven terrain mesh to dynamically adjust knee and ankle angles, ensuring feet plant realistically 

on steep slopes and stairs. ▪ 4. Ragdoll Physics Blending: Seamlessly blends active animated skeletal joint poses into physical 

rigid-body physics ragdolls upon taking critical damage or death. 

 

5.4  Game AI Basics: Pathfinding & Decision Making 

1. Pathfinding: The A* Search Algorithm 

Mathematical Formulation: A* Search Algorithm 

A* is an optimal, complete graph traversal and pathfinding algorithm that finds the shortest path 

between start node S and target node G on a Navigation Mesh (NavMesh) by evaluating total estimated 

cost f(n): 

f(n) = g(n) + h(n) 

where g(n) is the exact path cost from start to node n, and h(n) is an admissible heuristic estimate (e.g., 

Euclidean distance ||n - G||) from n to target G. 

 

2. Game AI Decision-Making Architectures 

AI Architecture Core Computational Mechanism Strengths & Best Applications 

Finite State 

Machine (FSM) 

A collection of discrete states (Patrol, 

Chase, Attack, Flee) connected by 

conditional state transitions. 

Simple, intuitive, low CPU cost. Standard for 

classic arcade enemies and simple NPC 

behaviors. 

Behavior Trees 

(BT) 

Hierarchical execution tree evaluated 

from root down using Composite nodes (Sequencers →, Selectors ?), 
Decorators, and Action leaves. 

Highly modular, reusable, scalable. Industry 

standard for modern AAA games (Halo, 

Unreal Engine AI). 
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AI Architecture Core Computational Mechanism Strengths & Best Applications 

Utility AI Calculates dynamic mathematical 

utility scores for multiple potential 

actions based on environmental 

context and executes the highest-

scoring action. 

Organic, emergent, non-deterministic 

behaviors. Used in simulation games (The 

Sims) and complex combat AI. 

 

5.5  Optimization & Performance Profiling in Games 

Maintaining consistent target frame rates (60 FPS = 16.6ms frame budget; 120 FPS = 8.3ms frame 

budget) is mandatory to prevent input lag and motion sickness: ▪ 1. Draw Call Batching & GPU Instancing: Combining hundreds of identical 3D objects (trees, grass, 

bullets) into a single batch command sent to the GPU, eliminating CPU driver communication 

bottlenecks. ▪ 2. Level of Detail (LOD) Management: Dynamically swapping high-poly meshes with simplified 

low-poly versions as objects move farther from the camera (LOD 0 = 50k polys; LOD 1 = 10k polys; 

LOD 2 = 1k polys; Billboard impostor = 2 triangles). ▪ 3. Frustum Culling & Occlusion Culling:  – • Frustum Culling: Automatically discards objects outside the camera's field of view view-

frustum. – • Occlusion Culling: Suppresses rendering of objects that are inside the frustum but hidden 

behind opaque foreground geometry (e.g., furniture behind a solid wall). ▪ 4. Texture Atlasing: Merging multiple small texture maps into a single large master texture sheet 

to reduce material state changes. 

 

5.6  Introduction to Extended Reality (XR) in Gaming 

XR Paradigm 
Definition & Immersion 

Mechanism 
Hardware & Tracking 

Technology 
Prominent Gaming 

Examples 

Virtual Reality 

(VR) 

Completely replaces physical 

real-world view with a fully 

synthetic 3D interactive 

virtual environment. 

Head-Mounted Displays 

(HMD - Meta Quest, Valve 

Index), 6-DoF tracking, 

low-persistence 

stereoscopic displays. 

Half-Life: Alyx, Beat 

Saber, Resident Evil 4 VR. 

Augmented 

Reality (AR) 

Overlays interactive digital 

3D models and UI directly 

onto live physical real-world 

view. 

Smartphones / Smart 

Glasses, Monocular SLAM, 

Plane Detection (Apple 

ARKit, Google ARCore). 

Pokémon GO, Minecraft 

Earth, Monster Hunter 

Now. 
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XR Paradigm 
Definition & Immersion 

Mechanism 
Hardware & Tracking 

Technology 
Prominent Gaming 

Examples 

Mixed Reality 

(MR / Spatial 

Computing) 

Merges real and virtual 

worlds where physical and 

digital objects co-exist and 

interact in real time with 

occlusion. 

Spatial headsets with high-

resolution color 

passthrough cameras & 

LiDAR (Apple Vision Pro, 

Meta Quest 3). 

Spatial table-top strategy 

games, interactive room-

scale MR shooters. 

 

5.7  High-Yield University Exam Question Bank & Model Answers 

Part A: Short Answer Questions (2–3 Marks) ▪ Q1. What is the Game Loop? List its core sequential stages. 

Answer: The Game Loop is the central runtime loop of a game engine executing 60–120 times per second. Its sequence is: (1) Process User Input → (2) Update Game State & AI → (3) Simulate Physics & Collisions → (4) Render 2D/3D Graphics → (5) Play Audio. ▪ Q2. State the A* Pathfinding formula and define each component. 

Answer: The A* formula is f(n) = g(n) + h(n), where f(n) is the total estimated cost of the cheapest path 

through node n, g(n) is the exact accumulated cost from start to node n, and h(n) is the heuristic 

estimated cost from node n to the target goal. ▪ Q3. Differentiate between Frustum Culling and Occlusion Culling. 

Answer: Frustum Culling discards objects that lie completely outside the camera's field of view view-

frustum. Occlusion Culling discards objects that are inside the view-frustum but visually blocked from 

camera view by other opaque foreground objects (such as walls). ▪ Q4. Differentiate between VR, AR, and MR in Extended Reality. 

Answer: VR fully immerses the user in a 100% synthetic digital world. AR overlays digital elements on 

top of the live real-world physical view without occlusion. MR seamlessly blends digital and physical 

elements so that virtual objects can be anchored and occluded by physical room geometry. 

 

Part B: Long Answer Questions (8–10 Marks) ▪ Q5. Explain Collision Detection techniques in Game Physics. Compare Bounding Spheres, 

AABB, OBB, and the Separating Axis Theorem (SAT). 

Model Answer Outline: ▪ 1. Concept of collision pipelines: Broadphase (fast culling) vs Narrowphase (exact polygon 

intersection). ▪ 2. Bounding Spheres: Distance test ||C1 - C2|| ≤ R1 + R2, lowest computational cost. 
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▪ 3. Axis-Aligned Bounding Box (AABB): Min/Max coordinate overlapping tests along X, Y, Z axes. ▪ 4. Oriented Bounding Box (OBB): Rotated bounding volumes using local coordinate transformation 

matrices. ▪ 5. Separating Axis Theorem (SAT): 1D projection overlap test for arbitrary convex polyhedra. ▪ 6. Raycasting mechanics and intersection testing for bullets and ground elevation. 

 ▪ Q6. Describe the integration of animated 3D character assets in modern game engines. 

Explain Animation State Machines, Blend Trees, IK, and Ragdoll physics. 

Model Answer Outline: ▪ 1. Exporting 3D assets: Meshes, skeletons, and skin weights in .FBX/glTF formats. ▪ 2. Animation State Machine architecture: States (Idle, Walk, Attack), Transitions, and Boolean/Float 

parameter triggers. ▪ 3. Blend Trees: Multi-directional locomotion interpolation based on movement vectors. ▪ 4. Root Motion vs In-place animations and addressing foot sliding artifacts. ▪ 5. Inverse Kinematics (IK) for terrain foot placement and procedural aiming. ▪ 6. Active Ragdoll physics blending upon character defeat. 

 

5.8  Unit V Summary & Quick Revision Sheet 

Game Engineering 

Domain 
Key Theoretical & Technical Takeaways for Exams 

The Game Loop 
Infinite loop executing Input → Game Logic → Physics (dt) → Rendering → Audio at 
60/120 FPS. 

Physics & Collision 
Newtonian integration. Collisions: Spheres (fastest), AABB (broadphase), OBB, SAT 

(convex), Raycasting. 

Animation Integration 
Animation State Machines (ASM), Blend Trees, Root Motion, Inverse Kinematics (IK 

foot grounding), Ragdoll blending. 

Game AI 
Pathfinding: A* algorithm f(n) = g(n) + h(n) on NavMeshes. Decisions: Finite State 

Machines (FSM), Behavior Trees (BT), Utility AI. 

Optimization & XR 
LOD (Level of Detail), Frustum & Occlusion Culling, Batching. XR continuum: VR 

(Virtual), AR (Augmented), MR (Mixed Reality). 
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