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Core Concepts

This section focuses on fundamental principles and advanced concepts that an experienced
developer should master.

1. Explain the concept of deferred rendering and its advantages over forward rendering.

Deferred rendering separates the geometry and lighting passes into distinct stages:

Key Components:

e G-Buffer creation (geometry, normals, material properties)
¢ Lighting pass using G-Buffer data
¢ Final composition

Advantages:

¢ Constant lighting complexity regardless of geometry
e Better handling of multiple light sources
e Easier implementation of screen-space effects

Example G-Buffer Layout:

struct GBuffer {
vec4 albedo; // RGB: color, A: specular
vecd normal; // RGB: normal, A: roughness
vec4 position; // RGB: worldPos, A: metallic
float depth; // Z-buffer

b

2. How would you implement efficient shadow mapping for a large-scale outdoor scene?

Key Implementation Strategies:

e Cascaded Shadow Maps (CSM) for different depth ranges
¢ Perspective aliasing reduction techniques
e PCEF filtering for soft shadows

struct CascadeData {
mat4 viewProj;
float splitDepth;
vec2 shadowMapSize;
float bias;
} cascades[MAX CASCADES];

Optimization Techniques:
e Frustum culling per cascade
¢ Variable shadow map resolution

¢ Distance-based cascade transitions

3. Describe your approach to implementing a physically-based rendering (PBR) system.

Essential PBR Components:
¢ Metallic-Roughness workflow
e Energy conservation
e Microfacet BRDF

vec3 calculatePBR(vec3 albedo, float metallic, float roughness,



vec3 normal, vec3 view, vec3 light) {
vec3 FO = mix(vec3(0.04), albedo, metallic);
float NdotV = max(dot(normal, view), 0.0);
return evaluateBRDF(FO, roughness, NdotV);
}

Implementation Considerations:

¢ Image-based lighting integration
e Multi-scatter approximation
e Material parameter validation

4. How would you optimize a particle system for rendering millions of particles?

Optimization Strategies:

¢ GPU-driven particle simulation
¢ Instanced rendering
¢ Level-of-detail systems

struct Particle {
vec4 position; // w: lifetime
vec4 velocity; // w: size
vec4 color;  // rgba

} particlesIMAX_PARTICLES];

Performance Techniques:

Compute shader updates
Indirect drawing

Particle culling and sorting
Billboard optimization

5. Explain your approach to implementing real-time global illumination.

Implementation Methods:

e Screen Space Global lllumination (SSGI)
e Voxel Cone Tracing
e Light Probe Networks

struct GlSettings {
float indirectintensity;
int bounceCount;
float rayDistance;
float coneAngle;

} giParams;

Key Considerations:

¢ Temporal stability
e Performance vs. quality tradeoffs
¢ Dynamic scene support

6. How would you implement a modern volumetric lighting system?

Implementation Components:

¢ 3D froxel grid
¢ Light injection
¢ Participating media simulation

struct VolumetricData {
vec3 scattering;
vec3 absorption;
float anisotropy;
float density;

} volumeProperties;



Optimization Techniques:

e Temporal integration
¢ Adaptive resolution
e Depth-aware upsampling

7. Describe your approach to implementing a modern GPU-driven rendering pipeline.

Key Components:

e Indirect drawing
¢ Mesh shader utilization
e Bindless resources

struct DrawCommand {
uint indexCount;
uint instanceCount;
uint firstindex;
int vertexOffset;
uint firstinstance;

} commands;

Pipeline Features:

e GPU-driven culling
¢ Dynamic LOD selection
e Automatic batching

8. How would you implement efficient terrain rendering for a large open-world game?

Implementation Strategies:

¢ Quadtree-based LOD system
¢ GPU-driven tessellation
¢ Virtual texturing

struct TerrainNode {
vec?2 position;
float size;
uint lodLevel,;
uint childMask;
} nodes[MAX NODES];

Optimization Techniques:
e Geometry clipmaps
¢ Height-based LOD transitions

e Streaming system integration

9. Explain your approach to implementing a modern post-processing pipeline.

Pipeline Stages:

HDR tone mapping
Temporal anti-aliasing
Depth of field

Motion blur

struct PostProcessParams {
float exposure;
float bloomlintensity;
float vignetteStrength;
vec2 chromaticAberration;
} params;

Implementation Considerations:

e Effect ordering



e Performance optimization
e Quality vs. performance tradeoffs

10. How would you implement a material system supporting both forward and deferred
rendering?

System Architecture:

e Material definition framework
e Shader permutation system
e Resource management

struct Material {
vec4 baseColor;
float metallic;
float roughness;
uint flags;
uint textureSet;
} materials;

Key Features:
¢ Path-specific optimizations

e Shader feature toggling
¢ Material instance system
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Data Structures and Algorithms

Questions in this section test your understanding of how to work with and manipulate data
efficiently.

1. How would you implement an efficient LRU (Least Recently Used) Cache with O(1) time
complexity for both get and put operations?

Key Implementation Points:

e Use a HashMap for O(1) lookups
¢ Use a Doubly Linked List to track order
¢ Move accessed items to front

class LRUCache:
def __init_ (self, capacity):
self.cache = {}
self.capacity = capacity
self.dll = DoublyLinkedList()

def get(self, key):
if key in self.cache:
self.dll.moveToFront(self.cache[key])

2. Explain how you would implement a spatial partitioning data structure for efficient
collision detection in a 3D environment.

Optimal Approach:

e Use Octree for 3D space division
¢ Each node contains 8 children representing octants
e Store objects in leaf nodes

class OctreeNode:
def _init_ (self, bounds):
self.bounds = bounds
self.objects =[]
self.children = [None] * 8
def subdivide(self):
foriin range(8):
self.children[i] = OctreeNode(self.calculate_bounds(i))

3. How would you implement a thread-safe object pool for managing graphics resources?

Implementation Considerations:

e Use concurrent collections
¢ Implement resource recycling
e Handle overflow conditions

class ResourcePool:
def _init_ (self, size):
self._lock = threading.Lock()
self._available = Queue(size)
self._in_use = set()
def acquire(self):
with self._lock:
resource = self._available.get()
self._in_use.add(resource)

4. Describe an efficient algorithm for frustum culling in a scene graph.



Key Components:

e Hierarchical bounding volume tests
¢ AABB intersection checks
e Early rejection optimization

def frustum_cull(node, frustum):
if not node.bounds.intersects(frustum):
return False
for child in node.children:
if child.visible:
child.visible = frustum_cull(child, frustum)

5. How would you implement a priority queue for managing render states?

Implementation Details:

¢ Use binary heap structure
e Sort by render priority
¢ Handle state changes efficiently

class RenderQueue:
def _init_ (self):
self.queue =[]
def push(self, state, priority):
heapg.heappush(self.queue, (-priority, state))
def pop(self):
return heapqg.heappop(self.queue)[1]

6. Explain how you would implement a spatial hash grid for particle system optimization.

Key Concepts:

¢ Grid-based spatial partitioning
¢ Hash function for cell lookup
¢ Dynamic particle management

class SpatialHash:
def _init_ (self, cell size):
self.cell_size = cell_size
self.grid = defaultdict(list)
def insert(self, particle):
cell = self.get_cell(particle.position)
self.grid[cell]l.append(particle)

7. How would you implement a memory pool allocator for graphics resources?

Implementation Focus:

¢ Fixed-size block allocation
e Memory alignment handling
¢ Fragmentation prevention

class MemoryPool:
def __init_ (self, block_size, pool_size):
self.memory = bytearray(block_size * pool_size)
self.free_blocks = [i for i in range(pool_size)]
def allocate(self):
return self.memory[self.free_blocks.pop() * block_size]

8. Describe an efficient algorithm for dynamic mesh LOD (Level of Detail) management.

Key Aspects:

¢ Progressive mesh representation
e Edge collapse optimization
¢ View-dependent selection

class LODMesh:



def _init_ (self, base_mesh):
self.levels = self.generate_lod _chain(base_mesh)
def select_lod(self, distance):
threshold = self.calculate_threshold(distance)
return self.find_appropriate_level(threshold)

9. How would you implement a quadtree for 2D scene management?

Implementation Details:

¢ Recursive space partitioning
e Dynamic object insertion/removal
¢ Efficient query operations

class QuadTree:

def __init_ (self, bounds, max_objects=10):
self.bounds = bounds
self.objects =[]
self.children = [None] * 4

def insert(self, obj):
if len(self.objects) >= max_objects:

self.subdivide()

10. Explain how you would implement a scene graph with efficient transform updates.

Key Components:

e Hierarchical transformation
e Dirty flag propagation
e Matrix cache optimization

class SceneNode:

def _init_ (self):
self.local_transform = Matrix4x4()
self.world_transform = Matrix4x4()
self.dirty = True

def update_transform(self):
if self.dirty:

self.recompute_world_transform()
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System Design

These questions evaluate your ability to think about the bigger picture, including architecture,
scalability, and performance.

1. Design a real-time 3D rendering pipeline for a modern game engine. What are the key
components and considerations?

Key Components:

¢ Scene Graph Management - Hierarchical representation of 3D objects, cameras, and lights
¢ Culling System - Frustum and occlusion culling to optimize rendering

¢ Resource Management - Asset streaming, texture/mesh loading, memory budgeting

* Render Queue - Sorting objects by material/shader for optimal state changes

Pipeline Stages:

¢ Vertex Processing - Geometry Processing = Rasterization - Fragment Processing
e Modern additions: Compute Shaders, Ray Tracing Pipeline

Performance Considerations:

Multi-threading for CPU-side operations
GPU memory bandwidth optimization
Dynamic LOD system

Batching and instancing for similar objects

2. How would you design a scalable physics simulation system for an MMO game with
thousands of concurrent players?

Architecture Overview:

¢ Spatial Partitioning - Octree/Grid system for collision detection optimization
¢ Physics Zones - Divide world into manageable chunks
¢ Network Architecture - Authority-based system with client prediction

Implementation Details:

e Server-side physics with deterministic fixed timestep
¢ Client-side interpolation and extrapolation
¢ Priority-based update system for distant objects

Code Example (Spatial Grid):

class SpatialGrid {
void insert(Entity* entity) {
Vector3 pos = entity->getPosition();
int cell = getCellindex(pos);
grid[cell].push_back(entity);
}
}

3. Design a modern PBR (Physically Based Rendering) material system. What components
and workflows would you include?

Core Components:

e Material Definition System - JSON/binary format for material properties
¢ Texture Management - Streaming, compression, mip-mapping
e Shader Permutation System - Dynamic shader generation



Material Properties:

Base Color/Albedo
Metallic/Roughness maps
Normal/Height maps
Emission/AO maps

Example Material Definition:

{
"baseColor": [1.0, 0.5, 0.5],
"metallic": 0.8,
"roughness": 0.2,
"normal”: "normal_map.png",
"workflow": "metallic"

}

4. Design a scalable particle system capable of handling millions of particles with GPU
acceleration

System Architecture:

¢ Compute Shader Pipeline - Particle simulation on GPU
¢ Double Buffer System - For position/velocity updates
¢ Instanced Rendering - For efficient draw calls

Implementation Details:

e SSBO/Buffer updates for particle data
e Grid-based spatial partitioning
¢ LOD system for distant particles

Compute Shader Example:

layout(local_size x = 256) in;
void main() {
uint gID = gl_GloballnvocationID.x;
vecd pos = particles[gID].position;
vecd vel = particles[gID].velocity;
particles[gID].position += vel * deltaTime;

}

5. Design a modern post-processing pipeline with support for HDR, bloom, tone mapping,
and temporal AA

Pipeline Structure:

¢ HDR Buffer Management - Float/half-float RT handling
¢ Effect Chain System - Configurable post-process order
¢ History Buffer - For temporal effects

Key Features:

¢ Down/upsampling for bloom
e Temporal sample accumulation
¢ Dynamic exposure adaptation

Example Effect Chain:

void ProcessFrame() {
HDRBuffer = RenderScene();
BloomBuffer = GenerateBloom(HDRBuffer);
TAA = ApplyTemporalAA(HDRBuffer, HistoryBuffer);
Finallmage = ToneMap(Composite(TAA, BloomBuffer));

}

6. Design a terrain system supporting dynamic LOD, streaming, and procedural



generation

Core Systems:

e Quadtree/CDLOD - For LOD management
¢ Chunked Loading - Streaming system
¢ Height/Material Generation - Procedural content

Technical Features:

e Geometry clipmaps
e Texture virtualization
e Seamless chunk transitions

LOD Selection Code:

float CalculateLOD(vec3 viewPos, vec3 chunkPos) {
float distance = length(viewPos - chunkPos);
return floor(log2(distance * LODFactor));

}

7. Design a modern shadow mapping system supporting cascaded shadows, PCF, and
variance shadow maps

System Components:

e Cascade Calculator - Split scheme implementation
e Shadow Atlas - Texture array management
¢ Filtering System - PCF/VSM implementation

Implementation Details:

e Frustum-based cascade splitting
¢ Dynamic resolution per cascade
e Stable cascade selection

Cascade Split Example:

float CalculateSplitDistance(int cascade) {
float lambda = 0.75f;
float near = cameraNear;
float ratio = pow(far/near, cascade/float(numCascades));
return lambda * (near * ratio) + (1 - lambda) * linear;

}

8. Design a GPU-driven rendering pipeline with indirect drawing and mesh clustering

Pipeline Components:

¢ Culling System - GPU-based frustum/occlusion culling
¢ Command Generation - Indirect draw commands
¢ Clustering System - Object/mesh grouping

Implementation:

¢ Compute shader culling
e Atomic counters for draw commands
e Material-based clustering

Command Generation:

struct DrawCommand {
uint indexCount;
uint instanceCount;
uint firstindex;
uint baseVertex;
uint baselnstance;



b
9. Design a global illumination system using probe-based lighting and dynamic updates

System Components:

¢ Probe Grid - 3D array of light probes
¢ Update System - Progressive/incremental updates
¢ Interpolation System - Smooth lighting transitions

Technical Features:

¢ Spherical harmonics storage
e Ray tracing for probe updates
¢ Probe blending

Probe Update Logic:

void UpdateProbe(uint3 probelndex) {
vec3 probePos = GetProbePosition(probelndex);
SH9 result = TraceLightingRays(probePos);
probeGrid[probelndex] = result;

}

10. Design a modern material system supporting ray tracing and real-time path tracing

System Components:

e BSDF System - Material response models
¢ Acceleration Structure - BVH management
¢ Denoising Pipeline - Temporal/spatial denoising

Implementation Details:

e Multiple importance sampling
e Layered materials
e Russian roulette path termination

Ray Generation Example:

void TraceRay(Ray ray, inout PathState path) {
if (path.depth > maxDepth) return;
HitInfo hit = Scenelntersect(ray);
Material mat = GetMaterial(hit);
path.radiance += EvaluateMaterial(mat, hit, ray);

}
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Coding and Debugging

This section presents practical coding challenges and questions about debugging techniques.

1. Explain how you would implement a particle system with GPU acceleration

Implementation Strategy:

¢ Compute shader for particle updates
¢ Double buffering for position/velocity
¢ Indirect drawing for dynamic particle counts

struct Particle {
float3 position;
float3 velocity;
float life;
float size;

}

RWStructuredBuffer particles;

2. How would you implement a dynamic LOD system for terrain rendering?

Key Features:

¢ Quadtree for terrain subdivision
e Distance-based LOD selection
o Seamless transitions between LOD levels

struct TerrainNode {
float4 bounds;
int lodLevel;
bool isLeaf;

void Split() {
if (CalculateError() > threshold)
SubdivideNode();
}
b

3. How would you implement a deferred rendering system with multiple G-buffers?

Key Components:

¢ G-buffer structure (position, normal, albedo, etc.)
¢ Material ID system
¢ Light pass optimization

struct GBuffer {
RenderTarget positionRT;
RenderTarget normalRT;
RenderTarget albedoRT;
RenderTarget materialRT;

void Bind() {
/! Set multiple render targets
SetRenderTargets({positionRT, normalRT, albedoRT, materialRT});
}
¥

4. How would you optimize a real-time ray tracing pipeline for better performance?



Key Optimization Strategies:

¢ Bounding Volume Hierarchy (BVH) optimization for faster ray-object intersection tests
e Spatial data structures like octrees or k-d trees for scene partitioning
¢ GPU acceleration using compute shaders and hardware ray tracing
¢ Temporal coherence exploitation by reusing previous frame data
// Example BVH node structure
struct BVHNode {
float3 boundingBoxMin;
float3 boundingBoxMax;
int leftChild, rightChild;
int primitiveCount;
int primitiveOffset;
b

5. Explain how you would implement a custom memory allocator for a graphics engine

Implementation Approach:

¢ Pool Allocator for fixed-size allocations
¢ Stack Allocator for frame-based temporary allocations
¢ Alignment handling for SIMD operations

class PoolAllocator {
char* memory;
size_t blockSize;
std::vector allocated,;
public:
void* allocate() {
size_t index = findFreeBlock();
allocated[index] = true;
return memory + (index * blockSize);
}
¥

6. How would you debug shader performance issues in a large rendering pipeline?
Debugging Process:

Use GPU profiling tools (RenderDoc, NSight)

Analyze shader compilation output

Check for texture access patterns
Monitor register pressure

// Example of optimized texture sampling
float4 OptimizedSample(Texture2D tex, float2 uv) {
float4 color = 0;
[unroll]
for(inti=0;i<4;i++) {
color += tex.SampleLevel(sampler, uv, i);
}
return color * 0.25f;

}

7. Implement a frustum culling system for efficient rendering

Implementation Details:

¢ Plane extraction from view-projection matrix
e AABB testing against frustum planes
¢ SIMD optimization for parallel tests

struct Frustum {
vec4 planes[6];
bool intersectsAABB(const AABB& box) {
for(inti=0;i < 6; i++)
if(distanceToPoint(planesl[i], box.getCenter()) > box.getRadius())



return false;
return true;

}
b

8. Implement a custom shadow mapping technique with reduced artifacts

Implementation Approach:

¢ Cascade shadow maps
¢ PCF filtering
¢ Depth bias handling

float SampleShadowMap(float3 worldPos, float4x4 lightViewProj) {
float4 shadowCoord = mul(lightViewProj, float4(worldPos, 1.0));
float currentDepth = shadowCoord.z;
return PCFFilter(shadowMap, shadowCoord.xy, currentDepth);

}

9. How would you implement a physically-based rendering (PBR) material system?

Core Components:

e BRDF implementation
¢ Image-based lighting
¢ Material parameter handling

struct PBRMaterial {
float4 albedo;
float metallic;
float roughness;
float3 normal;

float3 EvaluateBRDF(float3 L, float3 V, float3 N);
b

10. Explain how you would implement a volumetric lighting system

Implementation Details:

¢ 3D froxel grid for light accumulation
¢ Ray marching optimization
e Temporal integration

struct VolumetricData {
Texture3D scatteringVolume;
float density;
float anisotropy;

float3 EvaluateScattering(float3 position, float3 lightDir);
};
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Behavioral Questions

These questions assess your soft skills, problem-solving approach, and how you work in a team.

1. Describe a time when you had to optimize a complex graphics rendering pipeline. How
did you approach it?

Situation: At my previous role, our VR application was experiencing significant frame drops during
complex scene rendering with multiple dynamic light sources and particle effects.

Task: | needed to identify bottlenecks and optimize the rendering pipeline to maintain 90 FPS for VR
comfort.

Action: I:

¢ Implemented GPU profiling tools to analyze render calls

¢ Introduced frustum culling for light sources

¢ Developed a custom LOD system for particle effects

e Batched similar materials to reduce draw calls

Result: The optimizations resulted in a 40% performance improvement, bringing us well above our
90 FPS target while maintaining visual quality.

2. Tell me about a time when you had to make a difficult technical decision that impacted
the entire graphics team.

Situation: Our team was split between using Vulkan or DirectX 12 for a new cross-platform
rendering engine.

Task: As lead engineer, | needed to evaluate both APIs and make a decision that would affect our
development for years.

Action: I:

Created prototype implementations in both APIs

Conducted performance benchmarks across different platforms
Analyzed developer learning curves and documentation quality
Held team discussions to understand concerns

Result: We chose Vulkan, which proved successful as it reduced cross-platform maintenance by
60% and improved performance by 25%.

3. How have you handled disagreements with team members about graphics architecture
decisions?

Situation: A senior engineer disagreed with my proposal to switch from deferred to forward+
rendering for our mobile game engine.

Task: | needed to resolve the conflict while ensuring we made the best technical decision for the
project.

Action: I:

Organized a technical deep-dive meeting

Created comparative benchmarks

Documented pros and cons of each approach
Built a small prototype demonstrating the benefits

Result: The data-driven approach convinced the team, and the switch to forward+ rendering
reduced mobile GPU memory usage by 35%.

4. Describe a time when you had to mentor a junior graphics programmer.



Situation: A junior developer was struggling with implementing PBR materials and understanding
shader programming.

Task: Help them become proficient in graphics programming while maintaining project deadlines.
Action: |

e Created a structured learning plan

¢ Held weekly shader programming workshops

e Provided code reviews with detailed feedback

¢ Assigned increasingly complex shader tasks

Result: Within 3 months, they were independently implementing complex material systems and
contributed several shader optimizations.

5. Tell me about a time when you had to deal with a major graphics-related production
issue.

Situation: Our game was experiencing random crashes on certain GPU architectures two weeks
before launch.

Task: Identify and fix the issue without delaying the release date.
Action: |

¢ Set up automated GPU crash logging

¢ Analyzed memory access patterns

¢ Discovered undefined behavior in compute shaders

e Implemented a safe fallback path

Result: Fixed the crash while maintaining performance, allowing us to launch on schedule with zero
reported GPU crashes.

6. How do you handle technical debt in a graphics engine?

Situation: Inherited a graphics engine with significant technical debt in the shader management
system.

Task: Improve maintainability while keeping the engine functional for ongoing projects.
Action: |

Created a technical debt inventory

Prioritized issues by impact and risk

Implemented incremental improvements
Automated shader validation

Result: Reduced shader compilation errors by 80% and decreased maintenance time by 50% over
six months.

7. Describe a time when you had to balance visual quality with performance
requirements.

Situation: Our open-world game needed to maintain visual quality while running at 60 FPS on last-
gen consoles.

Task: Optimize rendering without significantly compromising visual fidelity.
Action: I:

Implemented dynamic resolution scaling

Created quality-specific shader permutations

Developed a smart LOD system
Optimized post-processing stack

Result: Achieved stable 60 FPS while maintaining 90% of high-end visual quality, receiving positive
reviews for performance.

8. Tell me about a time when you had to learn and implement a new graphics technology



quickly.
Situation: We needed to implement ray tracing features within two months for a major update.
Task: Learn and integrate ray tracing while training the team.

Action: I:

Created a learning roadmap

Built proof-of-concept implementations
Held knowledge-sharing sessions
Developed integration guidelines

Result: Successfully launched ray-traced reflections and shadows on schedule, improving visual
quality while maintaining performance targets.

9. How have you handled cross-platform graphics development challenges?

Situation: Our engine needed to support PC, consoles, and mobile platforms with varying graphics
capabilities.

Task: Design a flexible rendering system that works efficiently across all platforms.
Action: |

Created platform-specific render paths

Implemented feature detection system

Developed smart fallbacks
Built automated testing for each platform

Result: Achieved 95% code sharing across platforms while maintaining platform-specific
optimizations.

10. Describe a time when you had to lead a major graphics engine refactoring effort.

Situation: Our engine's rendering architecture was becoming a bottleneck for new feature
development.

Task: Refactor the engine while keeping it production-ready throughout the process.
Action: |

¢ Created a detailed migration plan

¢ Implemented feature toggles

e Conducted incremental updates

e Maintained comprehensive testing

Result: Completed the refactor with zero production issues, reducing new feature implementation
time by 40%.
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