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Problem Statement

• Simple Vulkan wrapper + multiple fully contained samples
• Sample code that accompany our introductory Vulkan book

• Goal was to modernize both wrapper and samples
• No intent to publish it (yet)

• Current intent is just to modernize the codebase and present newer Vulkan 
code to readers



Pain Points (RenderPass complexity)

• Requires rigid upfront description of entire render pass
• RenderPasses were designed with tile-based GPUs, however it leaks 

hardware details into the API design
• Can't change attachments dynamically
• Framebuffer tied to specific image views
• Very easy to make mistakes during setup of the Render Pass
• Spaghetti Vulkan

o Daunting for beginners, especially in a book format



Pain Points (RenderPass complexity)



Pain Points (Descriptor Set)

• Requires pre allocating pools (can exhaust at runtime if you didn’t get it 
right)

• Complex lifetime management
• In case of streaming, requires reallocation all the time.
• Biggest hurdle to understanding the connection between code/resources 

and shaders for beginners



Pain Points (Descriptor Set)



Pain Points (Pipelines)

• Pipeline creation is convoluted/lengthy
o Overwhelming for new Vulkan users

• Shader modules aren’t of any use after pipeline 
is created

• Pipeline caching is complex
o And necessary (but not in our case)

• Pipeline switching can cause hitching when 
created during runtime

• Every state combination require a new pipeline
o Exponential explosion



Pain Points (Pipelines)



Migration Philosophy

• “Delete code, don’t just add features” – Less code means easier maintaince

• Don’t rewrite everything at once, migrate in chunks, use mandatory features first that require no fallbacks.

• Profile old vs new implementation. Use validation layer extensively during migration.

• Vulkan 1.4 provides ability for more dynamic/runtime decision, carefully identify static vs dynamic 
requirements.

• Switch to buffer device address and timeline semaphores if you haven't already. 

• Prioritization
• Which features offer the biggest bang for the buck
• In our case that meant ease of understanding, not just performance gains

• Backwards compatibility considerations
• Platform (desktop, mobile, HMDs)
• Available GPUs (architecture, driver version)
• In short: “everything that affects feature availability”



What’s new

• Subgroup Operations (1.1 Core, enhanced in 1.3/1.4)
• Buffer Device Address (1.2 Core)
• Host Image Copy (1.2 Core)
• Scalar Block Layout (1.2 Core)
• Timeline Semaphores (1.2 Core)
• Dynamic Rendering (1.3 Core)
• Extended Dynamic States (1.3 Core)
• Synchronization2 (1.3 Core)
• Dynamic Rendering Local Read (1.4 Core)
• Maintenance 5 & 6 (1.4 Core)
• Push Descriptors (1.4 Core)
• Pipeline Binary (Extension - VK_KHR_pipeline_binary)
• Pipeline Robustness (Extension - VK_EXT_pipeline_robustness)
• Shader Objects (Extension – VK_EXT_shader_object)



What’s new

• Subgroup Operations (1.1 Core, enhanced in 1.3/1.4)
• Buffer Device Address (1.2 Core)
• Host Image Copy - VkMemoryToImageCopy (1.4 Core)
• Scalar Block Layout (1.2 Core)
• Timeline Semaphores (1.2 Core)
• Dynamic Rendering (1.3 Core)
• Extended Dynamic States (1.3 Core)
• Synchronization2 (1.3 Core)
• Dynamic Rendering Local Read (1.4 Core)
• Maintenance 5 & 6 (1.4 Core)
• Push Descriptors (1.4 Core)
• Pipeline Binary (Extension - VK_KHR_pipeline_binary)
• Pipeline Robustness (Extension - VK_EXT_pipeline_robustness)
• Shader Objects (Extension – VK_EXT_shader_object)
• Device Generated Commands (Extension - VK_EXT_device_generated_commands)



Our Code

Vulkan Core

Engine Core

Sample 1 Sample 2 Sample n...

Vulkan wrapper
Almost 1:1 

mapping between 
wrapper and 

Vulkan objects

Each sample 
encapsulates a 

simple 
algorithm/concept

Vulkan API

Encapsulates 
higher-level 
concepts (model, 
ring-buffers, gltf 
loader, ...)



Dynamic Rendering

In the olden days... Now



Dynamic Rendering



Dynamic Rendering

• Focusing on code right now, so no plans to re-write any chapters
• The simplification is quite considerable in the Vulkan Core (wrapper) part of 

the code

• RenderPass and Framebuffer classes were "removed"
• ~550 LOC down to ~130 (utilities to create VkRenderingInfo and 

VkRenderingAttachmentInfo)
• Less setup code in each Sample (~40 LOC)



Dynamic Rendering Local Read

• Help simplify the code slightly 
in each Sample

• No performance benefits 
(mostly)
o No subpasses were used in the 

Samples



Push Descriptors

• 400 LOC in the Vulkan wrapper module (not counting code to 
create pipeline layout )

• Reduced to ~80 LOC for each sample; Vulkan wrapper code was "removed"
• Significantly easier to understand and parse

• Complexity moved from Vulkan wrapper to samples
• More code to type for each sample...
• ... but code is more mentally manageable

▪ You can see the connection between resources and shaders happening right there!



Shader Objects

• Supported on older GPUs via the Emulation Layer
• Another step towards pipeline-less Vulkan

o They help avoid all those pipeline issues (combinatorial explosion, long 
creation times, and inflexible state management)

o Runtime benefits
o Dynamic shader switching
o Hot reloading is far easier
o No need to pre cache thousands of pipeline permutations

o Shaders and states are independent, mix and match can be done at 
runtime. 



Shader Objects



Shader 
Objects 
Caching

Shader objects have built-in caching - no 
VK_KHR_pipeline_binary needed!

Cache per shader object, not per pipeline

Just binary blobs on disk

Mix cached and non-cached shaders freely

Hot reloading is far easier, swap individual 
shaders without rebuilding pipeline state 



Shader Objects Caching



VK_EXT_device_generated_commands

• Basic idea is that drivers read command sequences from storage 
buffers instead of command buffer

• This implies buffer can be generated directly on GPU and hence 
eliminates CPU round trip (Fully GPU driven rendering)

• Can be used to implement Dynamic LOD, Frustum and Occlusion 
culling, particle systems etc.

• DGC buffer is divided into sequences, each sequence must follow a 
template (i.e. Indirect command layout), each sequence must 
dispatch/draw work exactly once. 

• Think of it as next level to indirect draw/dispatch



Device generated commands 

• Only single command type (such as 
vkCmdDrawIndirect)

• Can’t update push const per draw
• Can’t change vertex/index buffers
• Just varies draw count, instance 

count, offset etc, limited control.

• Multiple commands types per 
sequence

• Can update push const, index/vertex 
buffers etc

• DGC - sequence of commands 
Sequence 1: [push constants] → [bind buffers] → [draw] 

Sequence 2: [push constants] → [bind buffers] → [draw] 

// Each sequence can have different data, 
commands/layout must be same! 

Traditional Indirect commands DGC



DGC 
workflow



Device generated commands                                                                                         



Migration checklist

Phase 1: Foundation
1. Update to Vulkan 1.4 SDK (headers, loader, validation layers)

2. Enable VK LAYER KHRONOS validation during development

3. Verify existing code still compiles and runs

4. Migrate to Synchronization2 (vkCmdPipelineBarrier2)

5. Switch to Buffer Device Address (if not already using)

6. Switch to Timeline Semaphores (if not already using)

Phase 2: Core Simplifications
7. Replace VkRenderPass with vkCmdBeginRendering (Dynamic Rendering)

8. Delete all VkFramebuffer objects (~140 lines saved)

9. Replace descriptor pools/sets with vkCmdPushDescriptorSet (~80 lines 
saved)

10. Test on multiple GPUs (NVIDIA, AMD, Intel)

11. Profile frame times (CPU & GPU) - compare old vs new

12. Run validation layers extensively

Phase 3: Advanced Features
1. Query VK EXT shader object support at runtime

2. Migrate pipelines to shader objects (with fallback path)

3. Implement dynamic state (polygon mode, depth/stencil, blend)

4. Add Dynamic Rendering Local Read for post-processing (mobile priority)

5. Test hot-reloading workflow with shader objects

6. Profile bandwidth savings on mobile devices



Migration checklist

Critical Rules
1. Don't rewrite everything at once - migrate one subsystem at a time

2. Always query feature support - never assume availability

3. Keep old code paths during transition for fallback

4. Profile old vs new - measure everything (frame time, memory, bandwidth)

5. Test each step before moving to the next

6. Use validation layers - catch sync errors early

7. Identify static vs dynamic - don't make everything dynamic (overhead!)

8. Prioritize understanding over raw performance gains

Platform Specific Checks
9. Desktop: Verify shader object support (widely available)

10. Mobile: Test local read bandwidth savings (huge win for tile-based GPUs)

11. VR/XR: Check per-device feature support (may lag behind desktop)

12. Check driver versions for known bugs/workarounds

Success Metrics
1. Code reduction achieved (~37% target)

2. Frame times maintained or improved

3. Memory bandwidth reduced (especially mobile)

4. Developer velocity increased (faster iteration)

5. Bug count reduced (simpler code = fewer bugs)

6. Maintainability (in our case “readability”)



Conclusion

• Vulkan 1.4 simplifies some very important features
• Pipeline in general (creation and management)
• Number and types of objects lifecycle (render passes, framebuffers, ...)

• Makes Vulkan more introduction-friendly
• More manageable for newcomers
• Some features offset the complexity to the driver
• New features are more opaque to performance tweaking

• Performance is comparable
• No obvious or easy gains (desktop); mobile is WIP

• Complexity of Vulkan wrapper is reduced
• LOC is reduced, considerably in some cases (due to cherry-picking)
• Caveat: performance may be compromised with new features

• And an opportunity to show how to write performant Vulkan is lost



Thank you!

• Questions?


