
Setting up a bindless rendering pipeline

Darius Bouma 
Rendering Engineer at Traverse Research
twitter.com/dbalthazr
mastodon.gamedev.place/@DBouma

Presented at the Khronos Vulkanised 2023 
Conference



Bindless Rendering

Agenda

01

02

03 Resource handles & management

Setup

Setting a goal

04 VK Bindless indexing in HLSL

2 | PAGE 

05 Questions



3 | PAGE 

Bindless Rendering

Setting a goal

Create a bindless system that can be used 
between graphics APIs 01

02

03

Write API-agnostic shaders that support 
bindless resources in HLSL

Load any resource type from any location

In a perfect world 

04 Overcome the existing limitations with HLSL
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Setup

Vulkan 1.2 spec guarantees a minimum of 4 sets.

- We made the decision to use immutable samplers for the 
time being to meet minimum spec for certain devices

- VK_EXT_mutable_descriptor_type 
- VK_EXT_descriptor_buffer 

More implementation details can be found in our blogpost

Categorizing descriptors Categorized descriptor types

Resources can be categorized as the 
following types:

- Buffers
- Sampled images
- Storage images
- Acceleration structures
- Samplers

01

02

https://blog.traverseresearch.nl/bindless-rendering-setup-afeb678d77fc
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Setup
Descriptor pool

The vulkan DescriptorPool requires a 
predetermined amount of descriptors per 
resource type. 

descriptor_count is set to an upper bound
- We simply use 100,000 here

Immutable samplers are treated separately, 
and are set to the user defined maximum 
amount of samplers

Retrieving descriptorpool sizes

Creating descriptor pool

01

02

03
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Bindless Rendering

Setup
DescriptorSetLayout

A single DescriptorSetLayout and 
PipelineLayout is used for all pipelines

Layout flags & layout bindings

01

02

03

Each descriptor set contains a 
predetermined maximum amount of that 
specific resource type

If Immutable samplers are used, they need 
to be included here unlike Dx12
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Bindless Rendering

Setup
PipelineLayout Push constants

01
Finally the pipeline layout only needs to 
know about the push constant slots.

02
Push constants are used to communicate 
our resource indices to the GPU:

- A handle to the buffer containing 
resources

- User data
- Debug handles for writing shader 

logging/asserts 
- Version heap for bindless validation
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Bindless sets 
Bindless Rendering

Setup
Setting up command buffers

Updating push constants

01
Once per command buffer, we bind our 
bindless descriptor sets (Graphics, 
Compute, RT)

02
Every pass we update the push constants to 
contain the associated “descriptorset buffer”

- This is just a buffer with indices to our 
resource array  
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Bindless Rendering

Resource Handle
A RenderResourceHandle is essentially just a u32 with packed information.

- 23 bits for the index
- 2 bits to identify the resource type
- 1 bit for resource writability
- 6 bits to track the handle version
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Bindless Rendering

Resource Handle
RenderResourceHandles are created 
exclusively during resource allocation01

02

03

Handles are only recycled if both of the following 
conditions are met:

- The resource does not have ref counts anymore
- The GPU has finished executing work that 

references these resources

Small buffers containing resource handles are 
created to communicate resources to GPU using 
push constants

04 Handles contain validation bits to 
validate correct resource access 
on the GPU

05 Handles track their version, if a 
version mismatches on the GPU, 
validation fails

06 Upon validation failure, the 
resource is not read or written to, to 
avoid inevitable page fault
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Bindless Rendering

Resource Handle

Descriptor allocation and recycling should be as 
simple as possible, we ended up with a FIFO 
queue.

- Descriptors are then updated in the actual 
vulkan DescriptorPool at the corresponding 
descriptor set, at array index N

- A RenderResourceHandle is constructed or 
recycled with index N 

Allocating handles & 
writing descriptors

allocating a buffer handle
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Bumping version and tag

Once a handle is reused, the version, 
tag and writable bits are updated. 

Bindless Rendering

Resource Handle
Recycling ResourceHandles & 
validation

01

02 Additionally a mirror heap is tracked for 
validation purposes

03 Upon validation failure a small packet is 
written back to the CPU to indicate a 
validation error.
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Bindless Rendering

Bindless HLSL
Setup

hlsl declarations

The previously created buffer containing 
RenderResourceHandles is a resource by itself01

02

03

The RenderResourceHandle of this buffer is simply a 
packed u32, which we communicate to the GPU using 
push constants.

The shader then loads this buffer from the 
ResourceDescriptorHeap or in the case of Vulkan, 
loads it from the emulation layer. 
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Bindless Rendering

Bindless HLSL
Emulation layer

Vk does not have something like sm6.6 
ResourceDescriptorHeap yet01

02
We need to declare all possible resource types 
in advance with register overlapping to achieve 
roughly the same as the Dx12 counterpart

hlsl predeclaring resources

03 The usage of StructuredBuffer<T> is 
impossible, use ByteAddressBuffer instead.
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Bindless Rendering

Bindless HLSL
Emulation layer

emulation struct

The emulation struct implements all possible 
resource types as operator overloads. 

Interface declarations

Predeclared resource identifiers

01

02

More detailed info available at our blogpost.

Each backend implements 
DESCRIPTOR_HEAP and 
DESCRIPTOR_HEAP_UNIFORM. 

https://blog.traverseresearch.nl/bindless-rendering-templates-8920ca41326f
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Bindless Rendering

Bindless HLSL
Emulation layer

Templated bindless using DESCRIPTOR_Heap

Resource validation01

02 Access emulation heap

03 Return requested value

04 Optionally discard read/write upon 
validation failure
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Version mismatch failure

Resource type mismatch

writability failure

Bindless Rendering

Resource Validation
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Bindless Rendering

Bindless HLSL
Resulting shader code

Example shader code

- Resulting shader code is similar to what 
Argument buffers achieve, but with more 
flexibility

- Load any resource from anywhere

- Optional validation that can be enabled 
per-shader to verify resource usage

- Waiting for ResourceDescriptorHeap to 
remove most of the macro magic
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