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Status: Early development. Not yet ready for production use.

ExBurn is a middle layer between Nx and Burn that enables GPU-accelerated ML/DL on mobile and desktop devices.
Architecture
Axon model
   ↓
Nx.Defn graph
   ↓
ExBurn.Backend (Nx.Backend behaviour)
   ↓
ExBurn.Nif (Rustler NIF) ←→ ExCubecl (GPU buffers, kernels, pipelines)
   ↓
Burn Autodiff<CubeCL> (Rust)
   ↓
CubeCL kernels
   ↓
Metal (iOS) / Vulkan (Android) / CUDA → GPU
Status
Version 0.1.0 — Early Alpha
	Feature	Status
	Nx.Backend behaviour (basic ops)	✅ Implemented
	Nx.Backend behaviour (shape ops)	✅ Implemented
	Nx.Backend behaviour (reductions)	✅ Implemented
	Nx.Backend behaviour (linear algebra)	✅ Implemented
	Rust NIF bridge (Burn CubeCL)	✅ Implemented
	GPU acceleration (Metal/Vulkan)	✅ Via Burn/CubeCL
	Axon model compilation	🔄 Basic support
	Training loop (SGD/Adam/RMSprop)	🔄 Basic support
	Nx.Serving	✅ Implemented
	Nx.Defn.Compiler	🚧 Planned
	CUDA backend	🚧 Planned
	Precompiled NIF binaries	🚧 Planned

⚠️ Note: The Quick Start examples show the target API. Some features
(training loop, mobile deployment) are partially implemented and may not
work end-to-end yet. See the guides for what's currently working.

Features
	Nx Backend: Full Nx.Backend behaviour implementation — drop-in replacement for Nx.BinaryBackend
	GPU Acceleration: Burn's CubeCL backend with Metal (Apple), Vulkan (Android), CUDA (NVIDIA)
	ExCubecl Integration: GPU buffer management, kernel execution, async commands, and pipeline orchestration via ExCubecl
	Autodiff: Automatic differentiation via Burn's Autodiff backend decorator
	Training Loop: Complete training with Adam, SGD, RMSprop optimizers, LR scheduling, gradient clipping, callbacks
	Model Management: Save/load, serialize, quantize (f16), benchmark
	Structured Errors: ExBurn.Error exception type with operation context

Quick Start
Note: This section shows the target API. Some features may not work
end-to-end yet — see the Status section above.

# Set ExBurn as the default Nx backend
Nx.default_backend(ExBurn.Backend)

# Create and manipulate tensors
t = Nx.tensor([1.0, 2.0, 3.0])
Nx.add(t, t) |> Nx.to_list()

# Define a model with Axon
model =
  Axon.input("input", shape: {nil, 784})
  |> Axon.dense(256, activation: :relu)
  |> Axon.dropout(rate: 0.2)
  |> Axon.dense(10)

# Compile for training
compiled = ExBurn.Model.compile(model,
  loss: :cross_entropy,
  optimizer: :adam,
  learning_rate: 0.001
)

# Train
ExBurn.Training.fit(compiled, {train_x, train_y},
  epochs: 10,
  batch_size: 32,
  validation_data: {val_x, val_y},
  callbacks: [&ExBurn.Training.LoggingCallback.log/1]
)
Prerequisites
	Elixir ~> 1.18 and OTP 27+
	Rust stable toolchain (required for NIF compilation)curl --proto '=https' --tlsv1.2 -sSf https://sh.rustup.rs | sh


	For iOS development: Xcode + aarch64-apple-ios targetrustup target add aarch64-apple-ios


	For Android development: Android NDK + aarch64-linux-android targetrustup target add aarch64-linux-android



Note: Precompiled NIF binaries are planned for v0.2.0. Until then, a Rust
toolchain is required to build the NIF from source.

Installation
Add ex_burn to your mix.exs:
def deps do
  [
    {:ex_burn, github: "ohhi-vn/ex_burn"},
    {:nx, ">= 0.7.0"},
    {:axon, "~> 0.7"}
  ]
end
Note: ExBurn is not yet published to Hex.pm. Install from GitHub until
the first stable release.

Training on Mobile — Caveats
Burn's Autodiff backend is memory-intensive. On iOS/Android with limited RAM,
training even small models may cause out-of-memory errors. Realistic expectations:
	Fine-tuning small models (< 10M parameters) is feasible on modern devices
	Full training of large models is not recommended on mobile
	Inference is the primary use case for mobile deployment
	Minimum recommended: 4GB RAM, A12+ chip (iOS) / Snapdragon 700+ (Android)

The training loop in ExBurn currently uses numerical gradients. Burn's autodiff
integration is planned for v0.3.0.
Examples
# Linear regression (simplest possible ML workflow)
mix run examples/linear_regression.exs

# MNIST-like classifier (full deep learning pipeline)
mix run examples/mnist_simple.exs

# GPU-accelerated inference with ExCubecl
mix run examples/gpu_inference.exs

Project Structure
lib/ex_burn/
  ex_burn.ex          — Main API (version, configure!, default_device)
  backend.ex          — Nx.Backend implementation (delegates to Burn via NIF)
  nif.ex              — Rustler NIF stubs (40+ functions)
  tensor.ex           — Nx ↔ Burn tensor conversion utilities
  error.ex            — Structured error type (ExBurn.Error)
  burn_bridge.ex      — High-level Burn API (direct tensor ops)
  cubecl_bridge.ex    — GPU compute via ExCubecl (buffers, kernels, pipelines)
  model.ex            — Model definition, compilation, save/load
  training.ex         — Training loop (optimizers, LR schedules, callbacks)

native/ex_burn_nif/
  src/lib.rs          — Rust NIF with real Burn Autodiff<CubeCL> operations
  Cargo.toml          — Burn 0.21 + CubeCL + Autodiff dependencies

examples/
  linear_regression.exs  — Simplest ML workflow
  mnist_simple.exs        — Full deep learning pipeline

guides/
  01_getting_started.md   — Installation, basic ops, GPU check
  02_training.md          — Models, training, callbacks, save/load
  03_mobile_deployment.md — iOS/Android compilation, optimization
  04_architecture.md      — Deep-dive into the pipeline
GPU Backends
	Platform	Backend	Status
	iOS	Metal	✅
	Android	Vulkan	✅
	macOS	Metal	✅
	Linux	Vulkan	✅
	NVIDIA	CUDA	🔜

Error Handling
All operations raise ExBurn.Error with structured context:
raise ExBurn.Error,
  op: :matmul,
  reason: "shape mismatch",
  details: %{lhs: [3, 4], rhs: [5, 6]}
Dependencies
	Burn — Deep learning framework (Rust)
	Nx — Numerical Elixir
	Axon — Neural network library
	CubeCL — GPU compute language
	ExCubecl v0.4+ — GPU compute runtime for Elixir (buffers, kernels, pipelines, media)


Topics: elixir · machine-learning · burn · ios · android · nx · rustler · gpu · deep-learning
License
Apache 2.0


  

    Getting Started with ExBurn

Installation
Add ex_burn to your mix.exs:
def deps do
  [
    {:ex_burn, github: "ohhi-vn/ex_burn"},
    {:nx, ">= 0.7.0"},
    {:axon, "~> 0.7"},
    {:ex_cubecl, ">= 0.4.0"}
  ]
end
Then run:
mix deps.get
mix compile

Note: ExBurn is not yet on Hex.pm. Install from GitHub until the first stable release.

Basic Tensor Operations
# Set ExBurn as the default Nx backend
Nx.default_backend(ExBurn.Backend)

# Create tensors
a = Nx.tensor([1.0, 2.0, 3.0])
b = Nx.tensor([4.0, 5.0, 6.0])

# Element-wise operations
Nx.add(a, b)        # [5.0, 7.0, 9.0]
Nx.multiply(a, b)   # [4.0, 10.0, 18.0]

# Matrix operations
m = Nx.tensor([[1.0, 2.0], [3.0, 4.0]])
Nx.transpose(m)     # [[1.0, 3.0], [2.0, 4.0]]
Using the BurnBridge Directly
For performance-critical code, bypass the Nx layer:
# Create Burn tensors directly
t1 = ExBurn.BurnBridge.zeros([3, 3], :f32)
t2 = ExBurn.BurnBridge.ones([3, 3], :f32)

# Perform operations
t3 = ExBurn.BurnBridge.add(t1, t2)

# Convert to Nx when needed
nx_tensor = ExBurn.BurnBridge.to_nx(t3)
Checking GPU Availability
ExBurn uses ExCubecl for GPU buffer management and kernel execution:
# Check if ExCubecl (GPU runtime) is available
if ExCubecl.available?() do
  {:ok, info} = ExCubecl.device_info()
  IO.puts("GPU: #{info.device_name}")
else
  IO.puts("Running on CPU (ExCubecl not available)")
end
You can also use the ExBurn helper:
if ExBurn.NifHelper.gpu_available() do
  IO.puts("GPU: #{ExBurn.NifHelper.device_name()}")
else
  IO.puts("Running on CPU")
end
Using ExCubecl Buffers Directly
For GPU-native workflows, create buffers directly via ExCubecl:
# Create GPU buffers
{:ok, a} = ExCubecl.buffer([1.0, 2.0, 3.0], [3], :f32)
{:ok, b} = ExCubecl.buffer([4.0, 5.0, 6.0], [3], :f32)

# Inspect
{:ok, [3]} = ExCubecl.shape(a)
{:ok, "f32"} = ExCubecl.dtype(a)
{:ok, 12} = ExCubecl.size(a)  # bytes

# Read data back
{:ok, data} = ExCubecl.read(a)

# Run a kernel
output = ExCubecl.buffer!([0.0, 0.0, 0.0], [3], :f32)
ExCubecl.run_kernel("elementwise_add", [a, b], output)

# Buffers are automatically freed when GC'd — no manual free needed
Using the CubeclBridge
ExBurn.CubeclBridge provides a higher-level wrapper around ExCubecl with pipeline support:
# Check available backends
ExBurn.CubeclBridge.available_backends()

# Create a pipeline
{:ok, pipeline} = ExBurn.CubeclBridge.pipeline()
ExBurn.CubeclBridge.pipeline_add(pipeline, "elementwise_add", [a, b], output)
ExBurn.CubeclBridge.pipeline_add(pipeline, "relu", [output], output)
{:ok, _cmd_ids} = ExBurn.CubeclBridge.pipeline_run(pipeline)
:ok = ExBurn.CubeclBridge.pipeline_free(pipeline)
Next Steps
	Training Models
	Mobile Deployment
	Architecture Deep-Dive



  

    Training Models with ExBurn

Defining a Model with Axon
model =
  Axon.input("input", shape: {nil, 784})
  |> Axon.dense(128, activation: :relu, name: "hidden1")
  |> Axon.dropout(rate: 0.2)
  |> Axon.dense(64, activation: :relu, name: "hidden2")
  |> Axon.dense(10, name: "output")
Compiling
compiled = ExBurn.Model.compile(model,
  loss: :cross_entropy,     # or :mse, :binary_cross_entropy
  optimizer: :adam,         # or :sgd, :rmsprop
  learning_rate: 0.001
)
Training
trained = ExBurn.Training.fit(compiled, {train_x, train_y},
  epochs: 10,
  batch_size: 32,
  validation_data: {val_x, val_y},
  verbose: true
)
Callbacks
Logging
ExBurn.Training.fit(model, data,
  callbacks: [&ExBurn.Training.LoggingCallback.log/1]
)
Early Stopping
ExBurn.Training.fit(model, data,
  callbacks: [ExBurn.Training.EarlyStoppingCallback.wait(5, 1.0e-4)]
)
Checkpointing
ExBurn.Training.fit(model, data,
  callbacks: [ExBurn.Training.CheckpointCallback.every(5, "/checkpoints")]
)
Custom Callbacks
custom_callback = fn
  %{epoch: epoch, loss: loss} when loss < 0.01 ->
    IO.puts("Converged at epoch #{epoch}!")
    %{epoch: epoch, loss: loss, stop_training: true}

  metrics ->
    metrics
end
Saving and Loading
# Save
ExBurn.Model.save(trained, "model.bin")

# Load
{:ok, model} = ExBurn.Model.load(trained, "model.bin")
Inference
# Single prediction
output = Axon.predict(model, params, input)

# Batch prediction
outputs = Axon.predict(model, params, batch_input)


  

    Mobile Deployment with ExBurn

Overview
ExBurn compiles trained models for mobile deployment via Burn's CubeCL backend.
The pipeline optimizes models for the target GPU backend:
	iOS: Metal via CubeCL
	Android: Vulkan via CubeCL

ExBurn is designed as a library — it provides the Nx backend and GPU
acceleration layer that other frameworks can build on top of.
Compiling a Model
# Define a model with Axon
model =
  Axon.input("input", shape: {nil, 784})
  |> Axon.dense(128, activation: :relu)
  |> Axon.dropout(rate: 0.2)
  |> Axon.dense(10)

# Compile for training/inference
compiled = ExBurn.Model.compile(model,
  loss: :cross_entropy,
  optimizer: :adam,
  learning_rate: 0.001
)

# Run inference
{:ok, output} = ExBurn.Model.predict(compiled, input_tensor)

# Save for deployment
ExBurn.Model.save(compiled, "model.bin")

# Load
{:ok, loaded} = ExBurn.Model.load(compiled, "model.bin")
Using ExCubecl for GPU Inference
ExBurn integrates with ExCubecl for GPU buffer management and kernel execution:
# Create GPU buffers via ExCubecl
{:ok, input_buf} = ExCubecl.buffer([1.0, 2.0, 3.0], [3], :f32)
{:ok, output_buf} = ExCubecl.buffer([0.0, 0.0, 0.0], [3], :f32)

# Run a kernel
ExCubecl.run_kernel("elementwise_add", [input_buf, input_buf], output_buf)

# Read results back
{:ok, data} = ExCubecl.read(output_buf)
Using ExBurn.Serving for Batched Inference
For production inference with concurrent batching:
# Build a serving from a compiled model
serving = ExBurn.Serving.build(compiled,
  batch_size: 32,
  batch_timeout: 50
)

# Run batched inference
output = Nx.Serving.run(serving, input_tensor)
Model Optimization Tips
	Use f16 quantization: Halves memory usage with minimal accuracy loss
	Reduce model size: Target < 10MB for mobile apps
	Batch inference: Process multiple inputs together for better throughput
	Use ExCubecl pipelines: Chain multiple GPU kernels without CPU round-trips
	Profile on device: Benchmark on the target hardware before deploying

Supported Operations
	Operation	iOS (Metal)	Android (Vulkan)
	Dense	✅	✅
	Conv2D	✅	✅
	ReLU	✅	✅
	Sigmoid	✅	✅
	Softmax	✅	✅
	Dropout	✅	✅
	LayerNorm	✅	✅



  

    Architecture Deep-Dive

Pipeline Overview
┌─────────────────────────────────────────────────────────────┐
│                     Elixir / BEAM VM                        │
│                                                             │
│  Axon model ──→ Nx.Defn graph ──→ ExBurn.Backend            │
│                                         │                   │
│                                         ↓                   │
│                              ExBurn.Nif (Rustler)           │
│                                         │                   │
│                                         ↕                   │
│                              ExCubecl (GPU runtime)         │
│                              - Buffer management            │
│                              - Kernel execution             │
│                              - Pipeline orchestration       │
│                              - Async commands               │
│                              - Media I/O                    │
└─────────────────────────────┬───────────────────────────────┘
                              │ NIF calls
┌─────────────────────────────↓───────────────────────────────┐
│                     Rust NIF Layer                          │
│                                                             │
│  BurnTensor enum ──→ Burn operations ──→ CubeCL runtime     │
│                                                             │
│  Backend: Autodiff<CubeCL>                                  │
│    - Autodiff: gradient tracking                            │
│    - CubeCL: GPU compute abstraction                        │
└─────────────────────────────┬───────────────────────────────┘
                              │ kernel dispatch
┌─────────────────────────────↓───────────────────────────────┐
│                     GPU Hardware                            │
│                                                             │
│  Metal (iOS/macOS)  │  Vulkan (Android/Linux)  │  CUDA     │
└─────────────────────────────────────────────────────────────┘
Nx Backend Protocol
ExBurn.Backend implements the Nx.Backend behaviour. Every Nx operation
is translated to a NIF call:
# Elixir side
Nx.add(a, b)
  ↓
ExBurn.Backend.add(%BurnTensor{ref: ref_a}, %BurnTensor{ref: ref_b})
  ↓
ExBurn.Nif.add_tensor(ref_a, ref_b)  # NIF call
  ↓
{:ok, ref_c}  # New tensor reference
Tensor Representation
Elixir Side
%ExBurn.Tensor{
  ref: #Reference<...>,    # Opaque NIF reference
  shape: [3, 256],         # Shape tracked on Elixir side
  type: :f32               # Element type tag
}
Rust Side
enum BurnTensor {
    F32x1(Tensor<B, 1>),   # 1D f32 tensor
    F32x2(Tensor<B, 2>),   # 2D f32 tensor
    F32x3(Tensor<B, 3>),   # 3D f32 tensor
    F32x4(Tensor<B, 4>),   # 4D f32 tensor (images)
    I32x1(Tensor<B, 1, Int>),
    I64x1(Tensor<B, 1, Int>),
}
Memory Management
	Tensors are owned by ResourceArc<TensorResource> on the Rust side
	Erlang GC triggers NIF resource destructor → Burn tensor freed
	Explicit ExBurn.Tensor.free/1 for eager deallocation

Gradient Computation
Forward pass                Backward pass
─────────────               ─────────────
input → Linear → ReLU → output
              ↓
         loss = cross_entropy(output, target)
              ↓
         backward(loss)  ← Autodiff<CubeCL> computes ∂L/∂W
              ↓
         optimizer.step()  ← Adam/SGD updates W -= lr * ∂L/∂W
ExCubecl Integration
ExBurn uses ExCubecl v0.4+ as its GPU compute runtime. ExCubecl provides:
	GPU Buffers: ExCubecl.buffer/3 creates GPU-resident buffers with automatic GC
	Kernel Execution: ExCubecl.run_kernel/4 dispatches CubeCL kernels
	Pipelines: ExCubecl.pipeline/0 + pipeline_add/5 + pipeline_run/1 for multi-kernel orchestration
	Async Commands: ExCubecl.submit/1 + poll/1 + wait/1 for non-blocking execution
	Media I/O: ExCubecl.Media, ExCubecl.Video, ExCubecl.Audio, ExCubecl.Filter, ExCubecl.Transcode

ExBurn.CubeclBridge wraps ExCubecl with a higher-level API, and ExBurn.BurnBridge provides ExCubecl buffer helpers.
Performance Considerations
	Minimize NIF round-trips: Use BurnBridge for multi-op sequences
	Batch conversions: ExBurn.Tensor.from_nx_batch/1 for multiple tensors
	Shape caching: Shapes tracked on Elixir side, no NIF call needed
	f16 on mobile: Use precision: :f16 for 2x memory reduction
	Use ExCubecl pipelines: Chain multiple GPU kernels without CPU round-trips

Error Handling
All NIF functions return {:ok, result} or {:error, reason}.
The Elixir layer wraps these in ExBurn.Error exceptions:
raise ExBurn.Error,
  op: :matmul,
  reason: "shape mismatch",
  details: %{lhs: [3, 4], rhs: [5, 6]}
Thread Safety
	NIF calls are scheduled on dirty CPU schedulers for long operations
	Burn's CubeCL runtime handles GPU command queue synchronization
	ExBurn.Nif.gpu_available/0 is safe to call from any process
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ExBurn — Elixir bridge to the Burn deep learning framework.
ExBurn provides a high-level API for tensor computation, neural network
training, and GPU-accelerated machine learning by delegating to Burn
via Rust NIFs (Native Implemented Functions).
Architecture
Elixir/Axon → Nx.Defn → ExBurn.Backend → ExBurn.Nif (Rustler) → Burn/CubeCL → GPU
                                                                  ↕
                                                            ExCubecl (GPU buffers, kernels, pipelines)
Quick Start
# Set ExBurn as the default Nx backend
Nx.default_backend(ExBurn.Backend)

# Create and manipulate tensors
t = Nx.tensor([1.0, 2.0, 3.0])
Nx.add(t, t) |> Nx.to_list()
Modules
	ExBurn.Backend — Nx backend that delegates to Burn via NIF
	ExBurn.Nif     — Rustler NIF stubs for Burn interop
	ExBurn.Tensor  — Tensor conversion utilities between Nx and Burn formats
	ExBurn.BurnBridge — High-level bridge for Burn operations and ExCubecl buffers
	ExBurn.CubeclBridge — GPU compute via ExCubecl (buffers, kernels, pipelines)
	ExBurn.Model   — Model definition and training orchestration
	ExBurn.Training — Training loop implementation
	ExBurn.Serving — Nx.Serving integration for batched concurrent inference
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    Functions
  


    
      
        configure!()

      


        Sets the default Nx backend to ExBurn.Backend.



    


    
      
        default_device()

      


        Returns the default device for tensor operations.



    


    
      
        version()

      


        Returns the current version of ExBurn.
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      configure!()



        
          
        

    

  


  

      

          @spec configure!() :: :ok


      


Sets the default Nx backend to ExBurn.Backend.
After calling this, all Nx operations will be executed via Burn.

  



  
    
      
    
    
      default_device()



        
          
        

    

  


  

      

          @spec default_device() :: :cpu | :gpu


      


Returns the default device for tensor operations.
Currently returns :gpu when a compatible GPU backend is available,
otherwise falls back to :cpu.

  



  
    
      
    
    
      version()



        
          
        

    

  


  

      

          @spec version() :: String.t()


      


Returns the current version of ExBurn.

  


        

      


  

    
ExBurn.Application 
    



      
Application callback for ExBurn.
Starts the NIF loading supervision tree. The Rust NIF shared library
is loaded on startup via ExBurn.Nif.load_nif/0.
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Nx backend implementation that delegates tensor operations to Burn via NIF.
This module implements the Nx.Backend behaviour, translating Nx tensor
operations into calls to the Rust NIF layer which executes them using
Burn's CubeCL backend for GPU acceleration.
Architecture
Axon model
   ↓
Nx.Defn graph
   ↓
ExBurn.Backend (Nx.Backend behaviour)
   ↓
ExBurn.Nif (Rustler NIF) ←→ ExCubecl (GPU buffers, kernels, pipelines)
   ↓
Burn Autodiff<CubeCL> (Rust)
   ↓
CubeCL kernels
   ↓
Metal (iOS) / Vulkan (Android) / CUDA → GPU
Usage
Nx.default_backend(ExBurn.Backend)
Implementation Notes
	Tensors are stored as opaque NIF references on the Rust side
	Data is serialized as binary (f32 little-endian) for NIF calls
	The backend struct holds the NIF reference, shape, and type
	For performance-critical paths, use ExBurn.BurnBridge directly
	All public callbacks raise ExBurn.Error on failure
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    Functions
  


    
      
        random_normal(out, opts)

      


    


    
      
        random_uniform(out, opts)

      


    


    
      
        tensor_type(backend)
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      t()



        
          
        

    

  


  

      

          @type t() :: %ExBurn.Backend{
  ref: reference(),
  shape: [non_neg_integer()],
  type: ExBurn.Tensor.burn_type()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      random_normal(out, opts)



        
          
        

    

  


  

      

          @spec random_normal(
  Nx.Tensor.t(),
  keyword()
) :: t()


      



  



  
    
      
    
    
      random_uniform(out, opts)



        
          
        

    

  


  

      

          @spec random_uniform(
  Nx.Tensor.t(),
  keyword()
) :: t()


      



  



  
    
      
    
    
      tensor_type(backend)



        
          
        

    

  


  

      

          @spec tensor_type(t()) :: Nx.Type.t()
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High-level bridge for Burn operations.
This module provides a direct API to Burn tensor operations, bypassing
the Nx abstraction layer for cases where you need more control or want
to avoid the overhead of Nx ↔ Burn conversions.
Usage
# Create tensors directly
t1 = ExBurn.BurnBridge.zeros([3, 3], :f32)
t2 = ExBurn.BurnBridge.ones([3, 3], :f32)

# Perform operations
t3 = ExBurn.BurnBridge.add(t1, t2)

# Convert to Nx when needed
{:ok, nx_tensor} = ExBurn.BurnBridge.to_nx(t3)
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    Functions
  


    
      
        abs(tensor)

      


    


    
      
        add(tensor1, tensor2)

      


    


    
      
        buffer(data, shape, type \\ :f32)

      


        Creates a GPU buffer via ExCubecl from a list of values.



    


    
      
        buffer!(data, shape, type \\ :f32)

      


        Creates a GPU buffer via ExCubecl, raising on error.



    


    
      
        buffer_shape(buf)

      


        Returns the shape of an ExCubecl buffer.



    


    
      
        buffer_size(buf)

      


        Returns the byte size of an ExCubecl buffer.



    


    
      
        cross_entropy(tensor1, tensor2)

      


    


    
      
        div(tensor1, tensor2)

      


    


    
      
        dropout(tensor, prob \\ 0.5, training \\ true)

      


    


    
      
        exp(tensor)

      


    


    
      
        free(tensor)

      


    


    
      
        from_nx(tensor)

      


        Creates a tensor from an Nx tensor.



    


    
      
        layer_norm(tensor, dim \\ -1, eps \\ 1.0e-5)

      


    


    
      
        log(tensor)

      


    


    
      
        matmul(tensor1, tensor2)

      


    


    
      
        mean(tensor, axes \\ nil)

      


    


    
      
        mse(tensor1, tensor2)

      


    


    
      
        mul(tensor1, tensor2)

      


    


    
      
        neg(tensor)

      


    


    
      
        ones(shape, type \\ :f32)

      


        Creates a tensor filled with ones.



    


    
      
        rand(shape, type \\ :f32, low \\ 0.0, high \\ 1.0)

      


        Creates a random tensor with uniform distribution.



    


    
      
        read_buffer(buf)

      


        Reads data from an ExCubecl buffer.



    


    
      
        relu(tensor)

      


    


    
      
        reshape(tensor, shape)

      


    


    
      
        sigmoid(tensor)

      


    


    
      
        softmax(tensor, dim \\ -1)

      


    


    
      
        sqrt(tensor)

      


    


    
      
        sub(tensor1, tensor2)

      


    


    
      
        sum(tensor, axes \\ nil)

      


    


    
      
        to_cpu(tensor)

      


    


    
      
        to_gpu(bt)

      


    


    
      
        to_nx(bt)

      


        Converts a Burn tensor to Nx.



    


    
      
        transpose(tensor, dim0 \\ 0, dim1 \\ 1)

      


    


    
      
        zeros(shape, type \\ :f32)

      


        Creates a tensor filled with zeros.



    





      


      
        Functions


        


  
    
      
    
    
      abs(tensor)



        
          
        

    

  


  

      

          @spec abs(ExBurn.Tensor.t()) :: ExBurn.Tensor.t()


      



  



  
    
      
    
    
      add(tensor1, tensor2)



        
          
        

    

  


  

      

          @spec add(ExBurn.Tensor.t(), ExBurn.Tensor.t()) :: ExBurn.Tensor.t()


      



  



    

  
    
      
    
    
      buffer(data, shape, type \\ :f32)



        
          
        

    

  


  

      

          @spec buffer(list(), [non_neg_integer()], atom()) :: ExCubecl.buffer_ref()


      


Creates a GPU buffer via ExCubecl from a list of values.

  



    

  
    
      
    
    
      buffer!(data, shape, type \\ :f32)



        
          
        

    

  


  

Creates a GPU buffer via ExCubecl, raising on error.

  



  
    
      
    
    
      buffer_shape(buf)



        
          
        

    

  


  

      

          @spec buffer_shape(ExCubecl.buffer_ref()) :: [non_neg_integer()]


      


Returns the shape of an ExCubecl buffer.

  



  
    
      
    
    
      buffer_size(buf)



        
          
        

    

  


  

      

          @spec buffer_size(ExCubecl.buffer_ref()) :: non_neg_integer()


      


Returns the byte size of an ExCubecl buffer.

  



  
    
      
    
    
      cross_entropy(tensor1, tensor2)



        
          
        

    

  


  

      

          @spec cross_entropy(ExBurn.Tensor.t(), ExBurn.Tensor.t()) :: ExBurn.Tensor.t()


      



  



  
    
      
    
    
      div(tensor1, tensor2)



        
          
        

    

  


  

      

          @spec div(ExBurn.Tensor.t(), ExBurn.Tensor.t()) :: ExBurn.Tensor.t()


      



  



    

    

  
    
      
    
    
      dropout(tensor, prob \\ 0.5, training \\ true)



        
          
        

    

  


  

      

          @spec dropout(ExBurn.Tensor.t(), float(), boolean()) :: ExBurn.Tensor.t()


      



  



  
    
      
    
    
      exp(tensor)



        
          
        

    

  


  

      

          @spec exp(ExBurn.Tensor.t()) :: ExBurn.Tensor.t()


      



  



  
    
      
    
    
      free(tensor)



        
          
        

    

  


  

      

          @spec free(ExBurn.Tensor.t()) :: :ok


      



  



  
    
      
    
    
      from_nx(tensor)



        
          
        

    

  


  

      

          @spec from_nx(Nx.Tensor.t()) :: ExBurn.Tensor.t()


      


Creates a tensor from an Nx tensor.

  



    

    

  
    
      
    
    
      layer_norm(tensor, dim \\ -1, eps \\ 1.0e-5)



        
          
        

    

  


  

      

          @spec layer_norm(ExBurn.Tensor.t(), non_neg_integer(), float()) :: ExBurn.Tensor.t()


      



  



  
    
      
    
    
      log(tensor)



        
          
        

    

  


  

      

          @spec log(ExBurn.Tensor.t()) :: ExBurn.Tensor.t()


      



  



  
    
      
    
    
      matmul(tensor1, tensor2)



        
          
        

    

  


  

      

          @spec matmul(ExBurn.Tensor.t(), ExBurn.Tensor.t()) :: ExBurn.Tensor.t()


      



  



    

  
    
      
    
    
      mean(tensor, axes \\ nil)



        
          
        

    

  


  

      

          @spec mean(ExBurn.Tensor.t(), [non_neg_integer()] | nil) :: ExBurn.Tensor.t()


      



  



  
    
      
    
    
      mse(tensor1, tensor2)



        
          
        

    

  


  

      

          @spec mse(ExBurn.Tensor.t(), ExBurn.Tensor.t()) :: ExBurn.Tensor.t()


      



  



  
    
      
    
    
      mul(tensor1, tensor2)



        
          
        

    

  


  

      

          @spec mul(ExBurn.Tensor.t(), ExBurn.Tensor.t()) :: ExBurn.Tensor.t()


      



  



  
    
      
    
    
      neg(tensor)



        
          
        

    

  


  

      

          @spec neg(ExBurn.Tensor.t()) :: ExBurn.Tensor.t()


      



  



    

  
    
      
    
    
      ones(shape, type \\ :f32)



        
          
        

    

  


  

      

          @spec ones([non_neg_integer()], ExBurn.Tensor.type()) :: ExBurn.Tensor.t()


      


Creates a tensor filled with ones.

  



    

    

    

  
    
      
    
    
      rand(shape, type \\ :f32, low \\ 0.0, high \\ 1.0)



        
          
        

    

  


  

      

          @spec rand([non_neg_integer()], ExBurn.Tensor.type(), float(), float()) ::
  ExBurn.Tensor.t()


      


Creates a random tensor with uniform distribution.

  



  
    
      
    
    
      read_buffer(buf)



        
          
        

    

  


  

      

          @spec read_buffer(ExCubecl.buffer_ref()) :: binary()


      


Reads data from an ExCubecl buffer.

  



  
    
      
    
    
      relu(tensor)



        
          
        

    

  


  

      

          @spec relu(ExBurn.Tensor.t()) :: ExBurn.Tensor.t()


      



  



  
    
      
    
    
      reshape(tensor, shape)



        
          
        

    

  


  

      

          @spec reshape(ExBurn.Tensor.t(), [non_neg_integer()]) :: ExBurn.Tensor.t()


      



  



  
    
      
    
    
      sigmoid(tensor)



        
          
        

    

  


  

      

          @spec sigmoid(ExBurn.Tensor.t()) :: ExBurn.Tensor.t()


      



  



    

  
    
      
    
    
      softmax(tensor, dim \\ -1)



        
          
        

    

  


  

      

          @spec softmax(ExBurn.Tensor.t(), non_neg_integer()) :: ExBurn.Tensor.t()


      



  



  
    
      
    
    
      sqrt(tensor)



        
          
        

    

  


  

      

          @spec sqrt(ExBurn.Tensor.t()) :: ExBurn.Tensor.t()


      



  



  
    
      
    
    
      sub(tensor1, tensor2)



        
          
        

    

  


  

      

          @spec sub(ExBurn.Tensor.t(), ExBurn.Tensor.t()) :: ExBurn.Tensor.t()


      



  



    

  
    
      
    
    
      sum(tensor, axes \\ nil)



        
          
        

    

  


  

      

          @spec sum(ExBurn.Tensor.t(), [non_neg_integer()] | nil) :: ExBurn.Tensor.t()


      



  



  
    
      
    
    
      to_cpu(tensor)



        
          
        

    

  


  

      

          @spec to_cpu(ExBurn.Tensor.t()) :: ExBurn.Tensor.t()


      



  



  
    
      
    
    
      to_gpu(bt)



        
          
        

    

  


  

      

          @spec to_gpu(ExBurn.Tensor.t()) :: ExBurn.Tensor.t()


      



  



  
    
      
    
    
      to_nx(bt)



        
          
        

    

  


  

      

          @spec to_nx(ExBurn.Tensor.t()) :: Nx.Tensor.t()


      


Converts a Burn tensor to Nx.

  



    

    

  
    
      
    
    
      transpose(tensor, dim0 \\ 0, dim1 \\ 1)



        
          
        

    

  


  

      

          @spec transpose(ExBurn.Tensor.t(), non_neg_integer(), non_neg_integer()) ::
  ExBurn.Tensor.t()


      



  



    

  
    
      
    
    
      zeros(shape, type \\ :f32)



        
          
        

    

  


  

      

          @spec zeros([non_neg_integer()], ExBurn.Tensor.type()) :: ExBurn.Tensor.t()


      


Creates a tensor filled with zeros.

  


        

      


  

    
ExBurn.CubeclBridge 
    



      
Bridge to ExCubecl for GPU execution via Burn's CubeCL backend.
CubeCL (Compute Unified Backend for Compute Language) is Burn's
GPU compute abstraction layer that supports:
	CUDA (NVIDIA GPUs)
	Metal (Apple GPUs — iOS, macOS)
	Vulkan (Android, Linux, Windows)
	WebGPU (Browser-based GPU)
	ROCm (AMD GPUs)

This module delegates to the ExCubecl library (v0.4.0) for all GPU
operations. ExCubecl buffers (opaque references) are used for GPU
memory throughout.
Usage
# Check if a GPU is available
if ExBurn.CubeclBridge.available?() do
  # Initialize the GPU context
  {:ok, ctx} = ExBurn.CubeclBridge.init(:metal)

  # Check device capabilities
  caps = ExBurn.CubeclBridge.device_capabilities(ctx)

  # Allocate GPU buffer and run a kernel
  {:ok, buf} = ExBurn.CubeclBridge.allocate_gpu(ctx, [4, 4], :f32)
  {:ok, result} = ExBurn.CubeclBridge.execute(ctx, :add, [buf, buf])

  # Pipeline for multi-kernel execution
  {:ok, pid} = ExBurn.CubeclBridge.pipeline()
  :ok = ExBurn.CubeclBridge.pipeline_add(pid, :add, [buf, buf], buf)
  :ok = ExBurn.CubeclBridge.pipeline_add(pid, :relu, [buf], buf)
  {:ok, commands} = ExBurn.CubeclBridge.pipeline_run(pid)
  :ok = ExBurn.CubeclBridge.pipeline_free(pid)
end

      


      
        Summary


  
    Types
  


    
      
        backend()

      


    


    
      
        buffer()

      


    


    
      
        command_id()

      


    


    
      
        context()

      


    


    
      
        kernel()

      


    


    
      
        pipeline_id()

      


    





  
    Functions
  


    
      
        allocate_gpu(ctx, shape, type)

      


        Allocates a GPU buffer with the given shape and type.



    


    
      
        async_poll(command_id)

      


        Polls the status of an asynchronous command.



    


    
      
        async_submit(command)

      


        Submits a command for asynchronous execution.



    


    
      
        async_wait(command_id)

      


        Blocks until the given command completes.



    


    
      
        available?()

      


        Checks whether a GPU device is available via ExCubecl.



    


    
      
        available_backends()

      


        Returns a list of available GPU backends on this system.



    


    
      
        buffer_dtype(buf)

      


        Returns the data type of a GPU buffer.



    


    
      
        buffer_read(buf)

      


        Reads the raw binary data from a GPU buffer.



    


    
      
        buffer_read!(buf)

      


        Reads the raw binary data from a GPU buffer, raising on error.



    


    
      
        buffer_shape(buf)

      


        Returns the shape of a GPU buffer.



    


    
      
        buffer_size(buf)

      


        Returns the size of a GPU buffer in bytes.



    


    
      
        compile_kernel(ctx, kernel_type, opts \\ [])

      


        Compiles a compute kernel for the given backend.



    


    
      
        destroy(ctx)

      


        Destroys the GPU context and frees all associated resources.



    


    
      
        device_capabilities(ctx)

      


        Returns the capabilities of the GPU device.



    


    
      
        device_count()

      


        Returns the number of GPU devices available.



    


    
      
        device_to_host(ctx, buf)

      


        Copies data from a GPU buffer to host (CPU) as an Nx tensor.



    


    
      
        execute(ctx, kernel_type, inputs, opts \\ [])

      


        Executes a compute kernel on the GPU.



    


    
      
        free(ctx, buf)

      


        Frees a GPU buffer.



    


    
      
        host_to_device(ctx, tensor)

      


        Copies data from host (CPU) to a new GPU buffer.



    


    
      
        init(backend, opts \\ [])

      


        Initializes a GPU compute context for the given backend.



    


    
      
        kernels()

      


        Returns the list of kernel names supported by ExCubecl.



    


    
      
        memory_total(ctx)

      


        Returns the total available GPU memory (in bytes).



    


    
      
        memory_used(ctx)

      


        Returns the amount of GPU memory currently in use (in bytes).



    


    
      
        pipeline()

      


        Creates a new pipeline for multi-kernel execution.



    


    
      
        pipeline_add(pipeline_id, kernel, inputs, output, params \\ %{})

      


        Adds a kernel command to a pipeline.



    


    
      
        pipeline_add_struct(pipeline_id, command)

      


        Adds a pre-built %ExCubecl.Command{} struct to a pipeline.



    


    
      
        pipeline_free(pipeline_id)

      


        Frees a pipeline and its associated resources.



    


    
      
        pipeline_run(pipeline_id)

      


        Executes all commands in the pipeline and returns their command IDs.



    


    
      
        supported_dtypes()

      


        Returns the list of supported data types.



    


    
      
        synchronize(ctx)

      


        Synchronizes the GPU context, blocking until all queued operations complete.



    


    
      
        version()

      


        Returns the ExCubecl library version string.



    





      


      
        Types


        


  
    
      
    
    
      backend()



        
          
        

    

  


  

      

          @type backend() :: :cuda | :metal | :vulkan | :wgpu | :rocm


      



  



  
    
      
    
    
      buffer()



        
          
        

    

  


  

      

          @type buffer() :: reference()


      



  



  
    
      
    
    
      command_id()



        
          
        

    

  


  

      

          @type command_id() :: non_neg_integer()


      



  



  
    
      
    
    
      context()



        
          
        

    

  


  

      

          @type context() :: reference()


      



  



  
    
      
    
    
      kernel()



        
          
        

    

  


  

      

          @type kernel() :: atom()


      



  



  
    
      
    
    
      pipeline_id()



        
          
        

    

  


  

      

          @type pipeline_id() :: non_neg_integer()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      allocate_gpu(ctx, shape, type)



        
          
        

    

  


  

      

          @spec allocate_gpu(context(), [non_neg_integer()], atom()) ::
  {:ok, buffer()} | {:error, String.t()}


      


Allocates a GPU buffer with the given shape and type.
Returns an ExCubecl buffer reference.

  



  
    
      
    
    
      async_poll(command_id)



        
          
        

    

  


  

      

          @spec async_poll(command_id()) ::
  {:ok, :pending | :running | :completed | :failed} | {:error, term()}


      


Polls the status of an asynchronous command.
Returns :pending, :running, :completed, or :failed.

  



  
    
      
    
    
      async_submit(command)



        
          
        

    

  


  

      

          @spec async_submit(ExCubecl.Command.t()) :: {:ok, command_id()} | {:error, term()}


      


Submits a command for asynchronous execution.
Returns a command ID that can be polled or waited on.

  



  
    
      
    
    
      async_wait(command_id)



        
          
        

    

  


  

      

          @spec async_wait(command_id()) :: :ok | {:error, term()}


      


Blocks until the given command completes.

  



  
    
      
    
    
      available?()



        
          
        

    

  


  

      

          @spec available?() :: boolean()


      


Checks whether a GPU device is available via ExCubecl.

  



  
    
      
    
    
      available_backends()



        
          
        

    

  


  

      

          @spec available_backends() :: [backend()]


      


Returns a list of available GPU backends on this system.
Delegates to ExCubecl availability checks and platform detection.

  



  
    
      
    
    
      buffer_dtype(buf)



        
          
        

    

  


  

      

          @spec buffer_dtype(buffer()) :: {:ok, String.t()} | {:error, term()}


      


Returns the data type of a GPU buffer.

  



  
    
      
    
    
      buffer_read(buf)



        
          
        

    

  


  

      

          @spec buffer_read(buffer()) :: {:ok, binary()} | {:error, term()}


      


Reads the raw binary data from a GPU buffer.

  



  
    
      
    
    
      buffer_read!(buf)



        
          
        

    

  


  

      

          @spec buffer_read!(buffer()) :: binary()


      


Reads the raw binary data from a GPU buffer, raising on error.

  



  
    
      
    
    
      buffer_shape(buf)



        
          
        

    

  


  

      

          @spec buffer_shape(buffer()) :: {:ok, [non_neg_integer()]} | {:error, term()}


      


Returns the shape of a GPU buffer.

  



  
    
      
    
    
      buffer_size(buf)



        
          
        

    

  


  

      

          @spec buffer_size(buffer()) :: {:ok, non_neg_integer()} | {:error, term()}


      


Returns the size of a GPU buffer in bytes.

  



    

  
    
      
    
    
      compile_kernel(ctx, kernel_type, opts \\ [])



        
          
        

    

  


  

      

          @spec compile_kernel(context(), kernel(), keyword()) ::
  {:ok, reference()} | {:error, String.t()}


      


Compiles a compute kernel for the given backend.
Kernels are managed by ExCubecl; this function verifies the kernel
is available and returns a reference.

  



  
    
      
    
    
      destroy(ctx)



        
          
        

    

  


  

      

          @spec destroy(context()) :: :ok


      


Destroys the GPU context and frees all associated resources.

  



  
    
      
    
    
      device_capabilities(ctx)



        
          
        

    

  


  

      

          @spec device_capabilities(context()) :: map()


      


Returns the capabilities of the GPU device.

  



  
    
      
    
    
      device_count()



        
          
        

    

  


  

      

          @spec device_count() :: {:ok, non_neg_integer()} | {:error, term()}


      


Returns the number of GPU devices available.

  



  
    
      
    
    
      device_to_host(ctx, buf)



        
          
        

    

  


  

      

          @spec device_to_host(context(), buffer()) ::
  {:ok, Nx.Tensor.t()} | {:error, String.t()}


      


Copies data from a GPU buffer to host (CPU) as an Nx tensor.
Parameters
	ctx — The GPU context
	buffer — An ExCubecl buffer reference

Returns
  {:ok, Nx.Tensor.t()} on success, {:error, reason} on failure.

  



    

  
    
      
    
    
      execute(ctx, kernel_type, inputs, opts \\ [])



        
          
        

    

  


  

      

          @spec execute(context(), kernel(), [buffer()], keyword()) ::
  {:ok, buffer()} | {:error, String.t()}


      


Executes a compute kernel on the GPU.
Parameters
	ctx — The GPU context
	kernel — The kernel to execute (atom)
	args — List of ExCubecl buffer references
	opts — Options (currently unused, reserved for future use)

Returns
  {:ok, result_buffer} on success, {:error, reason} on failure.

  



  
    
      
    
    
      free(ctx, buf)



        
          
        

    

  


  

      

          @spec free(context(), buffer()) :: :ok


      


Frees a GPU buffer.
Note: ExCubecl buffers are garbage-collected when their reference
goes out of scope. This function is a no-op for API compatibility.

  



  
    
      
    
    
      host_to_device(ctx, tensor)



        
          
        

    

  


  

      

          @spec host_to_device(context(), Nx.Tensor.t()) ::
  {:ok, buffer()} | {:error, String.t()}


      


Copies data from host (CPU) to a new GPU buffer.
Parameters
	ctx — The GPU context
	tensor — An Nx tensor to copy to the GPU

Returns
  {:ok, buffer} on success, {:error, reason} on failure.

  



    

  
    
      
    
    
      init(backend, opts \\ [])



        
          
        

    

  


  

      

          @spec init(
  backend(),
  keyword()
) :: {:ok, context()} | {:error, String.t()}


      


Initializes a GPU compute context for the given backend.
Parameters
	backend — The GPU backend to use (:cuda, :metal, :vulkan, :wgpu, :rocm)
	opts — Options (currently unused, reserved for future use)

Returns
  {:ok, context} on success, {:error, reason} on failure.

  



  
    
      
    
    
      kernels()



        
          
        

    

  


  

      

          @spec kernels() :: {:ok, [String.t()]} | {:error, term()}


      


Returns the list of kernel names supported by ExCubecl.

  



  
    
      
    
    
      memory_total(ctx)



        
          
        

    

  


  

      

          @spec memory_total(context()) :: non_neg_integer()


      


Returns the total available GPU memory (in bytes).
Note: ExCubecl does not currently expose memory usage statistics.
This always returns 0.

  



  
    
      
    
    
      memory_used(ctx)



        
          
        

    

  


  

      

          @spec memory_used(context()) :: non_neg_integer()


      


Returns the amount of GPU memory currently in use (in bytes).
Note: ExCubecl does not currently expose memory usage statistics.
This always returns 0.

  



  
    
      
    
    
      pipeline()



        
          
        

    

  


  

      

          @spec pipeline() :: {:ok, pipeline_id()} | {:error, term()}


      


Creates a new pipeline for multi-kernel execution.

  



    

  
    
      
    
    
      pipeline_add(pipeline_id, kernel, inputs, output, params \\ %{})



        
          
        

    

  


  

      

          @spec pipeline_add(pipeline_id(), atom(), [buffer()], buffer(), map()) ::
  :ok | {:error, term()}


      


Adds a kernel command to a pipeline.
Parameters
	pipeline_id — The pipeline to add to
	kernel — Kernel name (atom)
	inputs — List of input buffer references
	output — Output buffer reference
	params — Additional parameters (optional, default: %{})


  



  
    
      
    
    
      pipeline_add_struct(pipeline_id, command)



        
          
        

    

  


  

      

          @spec pipeline_add_struct(pipeline_id(), ExCubecl.Command.t()) ::
  :ok | {:error, term()}


      


Adds a pre-built %ExCubecl.Command{} struct to a pipeline.

  



  
    
      
    
    
      pipeline_free(pipeline_id)



        
          
        

    

  


  

      

          @spec pipeline_free(pipeline_id()) :: :ok | {:error, term()}


      


Frees a pipeline and its associated resources.

  



  
    
      
    
    
      pipeline_run(pipeline_id)



        
          
        

    

  


  

      

          @spec pipeline_run(pipeline_id()) :: {:ok, [command_id()]} | {:error, term()}


      


Executes all commands in the pipeline and returns their command IDs.

  



  
    
      
    
    
      supported_dtypes()



        
          
        

    

  


  

      

          @spec supported_dtypes() :: [atom()]


      


Returns the list of supported data types.

  



  
    
      
    
    
      synchronize(ctx)



        
          
        

    

  


  

      

          @spec synchronize(context()) :: :ok


      


Synchronizes the GPU context, blocking until all queued operations complete.
Note: ExCubecl does not expose a global synchronization primitive.
Use async_wait/1 on specific command IDs for fine-grained control.

  



  
    
      
    
    
      version()



        
          
        

    

  


  

      

          @spec version() :: String.t()


      


Returns the ExCubecl library version string.

  


        

      


  

    
ExBurn.Model 
    



      
Model definition and training orchestration for ExBurn.
This module provides a high-level API for defining, compiling, and
training neural network models using Axon with the ExBurn backend.
Usage
# Define a model
model =
  Axon.input("input", shape: {nil, 784})
  |> Axon.dense(256)
  |> Axon.relu()
  |> Axon.dropout(rate: 0.2)
  |> Axon.dense(128)
  |> Axon.relu()
  |> Axon.dense(10)

# Compile with ExBurn backend
compiled = ExBurn.Model.compile(model, loss: :cross_entropy, optimizer: :adam)

# Train
ExBurn.Model.fit(compiled, train_data, epochs: 10, batch_size: 32)

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        compile(axon_model, opts \\ [])

      


        Compiles an Axon model for training with the ExBurn backend.



    


    
      
        compute_loss(model, pred, target)

      


        Computes the loss between predictions and targets.



    


    
      
        deserialize_params(binary)

      


        Deserializes parameters from a binary.



    


    
      
        load(model, path)

      


        Loads model parameters from a file.



    


    
      
        loss_function(model)

      


        Returns the model's loss function.



    


    
      
        optimizer(model)

      


        Returns the model's optimizer.



    


    
      
        parameters(model)

      


        Returns the current model parameters.



    


    
      
        predict(model, input)

      


        Runs a forward pass through the model.



    


    
      
        save(model, path)

      


        Saves the model parameters to a file using compressed Erlang term format.



    


    
      
        serialize_params(model)

      


        Serializes parameters to a binary for network transfer or storage.
Uses compressed Erlang term format.



    


    
      
        summary(model)

      


        Returns a summary of the model architecture including parameter count.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExBurn.Model{
  axon_model: Axon.ModelState.t(),
  compiled: boolean(),
  loss_fn: atom(),
  optimizer: atom(),
  optimizer_state: map(),
  params: map()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      compile(axon_model, opts \\ [])



        
          
        

    

  


  

      

          @spec compile(
  Axon.ModelState.t(),
  keyword()
) :: t()


      


Compiles an Axon model for training with the ExBurn backend.
Options
	:loss — Loss function: :cross_entropy, :mse, :binary_cross_entropy (default: :cross_entropy)
	:optimizer — Optimizer: :adam, :sgd, :rmsprop (default: :adam)
	:learning_rate — Learning rate (default: 0.001)
	:device — Device: :cpu or :gpu (default: :gpu)

Returns
  An ExBurn.Model struct ready for training.
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          @spec compute_loss(t(), Nx.Tensor.t(), Nx.Tensor.t()) ::
  {:ok, Nx.Tensor.t()} | {:error, String.t()}


      


Computes the loss between predictions and targets.
Supports :cross_entropy (with log-softmax numerical stability) and :mse.
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          @spec deserialize_params(binary()) :: {:ok, map()} | {:error, String.t()}


      


Deserializes parameters from a binary.
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          @spec load(t(), Path.t()) :: {:ok, t()} | {:error, String.t()}


      


Loads model parameters from a file.
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          @spec loss_function(t()) :: atom()


      


Returns the model's loss function.
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          @spec optimizer(t()) :: atom()


      


Returns the model's optimizer.
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          @spec parameters(t()) :: map()


      


Returns the current model parameters.
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          @spec predict(t(), Nx.Tensor.t()) :: {:ok, Nx.Tensor.t()} | {:error, String.t()}


      


Runs a forward pass through the model.
Returns the output tensor as an Nx tensor.

  



  
    
      
    
    
      save(model, path)



        
          
        

    

  


  

      

          @spec save(t(), Path.t()) :: :ok | {:error, String.t()}


      


Saves the model parameters to a file using compressed Erlang term format.
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          @spec serialize_params(t()) :: binary()


      


Serializes parameters to a binary for network transfer or storage.
Uses compressed Erlang term format.
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          @spec summary(t()) :: String.t()


      


Returns a summary of the model architecture including parameter count.

  


        

      


  

    
ExBurn.NifHelper 
    



      
Helper module that wraps NIF calls and returns {:ok, result} tuples.

      


      
        Summary


  
    Functions
  


    
      
        abs_tensor(a)

      


    


    
      
        add_tensor(a, b)

      


    


    
      
        broadcast_tensor(a, shape)

      


    


    
      
        concat_tensor(a, b)

      


    


    
      
        device_name()

      


    


    
      
        div_tensor(a, b)

      


    


    
      
        dot_tensor(a, b)

      


    


    
      
        exp_tensor(a)

      


    


    
      
        eye_tensor(size, type)

      


    


    
      
        free_tensor(ref)

      


    


    
      
        gpu_available()

      


    


    
      
        iota_tensor(shape, axis, type)

      


    


    
      
        layer_norm_tensor(a, dim, eps)

      


    


    
      
        log_tensor(a)

      


    


    
      
        matmul_tensor(a, b)

      


    


    
      
        max_tensor(a)

      


    


    
      
        max_tensor(a, axes)

      


    


    
      
        mean_tensor(a)

      


    


    
      
        mean_tensor(a, axes)

      


    


    
      
        min_tensor(a)

      


    


    
      
        min_tensor(a, axes)

      


    


    
      
        mul_tensor(a, b)

      


    


    
      
        neg_tensor(a)

      


    


    
      
        new_tensor(data, shape, type)

      


    


    
      
        ones_tensor(shape, type)

      


    


    
      
        pow_tensor(a, exp)

      


    


    
      
        relu_tensor(a)

      


    


    
      
        reshape_tensor(a, shape)

      


    


    
      
        sigmoid_tensor(a)

      


    


    
      
        softmax_tensor(a, dim)

      


    


    
      
        sqrt_tensor(a)

      


    


    
      
        sub_tensor(a, b)

      


    


    
      
        sum_tensor(a)

      


    


    
      
        sum_tensor(a, axes)

      


    


    
      
        tanh_tensor(a)

      


    


    
      
        tensor_shape(ref)

      


    


    
      
        tensor_to_binary(ref)

      


    


    
      
        to_cpu(tensor)

      


    


    
      
        to_gpu(tensor)

      


    


    
      
        transpose_tensor(a)

      


    


    
      
        transpose_tensor(a, dim0, dim1)

      


    


    
      
        zeros_tensor(shape, type)

      


    





      


      
        Functions


        


  
    
      
    
    
      abs_tensor(a)



        
          
        

    

  


  


  



  
    
      
    
    
      add_tensor(a, b)



        
          
        

    

  


  


  



  
    
      
    
    
      broadcast_tensor(a, shape)



        
          
        

    

  


  


  



  
    
      
    
    
      concat_tensor(a, b)



        
          
        

    

  


  


  



  
    
      
    
    
      device_name()



        
          
        

    

  


  


  



  
    
      
    
    
      div_tensor(a, b)



        
          
        

    

  


  


  



  
    
      
    
    
      dot_tensor(a, b)



        
          
        

    

  


  


  



  
    
      
    
    
      exp_tensor(a)



        
          
        

    

  


  


  



  
    
      
    
    
      eye_tensor(size, type)



        
          
        

    

  


  


  



  
    
      
    
    
      free_tensor(ref)



        
          
        

    

  


  


  



  
    
      
    
    
      gpu_available()



        
          
        

    

  


  


  



  
    
      
    
    
      iota_tensor(shape, axis, type)



        
          
        

    

  


  


  



  
    
      
    
    
      layer_norm_tensor(a, dim, eps)



        
          
        

    

  


  


  



  
    
      
    
    
      log_tensor(a)



        
          
        

    

  


  


  



  
    
      
    
    
      matmul_tensor(a, b)



        
          
        

    

  


  


  



  
    
      
    
    
      max_tensor(a)



        
          
        

    

  


  


  



  
    
      
    
    
      max_tensor(a, axes)



        
          
        

    

  


  


  



  
    
      
    
    
      mean_tensor(a)



        
          
        

    

  


  


  



  
    
      
    
    
      mean_tensor(a, axes)



        
          
        

    

  


  


  



  
    
      
    
    
      min_tensor(a)



        
          
        

    

  


  


  



  
    
      
    
    
      min_tensor(a, axes)



        
          
        

    

  


  


  



  
    
      
    
    
      mul_tensor(a, b)



        
          
        

    

  


  


  



  
    
      
    
    
      neg_tensor(a)



        
          
        

    

  


  


  



  
    
      
    
    
      new_tensor(data, shape, type)



        
          
        

    

  


  


  



  
    
      
    
    
      ones_tensor(shape, type)



        
          
        

    

  


  


  



  
    
      
    
    
      pow_tensor(a, exp)



        
          
        

    

  


  


  



  
    
      
    
    
      relu_tensor(a)



        
          
        

    

  


  


  



  
    
      
    
    
      reshape_tensor(a, shape)



        
          
        

    

  


  


  



  
    
      
    
    
      sigmoid_tensor(a)



        
          
        

    

  


  


  



  
    
      
    
    
      softmax_tensor(a, dim)



        
          
        

    

  


  


  



  
    
      
    
    
      sqrt_tensor(a)



        
          
        

    

  


  


  



  
    
      
    
    
      sub_tensor(a, b)



        
          
        

    

  


  


  



  
    
      
    
    
      sum_tensor(a)



        
          
        

    

  


  


  



  
    
      
    
    
      sum_tensor(a, axes)



        
          
        

    

  


  


  



  
    
      
    
    
      tanh_tensor(a)



        
          
        

    

  


  


  



  
    
      
    
    
      tensor_shape(ref)



        
          
        

    

  


  


  



  
    
      
    
    
      tensor_to_binary(ref)



        
          
        

    

  


  


  



  
    
      
    
    
      to_cpu(tensor)



        
          
        

    

  


  


  



  
    
      
    
    
      to_gpu(tensor)



        
          
        

    

  


  


  



  
    
      
    
    
      transpose_tensor(a)



        
          
        

    

  


  


  



  
    
      
    
    
      transpose_tensor(a, dim0, dim1)



        
          
        

    

  


  


  



  
    
      
    
    
      zeros_tensor(shape, type)



        
          
        

    

  


  


  


        

      


  

    
ExBurn.Serving 
    



      
Nx.Serving integration for ExBurn.
Provides batched, concurrent inference using Nx.Serving so that ExBurn
can be used in Bumblebee-style production pipelines.
Usage
# Define a serving for a compiled model
serving =
  ExBurn.Serving.new(model,
    batch_size: 32,
    batch_timeout: 50,
    partitions: System.schedulers_online()
  )

# Run batched inference
Nx.Serving.run(serving, input_tensor)
Options
	:batch_size — Maximum number of inputs to batch together (default: 32)
	:batch_timeout — Max milliseconds to wait for a full batch (default: 50)
	:partitions — Number of serving partitions (default: scheduler count)
	:padding — Whether to pad batches to full size (default: false)
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        build(model, opts \\ [])

      


        Builds an Nx.Serving for the given model and options.



    


    
      
        new(model, opts \\ [])

      


        Creates a new ExBurn serving for the given compiled model.



    


    
      
        run(serving, input)

      


        Runs inference on a single input tensor using the serving.
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          @type t() :: %ExBurn.Serving{
  batch_size: pos_integer(),
  batch_timeout: pos_integer(),
  model: ExBurn.Model.t(),
  padding: boolean(),
  partitions: pos_integer()
}
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      build(model, opts \\ [])



        
          
        

    

  


  

      

          @spec build(
  ExBurn.Model.t(),
  keyword()
) :: Nx.Serving.t()


      


Builds an Nx.Serving for the given model and options.
This is the primary entry point for production use. The returned
Nx.Serving can be used with Nx.Serving.run/2 or supervised
in your application tree.
Examples
serving =
  ExBurn.Serving.build(model,
    batch_size: 16,
    batch_timeout: 100
  )

# Run inference
output = Nx.Serving.run(serving, input)

  



    

  
    
      
    
    
      new(model, opts \\ [])



        
          
        

    

  


  

      

          @spec new(
  ExBurn.Model.t(),
  keyword()
) :: t()


      


Creates a new ExBurn serving for the given compiled model.
Returns a struct that can be passed to Nx.Serving or used directly
with run/2.
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          @spec run(t(), Nx.Tensor.t()) :: Nx.Tensor.t()


      


Runs inference on a single input tensor using the serving.
This is a convenience wrapper around Nx.Serving.run/2.

  


        

      


  

    
ExBurn.Serving.Server 
    



      
Nx.Serving callback implementation for ExBurn.
Handles batching and dispatching inference requests to the ExBurn backend.

      




  

    
ExBurn.Tensor 
    



      
Tensor conversion utilities between Nx and Burn formats.
Handles marshaling of tensor data between Elixir's Nx tensor
representation and the Rust/Burn tensor references used by the NIF.
Type Mapping
	Nx Type	Burn Type
	{:f, 32}	:f32
	{:f, 64}	:f64
	{:f, 16}	:f32
	{:bf, 16}	:f32
	{:s, 32}	:i32
	{:s, 64}	:i64
	{:s, 16}	:i32
	{:s, 8}	:i32
	{:u, 8}	:f32
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        Burn element type tag
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        NIF tensor reference
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        burn_type_to_nx(type)

      


        Converts a Burn type tag back to an Nx type tuple.



    


    
      
        free(tensor)

      


        Frees the underlying Rust tensor.



    


    
      
        from_binary(data, shape, type)

      


        Creates a Burn tensor from raw binary data, shape, and type.



    


    
      
        from_nx(tensor)

      


        Converts an Nx.Tensor.t() into an ExBurn.Tensor.t().



    


    
      
        from_nx_batch(tensors)

      


        Batch converts a list of Nx tensors to Burn tensors.



    


    
      
        numel(tensor)

      


        Returns the total number of elements.



    


    
      
        nx_type_to_burn(type)

      


        Converts an Nx type tuple to a Burn type tag.



    


    
      
        rank(tensor)

      


        Returns the rank (number of dimensions).



    


    
      
        ref(tensor)

      


        Returns the NIF reference for a tensor.



    


    
      
        shape(tensor)

      


        Returns the shape of a Burn tensor.



    


    
      
        to_nx(tensor)

      


        Converts an ExBurn.Tensor.t() back into an Nx.Tensor.t().



    


    
      
        to_nx_batch(tensors)

      


        Batch converts a list of Burn tensors to Nx tensors.



    


    
      
        type(tensor)

      


        Returns the Burn element type of a tensor.
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          @type burn_type() :: :f32 | :f64 | :i32 | :i64


      


Burn element type tag
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          @type t() :: %ExBurn.Tensor{
  ref: reference(),
  shape: [non_neg_integer()],
  type: burn_type()
}


      


NIF tensor reference
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          @spec burn_type_to_nx(burn_type()) :: Nx.Type.t()


      


Converts a Burn type tag back to an Nx type tuple.
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          @spec free(t()) :: :ok


      


Frees the underlying Rust tensor.
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          @spec from_binary(binary(), [non_neg_integer()], burn_type()) ::
  {:ok, t()} | {:error, String.t()}


      


Creates a Burn tensor from raw binary data, shape, and type.
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          @spec from_nx(Nx.Tensor.t()) :: {:ok, t()} | {:error, String.t()}


      


Converts an Nx.Tensor.t() into an ExBurn.Tensor.t().
The tensor data is sent to the Rust NIF layer as a flat binary.
Returns {:ok, tensor} or {:error, reason}.
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          @spec from_nx_batch([Nx.Tensor.t()]) :: {:ok, [t()]} | {:error, String.t()}


      


Batch converts a list of Nx tensors to Burn tensors.
More efficient than calling from_nx/1 individually when you need
to convert many tensors.
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          @spec numel(t()) :: non_neg_integer()


      


Returns the total number of elements.
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          @spec nx_type_to_burn(Nx.Type.t()) :: burn_type()


      


Converts an Nx type tuple to a Burn type tag.
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          @spec rank(t()) :: non_neg_integer()


      


Returns the rank (number of dimensions).
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          @spec ref(t()) :: reference()


      


Returns the NIF reference for a tensor.
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          @spec shape(t()) :: [non_neg_integer()]


      


Returns the shape of a Burn tensor.
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          @spec to_nx(t()) :: {:ok, Nx.Tensor.t()} | {:error, String.t()}


      


Converts an ExBurn.Tensor.t() back into an Nx.Tensor.t().
Reads the raw data from the Rust NIF layer and reshapes it.
Returns {:ok, tensor} or {:error, reason}.
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          @spec to_nx_batch([t()]) :: {:ok, [Nx.Tensor.t()]} | {:error, String.t()}


      


Batch converts a list of Burn tensors to Nx tensors.
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          @spec type(t()) :: burn_type()


      


Returns the Burn element type of a tensor.

  


        

      


  

    
ExBurn.Training 
    



      
Training loop implementation for ExBurn models.
Provides a flexible training loop with support for:
	Mini-batch training with real gradient computation
	Multiple optimizers (Adam, SGD with momentum, RMSprop)
	Learning rate scheduling (step, exponential, cosine)
	Gradient clipping (by norm and by value)
	Validation
	Callbacks (logging, early stopping, checkpointing)
	GPU-accelerated gradient computation via Burn

Usage
model = ExBurn.Model.compile(axon_model, loss: :cross_entropy, optimizer: :adam)

opts = [
  epochs: 10,
  batch_size: 32,
  validation_data: val_data,
  lr_schedule: {:cosine, 0.001, 1.0e-5},
  clip_norm: 1.0,
  callbacks: [&ExBurn.Training.LoggingCallback.log/2]
]

trained_model = ExBurn.Training.fit(model, train_data, opts)
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        Creates a data loader that yields mini-batches from a dataset.



    


    
      
        evaluate(model, arg)

      


        Evaluates a model on a dataset.



    


    
      
        fit(model, arg, opts \\ [])

      


        Trains a model on the given dataset.
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          @type callback() :: (map() -> map())
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          @type dataset() :: {Nx.Tensor.t(), Nx.Tensor.t()}
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          @type lr_schedule() ::
  {:step, float(), pos_integer(), float()}
  | {:exponential, float(), float()}
  | {:cosine, float(), float()}
  | nil
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          @type training_opts() :: [
  epochs: pos_integer(),
  batch_size: pos_integer(),
  validation_data: dataset() | nil,
  callbacks: [callback()],
  verbose: boolean(),
  lr_schedule: lr_schedule(),
  clip_norm: float() | nil,
  clip_value: float() | nil
]
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          @spec data_loader(
  dataset(),
  keyword()
) :: Enumerable.t()


      


Creates a data loader that yields mini-batches from a dataset.

  



  
    
      
    
    
      evaluate(model, arg)



        
          
        

    

  


  

      

          @spec evaluate(ExBurn.Model.t(), dataset()) :: float()


      


Evaluates a model on a dataset.
Returns the average loss over the entire dataset.
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          @spec fit(ExBurn.Model.t(), dataset(), keyword()) :: ExBurn.Model.t()


      


Trains a model on the given dataset.
Options
	:epochs — Number of training epochs (default: 10)
	:batch_size — Mini-batch size (default: 32)
	:validation_data — Validation dataset as {inputs, targets} tuple
	:callbacks — List of callback functions called after each epoch
	:verbose — Print training progress (default: true)
	:lr_schedule — Learning rate schedule (default: nil)
	:clip_norm — Max gradient norm for clipping (default: nil)
	:clip_value — Max absolute gradient value for clipping (default: nil)

Returns
  The trained ExBurn.Model struct with updated parameters.

  


        

      


  

    
ExBurn.Training.CheckpointCallback 
    



      
Saves model checkpoints at specified intervals.
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          @spec every(pos_integer(), Path.t()) :: (map() -> map())


      



  


        

      


  

    
ExBurn.Training.EarlyStoppingCallback 
    



      
Stops training when validation loss stops improving.
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          @spec wait(pos_integer(), float()) :: (map() -> map())


      



  


        

      


  

    
ExBurn.Training.LoggingCallback 
    



      
Logs training metrics after each epoch.
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          @spec log(map()) :: map()


      



  


        

      


  

    
ExBurn.Error exception
    



      
Structured error type for ExBurn operations.
Fields
	:op — the operation that failed (e.g., :add, :matmul, :conv)
	:reason — a human-readable error message
	:details — optional map with additional context (shapes, types, etc.)

Examples
raise ExBurn.Error, op: :matmul, reason: "shape mismatch",
  details:: %{lhs: [3, 4], rhs: [5, 6]}
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          @type t() :: %ExBurn.Error{
  __exception__: true,
  details: map() | nil,
  op: atom(),
  reason: String.t()
}
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