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    BalancedTernaryEngine

A complete Elixir application for converting neural network weights to balanced ternary format {-1, 0, +1}.
Features
	Safetensors input: Read HuggingFace .safetensors checkpoints directly in pure Elixir (f32/f16/bf16/i64) — no Python
	Architecture policies: llama / gpt2 / bert / vit / yolo / imagenet / llm / generic mixed-precision rules; GPT-2 Conv1D transposition handled
	Quantization modes: twn (Δ = 0.7·mean|W|), absmean (BitNet b1.58), delta (fixed threshold + MSE-optimal scales)
	Per-channel scaling: least-squares optimal scale factors for accuracy recovery
	Binary packing: 10 trits per 16-bit word (base-3 encoding)
	Sparse encoding: Index+sign format for high-sparsity layers
	Sensitivity analysis: Per-layer quantization sensitivity measurement
	Mixed precision: Sensitive tensors (embeddings, norms, LM head) stored as FP16 records in .tbin v2
	CLI tool: Convert, demo, info, and validate commands

Installation
cd tools/balanced_ternary_engine
mix deps.get

Quick Start
Convert a real checkpoint (safetensors → .tbin)
mix run -e 'BalancedTernaryEngine.CLI.main(["convert", "--input", "model.safetensors", "--arch", "llama", "--mode", "absmean"])'

Options:
	--arch llama|gpt2|bert|vit|yolo|imagenet|llm|generic — mixed-precision policy
	--profile yolo|imagenet|llm — shortcut for the matching architecture policy
	--mode twn|absmean|delta — quantization rule (--delta F sets the threshold for delta)
	--output PATH — output file (default: <input basename>.tbin)

Then inspect and validate:
mix run -e 'BalancedTernaryEngine.CLI.main(["info", "--model", "model.tbin"])'
mix run -e 'BalancedTernaryEngine.CLI.main(["validate", "--model", "model.tbin"])'

Run the demo
mix run -e "BalancedTernaryEngine.CLI.main([\"demo\"])"

Convert synthetic model to .tbin
mix run -e "BalancedTernaryEngine.CLI.main([\"convert\", \"--delta\", \"0.5\", \"--output\", \"model.tbin\"])"

Inspect a .tbin file
mix run -e "BalancedTernaryEngine.CLI.main([\"info\", \"--model\", \"model.tbin\"])"

Validate a .tbin file
mix run -e "BalancedTernaryEngine.CLI.main([\"validate\", \"--model\", \"model.tbin\"])"

Run as escript
mix escript.build
./balanced_ternary_engine demo --rows 128 --cols 256 --delta 0.5
./balanced_ternary_engine convert --delta 0.5 --output my_model.tbin
./balanced_ternary_engine info --model my_model.tbin

Library Usage
# End-to-end: real safetensors checkpoint → .tbin
{:ok, summary} =
  BalancedTernaryEngine.Pipeline.run("model.safetensors", "model.tbin",
    arch: :llama,
    mode: :absmean
  )

summary.ternary_layers   # [%Layer{}] — packed trits + scales
summary.fp16_layers      # [%RawLayer{}] — kept dense (embeddings, norms, lm_head)
summary.stats            # %{sparsity: ..., compression_ratio: ...}

# Create a ternary layer from weights
w = Nx.random_uniform({256, 512})
layer = BalancedTernaryEngine.convert_layer(w, "fc1", delta: 0.5)

# Run inference
input = Nx.random_uniform({1, 512})
output = BalancedTernaryEngine.inference([layer], input)

# Convert a full model
weights = %{
  "fc1" => Nx.random_uniform({256, 512}),
  "fc2" => Nx.random_uniform({128, 256}),
  "fc3" => Nx.random_uniform({64, 128})
}
layers = BalancedTernaryEngine.convert_all(weights, delta: 0.5)

# Analyze sensitivity
sample_input = Nx.random_uniform({1, 512})
sensitivities = BalancedTernaryEngine.analyze_sensitivity(weights, sample_input)

# Auto mixed precision
{assignment, n_ternary, n_fp16} =
  BalancedTernaryEngine.auto_mixed_precision(weights, sample_input, 0.5, 0.99)

# Export to .tbin
:ok = BalancedTernaryEngine.export(layers, "model.tbin",
  metadata: %{model_name: "my_model", version: "1.0.0"}
)

# Load from .tbin
{:ok, loaded_layers, metadata} = BalancedTernaryEngine.load("model.tbin")

# Get statistics
stats = BalancedTernaryEngine.stats(layers)
# %{num_layers: 3, total_parameters: ..., compression_ratio: ...}
Runtime and Model Format
{:ok, rt} = BalancedTernaryEngine.Runtime.load("model.tbin", %{num_heads: 8})
{:ok, out, rt} = {BalancedTernaryEngine.Runtime.forward(rt, input), rt}
{:ok, version} = BalancedTernaryEngine.Exporter.format_version("model.tbin")
The .tbin format version is reported by mix info and Exporter.format_version/1.
Publishing to Hex.pm
mix test
mix docs
mix hex.build
mix hex.publish

Production Utilities
BalancedTernaryEngine.Validation.validate_tensor(tensor)
BalancedTernaryEngine.Benchmark.measure(fn -> work end)
BalancedTernaryEngine.Exporter.validate("model.tbin")
Running Tests
mix test

Project Structure
balanced_ternary_engine/
├── lib/
│   ├── balanced_ternary_engine.ex        # Main API
│   └── balanced_ternary_engine/
│       ├── quantizer.ex                  # Modes delta|twn|absmean, auto-threshold
│       ├── packer.ex                     # Binary packing (10→16, sparse)
│       ├── layer.ex                      # Ternary layer struct + forward pass
│       ├── raw_layer.ex                  # FP16 records for sensitive tensors
│       ├── exporter.ex                   # .tbin v2 export/import (mixed)
│       ├── safetensors.ex                # Pure-Elixir safetensors reader/writer
│       ├── architectures.ex              # llama/gpt2/bert/vit policies
│       ├── pipeline.ex                   # End-to-end conversion
│       ├── sensitivity.ex                # Per-layer sensitivity analysis
│       ├── stats.ex                      # Aggregate statistics
│       └── cli.ex                        # Command-line interface
├── test/
│   ├── quantizer_test.exs
│   ├── packer_test.exs
│   ├── layer_test.exs
│   ├── safetensors_test.exs
│   ├── architectures_test.exs
│   ├── pipeline_test.exs
│   └── integration_test.exs
├── mix.exs
└── README.md
Module Overview
	Module	Purpose
	BalancedTernaryEngine	Main API: convert, inference, export, stats, validate
	BalancedTernaryEngine.Pipeline	End-to-end: safetensors → classify → quantize → .tbin
	BalancedTernaryEngine.Quantizer	quantize/2 modes, twn_delta/1, auto_threshold/2, quality_metrics/2
	BalancedTernaryEngine.Safetensors	Pure-Elixir .safetensors reader/writer
	BalancedTernaryEngine.Architectures	Per-architecture mixed-precision classification + transforms
	BalancedTernaryEngine.Packer	pack/1, unpack/2, pack_sparse/1, compression_ratio/1
	BalancedTernaryEngine.Layer	from_dense/3, forward/2, forward_nx/2, to_binary/1
	BalancedTernaryEngine.RawLayer	FP16 dense record for embeddings/norms/LM head
	BalancedTernaryEngine.Exporter	export/3, load/1 for .tbin v1/v2 format
	BalancedTernaryEngine.Sensitivity	analyze/3, auto_mixed_precision/4
	BalancedTernaryEngine.Stats	Aggregate size/sparsity statistics over mixed layers
	BalancedTernaryEngine.CLI	CLI: convert, demo, info, validate

.tbin Format
Binary format for storing ternary models (version 2):
[Header][Record 1][Record 2]...[Record N]

Header:
  magic:       "TBN\0" (4 bytes)
  version:     uint32 (2)
  num_layers:  uint32
  meta_len:    uint32
  metadata:    JSON (meta_len bytes)

Per record:
  kind:        uint8  (0 = ternary, 1 = raw FP16)
  size:        uint32
  payload:
    ternary:
      name_len:    uint16
      name:        UTF-8 bytes
      out_feat:    uint32
      in_feat:     uint32
      delta:       float32
      sparsity:    float32
      scales:      num_scales × float16
      biases:      num_biases × float16
      weights:     packed trits (10 per 16-bit word)
    raw fp16:
      name_len:    uint16
      name:        UTF-8 bytes
      ndims:       uint8
      dims:        ndims × uint32
      data:        flat f16 payload

Version 1 files (ternary-only, no kind byte) remain readable.
License
See the project LICENSE file.


  

    Changelog

0.1.0
	Initial release of the ternary converter and runtime library.



  

    Conversion Guide

Quick Path (PTQ)
{:ok, summary} =
  BalancedTernaryEngine.Pipeline.run("model.safetensors", "model.tbin",
    arch: :llama,
    mode: :absmean
  )
CLI
ternary_converter convert --input model.safetensors --arch llama --mode absmean --output model.tbin

Profiles
Use --profile yolo|imagenet|llm for family-specific defaults.


  

    Runtime Guide

{:ok, rt} = BalancedTernaryEngine.Runtime.load("model.tbin", %{})
out = BalancedTernaryEngine.Runtime.forward(rt, input)
{out, rt} = BalancedTernaryEngine.Runtime.prefill(rt, input)
{out, rt} = BalancedTernaryEngine.Runtime.decode(rt, input)
Reset the cache with BalancedTernaryEngine.Runtime.reset_cache/1.


  

    
BalancedTernaryEngine 
    



      
Main API for converting pretrained models to balanced ternary format.
Quick Start
# Create a ternary layer from random weights
w = Nx.random_uniform({64, 128})
layer = BalancedTernaryEngine.convert_layer(w, "fc1", delta: 0.5)

# Run inference
input = Nx.random_uniform({1, 128})
output = BalancedTernaryEngine.inference([layer], input)

# Export to .tbin
:ok = BalancedTernaryEngine.export([layer], "model.tbin")

# Load back
{:ok, layers, metadata} = BalancedTernaryEngine.load("model.tbin")
Full Pipeline
# 1. Create synthetic model weights
weights = %{
  "fc1" => Nx.random_uniform({256, 512}),
  "fc2" => Nx.random_uniform({128, 256}),
  "fc3" => Nx.random_uniform({64, 128})
}

# 2. Analyze sensitivity
sample_input = Nx.random_uniform({1, 512})
sens = BalancedTernaryEngine.analyze_sensitivity(weights, sample_input)

# 3. Convert all layers
layers = BalancedTernaryEngine.convert_all(weights, delta: 0.5)

# 4. Validate
BalancedTernaryEngine.validate(layers, weights, sample_input)

# 5. Export
:ok = BalancedTernaryEngine.export(layers, "model.tbin")

      


      
        Summary


  
    Functions
  


    
      
        analyze_sensitivity(weights, sample_input, delta \\ 0.5)

      


        Analyze per-layer sensitivity.



    


    
      
        auto_mixed_precision(weights, sample_input, delta, target_similarity)

      


        Automatically determine mixed-precision assignment.



    


    
      
        convert_all(weights, opts \\ [])

      


        Convert all weight tensors to ternary layers.



    


    
      
        convert_layer(weight_tensor, name, opts \\ [])

      


        Convert a single weight matrix to a ternary layer.



    


    
      
        export(layers, path, opts \\ [])

      


        Export layers to .tbin file.



    


    
      
        inference(layers, input_tensor)

      


        Run inference through a list of ternary layers.



    


    
      
        load(path)

      


        Load layers from .tbin file.



    


    
      
        stats(layers)

      


        Get model statistics.



    


    
      
        validate(layers, fp32_weights, sample_input)

      


        Run validation: sparsity, similarity, inference test, round-trip.



    





      


      
        Functions


        


    

  
    
      
    
    
      analyze_sensitivity(weights, sample_input, delta \\ 0.5)



    

  


  

      

          @spec analyze_sensitivity(
  %{required(String.t()) => Nx.Tensor.t()},
  Nx.Tensor.t(),
  float()
) :: [
  {String.t(), float()}
]


      


Analyze per-layer sensitivity.

  



  
    
      
    
    
      auto_mixed_precision(weights, sample_input, delta, target_similarity)



    

  


  

      

          @spec auto_mixed_precision(
  %{required(String.t()) => Nx.Tensor.t()},
  Nx.Tensor.t(),
  float(),
  float()
) ::
  {%{required(String.t()) => :ternary | :fp16}, non_neg_integer(),
   non_neg_integer()}


      


Automatically determine mixed-precision assignment.

  



    

  
    
      
    
    
      convert_all(weights, opts \\ [])



    

  


  

      

          @spec convert_all(%{required(String.t()) => Nx.Tensor.t()}, keyword()) :: [
  BalancedTernaryEngine.Layer.t()
]


      


Convert all weight tensors to ternary layers.
Accepts the same quantization options as Layer.from_dense/3
(mode: / delta: — see Quantizer.quantize/2). The result is
sorted by layer name for deterministic file layout.

  



    

  
    
      
    
    
      convert_layer(weight_tensor, name, opts \\ [])



    

  


  

      

          @spec convert_layer(Nx.Tensor.t(), String.t(), keyword()) ::
  BalancedTernaryEngine.Layer.t()


      


Convert a single weight matrix to a ternary layer.

  



    

  
    
      
    
    
      export(layers, path, opts \\ [])



    

  


  

      

          @spec export([BalancedTernaryEngine.Layer.t()], String.t(), keyword()) ::
  :ok | {:error, term()}


      


Export layers to .tbin file.

  



  
    
      
    
    
      inference(layers, input_tensor)



    

  


  

      

          @spec inference([BalancedTernaryEngine.Layer.t()], Nx.Tensor.t()) :: Nx.Tensor.t()


      


Run inference through a list of ternary layers.

  



  
    
      
    
    
      load(path)



    

  


  

      

          @spec load(String.t()) ::
  {:ok, [BalancedTernaryEngine.Layer.t()], map()} | {:error, term()}


      


Load layers from .tbin file.

  



  
    
      
    
    
      stats(layers)



    

  


  

      

          @spec stats([BalancedTernaryEngine.Layer.t()]) :: map()


      


Get model statistics.

  



  
    
      
    
    
      validate(layers, fp32_weights, sample_input)



    

  


  

      

          @spec validate(
  [BalancedTernaryEngine.Layer.t()],
  %{required(String.t()) => Nx.Tensor.t()},
  Nx.Tensor.t()
) :: map()


      


Run validation: sparsity, similarity, inference test, round-trip.
Prints a human-readable report and returns the computed metrics as a
map for programmatic use. Note: this function performs I/O; call the
underlying pieces (stats/1, inference/2, Packer) directly when a
pure result is needed.

  


        

      


  

    
BalancedTernaryEngine.Architectures 
    



      
Per-architecture mixed-precision policies for common model families.
Encodes the conversion recipes from details/13-model-conversion-guide.md
(§13.4): which weight tensors are ternarized, which stay FP16 because
they are quantization-sensitive (embeddings, norms, LM head), and
which are skipped entirely (non-weight buffers).
Presets:
	:llama   — LLaMA / Mistral / Mixtral / Qwen-style decoders
	:gpt2    — GPT-2 / GPT-NeoX-style decoders (Conv1D transposition handled)
	:bert    — BERT / RoBERTa encoders
	:vit       — Vision Transformers
	:yolo      — YOLO object detectors
	:imagenet  — ImageNet image classifiers
	:llm       — Decoder-only LLMs under 8B parameters
	:generic   — heuristic fallback for unknown architectures


      


      
        Summary


  
    Types
  


    
      
        policy()

      


    


    
      
        preset()

      


    





  
    Functions
  


    
      
        classify(preset, name)

      


        Classify a weight tensor by layer name.



    


    
      
        presets()

      


    


    
      
        transform(arg1, name, tensor)

      


        Apply architecture-specific tensor transforms before quantization.



    





      


      
        Types


        


  
    
      
    
    
      policy()



    

  


  

      

          @type policy() :: :ternary | :keep_fp16 | :skip


      



  



  
    
      
    
    
      preset()



    

  


  

      

          @type preset() :: :llama | :gpt2 | :bert | :vit | :yolo | :imagenet | :llm | :generic


      



  


        

      

      
        Functions


        


  
    
      
    
    
      classify(preset, name)



    

  


  

      

          @spec classify(preset() | atom(), String.t()) :: policy()


      


Classify a weight tensor by layer name.
Returns :ternary (convert), :keep_fp16 (store dense at half
precision), or :skip (do not store).
Rules are evaluated in a fixed order — buffers first, then standalone
biases, then sensitivity, with "2-D weight" as the ternary default:
classify(:llama, "model.layers.0.self_attn.q_proj.weight")   #=> :ternary
classify(:llama, "model.embed_tokens.weight")                #=> :keep_fp16
classify(:llama, "model.layers.0.mlp.down_proj.bias")        #=> :skip
classify(:gpt2,  "transformer.wte.weight")                   #=> :keep_fp16
classify(:bert,  "bert.pooler.dense.weight")                 #=> :keep_fp16
Matching is done on the downcased name because HuggingFace checkpoints
prefix tensors with varying model prefixes ("model.", "bert.", "vit.")
but keep suffix conventions stable.

  



  
    
      
    
    
      presets()



    

  


  

      

          @spec presets() :: [preset()]


      



  



  
    
      
    
    
      transform(arg1, name, tensor)



    

  


  

      

          @spec transform(preset() | atom(), String.t(), Nx.Tensor.t()) :: Nx.Tensor.t()


      


Apply architecture-specific tensor transforms before quantization.
GPT-2 uses Conv1D modules whose weights are stored transposed
(in_features, out_features) relative to nn.Linear. They are
transposed here so every .tbin layer is (out, in).

  


        

      


  

    
BalancedTernaryEngine.Benchmark 
    



      
Simple benchmarking helpers for conversion and runtime execution.

      


      
        Summary


  
    Functions
  


    
      
        benchmark_conversion(input_path, output_path, opts \\ [])

      


    


    
      
        benchmark_runtime(runtime, input)

      


    


    
      
        measure(fun)

      


    





      


      
        Functions


        


    

  
    
      
    
    
      benchmark_conversion(input_path, output_path, opts \\ [])



    

  


  

      

          @spec benchmark_conversion(String.t(), String.t(), keyword()) ::
  {:ok, map()} | {:error, term()}


      



  



  
    
      
    
    
      benchmark_runtime(runtime, input)



    

  


  

      

          @spec benchmark_runtime(BalancedTernaryEngine.Runtime.t(), Nx.Tensor.t()) ::
  {:ok, map()}


      



  



  
    
      
    
    
      measure(fun)



    

  


  

      

          @spec measure((-> any())) :: %{time_us: non_neg_integer(), result: any()}


      



  


        

      


  

    
BalancedTernaryEngine.CLI 
    



      
Command-line interface for the BalancedTernaryEngine tool.
Four commands share one option parser:
	convert — safetensors checkpoint → .tbin (or synthetic model
when no --input is given)
	demo — quantize/pack/GEMM walkthrough on random weights
	info — inspect a .tbin file
	validate — round-trip + per-layer forward verification

Options are parsed with OptionParser under strict: mode, so typos
like --deltta are reported instead of being silently ignored.

      


      
        Summary


  
    Functions
  


    
      
        main(list)

      


    





      


      
        Functions


        


  
    
      
    
    
      main(list)



    

  


  

      

          @spec main(OptionParser.parsed() | [String.t()]) :: :ok


      



  


        

      


  

    
BalancedTernaryEngine.Exporter 
    



      
Exports and imports ternary models to/from .tbin binary format.
The .tbin format:
[Header][Record 1][Record 2]...[Record N]

Header:
  magic:       4 bytes   ("TBN\0")
  version:     4 bytes   (uint32; 2 as of mixed-precision support)
  num_layers:  4 bytes   (uint32)
  meta_len:    4 bytes   (uint32)
  metadata:    meta_len bytes (UTF-8 JSON)

Record (version >= 2):
  kind:        1 byte    (0 = ternary, 1 = raw FP16)
  size:        4 bytes   (uint32)
  payload:     size bytes
    - ternary: BalancedTernaryEngine.Layer.to_binary/1
    - raw:     BalancedTernaryEngine.RawLayer.to_binary/1

Record (version 1):
  size:        4 bytes   (uint32)
  payload:     size bytes (ternary layer only)
Version 1 files remain readable; they are written as version 2 on the
next export.

      


      
        Summary


  
    Functions
  


    
      
        export(layers, output_path, opts \\ [])

      


        Export a list of layers to a .tbin file.



    


    
      
        format_version(input_path)

      


        Return the format version stored in a .tbin file.



    


    
      
        load(input_path)

      


        Load a .tbin file back into a list of layers.



    


    
      
        validate(path)

      


        Validate that a .tbin file can be loaded.



    





      


      
        Functions


        


    

  
    
      
    
    
      export(layers, output_path, opts \\ [])



    

  


  

      

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


      


Export a list of layers to a .tbin file.
Layers may be BalancedTernaryEngine.Layer (ternary) or
BalancedTernaryEngine.RawLayer (kept at FP16); each is tagged with its
record kind.
Options
	:metadata — Map of metadata (model name, version, etc.)
	:compress — Whether to compress with gzip (default: false)


  



  
    
      
    
    
      format_version(input_path)



    

  


  

      

          @spec format_version(String.t()) :: {:ok, non_neg_integer()} | {:error, term()}


      


Return the format version stored in a .tbin file.

  



  
    
      
    
    
      load(input_path)



    

  


  

      

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


      


Load a .tbin file back into a list of layers.

  



  
    
      
    
    
      validate(path)



    

  


  

      

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


      


Validate that a .tbin file can be loaded.

  


        

      


  

    
BalancedTernaryEngine.Layer 
    



      
A neural network layer with ternary weights.
Supports:
	Forward pass with add/sub/skip (no multiplication)
	Per-channel scale factors and bias
	Conversion from dense (FP32) weights
	Packed weight storage (10 trits per 16-bit word)
	Serialization to/from binary format


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        forward(layer, activations)

      


        Forward pass through the ternary layer.



    


    
      
        forward_nx(layer, input_tensor)

      


        Forward pass with Nx tensors (for batched inference).



    


    
      
        from_binary(arg)

      


        Deserialize layer from binary.



    


    
      
        from_dense(weight_tensor, name, opts \\ [])

      


        Create a TernaryLayer from a dense (FP32) weight matrix.



    


    
      
        to_binary(layer)

      


        Serialize layer to binary (.tbin record payload).



    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %BalancedTernaryEngine.Layer{
  bias: [float()],
  delta: float(),
  name: String.t(),
  original_shape: term(),
  packing: term(),
  scales: [float()],
  shape: {non_neg_integer(), non_neg_integer()},
  sparsity: float(),
  weight_packed: binary()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      forward(layer, activations)



    

  


  

      

          @spec forward(t(), [number()]) :: [number()]


      


Forward pass through the ternary layer.
Computes: output[i] = scale[i]  sum_j(W_ternary[i][j]  x[j]) + bias[i]
Uses add/sub/skip — no multiplication for the weight-activation product.
Examples
iex> w = Nx.tensor([[0.8, -0.3, 0.1], [0.5, -0.2, 0.7]])
iex> layer = BalancedTernaryEngine.Layer.from_dense(w, "test", delta: 0.4)
iex> BalancedTernaryEngine.Layer.forward(layer, [1.0, 2.0, 3.0])
[0.5666666626930237, 1.619999885559082]

  



  
    
      
    
    
      forward_nx(layer, input_tensor)



    

  


  

      

          @spec forward_nx(t(), Nx.Tensor.t()) :: Nx.Tensor.t()


      


Forward pass with Nx tensors (for batched inference).

  



  
    
      
    
    
      from_binary(arg)



    

  


  

      

          @spec from_binary(binary()) :: t()


      


Deserialize layer from binary.
Mirrors to_binary/1 field-for-field. The pattern match is total:
a truncated or malformed payload fails to match and raises, which the
Exporter wraps into an error tuple.

  



    

  
    
      
    
    
      from_dense(weight_tensor, name, opts \\ [])



    

  


  

      

          @spec from_dense(Nx.Tensor.t(), String.t(), keyword()) :: t()


      


Create a TernaryLayer from a dense (FP32) weight matrix.
Quantization is delegated to BalancedTernaryEngine.Quantizer.quantize/2;
pass mode: (:delta, :twn, :absmean) and delta: options
through. Automatically packs weights and records per-channel scales.
Examples
iex> w = Nx.tensor([[0.8, -0.3, 0.1, -0.9], [0.5, -0.2, 0.7, -0.4]])
iex> layer = BalancedTernaryEngine.Layer.from_dense(w, "fc1", delta: 0.4)
iex> layer.shape
{2, 4}
iex> layer.name
"fc1"

  



  
    
      
    
    
      to_binary(layer)



    

  


  

      

          @spec to_binary(t()) :: binary()


      


Serialize layer to binary (.tbin record payload).
Layout (all integers big-endian):
name_len::16 | name | out::32 | in::32
delta::float-32 | sparsity::float-32
num_scales::32 | scales (num_scales × float-16)
num_biases::32 | biases  (num_biases × float-16)
packed_size::32 | packed trits (see Packer)
Scales/biases use half precision: they are calibration constants, and
f16 halves their footprint at negligible accuracy cost.

  


        

      


  

    
BalancedTernaryEngine.Packer 
    



      
Packs ternary {-1, 0, +1} tensors into compact binary format.
Supports:
	Dense packing: 10 trits per 16-bit word (base-3 encoding)
	Sparse encoding: index + sign for high-sparsity layers
	Round-trip verification
	Compression ratio calculation

Dense word layout
Each group of 10 trits is shifted to base-3 digits via trit + 1
({-1,0,+1} → {0,1,2}) and read most-significant digit first, so a
group's first weight occupies the highest-value position:
word = d₀·3⁹ + d₁·3⁸ + … + d₉·3⁰     where dᵢ = tritᵢ + 1
Since 3¹⁰ = 59_049 < 2¹⁶ = 65_536 every word fits in 16 bits (~90%
efficiency). Trailing weights of the final group are zero-padded.
Sparse layout
<<count::32>> followed by count entries of <<index::15, sign::1>>
(sign: 0 → +1, 1 → −1). Only wins above ~88–90% sparsity because an
entry costs 16 bits versus 1.6 bits per densely packed weight.

      


      
        Summary


  
    Functions
  


    
      
        compression_ratio(tensor)

      


        Compute compression ratio for a given tensor.



    


    
      
        pack(tensor)

      


        Pack a ternary tensor into a binary (10 trits per 16-bit word).



    


    
      
        pack_sparse(tensor)

      


        Pack with sparse encoding for high-sparsity layers.



    


    
      
        unpack(binary, total_trits)

      


        Unpack a binary back into a flat list of trits.



    


    
      
        unpack_sparse(binary, total_trits)

      


        Unpack a sparse-encoded binary.



    


    
      
        verify_roundtrip(tensor)

      


        Verify round-trip: pack then unpack should return the original.



    





      


      
        Functions


        


  
    
      
    
    
      compression_ratio(tensor)



    

  


  

      

          @spec compression_ratio(Nx.Tensor.t()) ::
  {non_neg_integer(), non_neg_integer(), float()}


      


Compute compression ratio for a given tensor.
Returns {original_bytes, packed_bytes, ratio}.

  



  
    
      
    
    
      pack(tensor)



    

  


  

      

          @spec pack(Nx.Tensor.t() | [integer()]) :: binary()


      


Pack a ternary tensor into a binary (10 trits per 16-bit word).
Examples
iex> t = Nx.tensor([1, 0, -1, 1, 1, 0, -1, 0, 1, -1])
iex> BalancedTernaryEngine.Packer.pack(t)
<<14285::16-native>>

  



  
    
      
    
    
      pack_sparse(tensor)



    

  


  

      

          @spec pack_sparse(Nx.Tensor.t()) :: binary()


      


Pack with sparse encoding for high-sparsity layers.
Stores only non-zero entries as {index, sign} pairs.
More efficient than dense packing when sparsity > ~88%.
Format per entry (16 bits):
	Index: 15 bits (position in flattened tensor, max 32767)
	Sign:  1 bit  (0 for +1, 1 for -1)

A u32 count prefixes the entry list so unpack_sparse/2 knows how
many entries to read without relying on binary length alone.

  



  
    
      
    
    
      unpack(binary, total_trits)



    

  


  

      

          @spec unpack(binary(), non_neg_integer()) :: [integer()]


      


Unpack a binary back into a flat list of trits.
Examples
iex> BalancedTernaryEngine.Packer.unpack(<<14285::16-native>>, 10)
[1, 0, -1, 1, 1, 0, -1, 0, 1, -1]

  



  
    
      
    
    
      unpack_sparse(binary, total_trits)



    

  


  

      

          @spec unpack_sparse(binary(), non_neg_integer()) :: [integer()]


      


Unpack a sparse-encoded binary.

  



  
    
      
    
    
      verify_roundtrip(tensor)



    

  


  

      

          @spec verify_roundtrip(Nx.Tensor.t()) :: boolean()


      


Verify round-trip: pack then unpack should return the original.

  


        

      


  

    
BalancedTernaryEngine.Pipeline 
    



      
End-to-end conversion: safetensors model → .tbin balanced ternary model.
{:ok, summary} =
  BalancedTernaryEngine.Pipeline.run("model.safetensors", "model.tbin",
    arch: :llama,
    mode: :absmean
  )
Steps:
	Read all tensors from the source .safetensors file
(BalancedTernaryEngine.Safetensors)
	Classify every tensor via the architecture policy
(BalancedTernaryEngine.Architectures) → ternary | keep FP16 | skip
	Quantize ternary targets with the selected mode and pack them;
sensitive tensors are stored as raw FP16 records
	Export a version-2 .tbin file with provenance metadata

Options
	:arch — :llama, :gpt2, :bert, :vit, :generic
(default: :generic)
	:mode — quantization mode passed to
BalancedTernaryEngine.Quantizer.quantize/2: :delta, :twn,
:absmean (default: :twn)
	:delta — explicit threshold when mode is :delta
	:compress — gzip the output (default: false)


      


      
        Summary


  
    Functions
  


    
      
        run(input_path, output_path, opts \\ [])

      


    


    
      
        validate_input(input_path)

      


        Validate that a conversion input path exists.



    





      


      
        Functions


        


    

  
    
      
    
    
      run(input_path, output_path, opts \\ [])



    

  


  

      

          @spec run(String.t(), String.t(), keyword()) :: {:ok, map()} | {:error, term()}


      



  



  
    
      
    
    
      validate_input(input_path)



    

  


  

      

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


      


Validate that a conversion input path exists.

  


        

      


  

    
BalancedTernaryEngine.QATLayer 
    



      
Quantization-Aware Training layer with ternary weights.
Maintains FP32 shadow weights that are ternarized on each forward pass.
Uses a straight-through estimator (STE) so gradients flow to the shadow
weights during training: the forward pass uses ternary weights, while
the gradient is applied to the shadow weights directly.
This module provides the primitives (ternarize, forward, update, freeze).
The training loop composes these with a loss and an optimizer step.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        forward(layer, input)

      


        Forward pass: output = (ternary_weight @ input) + bias.



    


    
      
        freeze(qat_layer)

      


        Freeze a QAT layer into a standard BalancedTernaryEngine.Layer for inference.



    


    
      
        from_pretrained(weight_tensor, name, opts \\ [])

      


        Create a QAT layer from a pretrained weight tensor.



    


    
      
        ternarize(layer)

      


        Ternarize shadow weights. Returns {effective, shadow} where effective
is the ternary (scaled) weight used in the forward pass and shadow is
the FP32 shadow weight retained for gradient updates (STE).



    


    
      
        train_step(layer, input, target, opts \\ [])

      


        Apply a straight-through training step using a finite-difference
gradient of the supplied loss function.



    


    
      
        update(layer, grad, lr)

      


        SGD update of shadow weights: w_shadow = w_shadow - lr * grad.



    


    
      
        validate_frozen(qat_layer)

      


        Freeze and validate a QAT layer.



    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %BalancedTernaryEngine.QATLayer{
  bias: Nx.Tensor.t(),
  delta: float(),
  name: String.t(),
  scale: Nx.Tensor.t(),
  weight_shadow: Nx.Tensor.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      forward(layer, input)



    

  


  

      

          @spec forward(t(), Nx.Tensor.t()) :: Nx.Tensor.t()


      


Forward pass: output = (ternary_weight @ input) + bias.

  



  
    
      
    
    
      freeze(qat_layer)



    

  


  

      

          @spec freeze(t()) :: BalancedTernaryEngine.Layer.t()


      


Freeze a QAT layer into a standard BalancedTernaryEngine.Layer for inference.

  



    

  
    
      
    
    
      from_pretrained(weight_tensor, name, opts \\ [])



    

  


  

      

          @spec from_pretrained(Nx.Tensor.t(), String.t(), keyword()) :: t()


      


Create a QAT layer from a pretrained weight tensor.

  



  
    
      
    
    
      ternarize(layer)



    

  


  

      

          @spec ternarize(t()) :: {Nx.Tensor.t(), Nx.Tensor.t()}


      


Ternarize shadow weights. Returns {effective, shadow} where effective
is the ternary (scaled) weight used in the forward pass and shadow is
the FP32 shadow weight retained for gradient updates (STE).

  



    

  
    
      
    
    
      train_step(layer, input, target, opts \\ [])



    

  


  

      

          @spec train_step(t(), Nx.Tensor.t(), Nx.Tensor.t(), keyword()) :: {t(), float()}


      


Apply a straight-through training step using a finite-difference
gradient of the supplied loss function.
loss_fn receives the layer and returns a scalar loss. The gradient
w.r.t. the shadow weights is approximated and used to update them.
Returns the updated layer and the loss value.

  



  
    
      
    
    
      update(layer, grad, lr)



    

  


  

      

          @spec update(t(), Nx.Tensor.t(), float()) :: t()


      


SGD update of shadow weights: w_shadow = w_shadow - lr * grad.

  



  
    
      
    
    
      validate_frozen(qat_layer)



    

  


  

      

          @spec validate_frozen(t()) ::
  {:ok, BalancedTernaryEngine.Layer.t()} | {:error, term()}


      


Freeze and validate a QAT layer.

  


        

      


  

    
BalancedTernaryEngine.Quantizer 
    



      
Converts full-precision weight tensors to balanced ternary {-1, 0, +1}.
Three quantization modes are supported (see quantize/2):
	:delta   — user-supplied threshold, per-channel MSE-optimal scales
	:twn     — Ternary Weight Networks rule: Δ = 0.7 × mean(|W|)
	:absmean — BitNet b1.58 rule: normalize by mean(|W|), round to nearest trit

Also provides automatic threshold selection via bisection on target
sparsity, outlier-clipped scale calibration, and quality metrics
(sparsity, MSE, SQNR).

      


      
        Summary


  
    Types
  


    
      
        mode()

      


    


    
      
        tensor()

      


    


    
      
        trit()

      


    





  
    Functions
  


    
      
        auto_threshold(weights, target_sparsity \\ 0.5)

      


        Find the threshold that yields a target zero-fraction via bisection.



    


    
      
        compute_scales(weights, delta)

      


        Compute per-channel MSE-optimal scale factors.



    


    
      
        compute_scales_clipped(weights, delta, clip_sigma \\ 3.0)

      


        Compute per-channel scale factors with outlier clipping.



    


    
      
        quality_metrics(original, delta)

      


        Compute quantization quality metrics.



    


    
      
        quantize(w, opts \\ [])

      


        Quantize a weight tensor to trits plus per-channel scales.



    


    
      
        ternarize(w, delta)

      


        Ternarize a tensor with a fixed threshold.



    


    
      
        ternarize_scaled(w, scales, delta)

      


        Ternarize with per-channel scale factors.



    


    
      
        twn_delta(w)

      


        TWN threshold rule: Δ = 0.7 × mean(|W|).



    





      


      
        Types


        


  
    
      
    
    
      mode()



    

  


  

      

          @type mode() :: :delta | :twn | :absmean


      



  



  
    
      
    
    
      tensor()



    

  


  

      

          @type tensor() :: Nx.Tensor.t()


      



  



  
    
      
    
    
      trit()



    

  


  

      

          @type trit() :: -1 | 0 | 1


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      auto_threshold(weights, target_sparsity \\ 0.5)



    

  


  

      

          @spec auto_threshold(tensor(), float()) :: {float(), float()}


      


Find the threshold that yields a target zero-fraction via bisection.
The fraction of weights in [-Δ, Δ] increases monotonically with Δ, so
the target sparsity has a unique root on [0, 4σ]. Returns
{delta, actual_sparsity}.
Returns {optimal_delta, actual_sparsity}.

  



  
    
      
    
    
      compute_scales(weights, delta)



    

  


  

      

          @spec compute_scales(tensor(), float()) :: tensor()


      


Compute per-channel MSE-optimal scale factors.
For each output channel j:
  α_j = sum(W_j  T_j) / sum(T_j  T_j)
Examples
iex> w = Nx.tensor([[0.8, -0.3, 0.1], [-0.9, 0.5, -0.2]])
iex> scales = BalancedTernaryEngine.Quantizer.compute_scales(w, 0.4)
iex> Nx.to_flat_list(scales)
[0.5666666626930237, 0.5399999618530273]

  



    

  
    
      
    
    
      compute_scales_clipped(weights, delta, clip_sigma \\ 3.0)



    

  


  

      

          @spec compute_scales_clipped(tensor(), float(), float()) :: tensor()


      


Compute per-channel scale factors with outlier clipping.
Before computing scales, clips each channel to ±3σ to prevent
outlier weights from dominating the scale factor.

  



  
    
      
    
    
      quality_metrics(original, delta)



    

  


  

      

          @spec quality_metrics(tensor(), float()) :: map()


      


Compute quantization quality metrics.
Returns a map with:
	:sparsity — fraction of zero weights
	:density — fraction of non-zero weights
	:positive_ratio — fraction of +1 weights (of non-zero)
	:negative_ratio — fraction of -1 weights (of non-zero)
	:mse — mean squared error vs. original
	:sqnr — signal-to-quantization-noise ratio in dB


  



    

  
    
      
    
    
      quantize(w, opts \\ [])



    

  


  

      

          @spec quantize(tensor(), keyword()) :: {tensor(), [float()], float()}


      


Quantize a weight tensor to trits plus per-channel scales.
Returns {trits, scales, delta} where:
	trits — s64 tensor of {-1, 0, +1}, same shape as w
	scales — flat list of per-channel f32 scale factors
	delta — the effective decision threshold used

Modes
	:delta — threshold at the given :delta, per-channel MSE-optimal
scales αⱼ = (Wⱼ·Tⱼ)/(Tⱼ·Tⱼ)
	:twn — Ternary Weight Networks rule: Δ = 0.7 × mean(|W|), then
MSE-optimal per-channel scales (Li & Liu, 2016)
	:absmean — BitNet b1.58 rule: T = roundclip(W / mean(|W|), -1, +1),
single shared scale γ = mean(|W|) for every channel (Ma et al., 2024)

Options
	:mode — :delta | :twn | :absmean (default: :twn)

	:delta — threshold used when mode is :delta


  



  
    
      
    
    
      ternarize(w, delta)



    

  


  

      

          @spec ternarize(tensor(), float()) :: tensor()


      


Ternarize a tensor with a fixed threshold.
Values greater than delta → 1
Values between [-delta, delta] → 0
Values less than -delta → -1
Examples
iex> BalancedTernaryEngine.Quantizer.ternarize(Nx.tensor([0.8, -0.3, 0.1, -0.9, 0.5]), 0.4)
#Nx.Tensor<
  s64[5]
  [1, -1, 0, -1, 1]
>

  



  
    
      
    
    
      ternarize_scaled(w, scales, delta)



    

  


  

      

          @spec ternarize_scaled(tensor(), tensor(), float()) :: tensor()


      


Ternarize with per-channel scale factors.
Normalizes each row by its scale factor before ternarization,
then rescales. This is the recommended approach for all linear layers.

  



  
    
      
    
    
      twn_delta(w)



    

  


  

      

          @spec twn_delta(tensor()) :: float()


      


TWN threshold rule: Δ = 0.7 × mean(|W|).
Near-optimal for approximately Gaussian weight distributions and the
standard choice when no calibration data is available.

  


        

      


  

    
BalancedTernaryEngine.RawLayer 
    



      
A dense weight matrix kept at half precision inside a converted model.
Quantization-sensitive tensors — token embeddings, LM head, layer
norms — are stored as RawLayer instead of being ternarized
(see BalancedTernaryEngine.Architectures). Weights are held as raw
float16 bytes; activations are computed in f32.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        forward_nx(layer, input)

      


        Forward pass: dequantize to f32 and apply as a linear projection.



    


    
      
        from_binary(binary)

      


        Deserialize from binary. Returns {layer, rest_binary}.



    


    
      
        from_tensor(tensor, name)

      


        Build a RawLayer from a tensor of any float type (stored as f16).



    


    
      
        packed_bytes(layer)

      


        Byte size of the stored f16 payload (for stats).



    


    
      
        to_binary(layer)

      


        Serialize to binary: name, shape, f16 payload.



    


    
      
        to_tensor(layer)

      


        Materialize the weights as an f32 tensor.



    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %BalancedTernaryEngine.RawLayer{
  data: binary(),
  name: String.t(),
  shape: tuple()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      forward_nx(layer, input)



    

  


  

      

          @spec forward_nx(t(), Nx.Tensor.t()) :: Nx.Tensor.t()


      


Forward pass: dequantize to f32 and apply as a linear projection.
Handles both (out, in) (y = x·Wᵀ) and (in, out) (y = x·W)
layouts — GPT-2-style checkpoints store Conv1D weights transposed, and
the converter preserves whichever layout it was given. Intended for
lm_head-style tensors; embeddings and norm vectors are consumed by
runtimes via to_tensor/1.

  



  
    
      
    
    
      from_binary(binary)



    

  


  

      

          @spec from_binary(binary()) :: {t(), binary()}


      


Deserialize from binary. Returns {layer, rest_binary}.

  



  
    
      
    
    
      from_tensor(tensor, name)



    

  


  

      

          @spec from_tensor(Nx.Tensor.t(), String.t()) :: t()


      


Build a RawLayer from a tensor of any float type (stored as f16).

  



  
    
      
    
    
      packed_bytes(layer)



    

  


  

      

          @spec packed_bytes(t()) :: non_neg_integer()


      


Byte size of the stored f16 payload (for stats).

  



  
    
      
    
    
      to_binary(layer)



    

  


  

      

          @spec to_binary(t()) :: binary()


      


Serialize to binary: name, shape, f16 payload.

  



  
    
      
    
    
      to_tensor(layer)



    

  


  

      

          @spec to_tensor(t()) :: Nx.Tensor.t()


      


Materialize the weights as an f32 tensor.

  


        

      


  

    
BalancedTernaryEngine.Runtime 
    



      
Minimal runtime for executing a converted .tbin model.
Supports layer chaining, softmax, layer normalization, multi-head
attention with a KV cache, and prefill/decode phases.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        attention(q, k, v, cache \\ %{}, num_heads \\ 1)

      


        Multi-head attention with a KV cache.



    


    
      
        decode(rt, input)

      


        Decode: run a single new token, reusing the cache.



    


    
      
        forward(runtime, input)

      


        Run the model (layer chaining) on an input tensor.



    


    
      
        layer_norm(x, eps \\ 1.0e-5)

      


        Layer normalization (RMSNorm-style) over the last axis.



    


    
      
        load(path, config \\ %{})

      


        Load a .tbin model and an optional config map.



    


    
      
        new(layers, config \\ %{})

      


        Create a runtime from already-loaded layers and a config map.



    


    
      
        prefill(rt, input)

      


        Prefill: run a full sequence through the model, populating the cache.



    


    
      
        reset_cache(rt)

      


        Reset the runtime cache without reloading the model.



    


    
      
        softmax(x)

      


        Softmax over the last axis.



    


    
      
        validate(rt)

      


        Validate a runtime instance.



    


    
      
        validate_config(config)

      


        Validate a runtime configuration map.



    





      


      
        Types


        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %BalancedTernaryEngine.Runtime{
  cache: map(),
  config: map(),
  layers: [any()]
}


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      attention(q, k, v, cache \\ %{}, num_heads \\ 1)



    

  


  

      

          @spec attention(Nx.Tensor.t(), Nx.Tensor.t(), Nx.Tensor.t(), map(), integer()) ::
  {Nx.Tensor.t(), map()}


      


Multi-head attention with a KV cache.
q, k, v are {seq, hidden} tensors. Returns {out, new_cache}.

  



  
    
      
    
    
      decode(rt, input)



    

  


  

      

          @spec decode(t(), Nx.Tensor.t()) :: {Nx.Tensor.t(), t()}


      


Decode: run a single new token, reusing the cache.

  



  
    
      
    
    
      forward(runtime, input)



    

  


  

      

          @spec forward(t(), Nx.Tensor.t()) :: Nx.Tensor.t()


      


Run the model (layer chaining) on an input tensor.

  



    

  
    
      
    
    
      layer_norm(x, eps \\ 1.0e-5)



    

  


  

      

          @spec layer_norm(Nx.Tensor.t(), float()) :: Nx.Tensor.t()


      


Layer normalization (RMSNorm-style) over the last axis.

  



    

  
    
      
    
    
      load(path, config \\ %{})



    

  


  

      

          @spec load(String.t(), map()) :: {:ok, t()} | {:error, term()}


      


Load a .tbin model and an optional config map.

  



    

  
    
      
    
    
      new(layers, config \\ %{})



    

  


  

      

          @spec new([any()], map()) :: {:ok, t()} | {:error, term()}


      


Create a runtime from already-loaded layers and a config map.

  



  
    
      
    
    
      prefill(rt, input)



    

  


  

      

          @spec prefill(t(), Nx.Tensor.t()) :: {Nx.Tensor.t(), t()}


      


Prefill: run a full sequence through the model, populating the cache.

  



  
    
      
    
    
      reset_cache(rt)



    

  


  

      

          @spec reset_cache(t()) :: t()


      


Reset the runtime cache without reloading the model.

  



  
    
      
    
    
      softmax(x)



    

  


  

      

          @spec softmax(Nx.Tensor.t()) :: Nx.Tensor.t()


      


Softmax over the last axis.

  



  
    
      
    
    
      validate(rt)



    

  


  

      

          @spec validate(t()) :: :ok | {:error, term()}


      


Validate a runtime instance.

  



  
    
      
    
    
      validate_config(config)



    

  


  

      

          @spec validate_config(term()) :: {:ok, map()} | {:error, term()}


      


Validate a runtime configuration map.
Returns {:ok, config} when every supplied value is valid, or
{:error, reason} otherwise. Unknown keys are allowed so callers can
carry application-specific settings.

  


        

      


  

    
BalancedTernaryEngine.Safetensors 
    



      
Pure-Elixir reader/writer for the HuggingFace .safetensors format.
Layout:
[header_len: u64 little-endian][header: UTF-8 JSON][tensor data]
Header JSON maps tensor names to %{"dtype" => ..., "shape" => [...], "data_offsets" => [begin, end]} where offsets are relative to the
start of the data section. An optional __metadata__ key holds a
string-to-string map.
Float tensors are returned as :f32; integer tensors as :s64.

      


      
        Summary


  
    Functions
  


    
      
        decode(binary)

      


        Decode safetensors from a binary.



    


    
      
        encode(tensors, metadata \\ %{})

      


        Encode a map of tensors to safetensors binary.



    


    
      
        read(path)

      


        Read a safetensors file.



    


    
      
        read_sharded(path)

      


        Read a sharded safetensors model given a path to its index JSON file
(model.safetensors.index.json) or a directory containing one.



    


    
      
        write(path, tensors, metadata \\ %{})

      


        Write a map of tensors to a .safetensors file.



    





      


      
        Functions


        


  
    
      
    
    
      decode(binary)



    

  


  

      

          @spec decode(binary()) :: {:ok, map(), map()} | {:error, term()}


      


Decode safetensors from a binary.
Any structural problem (truncated file, bad JSON, bad offsets) returns
{:error, :invalid_safetensors}; an unknown dtype raises ArgumentError
since it indicates a caller/producer bug rather than corrupt input.

  



    

  
    
      
    
    
      encode(tensors, metadata \\ %{})



    

  


  

      

          @spec encode(%{required(String.t()) => Nx.Tensor.t()}, %{
  required(String.t()) => String.t()
}) ::
  binary()


      


Encode a map of tensors to safetensors binary.
Supported tensor types are written as-is; anything else is converted
to f32. Data blocks are padded to 8-byte alignment.

  



  
    
      
    
    
      read(path)



    

  


  

      

          @spec read(String.t() | binary()) ::
  {:ok, %{required(String.t()) => Nx.Tensor.t()},
   %{required(String.t()) => String.t()}}
  | {:error, term()}


      


Read a safetensors file.
Returns {:ok, tensors, metadata} where tensors is
%{name => Nx.Tensor.t()} (floats converted to f32) and metadata
is the optional __metadata__ map (empty map if absent).

  



  
    
      
    
    
      read_sharded(path)



    

  


  

Read a sharded safetensors model given a path to its index JSON file
(model.safetensors.index.json) or a directory containing one.
Resolves shard paths relative to the index file's directory, loads every
shard, and merges their tensors into a single map.

  



    

  
    
      
    
    
      write(path, tensors, metadata \\ %{})



    

  


  

      

          @spec write(String.t(), %{required(String.t()) => Nx.Tensor.t()}, %{
  required(String.t()) => String.t()
}) ::
  :ok | {:error, term()}


      


Write a map of tensors to a .safetensors file.

  


        

      


  

    
BalancedTernaryEngine.Sensitivity 
    



      
Analyzes per-layer sensitivity to ternary quantization.
Identifies which layers can be safely ternarized and which should
remain at higher precision (INT8/FP16).

      


      
        Summary


  
    Functions
  


    
      
        analyze(layer_weights, sample_input, delta \\ 0.5)

      


        Analyze sensitivity of each quantizable layer.



    


    
      
        auto_mixed_precision(layers, sample_input, delta, target_similarity)

      


        Automatically determine mixed-precision assignment.



    





      


      
        Functions


        


    

  
    
      
    
    
      analyze(layer_weights, sample_input, delta \\ 0.5)



    

  


  

      

          @spec analyze([{String.t(), Nx.Tensor.t()}], Nx.Tensor.t(), float()) :: [
  {String.t(), float()}
]


      


Analyze sensitivity of each quantizable layer.
For each layer:
	Measure output with FP32 weights (reference)
	Measure output with ternary weights
	Compute MSE between outputs

Returns a list of {layer_name, mse} sorted by sensitivity
(highest first = most sensitive = keep FP16).

  



  
    
      
    
    
      auto_mixed_precision(layers, sample_input, delta, target_similarity)



    

  


  

      

          @spec auto_mixed_precision(
  [{String.t(), Nx.Tensor.t()}],
  Nx.Tensor.t(),
  float(),
  float()
) ::
  {%{required(String.t()) => :ternary | :fp16}, non_neg_integer(),
   non_neg_integer()}


      


Automatically determine mixed-precision assignment.
Starts with all layers ternary, then greedily promotes the most
sensitive layer to FP16 until the accuracy target is met.

  


        

      


  

    
BalancedTernaryEngine.Stats 
    



      
Aggregate statistics over a list of model layers.
Accepts mixed lists of BalancedTernaryEngine.Layer (ternary) and
BalancedTernaryEngine.RawLayer (FP16) records. Size/sparsity metrics are
computed over the ternary subset; FP16 records contribute their byte
size to the packed total.

      


      
        Summary


  
    Functions
  


    
      
        compute(layers)

      


    





      


      
        Functions


        


  
    
      
    
    
      compute(layers)



    

  


  

      

          @spec compute([struct()]) :: %{
  num_layers: non_neg_integer(),
  ternary_layers: non_neg_integer(),
  fp16_layers: non_neg_integer(),
  total_parameters: non_neg_integer(),
  nonzero_parameters: non_neg_integer(),
  zero_parameters: non_neg_integer(),
  overall_sparsity: float(),
  original_size_mb: float(),
  packed_size_mb: float(),
  compression_ratio: float()
}


      



  


        

      


  

    
BalancedTernaryEngine.Validation 
    



      
Reusable validation helpers for tensors, configs, and model files.

      


      
        Summary


  
    Functions
  


    
      
        validate_config(config)

      


    


    
      
        validate_model_file(path)

      


    


    
      
        validate_tensor(tensor)

      


    





      


      
        Functions


        


  
    
      
    
    
      validate_config(config)



    

  


  

      

          @spec validate_config(term()) :: {:ok, map()} | {:error, term()}


      



  



  
    
      
    
    
      validate_model_file(path)



    

  


  

      

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


      



  



  
    
      
    
    
      validate_tensor(tensor)



    

  


  

      

          @spec validate_tensor(term()) :: {:ok, Nx.Tensor.t()} | {:error, term()}


      



  


        

      


  

    
mix analyze 
    



      
Analyze a .tbin model.

      




  

    
mix convert 
    



      
Convert a pretrained model to balanced ternary format.

      




  

    
mix infer 
    



      
Run inference on a .tbin model.
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