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Errow (Erlang + Arrow) provides zero-copy, in-memory columnar arrays for Elixir and the BEAM, fully integrated with Elixir protocols (Enumerable, Collectable, Access) and 100% byte-for-byte compliant with the Apache Arrow Columnar Specification and Arrow C Data Interface.

Why Errow?
Standard Elixir collections are linked lists ([head | tail]) or tree structures. While excellent for general functional programming, they have limitations for data-intensive and interop workloads:
	High Memory Overhead: Each list element requires 2 machine words (16 bytes on 64-bit BEAM) plus heap terms.
	O(N) Random Access: Indexing Enum.at(list, 500) requires traversing 500 pointers.
	Complex Native Interop: Passing lists to C, Rust, Zig, or DuckDB requires allocating memory and copying every single item across the NIF boundary.

Errow solves this by storing data in continuous BEAM binaries:
	O(1) Random Access: Slicing and indexing (arr[i]) use BEAM's native binary_part/3 sub-binary references with zero memory copying.
	Idiomatic Elixir: Seamlessly use arr[0], for x <- arr, into: Errow.string(), Enum.map/2, put_in/2, and update_in/2.
	Zero-Copy Native Interop: Native NIFs (C, Rust, Zig) and analytical engines (DuckDB, Polars, PyArrow) can read Errow buffers directly via the Apache Arrow C Data Interface without serialization or copying!


Installation
Add errow to your list of dependencies in mix.exs:
def deps do
  [
    {:errow, "~> 0.1.0"}
  ]
end

Quickstart
1. Strings (Errow.String)
# Build in comprehensions with Collectable
names = for name <- ["Elixir", "BEAM", "Arrow", "Errow"], into: Errow.string() do
  String.upcase(name)
end

# O(1) Indexing via Access
names[0]    # => "ELIXIR"
names[-1]   # => "ERROW" (negative indices supported!)
names[1..2] # => ["BEAM", "ARROW"]

# In-place updates via Access
updated = put_in(names[1], "ZIG")
updated[1]  # => "ZIG"

# Enumerable & Stream
Enum.map(names, &byte_size/1) # => [6, 4, 5, 5]
2. Numerics with 128-bit and 256-bit BigInts (Errow.Numeric)
Errow.Numeric supports fixed-width primitive types:
	Signed: :s8, :s16, :s32, :s64, :s128, :s256
	Unsigned: :u8, :u16, :u32, :u64, :u128, :u256
	Floats: :f32, :f64

# 32-bit signed integers (compact: 4 bytes per item)
ints = Errow.numeric([10, 20, 30, 40], :s32)
Enum.sum(ints) # => 100

# 128-bit BigInts (Arrow Decimal128 compatible, exactly 16 bytes per item)
big128 = Errow.numeric([300_000_000_000_000_000_000_000_000_000_000_000], :s128)
big128[0] # => 300000000000000000000000000000000000

# 256-bit BigInts (Arrow Decimal256 / Web3 uint256, exactly 32 bytes per item)
u256 = Errow.numeric([115_792_089_237_316_195_423_570_985_008_687_907_853_269_984_665_640_564_039_457_584_007_913_129_639_935], :u256)
3. Raw Binary Blobs (Errow.Binary)
For raw, opaque byte buffers (hashes, UUIDs, PNG/JPEG payloads, Protobuf messages):
blobs = Errow.binary([<<1, 2, 3>>, <<255, 254>>, nil])
blobs[0] # => <<1, 2, 3>>
blobs[2] # => nil

Apache Arrow C Data Interface (Zero-Copy Interop)
Exporting your Elixir arrays to native libraries in C, Rust, Zig, or DuckDB requires zero memory allocations:
arr = Errow.string(["Daniel", "Kuku", "Elixir"])

# 1. Export schema metadata
schema = Errow.CData.export_schema(arr, name: "username")
schema.format     # => "u" (Arrow Utf8 format)
schema.n_buffers  # => 3

# 2. Export 8-byte aligned raw binary buffers
%{length: 3, null_count: 0, buffers: [validity, offsets, data]} = Errow.CData.export_buffers(arr)
Consuming in Rust (Rustler + arrow-rs):
use rustler::{Binary, NifResult};
use arrow::array::StringArray;
use arrow::buffer::{Buffer, OffsetBuffer};

#[rustler::nif]
fn inspect_arrow<'a>(_validity: Binary<'a>, offsets_bin: Binary<'a>, data_bin: Binary<'a>) -> NifResult<usize> {
    // Zero-copy wrap BEAM binaries in Arrow buffers:
    let data_buf = Buffer::from_slice_ref(data_bin.as_slice());
    let offsets_slice: &[i32] = bytemuck::cast_slice(offsets_bin.as_slice());
    let offset_buf = OffsetBuffer::new(offsets_slice.to_vec().into());

    let string_array = unsafe {
        StringArray::new_unchecked(offset_buf, data_buf, None)
    };

    Ok(string_array.len())
}
Consuming in C (erl_nif.h):
#include <erl_nif.h>
#include <stdint.h>

static ERL_NIF_TERM get_string_len(ErlNifEnv* env, int argc, const ERL_NIF_TERM argv[]) {
    ErlNifBinary offsets_bin, data_bin;
    enif_inspect_binary(env, argv[0], &offsets_bin);
    enif_inspect_binary(env, argv[1], &data_bin);

    const int32_t* offsets = (const int32_t*) offsets_bin.data;
    uint32_t start = offsets[0];
    uint32_t end = offsets[1];
    
    // Direct pointer to UTF-8 characters without copying!
    const char* str = (const char*) (data_bin.data + start);
    return enif_make_uint(env, end - start);
}
Consuming in Python (pyarrow):
import pyarrow as pa

# Zero-copy wrap BEAM binary buffers exported by Errow.CData.export_buffers/2:
buf_offsets = pa.py_buffer(offsets_bytes)
buf_data = pa.py_buffer(data_bytes)
buf_validity = pa.py_buffer(validity_bytes) if validity_bytes else None

arrow_array = pa.Array.from_buffers(
    pa.string(),
    length,
    [buf_validity, buf_offsets, buf_data],
    null_count=null_count
)

Testing & Specification Compliance
Errow is verified against official Apache Arrow test fixtures from apache/arrow-testing:
	Columnar IPC Files (.arrow): Verified against official generated_primitive.arrow, generated_decimal.arrow, and generated_decimal256.arrow with "ARROW1" magic encapsulation and FlatBuffers footers.
	IPC Streams (.stream): Conforms to official Arrow IPC framing and 8-byte buffer alignment.
	LSB-First Validity Bitmaps: Exports null bitmaps matching the Arrow specification (bit 0 = slot 0, bit 1 = slot 1).
	Cross-Language Integration: End-to-end integration tests confirm that pyarrow directly reconstructs Errow arrays with zero deserialization errors.


License
Errow is licensed under the Apache-2.0 License.


  

    Changelog

All notable changes to this project will be documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
[0.1.0] - 2026-10-25
Added
	Errow.String: Columnar string array compliant with Apache Arrow Utf8 ("u").	Continuous data buffer with little-endian 32-bit offsets and 1-bit validity bitmap.
	$O(1)$ random access slicing via BEAM sub-binaries without copying.


	Errow.Binary: Columnar array for opaque byte buffers compliant with Apache Arrow Binary ("z").
	Errow.Numeric: Fixed-width primitive numerical array compliant with Apache Arrow Primitive.	Supported signed types: :s8, :s16, :s32, :s64, :s128, :s256.
	Supported unsigned types: :u8, :u16, :u32, :u64, :u128, :u256.
	Supported floating point: :f32, :f64.
	128-bit and 256-bit BigInt support mapped directly to Arrow Decimal / FixedSizeBinary.


	Typed Shorthand Constructors & Aliases:	Errow.s8/0,1, Errow.u8/0,1 .. Errow.s256/0,1, Errow.u256/0,1.
	Errow.f32/0,1, Errow.f64/0,1.
	Errow.numeric_8/0,1, Errow.numeric_16/0,1, Errow.numeric_32/0,1, etc.
	Usable without parentheses in comprehensions: for x <- stream, into: Errow.s8, do: x.


	High-Performance Native Aggregations:	Specialized continuous binary loops executing at JIT speed: sum/2, product/2, min/2, max/2, min_max/2, mean/2, join/3.
	Null skipping (skip_nulls: true by default) and $O(1)$ count lookup.


	Apache Arrow C Data Interface (Errow.CData):	export_schema/2: Generates standard Arrow C schema metadata (format, name, flags, n_buffers).
	export_buffers/2: Exports 8-byte aligned raw buffers (validity, offsets, data) ready for zero-copy consumption by C, Rust (arrow-rs, rustler), Zig, DuckDB, or Polars.


	Elixir Protocol Implementations:	Access: arr[i], arr[-1], arr[0..-1//1], put_in/2, update_in/2, pop_in/2.
	Enumerable: $O(1)$ count/1, member?/2, 3-arity slice/1, and reduce/3.
	Collectable: Specialized tuple accumulator avoiding intermediate struct allocations.
	Inspect: Concise columnar preview with null count and length indicators.


	Apache Arrow Official Testing & Compliance:	Full integration test suite with official apache/arrow-testing fixtures: IPC files (.arrow), streams (.stream), and schemas (.json).
	Strict LSB-first validity bitmap export in Errow.CData with high-performance tail-recursive binary accumulator.
	End-to-end cross-language roundtrip verification with pyarrow.


	Runtime Environment:	Requires Elixir >= 1.16.0 to guarantee Erlang/OTP 26+ runtime environment with native JIT register-packed binary construction and pattern matching.





  

    LICENSE


                                 Apache License
                           Version 2.0, January 2004
                        http://www.apache.org/licenses/

   TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

   1. Definitions.

      "License" shall mean the terms and conditions for use, reproduction,
      and distribution as defined by Sections 1 through 9 of this document.

      "Licensor" shall mean the copyright owner or entity authorized by
      the copyright owner that is granting the License.

      "Legal Entity" shall mean the union of the acting entity and all
      other entities that control, are controlled by, or are under common
      control with that entity. For the purposes of this definition,
      "control" means (i) the power, direct or indirect, to cause the
      direction or management of such entity, whether by contract or
      otherwise, or (ii) ownership of fifty percent (50%) or more of the
      outstanding shares, or (iii) beneficial ownership of such entity.

      "You" (or "Your") shall mean an individual or Legal Entity
      exercising permissions granted by this License.

      "Source" form shall mean the preferred form for making modifications,
      including but not limited to software source code, documentation
      source, and configuration files.

      "Object" form shall mean any form resulting from mechanical
      transformation or translation of a Source form, including but
      not limited to compiled object code, generated documentation,
      and conversions to other media types.

      "Work" shall mean the work of authorship, whether in Source or
      Object form, made available under the License, as indicated by a
      copyright notice that is included in or attached to the work
      (an example is provided in the Appendix below).

      "Derivative Works" shall mean any work, whether in Source or Object
      form, that is based on (or derived from) the Work and for which the
      editorial revisions, annotations, elaborations, or other modifications
      represent, as a whole, an original work of authorship. For the purposes
      of this License, Derivative Works shall not include works that remain
      separable from, or merely link (or bind by name) to the interfaces of,
      the Work and Derivative Works thereof.

      "Contribution" shall mean any work of authorship, including
      the original version of the Work and any modifications or additions
      to that Work or Derivative Works thereof, that is intentionally
      submitted to Licensor for inclusion in the Work by the copyright owner
      or by an individual or Legal Entity authorized to submit on behalf of
      the copyright owner. For the purposes of this definition, "submitted"
      means any form of electronic, verbal, or written communication sent
      to the Licensor or its representatives, including but not limited to
      communication on electronic mailing lists, source code control systems,
      and issue tracking systems that are managed by, or on behalf of, the
      Licensor for the purpose of discussing and improving the Work, but
      excluding communication that is conspicuously marked or otherwise
      designated in writing by the copyright owner as "Not a Contribution."

      "Contributor" shall mean Licensor and any individual or Legal Entity
      on behalf of whom a Contribution has been received by Licensor and
      subsequently incorporated within the Work.

   2. Grant of Copyright License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      copyright license to reproduce, prepare Derivative Works of,
      publicly display, publicly perform, sublicense, and distribute the
      Work and such Derivative Works in Source or Object form.

   3. Grant of Patent License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      (except as stated in this section) patent license to make, have made,
      use, offer to sell, sell, import, and otherwise transfer the Work,
      where such license applies only to those patent claims licensable
      by such Contributor that are necessarily infringed by their
      Contribution(s) alone or by combination of their Contribution(s)
      with the Work to which such Contribution(s) was submitted. If You
      institute patent litigation against any entity (including a
      cross-claim or counterclaim in a lawsuit) alleging that the Work
      or a Contribution incorporated within the Work constitutes direct
      or contributory patent infringement, then any patent licenses
      granted to You under this License for that Work shall terminate
      as of the date such litigation is filed.

   4. Redistribution. You may reproduce and distribute copies of the
      Work or Derivative Works thereof in any medium, with or without
      modifications, and in Source or Object form, provided that You
      meet the following conditions:

      (a) You must give any other recipients of the Work or
          Derivative Works a copy of this License; and

      (b) You must cause any modified files to carry prominent notices
          stating that You changed the files; and

      (c) You must retain, in the Source form of any Derivative Works
          that You distribute, all copyright, patent, trademark, and
          attribution notices from the Source form of the Work,
          excluding those notices that do not pertain to any part of
          the Derivative Works; and

      (d) If the Work includes a "NOTICE" text file as part of its
          distribution, then any Derivative Works that You distribute must
          include a readable copy of the attribution notices contained
          within such NOTICE file, excluding those notices that do not
          pertain to any part of the Derivative Works, in at least one
          of the following places: within a NOTICE text file distributed
          as part of the Derivative Works; within the Source form or
          documentation, if provided along with the Derivative Works; or,
          within a display generated by the Derivative Works, if and
          wherever such third-party notices normally appear. The contents
          of the NOTICE file are for informational purposes only and
          do not modify the License. You may add Your own attribution
          notices within Derivative Works that You distribute, alongside
          or as an addendum to the NOTICE text from the Work, provided
          that such additional attribution notices cannot be construed
          as modifying the License.

      You may add Your own copyright statement to Your modifications and
      may provide additional or different license terms and conditions
      for use, reproduction, or distribution of Your modifications, or
      for any such Derivative Works as a whole, provided Your use,
      reproduction, and distribution of the Work otherwise complies with
      the conditions stated in this License.

   5. Submission of Contributions. Unless You explicitly state otherwise,
      any Contribution intentionally submitted for inclusion in the Work
      by You to the Licensor shall be under the terms and conditions of
      this License, without any additional terms or conditions.
      Notwithstanding the above, nothing herein shall supersede or modify
      the terms of any separate license agreement you may have executed
      with Licensor regarding such Contributions.

   6. Trademarks. This License does not grant permission to use the trade
      names, trademarks, service marks, or product names of the Licensor,
      except as required for reasonable and customary use in describing the
      origin of the Work and reproducing the content of the NOTICE file.

   7. Disclaimer of Warranty. Unless required by applicable law or
      agreed to in writing, Licensor provides the Work (and each
      Contributor provides its Contributions) on an "AS IS" BASIS,
      WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
      implied, including, without limitation, any warranties or conditions
      of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
      PARTICULAR PURPOSE. You are solely responsible for determining the
      appropriateness of using or redistributing the Work and assume any
      risks associated with Your exercise of permissions under this License.

   8. Limitation of Liability. In no event and under no legal theory,
      whether in tort (including negligence), contract, or otherwise,
      unless required by applicable law (such as deliberate and grossly
      negligent acts) or agreed to in writing, shall any Contributor be
      liable to You for damages, including any direct, indirect, special,
      incidental, or exemplary damages of any character arising as a
      result of this License or out of the use or inability to use the
      Work (including but not limited to damages for loss of goodwill,
      work stoppage, computer failure or malfunction, or any and all
      other commercial damages or losses), even if such Contributor
      has been advised of the possibility of such damages.

   9. Accepting Warranty or Additional Liability. While redistributing
      the Work or Derivative Works thereof, You may choose to offer,
      and charge a fee for, acceptance of support, warranty, indemnity,
      or other liability obligations and/or rights consistent with this
      License. However, in accepting such obligations, You may act only
      on Your own behalf and on Your sole responsibility, not on behalf
      of any other Contributor, and only if You agree to indemnify,
      defend, and hold each Contributor harmless for any liability
      incurred by, or claims asserted against, such Contributor by reason
      of your accepting any such warranty or additional liability.

   END OF TERMS AND CONDITIONS
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Errow - Zero-copy, Apache Arrow-compliant packed arrays for Elixir and the BEAM.
Errow provides columnar in-memory arrays backed by continuous BEAM binaries,
fully integrated with standard Elixir protocols (Enumerable, Collectable, Access),
and 100% byte-for-byte compliant with the Apache Arrow Columnar Specification and
Arrow C Data Interface.
Modules
	Errow.String: UTF-8 variable-length string arrays (Arrow Utf8 / VARCHAR).
	Errow.Binary: Opaque raw byte blob arrays (Arrow Binary / BLOB).
	Errow.Numeric: Fixed-width primitive arrays (:s8..:s256, :u8..:u256, :f32, :f64).
	Errow.CData: Exporters for Arrow C Data Interface (ArrowArray / ArrowSchema metadata and buffers).

Quick Examples
Strings & Comprehensions (Collectable + Enumerable)
iex> arr = for name <- ["Elixir", "Arrow", "BEAM"], into: Errow.string() do
...>   String.upcase(name)
...> end
iex> arr[0]
"ELIXIR"
iex> arr[-1]
"BEAM"
iex> arr[0..1]
["ELIXIR", "ARROW"]
Numerics with 128-bit / 256-bit BigInt Support
iex> num = Errow.numeric([10, 20, 30], :s32)
iex> Enum.sum(num)
60
iex> put_in(num[1], 99)[1]
99
Zero-Copy Arrow Export
iex> arr = Errow.string(["Elixir", "Arrow"])
iex> schema = Errow.CData.export_schema(arr)
iex> schema.format
"u"
iex> %{buffers: [_validity, _offsets, _data]} = Errow.CData.export_buffers(arr)
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        binary()

      


        Creates a new empty Errow.Binary array.



    


    
      
        binary(enumerable)

      


        Builds an Errow.Binary array from an enumerable.



    


    
      
        f32()

      


        Creates a 32-bit float array (:f32).



    


    
      
        f32(enum)

      


    


    
      
        f64()

      


        Creates a 64-bit float array (:f64).



    


    
      
        f64(enum)

      


    


    
      
        join(arr, separator \\ "", opts \\ [])

      


        Joins string elements with the given separator.



    


    
      
        max(arr)

      


    


    
      
        max(arr, opts)

      


        Returns the maximum value in a numeric or string array.



    


    
      
        mean(arr, opts \\ [])

      


        Calculates the arithmetic mean of elements in a numeric array.



    


    
      
        min(arr)

      


    


    
      
        min(arr, opts)

      


        Returns the minimum value in a numeric or string array.



    


    
      
        min_max(arr, opts \\ [])

      


        Returns {min, max} in a single pass.



    


    
      
        numeric(type \\ :s64)

      


        Creates a new empty Errow.Numeric array of the given type (default :s64).



    


    
      
        numeric(enumerable, type)

      


        Builds an Errow.Numeric array from an enumerable of numbers and optional nils.



    


    
      
        numeric_8()

      


        Creates an 8-bit integer array (:s8 by default, or :u8).
Usable directly in comprehensions: into: Errow.numeric_8 or into: Errow.numeric_8()



    


    
      
        numeric_8(type)

      


    


    
      
        numeric_8(enum, type)

      


    


    
      
        numeric_16()

      


    


    
      
        numeric_16(type)

      


    


    
      
        numeric_16(enum, type)

      


    


    
      
        numeric_32()

      


    


    
      
        numeric_32(type)

      


    


    
      
        numeric_32(enum, type)

      


    


    
      
        numeric_64()

      


    


    
      
        numeric_64(type)

      


    


    
      
        numeric_64(enum, type)

      


    


    
      
        numeric_128()

      


    


    
      
        numeric_128(type)

      


    


    
      
        numeric_128(enum, type)

      


    


    
      
        numeric_256()

      


    


    
      
        numeric_256(type)

      


    


    
      
        numeric_256(enum, type)

      


    


    
      
        numeric_f32()

      


    


    
      
        numeric_f32(enum)

      


    


    
      
        numeric_f64()

      


    


    
      
        numeric_f64(enum)

      


    


    
      
        numeric_u8()

      


    


    
      
        numeric_u8(enum)

      


    


    
      
        numeric_u16()

      


    


    
      
        numeric_u16(enum)

      


    


    
      
        numeric_u32()

      


    


    
      
        numeric_u32(enum)

      


    


    
      
        numeric_u64()

      


    


    
      
        numeric_u64(enum)

      


    


    
      
        numeric_u128()

      


    


    
      
        numeric_u128(enum)

      


    


    
      
        numeric_u256()

      


    


    
      
        numeric_u256(enum)

      


    


    
      
        product(arr, opts \\ [])

      


        Calculates the product of elements in a numeric array.



    


    
      
        s8()

      


        Creates an empty signed 8-bit integer array (:s8).
Usable directly in comprehensions: into: Errow.s8 or into: Errow.s8().



    


    
      
        s8(enum)

      


    


    
      
        s16()

      


        Creates a signed 16-bit integer array (:s16).



    


    
      
        s16(enum)

      


    


    
      
        s32()

      


        Creates a signed 32-bit integer array (:s32).



    


    
      
        s32(enum)

      


    


    
      
        s64()

      


        Creates a signed 64-bit integer array (:s64).



    


    
      
        s64(enum)

      


    


    
      
        s128()

      


        Creates a signed 128-bit integer array (:s128).



    


    
      
        s128(enum)

      


    


    
      
        s256()

      


        Creates a signed 256-bit integer array (:s256).



    


    
      
        s256(enum)

      


    


    
      
        string()

      


        Creates a new empty Errow.String array.



    


    
      
        string(enumerable)

      


        Builds an Errow.String array from an enumerable.



    


    
      
        sum(arr, opts \\ [])

      


        Calculates the sum of elements in a numeric array.



    


    
      
        u8()

      


        Creates an empty unsigned 8-bit integer array (:u8).
Usable directly in comprehensions: into: Errow.u8 or into: Errow.u8().



    


    
      
        u8(enum)

      


    


    
      
        u16()

      


        Creates an unsigned 16-bit integer array (:u16).



    


    
      
        u16(enum)

      


    


    
      
        u32()

      


        Creates an unsigned 32-bit integer array (:u32).



    


    
      
        u32(enum)

      


    


    
      
        u64()

      


        Creates an unsigned 64-bit integer array (:u64).



    


    
      
        u64(enum)

      


    


    
      
        u128()

      


        Creates an unsigned 128-bit integer array (:u128).



    


    
      
        u128(enum)

      


    


    
      
        u256()

      


        Creates an unsigned 256-bit integer array (:u256).



    


    
      
        u256(enum)

      


    





      


      
        Functions


        


  
    
      
    
    
      binary()



        
          
        

    

  


  

Creates a new empty Errow.Binary array.
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Builds an Errow.Binary array from an enumerable.
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Creates a 32-bit float array (:f32).

  



  
    
      
    
    
      f32(enum)
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Creates a 64-bit float array (:f64).

  



  
    
      
    
    
      f64(enum)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      join(arr, separator \\ "", opts \\ [])



        
          
        

    

  


  

Joins string elements with the given separator.

  



  
    
      
    
    
      max(arr)



        
          
        

    

  


  


  



  
    
      
    
    
      max(arr, opts)



        
          
        

    

  


  

Returns the maximum value in a numeric or string array.

  



    

  
    
      
    
    
      mean(arr, opts \\ [])



        
          
        

    

  


  

Calculates the arithmetic mean of elements in a numeric array.

  



  
    
      
    
    
      min(arr)



        
          
        

    

  


  


  



  
    
      
    
    
      min(arr, opts)



        
          
        

    

  


  

Returns the minimum value in a numeric or string array.

  



    

  
    
      
    
    
      min_max(arr, opts \\ [])



        
          
        

    

  


  

Returns {min, max} in a single pass.

  



    

  
    
      
    
    
      numeric(type \\ :s64)



        
          
        

    

  


  

Creates a new empty Errow.Numeric array of the given type (default :s64).

  



  
    
      
    
    
      numeric(enumerable, type)



        
          
        

    

  


  

Builds an Errow.Numeric array from an enumerable of numbers and optional nils.

  



  
    
      
    
    
      numeric_8()



        
          
        

    

  


  

Creates an 8-bit integer array (:s8 by default, or :u8).
Usable directly in comprehensions: into: Errow.numeric_8 or into: Errow.numeric_8()
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      numeric_8(enum, type)
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      numeric_16(type)



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_16(enum, type)



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_32()



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_32(type)



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_32(enum, type)



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_64()



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_64(type)



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_64(enum, type)



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_128()



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_128(type)



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_128(enum, type)



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_256()



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_256(type)



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_256(enum, type)



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_f32()



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_f32(enum)



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_f64()



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_f64(enum)



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_u8()



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_u8(enum)



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_u16()



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_u16(enum)



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_u32()



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_u32(enum)



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_u64()



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_u64(enum)



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_u128()



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_u128(enum)



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_u256()



        
          
        

    

  


  


  



  
    
      
    
    
      numeric_u256(enum)



        
          
        

    

  


  


  



    

  
    
      
    
    
      product(arr, opts \\ [])



        
          
        

    

  


  

Calculates the product of elements in a numeric array.

  



  
    
      
    
    
      s8()



        
          
        

    

  


  

Creates an empty signed 8-bit integer array (:s8).
Usable directly in comprehensions: into: Errow.s8 or into: Errow.s8().

  



  
    
      
    
    
      s8(enum)



        
          
        

    

  


  


  



  
    
      
    
    
      s16()



        
          
        

    

  


  

Creates a signed 16-bit integer array (:s16).

  



  
    
      
    
    
      s16(enum)



        
          
        

    

  


  


  



  
    
      
    
    
      s32()



        
          
        

    

  


  

Creates a signed 32-bit integer array (:s32).

  



  
    
      
    
    
      s32(enum)



        
          
        

    

  


  


  



  
    
      
    
    
      s64()



        
          
        

    

  


  

Creates a signed 64-bit integer array (:s64).

  



  
    
      
    
    
      s64(enum)



        
          
        

    

  


  


  



  
    
      
    
    
      s128()



        
          
        

    

  


  

Creates a signed 128-bit integer array (:s128).

  



  
    
      
    
    
      s128(enum)



        
          
        

    

  


  


  



  
    
      
    
    
      s256()



        
          
        

    

  


  

Creates a signed 256-bit integer array (:s256).

  



  
    
      
    
    
      s256(enum)



        
          
        

    

  


  


  



  
    
      
    
    
      string()



        
          
        

    

  


  

Creates a new empty Errow.String array.

  



  
    
      
    
    
      string(enumerable)



        
          
        

    

  


  

Builds an Errow.String array from an enumerable.

  



    

  
    
      
    
    
      sum(arr, opts \\ [])



        
          
        

    

  


  

Calculates the sum of elements in a numeric array.

  



  
    
      
    
    
      u8()



        
          
        

    

  


  

Creates an empty unsigned 8-bit integer array (:u8).
Usable directly in comprehensions: into: Errow.u8 or into: Errow.u8().

  



  
    
      
    
    
      u8(enum)



        
          
        

    

  


  


  



  
    
      
    
    
      u16()



        
          
        

    

  


  

Creates an unsigned 16-bit integer array (:u16).

  



  
    
      
    
    
      u16(enum)



        
          
        

    

  


  


  



  
    
      
    
    
      u32()



        
          
        

    

  


  

Creates an unsigned 32-bit integer array (:u32).

  



  
    
      
    
    
      u32(enum)



        
          
        

    

  


  


  



  
    
      
    
    
      u64()



        
          
        

    

  


  

Creates an unsigned 64-bit integer array (:u64).

  



  
    
      
    
    
      u64(enum)



        
          
        

    

  


  


  



  
    
      
    
    
      u128()



        
          
        

    

  


  

Creates an unsigned 128-bit integer array (:u128).

  



  
    
      
    
    
      u128(enum)



        
          
        

    

  


  


  



  
    
      
    
    
      u256()



        
          
        

    

  


  

Creates an unsigned 256-bit integer array (:u256).

  



  
    
      
    
    
      u256(enum)



        
          
        

    

  


  


  


        

      


  

    
Errow.Binary 
    



      
An immutable, continuous-memory binary array implementing the Apache Arrow Binary columnar format (for raw byte blobs).
Under the hood, data is organized in three buffers:
	Offsets buffer (offsets): a continuous binary of 32-bit signed integers in little-endian.
	Data buffer (data): a continuous binary containing the concatenated raw byte blobs.
	Validity bitmap (validity): a bitstring tracking null (nil) values (1 bit per element).

Unlike Errow.String, Errow.Binary is meant for opaque byte slices, hashes, PNG/JPEG payloads,
UUIDs, Protobuf blobs, etc.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        append(arr, bin)

      


        Appends a binary blob or nil to the array.



    


    
      
        buffer_byte_size(binary)

      


        Returns the byte size of the continuous data buffer.



    


    
      
        delete_at(arr, idx)

      


        Deletes the element at index idx.



    


    
      
        fetch(arr, idx)

      


        Fetches the element at the given index or a slice specified by a range.
Supports negative indices (e.g. -1 for the last element).



    


    
      
        from_list(enumerable)

      


        Builds an Errow.Binary array from a list or enumerable of binaries and optional nils.



    


    
      
        get(arr, idx, default \\ nil)

      


        Gets the value at index idx or returns default if out of bounds.



    


    
      
        new()

      


        Creates a new empty Errow.Binary array.



    


    
      
        null?(binary, idx)

      


        Checks if the value at the given index is null (nil).



    


    
      
        null_count(binary)

      


        Returns the count of null values.



    


    
      
        replace_at(arr, idx, new_val)

      


        Replaces the element at the given index with a new binary blob or nil.



    


    
      
        size(binary)

      


        Returns the number of elements in the array.



    


    
      
        to_list(arr)

      


        Converts the Errow.Binary array into a standard Elixir list.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Errow.Binary{
  data: binary(),
  length: non_neg_integer(),
  null_count: non_neg_integer(),
  offsets: binary(),
  validity: bitstring()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      append(arr, bin)



        
          
        

    

  


  

      

          @spec append(t(), binary() | nil) :: t()


      


Appends a binary blob or nil to the array.

  



  
    
      
    
    
      buffer_byte_size(binary)



        
          
        

    

  


  

      

          @spec buffer_byte_size(t()) :: non_neg_integer()


      


Returns the byte size of the continuous data buffer.

  



  
    
      
    
    
      delete_at(arr, idx)



        
          
        

    

  


  

      

          @spec delete_at(t(), integer()) :: t()


      


Deletes the element at index idx.

  



  
    
      
    
    
      fetch(arr, idx)



        
          
        

    

  


  

      

          @spec fetch(t(), integer() | Range.t()) :: {:ok, any()} | :error


      


Fetches the element at the given index or a slice specified by a range.
Supports negative indices (e.g. -1 for the last element).

  



  
    
      
    
    
      from_list(enumerable)



        
          
        

    

  


  

      

          @spec from_list(Enumerable.t()) :: t()


      


Builds an Errow.Binary array from a list or enumerable of binaries and optional nils.

  



    

  
    
      
    
    
      get(arr, idx, default \\ nil)



        
          
        

    

  


  

      

          @spec get(t(), integer(), any()) :: binary() | nil | any()


      


Gets the value at index idx or returns default if out of bounds.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


Creates a new empty Errow.Binary array.

  



  
    
      
    
    
      null?(binary, idx)



        
          
        

    

  


  

      

          @spec null?(t(), integer()) :: boolean()


      


Checks if the value at the given index is null (nil).

  



  
    
      
    
    
      null_count(binary)



        
          
        

    

  


  

      

          @spec null_count(t()) :: non_neg_integer()


      


Returns the count of null values.

  



  
    
      
    
    
      replace_at(arr, idx, new_val)



        
          
        

    

  


  

      

          @spec replace_at(t(), integer(), binary() | nil) :: t()


      


Replaces the element at the given index with a new binary blob or nil.

  



  
    
      
    
    
      size(binary)



        
          
        

    

  


  

      

          @spec size(t()) :: non_neg_integer()


      


Returns the number of elements in the array.

  



  
    
      
    
    
      to_list(arr)



        
          
        

    

  


  

      

          @spec to_list(t()) :: [binary() | nil]


      


Converts the Errow.Binary array into a standard Elixir list.

  


        

      


  

    
Errow.CData 
    



      
Utilities for exporting Errow arrays to the Apache Arrow C Data Interface specification.
This allows zero-copy consumption by external native libraries such as:
	DuckDB (duckdb_arrow_scan)
	Polars / arrow-rs (arrow::ffi::ArrowArray)
	PyArrow (pyarrow.Array._import_from_c)
	Custom NIFs in C, Rust, or Zig


      


      
        Summary


  
    Functions
  


    
      
        export_buffers(arr, opts \\ [])

      


        Exports the raw memory buffers ready to be passed to NIFs or Arrow C Data Interface.



    


    
      
        export_schema(arr, opts \\ [])

      


        Generates the Arrow C Schema metadata map for an array.



    





      


      
        Functions


        


    

  
    
      
    
    
      export_buffers(arr, opts \\ [])



        
          
        

    

  


  

      

          @spec export_buffers(struct(), keyword()) :: map()


      


Exports the raw memory buffers ready to be passed to NIFs or Arrow C Data Interface.
Returns a map with:
	:length - Number of elements.
	:null_count - Number of null values.
	:buffers - List of binaries padded to 8-byte boundaries as per Arrow spec:	For Errow.String / Errow.Binary: [validity, offsets, data]
	For Errow.Numeric: [validity, data]




  



    

  
    
      
    
    
      export_schema(arr, opts \\ [])



        
          
        

    

  


  

      

          @spec export_schema(struct(), keyword()) :: map()


      


Generates the Arrow C Schema metadata map for an array.
Returns a map containing:
	:format - The Arrow C format string (e.g. "u", "z", "i", "l", "g", "d:38,0", "w:32").
	:name - Column name (defaults to empty string "").
	:flags - Integer bitfield (2 for nullable).
	:n_buffers - Count of buffers expected (2 for primitives, 3 for variable-length binaries/strings).


  


        

      


  

    
Errow.Numeric 
    



      
An immutable, continuous-memory numerical array implementing the Apache Arrow Primitive columnar format.
Under the hood, data is organized in two buffers:
	Data buffer (data): a continuous binary of fixed-width numbers in little-endian.
	Validity bitmap (validity): a bitstring tracking null (nil) values (1 bit per element).

Supported Types
	Signed Integers: :s8, :s16, :s32, :s64, :s128, :s256
	Unsigned Integers: :u8, :u16, :u32, :u64, :u128, :u256
	Floating Point: :f32, :f64

Notice that :s128, :u128, :s256, and :u256 are natively supported in little-endian binary format,
mapping directly to Arrow Decimal128, Decimal256, and FixedSizeBinary.

      


      
        Summary


  
    Types
  


    
      
        numeric_type()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        append(arr, val)

      


        Appends a number or nil to the array.



    


    
      
        buffer_byte_size(numeric)

      


        Returns the byte size of the continuous data buffer.



    


    
      
        delete_at(arr, idx)

      


        Deletes the element at index idx.



    


    
      
        fetch(arr, idx)

      


        Fetches the element at the given index or a slice specified by a range.
Supports negative indices (e.g. -1 for the last element).



    


    
      
        from_list(enumerable, type \\ :s64)

      


        Builds an Errow.Numeric array from a list or enumerable of numbers and optional nils.



    


    
      
        get(arr, idx, default \\ nil)

      


        Gets the value at index idx or returns default if out of bounds.



    


    
      
        max(arr, opts \\ [])

      


        Finds the maximum value in the array.



    


    
      
        mean(arr, opts \\ [])

      


        Calculates the arithmetic mean (average) of the elements as a float.



    


    
      
        min(arr, opts \\ [])

      


        Finds the minimum value in the array.



    


    
      
        min_max(arr, opts \\ [])

      


        Returns a {min, max} tuple in a single pass over the array.



    


    
      
        new(type \\ :s64)

      


        Creates a new empty Errow.Numeric array of the given type (defaults to :s64).



    


    
      
        null?(numeric, idx)

      


        Checks if the value at the given index is null (nil).



    


    
      
        null_count(numeric)

      


        Returns the count of null values.



    


    
      
        product(arr, opts \\ [])

      


        Calculates the product of elements in the array.
Options



    


    
      
        replace_at(arr, idx, new_val)

      


        Replaces the element at the given index with a new number or nil.



    


    
      
        size(numeric)

      


        Returns the number of elements in the array.



    


    
      
        sum(arr, opts \\ [])

      


        Calculates the sum of elements in the array.
Options



    


    
      
        to_list(arr)

      


        Converts the Errow.Numeric array into a standard Elixir list.



    





      


      
        Types


        


  
    
      
    
    
      numeric_type()



        
          
        

    

  


  

      

          @type numeric_type() ::
  :s8
  | :u8
  | :s16
  | :u16
  | :s32
  | :u32
  | :s64
  | :u64
  | :s128
  | :u128
  | :s256
  | :u256
  | :f32
  | :f64


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Errow.Numeric{
  data: binary(),
  item_size: pos_integer(),
  length: non_neg_integer(),
  null_count: non_neg_integer(),
  type: numeric_type(),
  validity: bitstring()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      append(arr, val)



        
          
        

    

  


  

      

          @spec append(t(), number() | nil) :: t()


      


Appends a number or nil to the array.

  



  
    
      
    
    
      buffer_byte_size(numeric)



        
          
        

    

  


  

      

          @spec buffer_byte_size(t()) :: non_neg_integer()


      


Returns the byte size of the continuous data buffer.

  



  
    
      
    
    
      delete_at(arr, idx)



        
          
        

    

  


  

      

          @spec delete_at(t(), integer()) :: t()


      


Deletes the element at index idx.

  



  
    
      
    
    
      fetch(arr, idx)



        
          
        

    

  


  

      

          @spec fetch(t(), integer() | Range.t()) :: {:ok, number() | nil | list()} | :error


      


Fetches the element at the given index or a slice specified by a range.
Supports negative indices (e.g. -1 for the last element).

  



    

  
    
      
    
    
      from_list(enumerable, type \\ :s64)



        
          
        

    

  


  

      

          @spec from_list(Enumerable.t(), numeric_type()) :: t()


      


Builds an Errow.Numeric array from a list or enumerable of numbers and optional nils.

  



    

  
    
      
    
    
      get(arr, idx, default \\ nil)



        
          
        

    

  


  

      

          @spec get(t(), integer(), any()) :: number() | nil | any()


      


Gets the value at index idx or returns default if out of bounds.

  



    

  
    
      
    
    
      max(arr, opts \\ [])



        
          
        

    

  


  

      

          @spec max(t(), keyword()) :: number() | nil


      


Finds the maximum value in the array.

  



    

  
    
      
    
    
      mean(arr, opts \\ [])



        
          
        

    

  


  

      

          @spec mean(t(), keyword()) :: float() | nil


      


Calculates the arithmetic mean (average) of the elements as a float.

  



    

  
    
      
    
    
      min(arr, opts \\ [])



        
          
        

    

  


  

      

          @spec min(t(), keyword()) :: number() | nil


      


Finds the minimum value in the array.

  



    

  
    
      
    
    
      min_max(arr, opts \\ [])



        
          
        

    

  


  

      

          @spec min_max(t(), keyword()) :: {number(), number()} | nil


      


Returns a {min, max} tuple in a single pass over the array.

  



    

  
    
      
    
    
      new(type \\ :s64)



        
          
        

    

  


  

      

          @spec new(numeric_type()) :: t()


      


Creates a new empty Errow.Numeric array of the given type (defaults to :s64).

  



  
    
      
    
    
      null?(numeric, idx)



        
          
        

    

  


  

      

          @spec null?(t(), integer()) :: boolean()


      


Checks if the value at the given index is null (nil).

  



  
    
      
    
    
      null_count(numeric)



        
          
        

    

  


  

      

          @spec null_count(t()) :: non_neg_integer()


      


Returns the count of null values.

  



    

  
    
      
    
    
      product(arr, opts \\ [])



        
          
        

    

  


  

      

          @spec product(t(), keyword()) :: number() | nil


      


Calculates the product of elements in the array.
Options:
	:skip_nulls - boolean, defaults to true.


  



  
    
      
    
    
      replace_at(arr, idx, new_val)



        
          
        

    

  


  

      

          @spec replace_at(t(), integer(), number() | nil) :: t()


      


Replaces the element at the given index with a new number or nil.

  



  
    
      
    
    
      size(numeric)



        
          
        

    

  


  

      

          @spec size(t()) :: non_neg_integer()


      


Returns the number of elements in the array.

  



    

  
    
      
    
    
      sum(arr, opts \\ [])



        
          
        

    

  


  

      

          @spec sum(t(), keyword()) :: number() | nil


      


Calculates the sum of elements in the array.
Options:
	:skip_nulls - boolean, defaults to true.


  



  
    
      
    
    
      to_list(arr)



        
          
        

    

  


  

      

          @spec to_list(t()) :: [number() | nil]


      


Converts the Errow.Numeric array into a standard Elixir list.

  


        

      


  

    
Errow.String 
    



      
An immutable, continuous-memory string array implementing the Apache Arrow Utf8 columnar format.
Under the hood, data is organized in three buffers:
	Offsets buffer (offsets): a continuous binary of 32-bit signed integers in little-endian.
	Data buffer (data): a continuous binary containing the concatenated UTF-8 string bytes.
	Validity bitmap (validity): a bitstring tracking null (nil) values (1 bit per element).

Features
	O(1) Random Access: Slicing and indexing (array[i]) use binary_part/3 without copying memory.
	Full Protocol Integration: Implements Enumerable, Collectable, and Access.
	Arrow Compatible: 100% byte-for-byte compliant with the Apache Arrow specification.


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        append(arr, str)

      


        Appends a string or nil to the array.



    


    
      
        buffer_byte_size(string)

      


        Returns the byte size of the continuous data buffer.



    


    
      
        delete_at(arr, idx)

      


        Deletes the element at index idx.



    


    
      
        fetch(arr, idx)

      


        Fetches the element at the given index or a slice specified by a range.
Supports negative indices (e.g. -1 for the last element).



    


    
      
        from_list(enumerable)

      


        Builds an Errow.String array from a list or enumerable of strings and optional nils.



    


    
      
        get(arr, idx, default \\ nil)

      


        Gets the value at index idx or returns default if out of bounds.



    


    
      
        join(arr, separator \\ "", opts \\ [])

      


        Joins the strings in the array with the given separator.
Null values are skipped by default.



    


    
      
        max(arr, opts \\ [])

      


        Finds the lexicographically largest string in the array.



    


    
      
        min(arr, opts \\ [])

      


        Finds the lexicographically smallest string in the array.



    


    
      
        new()

      


        Creates a new empty Errow.String array.



    


    
      
        null?(string, idx)

      


        Checks if the value at the given index is null (nil).



    


    
      
        null_count(string)

      


        Returns the count of null values.



    


    
      
        replace_at(arr, idx, new_val)

      


        Replaces the element at the given index with a new string or nil.



    


    
      
        size(string)

      


        Returns the number of elements in the array.



    


    
      
        to_list(arr)

      


        Converts the Errow.String array into a standard Elixir list.



    


    
      
        total_bytes(string)

      


        Returns the sum of byte lengths of all strings in the array.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Errow.String{
  data: binary(),
  length: non_neg_integer(),
  null_count: non_neg_integer(),
  offsets: binary(),
  validity: bitstring()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      append(arr, str)



        
          
        

    

  


  

      

          @spec append(t(), binary() | nil) :: t()


      


Appends a string or nil to the array.

  



  
    
      
    
    
      buffer_byte_size(string)



        
          
        

    

  


  

      

          @spec buffer_byte_size(t()) :: non_neg_integer()


      


Returns the byte size of the continuous data buffer.

  



  
    
      
    
    
      delete_at(arr, idx)



        
          
        

    

  


  

      

          @spec delete_at(t(), integer()) :: t()


      


Deletes the element at index idx.

  



  
    
      
    
    
      fetch(arr, idx)



        
          
        

    

  


  

      

          @spec fetch(t(), integer() | Range.t()) :: {:ok, any()} | :error


      


Fetches the element at the given index or a slice specified by a range.
Supports negative indices (e.g. -1 for the last element).

  



  
    
      
    
    
      from_list(enumerable)



        
          
        

    

  


  

      

          @spec from_list(Enumerable.t()) :: t()


      


Builds an Errow.String array from a list or enumerable of strings and optional nils.

  



    

  
    
      
    
    
      get(arr, idx, default \\ nil)



        
          
        

    

  


  

      

          @spec get(t(), integer(), any()) :: binary() | nil | any()


      


Gets the value at index idx or returns default if out of bounds.

  



    

    

  
    
      
    
    
      join(arr, separator \\ "", opts \\ [])



        
          
        

    

  


  

      

          @spec join(t(), binary(), keyword()) :: binary()


      


Joins the strings in the array with the given separator.
Null values are skipped by default.

  



    

  
    
      
    
    
      max(arr, opts \\ [])



        
          
        

    

  


  

      

          @spec max(t(), keyword()) :: binary() | nil


      


Finds the lexicographically largest string in the array.

  



    

  
    
      
    
    
      min(arr, opts \\ [])



        
          
        

    

  


  

      

          @spec min(t(), keyword()) :: binary() | nil


      


Finds the lexicographically smallest string in the array.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


Creates a new empty Errow.String array.

  



  
    
      
    
    
      null?(string, idx)



        
          
        

    

  


  

      

          @spec null?(t(), integer()) :: boolean()


      


Checks if the value at the given index is null (nil).

  



  
    
      
    
    
      null_count(string)



        
          
        

    

  


  

      

          @spec null_count(t()) :: non_neg_integer()


      


Returns the count of null values.

  



  
    
      
    
    
      replace_at(arr, idx, new_val)



        
          
        

    

  


  

      

          @spec replace_at(t(), integer(), binary() | nil) :: t()


      


Replaces the element at the given index with a new string or nil.

  



  
    
      
    
    
      size(string)



        
          
        

    

  


  

      

          @spec size(t()) :: non_neg_integer()


      


Returns the number of elements in the array.

  



  
    
      
    
    
      to_list(arr)



        
          
        

    

  


  

      

          @spec to_list(t()) :: [binary() | nil]


      


Converts the Errow.String array into a standard Elixir list.

  



  
    
      
    
    
      total_bytes(string)



        
          
        

    

  


  

      

          @spec total_bytes(t()) :: non_neg_integer()


      


Returns the sum of byte lengths of all strings in the array.
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