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CELL (Coordinate Encoding for Layered Locations) implementation for Elixir.

Overview
This library implements the CELL Specification v1.0.0.
CELL defines a standardized ASCII format for encoding protocol-level Location identifiers on multi-dimensional Boards. A CELL string is a concatenation of dimensions, each using a specific character set in a fixed cycle:
	Dimension	Character set	Index range	Examples
	1st (file)	Lowercase letters a–z, aa–iv	0–255	a, e, aa
	2nd (rank)	Positive integers 1–256	0–255	1, 8, 256
	3rd (layer)	Uppercase letters A–Z, AA–IV	0–255	A, C, IV

Letter dimensions use bijective base-26 encoding: single letters (a–z) map to indices 0–25, double letters (aa–iv) map to indices 26–255. Integer dimensions are 1-indexed: 1 maps to index 0, 256 maps to index 255.
Implementation Constraints
	Constraint	Value	Rationale
	Max dimensions	3	Sufficient for 1D, 2D, 3D boards
	Max index value	255	Covers 256×256×256 boards
	Max string length	7	"iv256IV" (max for all dimensions at 255)

These constraints enable bounded memory usage and safe parsing of untrusted input.
Installation
# In your mix.exs
def deps do
  [
    {:sashite_cell, "~> 3.0"}
  ]
end
Usage
Parsing (String → Indices)
Convert a CELL string into a tuple of 0-indexed integers.
# Standard parsing (returns {:ok, tuple} or {:error, atom})
{:ok, indices} = Sashite.Cell.to_indices("e4")
indices  # => {4, 3}

# 1D coordinate
{:ok, indices} = Sashite.Cell.to_indices("e")
indices  # => {4}

# 3D coordinate
{:ok, indices} = Sashite.Cell.to_indices("a1A")
indices  # => {0, 0, 0}

# Multi-letter dimensions
{:ok, indices} = Sashite.Cell.to_indices("aa1")
indices  # => {26, 0}

# Maximum coordinate
{:ok, indices} = Sashite.Cell.to_indices("iv256IV")
indices  # => {255, 255, 255}

# Bang version (raises on error)
Sashite.Cell.to_indices!("e4")  # => {4, 3}

# Invalid input returns error tuple
{:error, :empty_input} = Sashite.Cell.to_indices("")
{:error, :must_start_with_lowercase} = Sashite.Cell.to_indices("A1")
{:error, :leading_zero} = Sashite.Cell.to_indices("a0")
Formatting (Indices → String)
Convert a tuple of 0-indexed integers back to a CELL string.
# Standard formatting (returns {:ok, string} or {:error, atom})
{:ok, coord} = Sashite.Cell.from_indices({4, 3})
coord  # => "e4"

# 1D coordinate
{:ok, coord} = Sashite.Cell.from_indices({4})
coord  # => "e"

# 3D coordinate
{:ok, coord} = Sashite.Cell.from_indices({0, 0, 0})
coord  # => "a1A"

# Multi-letter encoding
{:ok, coord} = Sashite.Cell.from_indices({26, 0})
coord  # => "aa1"

# Maximum coordinate
{:ok, coord} = Sashite.Cell.from_indices({255, 255, 255})
coord  # => "iv256IV"

# Bang version (raises on error)
Sashite.Cell.from_indices!({4, 3})  # => "e4"

# Invalid input returns error tuple
{:error, :index_out_of_range} = Sashite.Cell.from_indices({256, 0})
{:error, :invalid_dimensions} = Sashite.Cell.from_indices({})
Validation
# Boolean check (never raises)
Sashite.Cell.valid?("e4")       # => true
Sashite.Cell.valid?("a1A")      # => true
Sashite.Cell.valid?("iv256IV")  # => true
Sashite.Cell.valid?("")         # => false
Sashite.Cell.valid?("a0")       # => false
Sashite.Cell.valid?("A1")       # => false
Sashite.Cell.valid?(nil)        # => false
Round-trip
"e4" |> Sashite.Cell.to_indices!() |> Sashite.Cell.from_indices!()
# => "e4"

{4, 3} |> Sashite.Cell.from_indices!() |> Sashite.Cell.to_indices!()
# => {4, 3}
API Reference
Constants
Sashite.Cell.max_dimensions()    # => 3
Sashite.Cell.max_index_value()   # => 255
Sashite.Cell.max_string_length() # => 7
Parsing
@spec Sashite.Cell.to_indices(String.t()) :: {:ok, tuple()} | {:error, atom()}
@spec Sashite.Cell.to_indices!(String.t()) :: tuple()
Converts a CELL string to a tuple of 0-indexed integers. The bang version raises ArgumentError on invalid input.
Formatting
@spec Sashite.Cell.from_indices(tuple()) :: {:ok, String.t()} | {:error, atom()}
@spec Sashite.Cell.from_indices!(tuple()) :: String.t()
Converts a tuple of 0-indexed integers to a CELL string. The bang version raises ArgumentError on invalid input.
Validation
@spec Sashite.Cell.valid?(any()) :: boolean()
Reports whether the string is a valid CELL coordinate. Never raises.
Errors
Parsing and formatting errors are returned as atoms in {:error, reason} tuples:
	Atom	Cause
	:not_a_string	Input is not a binary
	:empty_input	String length is 0
	:input_too_long	String exceeds 7 bytes
	:must_start_with_lowercase	First character is not a–z
	:unexpected_character	Character violates the cyclic dimension sequence
	:leading_zero	Numeric dimension starts with 0
	:exceeds_max_dimensions	More than 3 dimensions detected
	:index_out_of_range	Decoded index exceeds 255
	:invalid_dimensions	Tuple has 0 or more than 3 elements
	:not_a_tuple	Input to from_indices is not a tuple

Security
This library is designed for backend use where inputs may come from untrusted clients.
Bounded resource consumption
All inputs are rejected at the byte level before any processing occurs:
	Length check first: Inputs longer than 7 bytes are rejected in O(1) before any character inspection, preventing denial-of-service through oversized input.
	No regex engine: Parsing uses raw binary pattern matching, eliminating ReDoS as an attack vector.
	No intermediate allocations: Parsing accumulates integer values directly, without building intermediate lists, strings, or atoms.
	Bounded recursion: The parser processes at most 7 bytes across at most 3 dimensions. No input can trigger unbounded recursion or memory consumption.

Rejection guarantees
Any input that is not a valid CELL coordinate is rejected with an {:error, reason} tuple. The rejection path does not raise exceptions (no backtrace capture cost), does not allocate atoms (all error atoms are compile-time literals), and executes in bounded time proportional to at most 7 bytes.
Design Principles
	Spec conformance: Strict adherence to CELL v1.0.0, restricted to 3 dimensions with documented bounds
	Binary pattern matching on the hot path: Character dispatch uses guards in function clause heads, resolved at native speed by the BEAM's pattern matching engine
	Zero intermediate allocations: Parsing accumulates dimension values as integers on the stack; formatting constructs the result binary in a single pass
	Elixir idioms: {:ok, _} / {:error, _} tuples with bang variants, atom-based error reasons, tuple-based coordinates
	Immutable by default: All functions return new values
	No dependencies: Pure Elixir standard library only

Performance Architecture
CELL coordinates are short (1–7 bytes) with a small output space (tuples of 1–3 integers, each 0–255). The implementation exploits these constraints through two complementary strategies.
Guard-based dispatch — The parser uses binary pattern matching with guards (when byte in ?a..?z) in function clause heads rather than runtime predicate calls or cond branches. The BEAM compiles these guards into optimized jump tables, eliminating function call overhead on the hot path. Each byte is classified and accumulated in a single pattern match step.
Direct binary construction — The formatter encodes each dimension directly into binary fragments without intermediate string allocations. Letter indices are converted to bytes via arithmetic (?a + value), integer indices via digit extraction (div/rem). The final string is assembled once from an iodata list, avoiding repeated <> concatenation.
Related Specifications
	Game Protocol — Conceptual foundation
	CELL Specification — Official specification
	CELL Examples — Usage examples

License
Available as open source under the Apache License 2.0.


  

    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 consequential 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

   APPENDIX: How to apply the Apache License to your work.

      To apply the Apache License to your work, attach the following
      boilerplate notice, with the fields enclosed by brackets "[]"
      replaced with your own identifying information. (Don't include
      the brackets!)  The text should be enclosed in the appropriate
      comment syntax for the file format. We also recommend that a
      file or class name and description of purpose be included on the
      same "printed page" as the copyright notice for easier
      identification within third-party archives.

   Copyright 2025-2026 Cyril Kato

   Licensed under the Apache License, Version 2.0 (the "License");
   you may not use this file except in compliance with the License.
   You may obtain a copy of the License at

       http://www.apache.org/licenses/LICENSE-2.0

   Unless required by applicable law or agreed to in writing, software
   distributed under the License is distributed on an "AS IS" BASIS,
   WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
   See the License for the specific language governing permissions and
   limitations under the License.
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CELL (Coordinate Encoding for Layered Locations) implementation for Elixir.
This library provides parsing, formatting, and validation of CELL coordinates
as specified in the CELL Specification v1.0.0.
CELL coordinates encode positions on multi-dimensional boards using a cyclical
ASCII character system:
	Dimension 1 (file): lowercase letters a-z, aa-iv (indices 0-255)
	Dimension 2 (rank): positive integers 1-256 (indices 0-255)
	Dimension 3 (layer): uppercase letters A-Z, AA-IV (indices 0-255)

Security
This implementation is designed for untrusted input:
	Input length is validated first (DoS protection)
	Parsing is done character-by-character with strict bounds checking
	All indices are constrained to 0-255
	Maximum 3 dimensions enforced

Examples
iex> Sashite.Cell.to_indices("e4")
{:ok, {4, 3}}

iex> Sashite.Cell.from_indices({4, 3})
{:ok, "e4"}

iex> Sashite.Cell.valid?("e4")
true
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    Functions
  


    
      
        from_indices(indices)

      


        Formats a tuple of 0-indexed integers into a CELL string.



    


    
      
        from_indices!(indices)

      


        Formats a tuple of indices, raising ArgumentError on invalid input.



    


    
      
        max_dimensions()

      


        Returns the maximum number of dimensions (3).



    


    
      
        max_index_value()

      


        Returns the maximum index value per dimension (255).



    


    
      
        max_string_length()

      


        Returns the maximum string length for a CELL coordinate (7).



    


    
      
        to_indices(string)

      


        Parses a CELL string into a tuple of 0-indexed integers.



    


    
      
        to_indices!(string)

      


        Parses a CELL string, raising ArgumentError on invalid input.



    


    
      
        valid?(string)

      


        Returns true if the string is a valid CELL coordinate.
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          @spec from_indices(tuple()) :: {:ok, String.t()} | {:error, atom()}


      


Formats a tuple of 0-indexed integers into a CELL string.
Returns {:ok, string} on success, or {:error, reason} on failure.
Examples
iex> Sashite.Cell.from_indices({0, 0})
{:ok, "a1"}

iex> Sashite.Cell.from_indices({4, 3})
{:ok, "e4"}

iex> Sashite.Cell.from_indices({0, 0, 0})
{:ok, "a1A"}

iex> Sashite.Cell.from_indices({26, 0})
{:ok, "aa1"}

iex> Sashite.Cell.from_indices({255, 255, 255})
{:ok, "iv256IV"}

iex> Sashite.Cell.from_indices({256, 0})
{:error, :index_out_of_range}

iex> Sashite.Cell.from_indices({})
{:error, :invalid_dimensions}

  



  
    
      
    
    
      from_indices!(indices)



        
          
        

    

  


  

      

          @spec from_indices!(tuple()) :: String.t()


      


Formats a tuple of indices, raising ArgumentError on invalid input.
Examples
iex> Sashite.Cell.from_indices!({4, 3})
"e4"

iex> Sashite.Cell.from_indices!({26, 0})
"aa1"

iex> Sashite.Cell.from_indices!({255, 255, 255})
"iv256IV"
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          @spec max_dimensions() :: pos_integer()


      


Returns the maximum number of dimensions (3).
Examples
iex> Sashite.Cell.max_dimensions()
3

  



  
    
      
    
    
      max_index_value()



        
          
        

    

  


  

      

          @spec max_index_value() :: non_neg_integer()


      


Returns the maximum index value per dimension (255).
Examples
iex> Sashite.Cell.max_index_value()
255
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          @spec max_string_length() :: pos_integer()


      


Returns the maximum string length for a CELL coordinate (7).
The longest valid coordinate is "iv256IV" (indices 255, 255, 255).
Examples
iex> Sashite.Cell.max_string_length()
7
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          @spec to_indices(String.t()) :: {:ok, tuple()} | {:error, atom()}


      


Parses a CELL string into a tuple of 0-indexed integers.
Returns {:ok, tuple} on success, or {:error, reason} on failure.
Examples
iex> Sashite.Cell.to_indices("a1")
{:ok, {0, 0}}

iex> Sashite.Cell.to_indices("e4")
{:ok, {4, 3}}

iex> Sashite.Cell.to_indices("a1A")
{:ok, {0, 0, 0}}

iex> Sashite.Cell.to_indices("aa1")
{:ok, {26, 0}}

iex> Sashite.Cell.to_indices("iv256IV")
{:ok, {255, 255, 255}}

iex> Sashite.Cell.to_indices("")
{:error, :empty_input}

iex> Sashite.Cell.to_indices("a0")
{:error, :leading_zero}

iex> Sashite.Cell.to_indices("A1")
{:error, :must_start_with_lowercase}
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          @spec to_indices!(String.t()) :: tuple()


      


Parses a CELL string, raising ArgumentError on invalid input.
Examples
iex> Sashite.Cell.to_indices!("e4")
{4, 3}

iex> Sashite.Cell.to_indices!("aa1")
{26, 0}

iex> Sashite.Cell.to_indices!("iv256IV")
{255, 255, 255}
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          @spec valid?(any()) :: boolean()


      


Returns true if the string is a valid CELL coordinate.
This function never raises; it returns false for any invalid input,
including non-string values.
Examples
iex> Sashite.Cell.valid?("e4")
true

iex> Sashite.Cell.valid?("a1A")
true

iex> Sashite.Cell.valid?("iv256IV")
true

iex> Sashite.Cell.valid?("")
false

iex> Sashite.Cell.valid?("a0")
false

iex> Sashite.Cell.valid?("A1")
false

iex> Sashite.Cell.valid?(nil)
false
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Top-level entry point for the sashite_cell library.
All functionality is provided by Sashite.Cell. This module exists
for discoverability and to follow Elixir naming conventions.
See Sashite.Cell for documentation and examples.
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        from_indices(indices)

      


        See Sashite.Cell.from_indices/1.



    


    
      
        from_indices!(indices)

      


        See Sashite.Cell.from_indices!/1.
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        See Sashite.Cell.max_dimensions/0.



    


    
      
        max_index_value()

      


        See Sashite.Cell.max_index_value/0.
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        valid?(string)

      


        See Sashite.Cell.valid?/1.
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