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Hypex is a fast HyperLogLog implementation in Elixir which provides an easy way to count unique values with a small memory footprint. This library is based on the paper documenting the algorithm written by Philippe Flajolet et al.
Installation
Hypex is available on Hex. You can install the package via:
def deps do
  [{ :hypex, "~> 2.1" }]
end
Usage
Hypex is extremely straightforward to use, you simply create a new Hypex record and start adding values to it:
iex> hypex = Hypex.new(4)
{:hypex, Hypex.Register.Array, 4, {:array, 16, 0, 0, 100}}
iex> hypex = Hypex.update(hypex, "my term")
{:hypex, Hypex.Register.Array, 4,
 {:array, 16, 0, 0,
  {10, {0, 2, 0, 0, 0, 0, 0, 0, 0, 0}, 10, 10, 10, 10, 10, 10, 10, 10, 10}}}
iex> Hypex.cardinality(hypex)
1.0326163382011386
The 4 being passed to Hypex.new/1 is the width which determines the underlying memory structure of a Hypex instance. This value can be within the range 4 <= width <= 16, per the HyperLogLog algorithm. If you don't provide a width, it defaults to 8. Be aware that you should typically scale this number higher based upon the more unique values you expect to see.
You can control the underlying storage register via the second parameter of Hypex.new/2. This defaults to an :array implementation, but Hypex includes a few different implementations based on your use case. Please see the documentation to view the registers available in your current version of Hypex.
For any other examples of how to use Hypex, please read the documentation.
Register Benchmarks
Below are some rough benchmarks for the different Hypex registers. Any tests with updates will be inserting a unique value; a duplicate value is significantly faster due to skipping modifications. These tests use a width of 8, and it should be noted that the width heavily impacts these numbers. The smallest widths (4) are measured in ns rather than μs, whereas the largest widths (16) are typically in the millisecond range for cardinality calculations.
## Hypex (Array)

Array Hypex.new/1               0.02 μs/op
Array Hypex.update/2            0.17 μs/op
Array Hypex.cardinality/1       1.89 μs/op
Array Hypex.merge/2             3.91 μs/op

## Hypex (Bitstring)

Bitstring Hypex.new/1           0.07 μs/op
Bitstring Hypex.update/2        0.14 μs/op
Bitstring Hypex.cardinality/1   3.60 μs/op
Bitstring Hypex.merge/2         2.65 μs/op

## Hypex (List)

List Hypex.new/1                0.33 μs/op
List Hypex.update/2             0.53 μs/op
List Hypex.cardinality/1        1.27 μs/op
List Hypex.merge/2              2.40 μs/op

## Hypex (Map)

Map Hypex.new/1                 0.01 μs/op
Map Hypex.update/2              0.10 μs/op
Map Hypex.cardinality/1         2.75 μs/op
Map Hypex.merge/2               0.05 μs/op

## Hypex (Tuple)

Tuple Hypex.new/1                0.68 μs/op
Tuple Hypex.update/2             0.14 μs/op
Tuple Hypex.cardinality/1        1.41 μs/op
Tuple Hypex.merge/2              1.90 μs/op
In most cases it won't matter which register you choose, so it's a good idea to start with the default until you see some reason to change. If you would like some very rough guidance, here are some simple characteristics:
	Array is the best general purpose, scaling well to all of cardinality, memory and width
	Bitstring is the most memory efficient, and scales very well for cardinality and width
	List is good for small widths (i.e. up to 10) and is more inspectable and debuggable
	Map is sparse with fast writes, can be good for low-to-medium cardinality use cases
	Tuple is very quick access for read-heavy use cases of small width (i.e. up to 12)

These guidelines are based on Elixir 1.19; it's possible that they display different characteristics on earlier Elixir/OTP versions. Make sure to measure inside your application using your real traffic and data!
Contributions
If you feel something can be improved, or have any questions about certain behaviours or pieces of implementation, please feel free to file an issue. Proposed changes should be taken to issues before any PRs to avoid wasting time on code which might not be merged upstream.
If you do make changes to the codebase, please make sure you test your changes thoroughly, and include any unit tests alongside new or changed behaviours. Hypex currently uses the excellent excoveralls to track code coverage.
$ mix test
$ mix coveralls
$ mix coveralls.html && open cover/excoveralls.html



  

    
Hypex 
    



      
This module provides an Elixir implementation of HyperLogLog as described within
http://algo.inria.fr/flajolet/Publications/FlFuGaMe07.pdf. Various implementations
are provided in order to account for performance and memory optimizations.
A Hypex instance is simply a three-element Tuple, which provides a slight speed
improvement over using a struct (roughly 10% at last benchmark). This tuple
should only ever be constructed via Hypex.new/2 otherwise you run the risk of
pattern matching errors throughout modification.
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        Calculates a cardinality based upon a passed in Hypex.
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        merge(hypices)

      


        Merges together many Hypex instances with the same seed.



    


    
      
        merge(arg, hypex)

      


        Merges together two Hypex instances with the same seed.



    


    
      
        new(width \\ 8, mod \\ Hypex.Register.Array)

      


        Create a new Hypex using a width when 16 >= width >= 4.
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        Updates a Hypex instance with a value.
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          @type t() :: {:hypex, mod :: term(), width :: number(), register :: any()}


      


A Hypex interface structure
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          @spec cardinality(hypex :: t()) :: cardinality :: number()


      


Calculates a cardinality based upon a passed in Hypex.
We use the reduce function of the module representing the register, and track
the number of zeroes alongside the initial value needed to create a raw estimate.
Once we have these values we just apply the correction by using the m value,
the zero count, and the raw estimate.
Examples
iex> hypex = Hypex.new(4)
iex> hypex = Hypex.update(hypex, "one")
iex> hypex = Hypex.update(hypex, "two")
iex> hypex = Hypex.update(hypex, "three")
iex> Hypex.cardinality(hypex) |> round
3
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          @spec merge([hypex :: t()]) :: hypex :: t()


      


Merges together many Hypex instances with the same seed.
This is done by converting the underlying register structure to a list of bits
and taking the max of each index into a new list, before converting back into
the register structure.
We accept an arbitrary number of Hypex instances to merge and due to the use
of List zipping this comes naturally. We catch empty and single entry Lists to
avoid wasting computation.
If you have a scenario in which you have to merge a lot of Hypex structures,
you should typically buffer up your merges and then pass them all as a list to
this function. This is far more efficient than merging two structures repeatedly.
Examples
iex> h1 = Hypex.new(4)
iex> h1 = Hypex.update(h1, "one")
iex> h1 = Hypex.update(h1, "two")
iex> h2 = Hypex.new(4)
iex> h2 = Hypex.update(h2, "three")
iex> h3 = Hypex.merge([h1, h2])
iex> Hypex.cardinality(h3) |> round
3
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          @spec merge(hypex :: t(), hypex :: t()) :: hypex :: t()


      


Merges together two Hypex instances with the same seed.

  



    

    

  
    
      
    
    
      new(width \\ 8, mod \\ Hypex.Register.Array)



        
          
        

    

  


  

      

          @spec new(width :: number(), mod :: term()) :: hypex :: t()


      


Create a new Hypex using a width when 16 >= width >= 4.
The type of register is determined by the module backing the Hypex instance.
We normalize to ensure we have a valid module and then initialize the module
with the widths.
Once the register are initialized, we return them inside a Tuple alongside
the width and module name.
Examples
iex> Hypex.new(4)
{:hypex, Hypex.Array, 4, {:array, 16, 0, 0, 100}}

iex> Hypex.new(4, Bitstring)
{:hypex, Hypex.Bitstring, 4, <<0, 0, 0, 0, 0, 0, 0, 0>>}
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          @spec update(hypex :: t(), value :: any()) :: hypex :: t()


      


Updates a Hypex instance with a value.
Internally :erlang.phash2/2 is used as a 32-bit hash function due to it being
both readily available and relatively fast. Everything here is done via pattern
matching to achieve fast speeds.
The main performance hit of this function comes when there's a need to modify
a bit inside the register, so we protect against doing this unnecessarily by
pre-determining whether the modification will be a no-op.
Examples
iex> 4 |> Hypex.new(Bitstring) |> Hypex.update("one")
{ Hypex.Bitstring, 4, << 0, 0, 0, 0, 0, 0, 0, 2 >> }
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This module defines the behaviour required by all internal Hypex registers.
There are no requirements for the underlying storage of a register, only that
it conforms to this behaviour and provides a correct implementation.
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        t()

      


        Register implementations currently available in the core of the Hypex library.



    





  
    Callbacks
  


    
      
        get(register, index, width)

      


        Retrieve a specific bit from a register.



    


    
      
        init(width)

      


        Initialize an empty register of a given width.



    


    
      
        merge(left, right)

      


        Merge together two registers of the same width and type.



    


    
      
        put(register, index, width, value)

      


        Set a specific bit in a register.



    


    
      
        reduce(register, width, acc, function)

      


        Run a reduction over the inner bits of a register.
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          @opaque t()


      


Register implementations currently available in the core of the Hypex library.
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          @callback get(register :: Register.t(), index :: number(), width :: number()) ::
  result :: number()


      


Retrieve a specific bit from a register.
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          @callback init(width :: number()) :: register :: Register.t()


      


Initialize an empty register of a given width.
The width parameter supplied here will have been pre-validated by the main
Hypex interface. Calls to init/1 should always return a fresh register.
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          @callback merge(left :: Register.t(), right :: Register.t()) :: Register.t()


      


Merge together two registers of the same width and type.

  



  
    
      
    
    
      put(register, index, width, value)



        
          
        

    

  


  

      

          @callback put(
  register :: Register.t(),
  index :: number(),
  width :: number(),
  value :: number()
) ::
  register :: Register.t()


      


Set a specific bit in a register.

  



  
    
      
    
    
      reduce(register, width, acc, function)



        
          
        

    

  


  

      

          @callback reduce(register :: Register.t(), width :: number(), acc :: any(), (number(),
                                                                   any() ->
                                                                     any())) ::
  acc :: any()


      


Run a reduction over the inner bits of a register.

  


        

      


  

    
Hypex.Register.Array 
    



      
A Hypex.Register implementation using an Erlang :array.
Arrays offer the best average throughput and scale well to various widths and
cardinalities. For this reason this register is the default chosen when non
is explicitly requested.
This register will scale to many use cases, and should be a solid choice for
many users as a balance of memory, throughput and flexibility.
Recommended for general usage or when traffic patterns are less defined.
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        get(register, index, width)

      


        Retrieve a specific bit from a register.



    


    
      
        init(width)

      


        Initialize an empty array register of a given width.



    


    
      
        merge(left, right)

      


        Merge together two registers of the same width and type.



    


    
      
        put(register, index, width, value)

      


        Set a specific bit in a register.



    


    
      
        reduce(register, width, acc, fun)

      


        Run a reduction over the inner bits of a register.
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          @type t() :: :array.array(number())
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          @spec get(t(), index :: number(), width :: number()) :: result :: number()


      


Retrieve a specific bit from a register.
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          @spec init(width :: number()) :: t()


      


Initialize an empty array register of a given width.

  



  
    
      
    
    
      merge(left, right)



        
          
        

    

  


  

      

          @spec merge(left :: t(), right :: t()) :: register :: t()


      


Merge together two registers of the same width and type.

  



  
    
      
    
    
      put(register, index, width, value)



        
          
        

    

  


  

      

          @spec put(t(), index :: number(), width :: number(), value :: number()) :: t()


      


Set a specific bit in a register.

  



  
    
      
    
    
      reduce(register, width, acc, fun)



        
          
        

    

  


  

      

          @spec reduce(t(), width :: number(), accumulator :: any(), (number(), any() -> any())) ::
  accumulator :: any()


      


Run a reduction over the inner bits of a register.

  


        

      


  

    
Hypex.Register.Bitstring 
    



      
A Hypex.Register implementation using a bitstring.
This register is useful for keeping memory usage down, while still offering good
performance. You should consider this register when memory constraints are an
important factor.
Recommended for larger widths, or when memory efficiency is a major concern.
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    Functions
  


    
      
        get(register, index, width)

      


        Retrieve a specific bit from a register.



    


    
      
        init(width)

      


        Initialize an empty array register of a given width.



    


    
      
        merge(left, right)

      


        Merge together two registers of the same width and type.



    


    
      
        put(register, index, width, value)

      


        Set a specific bit in a register.



    


    
      
        reduce(input, width, acc, fun)

      


        Run a reduction over the inner bits of a register.
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          @type t() :: bitstring()
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          @spec get(t(), index :: number(), width :: number()) :: result :: number()


      


Retrieve a specific bit from a register.

  



  
    
      
    
    
      init(width)



        
          
        

    

  


  

      

          @spec init(width :: number()) :: register :: t()


      


Initialize an empty array register of a given width.

  



  
    
      
    
    
      merge(left, right)



        
          
        

    

  


  

      

          @spec merge(t(), t()) :: t()


      


Merge together two registers of the same width and type.

  



  
    
      
    
    
      put(register, index, width, value)



        
          
        

    

  


  

      

          @spec put(t(), index :: number(), width :: number(), value :: number()) :: t()


      


Set a specific bit in a register.

  



  
    
      
    
    
      reduce(input, width, acc, fun)



        
          
        

    

  


  

      

          @spec reduce(t(), width :: number(), accumulator :: any(), (number(), any() -> any())) ::
  accumulator :: any()


      


Run a reduction over the inner bits of a register.

  


        

      


  

    
Hypex.Register.List 
    



      
A Hypex.Register implementation using a List.
Lists offer efficient storage for small widths, for both reading and writing.
They do not scale well (at all) to larger widths, and should be avoided in
these cases.
Recommended for smaller widths up to 10, or in testing and debugging.
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        get(register, index, width)

      


        Retrieve a specific bit from a register.



    


    
      
        init(width)

      


        Initialize an empty array register of a given width.



    


    
      
        merge(left, right)

      


        Merge together two registers of the same width and type.



    


    
      
        put(register, index, width, value)

      


        Set a specific bit in a register.



    


    
      
        reduce(register, width, acc, fun)

      


        Run a reduction over the inner bits of a register.
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          @spec get(t(), index :: number(), width :: number()) :: result :: number()


      


Retrieve a specific bit from a register.

  



  
    
      
    
    
      init(width)



        
          
        

    

  


  

      

          @spec init(width :: number()) :: t()


      


Initialize an empty array register of a given width.

  



  
    
      
    
    
      merge(left, right)



        
          
        

    

  


  

      

          @spec merge(t(), t()) :: t()


      


Merge together two registers of the same width and type.

  



  
    
      
    
    
      put(register, index, width, value)



        
          
        

    

  


  

      

          @spec put(t(), index :: number(), width :: number(), value :: number()) :: t()


      


Set a specific bit in a register.

  



  
    
      
    
    
      reduce(register, width, acc, fun)



        
          
        

    

  


  

      

          @spec reduce(t(), width :: number(), accumulator :: any(), (number(), any() -> any())) ::
  accumulator :: any()


      


Run a reduction over the inner bits of a register.

  


        

      


  

    
Hypex.Register.Map 
    



      
A Hypex.Register implementation using a Map.
Maps offer sparse register storage, leading to efficient memory usage. The
quick access time leaves them well suited to both read and write use cases,
but they don't scale as well as Hypex.Register.Array to higher cardinality.
Recommended for lower cardinality use cases, or when memory is more important.
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        get(register, index, width)

      


        Retrieve a specific bit from a register.



    


    
      
        init(width)

      


        Initialize an empty array register of a given width.



    


    
      
        merge(left, right)

      


        Merge together two registers of the same width and type.



    


    
      
        put(register, index, width, value)

      


        Set a specific bit in a register.



    


    
      
        reduce(register, width, acc, fun)

      


        Run a reduction over the inner bits of a register.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: map()
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          @spec get(t(), index :: number(), width :: number()) :: result :: number()


      


Retrieve a specific bit from a register.

  



  
    
      
    
    
      init(width)



        
          
        

    

  


  

      

          @spec init(width :: number()) :: t()


      


Initialize an empty array register of a given width.
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          @spec merge(t(), t()) :: t()


      


Merge together two registers of the same width and type.

  



  
    
      
    
    
      put(register, index, width, value)



        
          
        

    

  


  

      

          @spec put(t(), index :: number(), width :: number(), value :: number()) :: t()


      


Set a specific bit in a register.

  



  
    
      
    
    
      reduce(register, width, acc, fun)



        
          
        

    

  


  

      

          @spec reduce(t(), width :: number(), accumulator :: any(), (number(), any() -> any())) ::
  accumulator :: any()


      


Run a reduction over the inner bits of a register.

  


        

      


  

    
Hypex.Register.Tuple 
    



      
A Hypex.Register implementation using a Tuple.
Tuples offer quick access and are useful for read-heavy use cases. Due
to creation of a new tuple on write, not recommended for frequent writes
due to memory churn.
Recommended for read-heavy use cases with widths generally up to 12.
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        get(register, index, width)

      


        Retrieve a specific bit from a register.



    


    
      
        init(width)

      


        Initialize an empty array register of a given width.



    


    
      
        merge(left, right)

      


        Merge together two registers of the same width and type.



    


    
      
        put(register, index, width, value)

      


        Set a specific bit in a register.



    


    
      
        reduce(register, width, acc, fun)

      


        Run a reduction over the inner bits of a register.
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          @spec get(t(), index :: number(), width :: number()) :: result :: number()


      


Retrieve a specific bit from a register.
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          @spec init(width :: number()) :: t()


      


Initialize an empty array register of a given width.
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          @spec merge(t(), t()) :: t()


      


Merge together two registers of the same width and type.
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          @spec put(t(), index :: number(), width :: number(), value :: number()) :: t()


      


Set a specific bit in a register.
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          @spec reduce(t(), width :: number(), accumulator :: any(), (number(), any() -> any())) ::
  accumulator :: any()


      


Run a reduction over the inner bits of a register.
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