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Scales 
    



      
R's scales package for Elixir: the pieces a chart's scales are built from, as plain functions
of values, for any charting tool. Each gives the answer R's scales 1.4.0 gives, to the last
digit; where one departs from R, its documentation says how and why.
The families
Each module holds one of R's families, and each function is R's name less the family's prefix,
its documentation naming R's: R's breaks_extended() is Scales.Breaks.extended/2.
	Module	What it holds	R's family
	Scales.Breaks	where an axis's breaks go	breaks_*
	Scales.MinorBreaks	minor breaks between them	regular_minor_breaks(), minor_breaks_*
	Scales.Labels	labels for breaks	label_*, cut_*
	Scales.Transform	transformations, with their breaks and labels	transform_*
	Scales.Palette	palettes, from a place or a count to an aesthetic's value	pal_*, palette_*, as_*_pal()
	Scales.Bounds	rescaling, zero width, widening, values outside a range	rescale*, oob_*, zero_range(), expand_range()
	Scales.DataRange	the range of the data a scale has seen	train_*
	Scales.ColorOperations	colours as written and as R's palettes make them	col_*

Conventions
	A range is {low, high}.
	A double is held as R holds one (double/0): nil is R's NA, a missing value,
:nan R's NaN, and :infinity and :neg_infinity R's infinities.
	A colour is uppercase #RRGGBB, or #RRGGBBAA with an alpha of its own; :none is no
colour, R's NA.
	A function takes a list where R takes a vector, and its options as a keyword list of R's
arguments, spelled out, checked as it is called: a bad one raises.
	A colour operation takes one colour, where R takes a vector of them: a list of colours is
mapped through it.
	Elixir's words stand where R's differ: :time is a time of day (R's hms), {:datetime, ...} a date-time (R's POSIXct), and grey is gray.
	A step on a calendar or a clock is written as Date.shift/2 takes one, [month: 1], where
R writes "1 month".

An example
The steps a charting tool takes for a continuous colour scale: train a range on the data, find
its breaks, some of which may fall outside it, label them, and map each value through a
palette by its place in the range.
iex> values = [12.0, 31.5, 18.25, nil]
iex> range = Scales.DataRange.train_continuous(:none, values)
{12.0, 31.5}
iex> breaks = Scales.Breaks.extended(range)
[10.0, 15.0, 20.0, 25.0, 30.0]
iex> Scales.Labels.comma(breaks, suffix: " km")
["10 km", "15 km", "20 km", "25 km", "30 km"]
iex> places = Scales.Bounds.rescale(values, range, {0, 1})
[0.0, 1.0, 0.32051282051282054, nil]
iex> Scales.Palette.continuous({:gradient, ["#132B43", "#56B1F7"]}, places)
["#132B43", "#56B1F7", "#275278", nil]
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        double()

      


        A double as R holds one: a number; :infinity or :neg_infinity; :nan, R's NaN, not a
number; or nil, R's NA, a missing value.



    





      


      
        Types


        


  
    
      
    
    
      double()



        
          
        

    

  


  

      

          @type double() :: number() | :infinity | :neg_infinity | :nan | nil


      


A double as R holds one: a number; :infinity or :neg_infinity; :nan, R's NaN, not a
number; or nil, R's NA, a missing value.

  


        

      


  

    
Scales.Bounds 
    



      
Values against the bounds of a range: values moved from one range to another (rescale/3,
rescale_mid/4, rescale_max/3, or not at all, rescale_none/1), whether a range is zero
wide (zero_range?/1), a range widened at its ends (expand_range/2), and what is done with
values outside a range, R's oob_* family: censored (censor/2, censor_any/2), squished
onto its ends (squish/2, squish_any/2, squish_infinite/2), dropped (discard/2) or kept
(keep/2).
Each takes values as R holds its doubles (Scales.double/0) and gives R's answer to the last
digit, in R's order of operations, with IEEE arithmetic's infinities and NaN where R gives them:
over a zero-wide range, an infinite one, or an infinite value.
A range's end is a number or an infinity; for the oob_* family it may also be nil, which
bounds nothing on its side.

      


      
        Summary


  
    Types
  


    
      
        bound()

      


        An end of a range: a number, :infinity or :neg_infinity.



    


    
      
        bounds()

      


        A range values outside of are found by: its ends, either nil for none on its side.



    


    
      
        range()

      


        A range, its low end and its high end, each a number or an infinity.



    





  
    Functions
  


    
      
        censor(values, arg)

      


        Each value, nil where it is a finite number outside {low, high}, R's oob_censor().



    


    
      
        censor_any(values, arg)

      


        Each value, nil where it is a number or an infinity outside {low, high}, R's
oob_censor_any(): as censor/2, the infinities censored too.



    


    
      
        discard(values, arg)

      


        The values inside {low, high}, those outside dropped, R's oob_discard(), so fewer may come
back than were given.



    


    
      
        expand_range(range, options \\ [])

      


        The range widened at each end by a multiple of its width plus a constant, R's
expand_range(): the low end moved down by width * mult + add, the high end up, each end
by its own where {low_end, high_end} gives two. A zero-wide range (zero_range?/1) takes
zero_width as its width, so a single value is still widened by a multiple. A range high to
low is widened outward as R's is, its width negative, and a negative multiple or constant
narrows it, its ends crossing past the middle.



    


    
      
        keep(values, arg)

      


        Every value as it is, R's oob_keep(), for a caller that handles values outside a range by a
function and wants none handled.



    


    
      
        rescale(values, from, to)

      


        Moves each value linearly from the range from to the range to, R's rescale().



    


    
      
        rescale_max(values, arg1, arg2)

      


        Each value over the high end of from, times the high end of to, R's rescale_max(), so 0
stays at 0; the low ends are not read.



    


    
      
        rescale_mid(values, from, to, midpoint)

      


        Moves each value from the range from to the range to about midpoint, R's
rescale_mid(): midpoint goes to the middle of to, and the end of from further from
midpoint to the end of to on its side, so the nearer end falls short of its own.



    


    
      
        rescale_none(values)

      


        Each value as it is, R's rescale_none(), for a caller that rescales by a function and wants
none.



    


    
      
        squish(values, arg)

      


        Each value, moved onto the nearer end of {low, high} where it is a finite number outside it,
R's oob_squish().



    


    
      
        squish_any(values, arg)

      


        Each value, moved onto the nearer end of {low, high} where it is a number or an infinity
outside it, R's oob_squish_any(): as squish/2, the infinities moved too.



    


    
      
        squish_infinite(values, arg)

      


        Each infinity replaced by an end of {low, high}, R's oob_squish_infinite(): :neg_infinity
by low first, then :infinity by high, as R replaces them, so a low of :infinity is
replaced in turn. A finite number is kept, inside the range or not, and an end of nil puts
nil in an infinity's place, as R puts NA.



    


    
      
        zero_range?(arg)

      


        Whether a range is zero wide, R's zero_range(): its ends are equal, or so close, relative to
the smaller, that their difference is rounding error, under 1000 times the machine epsilon. A
range with one infinite end is not, and one with both the same infinity is.
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          @type bound() :: number() | :infinity | :neg_infinity


      


An end of a range: a number, :infinity or :neg_infinity.
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          @type bounds() :: {bound() | nil, bound() | nil}


      


A range values outside of are found by: its ends, either nil for none on its side.
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          @type range() :: {bound(), bound()}


      


A range, its low end and its high end, each a number or an infinity.
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          @spec censor(list(), bounds()) :: list()


      


Each value, nil where it is a finite number outside {low, high}, R's oob_censor().
Only finite numbers are censored: :infinity, :neg_infinity, :nan and values that are not
numbers are kept, and nil stays nil. An end of nil censors nothing on its side.
Examples
iex> Scales.Bounds.censor([1, 5, 10, nil, :infinity, :nan], {2, 8})
[nil, 5, nil, nil, :infinity, :nan]

iex> Scales.Bounds.censor([1, 5, 10], {nil, 8})
[1, 5, nil]

  



  
    
      
    
    
      censor_any(values, arg)



        
          
        

    

  


  

      

          @spec censor_any(list(), bounds()) :: list()


      


Each value, nil where it is a number or an infinity outside {low, high}, R's
oob_censor_any(): as censor/2, the infinities censored too.
Examples
iex> Scales.Bounds.censor_any([1, 5, :infinity, :neg_infinity, :nan, nil], {2, 8})
[nil, 5, nil, nil, :nan, nil]
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          @spec discard(list(), bounds()) :: list()


      


The values inside {low, high}, those outside dropped, R's oob_discard(), so fewer may come
back than were given.
A number or an infinity is kept when inside the range, its ends included; nil is kept, NaN
is kept as nil, as R gives NA for both, and values that are not numbers are kept. An end of
nil bounds nothing on its side, where R gives NA for every value the other end keeps.
Examples
iex> Scales.Bounds.discard([1, 5, 8, 10, :infinity, nil, :nan], {2, 8})
[5, 8, nil, nil]

iex> Scales.Bounds.discard([1, 5, 10, :infinity], {2, nil})
[5, 10, :infinity]

  



    

  
    
      
    
    
      expand_range(range, options \\ [])



        
          
        

    

  


  

      

          @spec expand_range(range(), keyword()) :: {Scales.double(), Scales.double()}


      


The range widened at each end by a multiple of its width plus a constant, R's
expand_range(): the low end moved down by width * mult + add, the high end up, each end
by its own where {low_end, high_end} gives two. A zero-wide range (zero_range?/1) takes
zero_width as its width, so a single value is still widened by a multiple. A range high to
low is widened outward as R's is, its width negative, and a negative multiple or constant
narrows it, its ends crossing past the middle.
An end may be an infinity, with IEEE arithmetic's answer, as R's gives: an infinite width
times 0 is NaN, so a range reaching an infinity widened by no multiple gives :nan at both
ends, as R does. An end of nil or NaN is refused, as R fails on one; so are an infinite
multiple, constant or width, which R takes.
Options
	:mult - The multiple of the width each end moves by, a number for both or {low_end, high_end}. The default value is 0.

	:add - The constant each end moves by besides, a number for both or {low_end, high_end}. The default value is 0.

	:zero_width - The width a zero-wide range is widened as though it had. The default value is 1.


Examples
iex> Scales.Bounds.expand_range({1, 3}, mult: 0.05)
{0.9, 3.1}

iex> Scales.Bounds.expand_range({1, 3}, mult: {0.05, 0.1}, add: {0, 2})
{0.9, 5.2}

iex> Scales.Bounds.expand_range({5, 5}, mult: 0.05, zero_width: 10)
{4.5, 5.5}

iex> Scales.Bounds.expand_range({1, :infinity}, mult: 0.05)
{:neg_infinity, :infinity}
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          @spec keep(list(), bounds()) :: list()


      


Every value as it is, R's oob_keep(), for a caller that handles values outside a range by a
function and wants none handled.
Examples
iex> Scales.Bounds.keep([1, 5, 10, :infinity], {2, 8})
[1, 5, 10, :infinity]
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          @spec rescale([Scales.double()], range(), range()) :: [Scales.double()]


      


Moves each value linearly from the range from to the range to, R's rescale().
Where either range is zero wide (zero_range?/1), every value is put at the middle of to,
but a missing one or NaN, which is nil, as R gives NA.
Examples
iex> Scales.Bounds.rescale([2, 4, nil, 10], {2, 10}, {0, 1})
[0.0, 0.25, nil, 1.0]

iex> Scales.Bounds.rescale([2, 6], {2, 10}, {10, -10})
[10.0, 0.0]

iex> Scales.Bounds.rescale([5, 5], {5, 5}, {0.1, 1.0})
[0.55, 0.55]

iex> Scales.Bounds.rescale([:infinity, 1, :nan], {0, :infinity}, {0, 1})
[:nan, 0.0, :nan]

  



  
    
      
    
    
      rescale_max(values, arg1, arg2)



        
          
        

    

  


  

      

          @spec rescale_max([Scales.double()], range(), range()) :: [Scales.double()]


      


Each value over the high end of from, times the high end of to, R's rescale_max(), so 0
stays at 0; the low ends are not read.
Over a high end of 0, a value other than 0 is an infinity, :infinity or :neg_infinity, a
negative zero's sign counting, and 0 is NaN, :nan, as is any value whose infinity is
multiplied by a high end of to of 0.
Examples
iex> Scales.Bounds.rescale_max([1, 2, nil], {0, 4}, {0, 6})
[1.5, 3.0, nil]

iex> Scales.Bounds.rescale_max([0, 1, -1], {-2, 0}, {0, 1})
[:nan, :infinity, :neg_infinity]
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          @spec rescale_mid([Scales.double()], range(), range(), bound()) :: [Scales.double()]


      


Moves each value from the range from to the range to about midpoint, R's
rescale_mid(): midpoint goes to the middle of to, and the end of from further from
midpoint to the end of to on its side, so the nearer end falls short of its own.
Where either range is zero wide (zero_range?/1), every value is put at the middle of to,
but a missing one or NaN, which is nil, as R gives NA.
Examples
iex> Scales.Bounds.rescale_mid([-1, 0, 3, nil], {-1, 3}, {0, 1}, 1)
[0.0, 0.25, 1.0, nil]

iex> Scales.Bounds.rescale_mid([-1, 0, 3], {-1, 3}, {10, 20}, 1)
[10.0, 12.5, 20.0]
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          @spec rescale_none([Scales.double()]) :: [Scales.double()]


      


Each value as it is, R's rescale_none(), for a caller that rescales by a function and wants
none.
Examples
iex> Scales.Bounds.rescale_none([-1, 0.5, :infinity, nil])
[-1, 0.5, :infinity, nil]
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          @spec squish(list(), bounds()) :: list()


      


Each value, moved onto the nearer end of {low, high} where it is a finite number outside it,
R's oob_squish().
Only finite numbers are squished: :infinity, :neg_infinity, :nan and values that are not
numbers are kept, and nil stays nil. An end of nil squishes nothing on its side. A value
below low is moved up to it first and one then above high down to it, as R moves them, so a
range given high to low puts every number at high.
Examples
iex> Scales.Bounds.squish([1, 5, 10, nil, :infinity, :nan], {2, 8})
[2, 5, 8, nil, :infinity, :nan]

iex> Scales.Bounds.squish([1, 5, 10], {nil, 8})
[1, 5, 8]

iex> Scales.Bounds.squish([1, 5, 10], {8, 2})
[2, 2, 2]
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          @spec squish_any(list(), bounds()) :: list()


      


Each value, moved onto the nearer end of {low, high} where it is a number or an infinity
outside it, R's oob_squish_any(): as squish/2, the infinities moved too.
Examples
iex> Scales.Bounds.squish_any([1, 5, :infinity, :neg_infinity, :nan], {2, 8})
[2, 5, 8, 2, :nan]
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          @spec squish_infinite(list(), bounds()) :: list()


      


Each infinity replaced by an end of {low, high}, R's oob_squish_infinite(): :neg_infinity
by low first, then :infinity by high, as R replaces them, so a low of :infinity is
replaced in turn. A finite number is kept, inside the range or not, and an end of nil puts
nil in an infinity's place, as R puts NA.
Examples
iex> Scales.Bounds.squish_infinite([:neg_infinity, 5, 10, :infinity, nil], {2, 8})
[2, 5, 10, 8, nil]

iex> Scales.Bounds.squish_infinite([:neg_infinity, :infinity], {:infinity, :neg_infinity})
[:neg_infinity, :neg_infinity]
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          @spec zero_range?(range()) :: boolean()


      


Whether a range is zero wide, R's zero_range(): its ends are equal, or so close, relative to
the smaller, that their difference is rounding error, under 1000 times the machine epsilon. A
range with one infinite end is not, and one with both the same infinity is.
Examples
iex> Scales.Bounds.zero_range?({3, 3})
true

iex> Scales.Bounds.zero_range?({1.0, 1.0000000000002218})
true

iex> Scales.Bounds.zero_range?({1.0, 1.000000000000222})
false

iex> Scales.Bounds.zero_range?({0, :infinity})
false

  


        

      


  

    
Scales.Breaks 
    



      
Where a continuous axis's breaks go, given its limits: evenly spaced numbers, nice to read, that
cover them (extended/2), round steps that cover them (pretty/2), or every multiple of a
width (fullseq/3), moved by an offset (width/3), between numbers, dates, date-times or
times of day; powers of a base and their
multiples for a logarithmic axis (log/2), whole numbers for an axis of exponentials
(exp/2), and whole seconds, minutes, hours, days or weeks for spans of time (timespan/2).
The breaks may fall outside the limits; which to keep is the caller's.

      


      
        Summary


  
    Types
  


    
      
        step()

      


        A step on a calendar or a clock, as Date.shift/2 writes one: units and their counts
([month: 1]).



    


    
      
        timespan_unit()

      


        A unit a span of time is counted in.



    


    
      
        value()

      


        A value broken: a number, or a date, date-time or time of day.



    





  
    Functions
  


    
      
        exp(arg, options \\ [])

      


        Breaks for an axis of exponentials over the limits {low, high}, in either order, R's
breaks_exp().



    


    
      
        extended(limits, options \\ [])

      


        The breaks of the extended Wilkinson sequence that scores best over the limits {low, high},
low below high, in ascending order, R's breaks_extended(), n: breaks wanted.



    


    
      
        fullseq(limits, size, options \\ [])

      


        Every multiple of size from the low limit rounded down to one to the high limit rounded up,
R's fullseq(), the limits in either order.



    


    
      
        log(limits, options \\ [])

      


        Breaks for a logarithmic axis over the limits {low, high}, positive numbers in either order,
R's breaks_log().



    


    
      
        pretty(limits, options \\ [])

      


        About n: intervals of round values covering the limits {low, high}, in either order, R's
breaks_pretty(), its pretty().



    


    
      
        timespan(arg, options \\ [])

      


        Breaks for an axis of spans of time over the limits {low, high}, in either order, counted in
unit:, in seconds, R's breaks_timespan().



    


    
      
        width(limits, width, options \\ [])

      


        Breaks width apart, R's breaks_width(): fullseq/3's sequence over the limits, each moved
by offset:.
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          @type step() :: keyword(integer())


      


A step on a calendar or a clock, as Date.shift/2 writes one: units and their counts
([month: 1]).

  



  
    
      
    
    
      timespan_unit()



        
          
        

    

  


  

      

          @type timespan_unit() :: :second | :minute | :hour | :day | :week


      


A unit a span of time is counted in.

  



  
    
      
    
    
      value()



        
          
        

    

  


  

      

          @type value() :: number() | Date.t() | NaiveDateTime.t() | DateTime.t() | Time.t()


      


A value broken: a number, or a date, date-time or time of day.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      exp(arg, options \\ [])



        
          
        

    

  


  

      

          @spec exp({number(), number()}, keyword()) :: [float()]


      


Breaks for an axis of exponentials over the limits {low, high}, in either order, R's
breaks_exp().
Each limit below 0 is taken as 0. Where the high limit reaches 3 and the limits are 3 or more
apart, the breaks are the high limit rounded down and the whole numbers below it, n: less one
of them at most, then 0, in that order, high to low, as R gives them; otherwise they are
extended/2's breaks on the limits, which every option here reaches.
Options
	:n - The number of breaks wanted, 2 or more, labeling::extended()'s m; the breaks found may number a few more or fewer. The default value is 5.

	:nice_numbers - The steps a sequence may take, each times a power of ten, in order of preference, labeling::extended()'s Q. The default value is [1, 5, 2, 2.5, 4, 3].

	:only_loose (boolean/0) - Whether the breaks must reach the limits, the first at or below the low one and the last at or above the high one, labeling::extended()'s only.loose. The default value is false.

	:weights - The weights of simplicity, coverage, density and legibility, four numbers, the first three positive, labeling::extended()'s w. The default value is [0.25, 0.2, 0.5, 0.05].


Examples
iex> Scales.Breaks.exp({0.0, 100.0}, n: 4)
[100.0, 99.0, 98.0, 0.0]

iex> Scales.Breaks.exp({100.0, 102.0})
[100.0, 100.5, 101.0, 101.5, 102.0]
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          @spec extended({float(), float()}, keyword()) :: [float()]


      


The breaks of the extended Wilkinson sequence that scores best over the limits {low, high},
low below high, in ascending order, R's breaks_extended(), n: breaks wanted.
It searches for the evenly spaced sequence that scores best on simplicity (a step from the nice
numbers times a power of ten, early in their list, and zero among the breaks), coverage (the
sequence spans the limits without overshooting them far), density (close to the number of breaks
wanted) and legibility, weighted as R weights them. Limits narrower than 100 times the machine
epsilon, or wider than the square root of the largest float, get the number wanted spaced evenly
from end to end.
Options
	:n - The number of breaks wanted, 2 or more, labeling::extended()'s m; the breaks found may number a few more or fewer. The default value is 5.

	:nice_numbers - The steps a sequence may take, each times a power of ten, in order of preference, labeling::extended()'s Q. The default value is [1, 5, 2, 2.5, 4, 3].

	:only_loose (boolean/0) - Whether the breaks must reach the limits, the first at or below the low one and the last at or above the high one, labeling::extended()'s only.loose. The default value is false.

	:weights - The weights of simplicity, coverage, density and legibility, four numbers, the first three positive, labeling::extended()'s w. The default value is [0.25, 0.2, 0.5, 0.05].


Examples
iex> Scales.Breaks.extended({9.225, 35.075})
[10.0, 15.0, 20.0, 25.0, 30.0, 35.0]

iex> Scales.Breaks.extended({0.0, 10.0})
[0.0, 2.5, 5.0, 7.5, 10.0]

iex> Scales.Breaks.extended({0.0, 10.0}, nice_numbers: [1, 2, 1.5, 4, 3])
[0.0, 2.0, 4.0, 6.0, 8.0, 10.0]

iex> Scales.Breaks.extended({52.0, 335.0}, n: 2)
[0.0, 300.0]

  



    

  
    
      
    
    
      fullseq(limits, size, options \\ [])



        
          
        

    

  


  

      

          @spec fullseq({value(), value()}, number() | step(), keyword()) :: [value()]


      


Every multiple of size from the low limit rounded down to one to the high limit rounded up,
R's fullseq(), the limits in either order.
On numbers size is a positive number; limits that are one number, as R's zero_range() judges
them, give that number half a size either side. On dates, date-times and times it is a step of
one unit, as Date.shift/2 writes one ([month: 1]), where R takes "1 month", and the
sequence is Dates, date-times or Times laid as R lays them: from the low limit rounded down
to the step's unit (a week to its Monday, a month to its 1st, seconds and minutes to the nearest
multiple of the step since 1970-01-01 00:00 UTC, or since midnight for a time) to the high one
rounded up, a date's units a day, a week, a month or a year, a time's a second, a minute or an
hour, a date-time's any of the seven. A DateTime is broken on its zone's clock, read by
time_zone_database:; months and years step on the calendar, the rest by elapsed time, as R's
seq() steps them.
Options
	:pad (boolean/0) - Whether a sequence of numbers gains a step before it and one after, R's pad; refused for dates, date-times and times. The default value is false.

	:time_zone_database (atom/0) - The time zone database that reads a DateTime's zone, such as Tz.TimeZoneDatabase; Elixir's own, which knows UTC alone, when not given. The default value is Calendar.UTCOnlyTimeZoneDatabase.


Examples
iex> Scales.Breaks.fullseq({1.6, 7.0}, 2)
[0.0, 2.0, 4.0, 6.0, 8.0]

iex> Scales.Breaks.fullseq({1.6, 7.0}, 2, pad: true)
[-2.0, 0.0, 2.0, 4.0, 6.0, 8.0, 10.0]

iex> Scales.Breaks.fullseq({~D[2026-01-10], ~D[2026-04-20]}, month: 1)
[~D[2026-01-01], ~D[2026-02-01], ~D[2026-03-01], ~D[2026-04-01], ~D[2026-05-01]]

  



    

  
    
      
    
    
      log(limits, options \\ [])



        
          
        

    

  


  

      

          @spec log({number(), number()}, keyword()) :: [float()]


      


Breaks for a logarithmic axis over the limits {low, high}, positive numbers in either order,
R's breaks_log().
It takes every power of base: from the low limit's logarithm rounded down to the high one's
rounded up, or every second, third and so on, the widest step that leaves n: breaks less two
inside the limits. Where every power leaves too few, it adds multiples of each power, one
multiple at a time, each the whole number below the base that keeps the steps evenest on the
logarithm (3 first for base 10), until enough fall inside, and keeps those inside with one more
either side; and where even every whole multiple leaves too few, extended/2's breaks on the
limits, n: wanted. A base of 2 or less adds no multiples: its powers are the breaks, however
few fall inside. Limits whose logarithms lie between the same two whole numbers but round to
one give that power alone.
Options
	:n (pos_integer/0) - The number of breaks wanted, R's n: a step is enough when it leaves that many less two inside the limits. The default value is 5.

	:base - The logarithm's base, a number above 1, R's base. The default value is 10.


Examples
iex> Scales.Breaks.log({1.0, 1.0e5})
[1.0, 100.0, 1.0e4]

iex> Scales.Breaks.log({2000.0, 9000.0})
[2000.0, 3000.0, 5000.0, 7000.0, 10000.0]

iex> Scales.Breaks.log({3.0, 5.0}, base: 2)
[2.0, 4.0, 8.0]

  



    

  
    
      
    
    
      pretty(limits, options \\ [])



        
          
        

    

  


  

      

          @spec pretty({value(), value()}, keyword()) :: [
  number()
  | Time.t()
  | {Date.t() | NaiveDateTime.t() | DateTime.t(), String.t()}
]


      


About n: intervals of round values covering the limits {low, high}, in either order, R's
breaks_pretty(), its pretty().
On numbers each step is 1, 2, 5 or 10 times a power of ten: the limits' width over the number
wanted, rounded to the nearest of those, and the breaks every multiple of it from the low limit
rounded down to one to the high limit rounded up. On dates and date-times they are R's calendar
and clock steps, from a second to a thousand years, the one that cuts the limits closest to
n: times, a DateTime broken on its zone's clock, read by time_zone_database:, each break
with its label, {break, label}, as R names its breaks: written in the format of the step, as
Scales.Transform.format/4 writes them; on times of
day the numbers' breaks on their seconds since midnight, as R breaks an hms, each a Time,
wrapped past midnight. Limits that are one value, as R's zero_range() judges them, give the
first alone, a date's or date-time's labelled in full, as R writes a break it has not named.
R's documentation describes its numbers' steps but for the rule that rounds the width over the
number wanted, which it leaves out; this rounds it to the nearest nice number as Heckbert's
nice numbers do (Graphics Gems, 1990), but up from R's own switches, measured from its output:
above 1.4, 2.8 and 7 times its power of ten.
Options
	:n (non_neg_integer/0) - The number of intervals wanted, R's n; the breaks found may cut the limits a few more or fewer times. The default value is 5.

	:time_zone_database (atom/0) - The time zone database that reads a DateTime's zone, such as Tz.TimeZoneDatabase; Elixir's own, which knows UTC alone, when not given. The default value is Calendar.UTCOnlyTimeZoneDatabase.


Examples
iex> Scales.Breaks.pretty({1.0, 15.0})
[0.0, 2.0, 4.0, 6.0, 8.0, 10.0, 12.0, 14.0, 16.0]

iex> Scales.Breaks.pretty({1.0, 20.0}, n: 2)
[0.0, 10.0, 20.0]

iex> Scales.Breaks.pretty({~D[2020-01-01], ~D[2022-01-01]})
[
  {~D[2020-01-01], "2020-01"},
  {~D[2020-07-01], "2020-07"},
  {~D[2021-01-01], "2021-01"},
  {~D[2021-07-01], "2021-07"},
  {~D[2022-01-01], "2022-01"}
]

iex> Scales.Breaks.pretty({~T[00:00:00], ~T[01:00:00]})
[~T[00:00:00], ~T[00:16:40], ~T[00:33:20], ~T[00:50:00], ~T[01:06:40]]

  



    

  
    
      
    
    
      timespan(arg, options \\ [])



        
          
        

    

  


  

      

          @spec timespan({number(), number()}, keyword()) :: [float()]


      


Breaks for an axis of spans of time over the limits {low, high}, in either order, counted in
unit:, in seconds, R's breaks_timespan().
The limits are measured in the unit that suits their span: seconds over two minutes or less,
minutes over two hours or less, hours over two days or less, days over two weeks or less, else
weeks; there they take extended/2's breaks with the nice numbers 1, 2, 1.5, 4 and 3, n:
wanted, which are then measured in seconds, so they fall on whole seconds, minutes, hours, days
or weeks. R gives them as a difftime of seconds; here they are numbers.
Options
	:unit - The unit the limits are counted in, one of :second, :minute, :hour, :day and :week, R's unit; the breaks are seconds. The default value is :second.

	:n - The number of breaks wanted, 2 or more, R's n. The default value is 5.


Examples
iex> Scales.Breaks.timespan({0.0, 100.0}, unit: :minute)
[0.0, 1200.0, 2400.0, 3600.0, 4800.0, 6000.0]

iex> Scales.Breaks.timespan({0.0, 100.0}, n: 3)
[0.0, 100.0]

  



    

  
    
      
    
    
      width(limits, width, options \\ [])



        
          
        

    

  


  

      

          @spec width({value(), value()}, number() | step(), keyword()) :: [value()]


      


Breaks width apart, R's breaks_width(): fullseq/3's sequence over the limits, each moved
by offset:.
On numbers the offset is a number added to each. On dates, date-times and times it is a list of
steps ([month: 1, day: 8]), each moving every break in turn, as R moves them by each of a
vector of offsets: seconds, minutes, hours, days and weeks by elapsed time, months and years on
the calendar, a day past the end of a month carried into the next, as R carries it, so 31
January and a month is 3 March. The breaks stay in the order the offset leaves them, unsorted
where it moves two onto one day, as R's are. A time of day wraps past midnight, where R's hms
runs on past 24 hours.
Options
	:offset - How far each break is moved: a number for numbers, 0 when not given; a list of steps for dates, date-times and times, each a unit and a whole count, negative to move back ([month: 1, day: 8]).

	:time_zone_database (atom/0) - The time zone database that reads a DateTime's zone, such as Tz.TimeZoneDatabase; Elixir's own, which knows UTC alone, when not given. The default value is Calendar.UTCOnlyTimeZoneDatabase.


Examples
iex> Scales.Breaks.width({1.6, 7.0}, 1, offset: 0.5)
[1.5, 2.5, 3.5, 4.5, 5.5, 6.5, 7.5]

iex> Scales.Breaks.width({~D[2026-01-10], ~D[2026-04-20]}, [month: 1], offset: [day: 8])
[~D[2026-01-09], ~D[2026-02-09], ~D[2026-03-09], ~D[2026-04-09], ~D[2026-05-09]]

  


        

      


  

    
Scales.ColorOperations 
    



      
Colours as a user writes them and as R's palettes make them: a colour read as CSS reads one
(parse/1); one made from a hue, chroma and luminance (from_hcl/3) or from CIE Lab
(from_lab/2), and a colour's Lab (to_lab/1) and alpha (opacity/1), each exactly as R's
farver makes it; two mixed (mix/3), R's col_mix(); one changed, R's colour helpers: its
alpha set (alpha/2), its hue, chroma or luminance set (with_hcl/2, muted/2), made
lighter, darker or more saturated (lighter/2, darker/2, saturate/2) or its hue turned
(shift/2); and the viridis palettes' colours (viridis/2), R's viridisLite::viridis().
A colour is uppercase #RRGGBB, or #RRGGBBAA with an alpha of its own, an alpha of FF
dropped as opaque, so a colour has one spelling; or :none, R's NA, no colour. A helper
takes one colour, as mix/3 takes two, and gives no colour back for none, as R gives NA.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A colour: uppercase #RRGGBB, or #RRGGBBAA with an alpha of its own, or :none.



    





  
    Functions
  


    
      
        alpha(color, alpha)

      


        The colour with its alpha set to alpha, from 0 to 1, R's alpha(): one below 0 is 0 and one
above 1 is 1, as farver writes the byte; nil, R's NA, keeps the colour's own; no colour
stays none. An alpha whose byte is 1 is written 01, as R writes it for several colours, where
R writes one colour opaque.



    


    
      
        darker(color, amount \\ 10)

      


        The colour amount darker, R's col_darker(): lighter/2 by minus amount.



    


    
      
        from_hcl(hue, chroma, luminance)

      


        The colour, uppercase #RRGGBB, that R's farver encodes from hue in degrees, chroma and
luminance, CIE LCh(uv), as R's pal_hue() makes its colours: each first taken into farver's
bounds as farver caps it, a hue outside 0 to 360 and a luminance outside 0 to 100 at the nearer
end, a chroma below 0 at 0.



    


    
      
        from_lab(lab, alpha \\ 1)

      


        The colour that R's farver encodes from CIE L, a and b and an alpha from 0 to 1, as R's
gradients blend their colours in Lab: uppercase #RRGGBB, its alpha's byte appended unless
it is opaque, alpha times 255 rounded half to even.



    


    
      
        lighter(color, amount \\ 10)

      


        The colour amount lighter, R's col_lighter(): its HSL lightness, from 0 to 100, raised by
amount and taken into 0 to 100, its alpha kept; no colour stays none. The library's HSL,
which R's farver works out in another order, lands a byte away from R's where a channel falls
exactly between two, as the module's opening comment says.



    


    
      
        mix(from, to, amount)

      


        The colour amount of the way from from to to, each in its one spelling, R's col_mix():
each of red, green, blue and alpha that share of the way from the one to the other, rounded to
a byte; 0 is from and 1 is to.



    


    
      
        muted(color, options \\ [])

      


        The colour of the same hue at another chroma and luminance, R's muted(): with_hcl/2 with
the chroma and luminance given, its own alpha dropped, as R drops it; no colour stays none.



    


    
      
        opacity(color)

      


        A colour's own alpha, from 0 to 1, its byte over 255 as R's farver decodes it; 1 for a colour
without one.



    


    
      
        parse(hex)

      


        The colour color names, in its one spelling, or :error where CSS names none: a CSS colour
name in any case; a hex colour in one of CSS's four forms, #RGB, #RGBA, #RRGGBB and
#RRGGBBAA, its digits in either case; transparent, R's white with no alpha, #FFFFFF00,
where CSS's is black; or :none.
R's own names that CSS lacks (grey50), CSS's functions (rgb()) and hex without its # are
refused.



    


    
      
        saturate(color, amount \\ 10)

      


        The colour amount more saturated, R's col_saturate(): its HSL saturation, from 0 to 100,
raised by amount and taken into 0 to 100, its alpha kept; no colour stays none. A byte may
land away from R's as lighter/2 says.



    


    
      
        shift(color, amount \\ 10)

      


        The colour with its hue turned amount degrees round the circle, R's col_shift(): its hue,
as farver decodes it, plus amount, taken modulo 360 as R's %% takes it, its chroma,
luminance and alpha kept; nil, R's NA, gives none, and no colour stays none.



    


    
      
        to_lab(color)

      


        The CIE Lab* of a #RRGGBB or #RRGGBBAA colour, as R's farver decodes it; an alpha is not
part of it (opacity/1).



    


    
      
        viridis(count, parameters)

      


        count colours of the viridis palette option, one of viridis_options/0, as R's
viridisLite::viridis() makes them: spaced from begin to end, each from 0 to 1, in that
order for a direction of 1 and the other for -1, with an alpha from 0 to 1.



    


    
      
        viridis_options()

      


        viridisLite's palettes by name, in the order of its options A to H.



    


    
      
        with_hcl(color, options)

      


        The colour with its hue, chroma or luminance set, R's col2hcl(): the colour's own, as farver
decodes it, where an option is not given; each taken into farver's bounds as from_hcl/3
says. The colour's own alpha is dropped, as R drops it, unless alpha: sets one, from 0 to 1,
as alpha/2 does; no colour stays none.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: String.t() | :none


      


A colour: uppercase #RRGGBB, or #RRGGBBAA with an alpha of its own, or :none.

  


        

      

      
        Functions


        


  
    
      
    
    
      alpha(color, alpha)



        
          
        

    

  


  

      

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


      


The colour with its alpha set to alpha, from 0 to 1, R's alpha(): one below 0 is 0 and one
above 1 is 1, as farver writes the byte; nil, R's NA, keeps the colour's own; no colour
stays none. An alpha whose byte is 1 is written 01, as R writes it for several colours, where
R writes one colour opaque.
Examples
iex> Scales.ColorOperations.alpha("#4682B4", 0.5)
"#4682B480"

iex> Scales.ColorOperations.alpha("#4682B480", nil)
"#4682B480"

  



    

  
    
      
    
    
      darker(color, amount \\ 10)



        
          
        

    

  


  

      

          @spec darker(t(), number()) :: t()


      


The colour amount darker, R's col_darker(): lighter/2 by minus amount.
Examples
iex> Scales.ColorOperations.darker("#4682B4")
"#38678F"

  



  
    
      
    
    
      from_hcl(hue, chroma, luminance)



        
          
        

    

  


  

      

          @spec from_hcl(number(), number(), number()) :: String.t()


      


The colour, uppercase #RRGGBB, that R's farver encodes from hue in degrees, chroma and
luminance, CIE LCh(uv), as R's pal_hue() makes its colours: each first taken into farver's
bounds as farver caps it, a hue outside 0 to 360 and a luminance outside 0 to 100 at the nearer
end, a chroma below 0 at 0.
Examples
iex> Scales.ColorOperations.from_hcl(15.0, 100.0, 65.0)
"#F8766D"

iex> Scales.ColorOperations.from_hcl(15.0, -40.0, 65.0)
"#9E9E9E"

  



    

  
    
      
    
    
      from_lab(lab, alpha \\ 1)



        
          
        

    

  


  

      

          @spec from_lab({number(), number(), number()}, number()) :: String.t()


      


The colour that R's farver encodes from CIE L, a and b and an alpha from 0 to 1, as R's
gradients blend their colours in Lab: uppercase #RRGGBB, its alpha's byte appended unless
it is opaque, alpha times 255 rounded half to even.
Examples
iex> Scales.ColorOperations.from_lab({52.4664, -4.0763, -32.1991})
"#4682B4"

iex> Scales.ColorOperations.from_lab({52.4664, -4.0763, -32.1991}, 0.5)
"#4682B480"

  



    

  
    
      
    
    
      lighter(color, amount \\ 10)



        
          
        

    

  


  

      

          @spec lighter(t(), number()) :: t()


      


The colour amount lighter, R's col_lighter(): its HSL lightness, from 0 to 100, raised by
amount and taken into 0 to 100, its alpha kept; no colour stays none. The library's HSL,
which R's farver works out in another order, lands a byte away from R's where a channel falls
exactly between two, as the module's opening comment says.
Examples
iex> Scales.ColorOperations.lighter("#4682B4")
"#699BC4"

iex> Scales.ColorOperations.lighter("#4682B480", 200)
"#FFFFFF80"

  



  
    
      
    
    
      mix(from, to, amount)



        
          
        

    

  


  

      

          @spec mix(String.t(), String.t(), number()) :: String.t()


      


The colour amount of the way from from to to, each in its one spelling, R's col_mix():
each of red, green, blue and alpha that share of the way from the one to the other, rounded to
a byte; 0 is from and 1 is to.
Examples
iex> Scales.ColorOperations.mix("#000000", "#FFFFFF", 0.5)
"#808080"

  



    

  
    
      
    
    
      muted(color, options \\ [])



        
          
        

    

  


  

      

          @spec muted(t(), keyword()) :: t()


      


The colour of the same hue at another chroma and luminance, R's muted(): with_hcl/2 with
the chroma and luminance given, its own alpha dropped, as R drops it; no colour stays none.
Options
	:luminance - The luminance, from 0, black, to 100, white; one outside them is the nearer. The default value is 30.

	:chroma - The chroma, from 0, grey; one below 0 is 0. The default value is 70.


Examples
iex> Scales.ColorOperations.muted("#FF0000")
"#832424"

iex> Scales.ColorOperations.muted("#4682B480", luminance: 60, chroma: 40)
"#7094BA"

  



  
    
      
    
    
      opacity(color)



        
          
        

    

  


  

      

          @spec opacity(String.t()) :: float()


      


A colour's own alpha, from 0 to 1, its byte over 255 as R's farver decodes it; 1 for a colour
without one.
Examples
iex> Scales.ColorOperations.opacity("#4682B4")
1.0

iex> Scales.ColorOperations.opacity("#FFFFFF00")
0.0

  



  
    
      
    
    
      parse(hex)



        
          
        

    

  


  

      

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


      


The colour color names, in its one spelling, or :error where CSS names none: a CSS colour
name in any case; a hex colour in one of CSS's four forms, #RGB, #RGBA, #RRGGBB and
#RRGGBBAA, its digits in either case; transparent, R's white with no alpha, #FFFFFF00,
where CSS's is black; or :none.
R's own names that CSS lacks (grey50), CSS's functions (rgb()) and hex without its # are
refused.
Examples
iex> Scales.ColorOperations.parse("SteelBlue")
{:ok, "#4682B4"}

iex> Scales.ColorOperations.parse("#abc")
{:ok, "#AABBCC"}

iex> Scales.ColorOperations.parse("grey50")
:error

  



    

  
    
      
    
    
      saturate(color, amount \\ 10)



        
          
        

    

  


  

      

          @spec saturate(t(), number()) :: t()


      


The colour amount more saturated, R's col_saturate(): its HSL saturation, from 0 to 100,
raised by amount and taken into 0 to 100, its alpha kept; no colour stays none. A byte may
land away from R's as lighter/2 says.
Examples
iex> Scales.ColorOperations.saturate("#4682B4")
"#3983C1"

iex> Scales.ColorOperations.saturate("#4682B4", -200)
"#7D7D7D"

  



    

  
    
      
    
    
      shift(color, amount \\ 10)



        
          
        

    

  


  

      

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


      


The colour with its hue turned amount degrees round the circle, R's col_shift(): its hue,
as farver decodes it, plus amount, taken modulo 360 as R's %% takes it, its chroma,
luminance and alpha kept; nil, R's NA, gives none, and no colour stays none.
Examples
iex> Scales.ColorOperations.shift("#4682B4")
"#5E7DB7"

iex> Scales.ColorOperations.shift("#4682B4", -30)
"#008CA2"

  



  
    
      
    
    
      to_lab(color)



        
          
        

    

  


  

      

          @spec to_lab(String.t()) :: {float(), float(), float()}


      


The CIE Lab* of a #RRGGBB or #RRGGBBAA colour, as R's farver decodes it; an alpha is not
part of it (opacity/1).
Examples
iex> Scales.ColorOperations.to_lab("#4682B4")
{52.46551718768575, -4.073239774469551, -32.18862480122369}

  



  
    
      
    
    
      viridis(count, parameters)



        
          
        

    

  


  

      

          @spec viridis(non_neg_integer(), %{
  option: atom(),
  begin: number(),
  end: number(),
  direction: 1 | -1,
  alpha: number()
}) :: [t()]


      


count colours of the viridis palette option, one of viridis_options/0, as R's
viridisLite::viridis() makes them: spaced from begin to end, each from 0 to 1, in that
order for a direction of 1 and the other for -1, with an alpha from 0 to 1.
Examples
iex> Scales.ColorOperations.viridis(3, %{option: :viridis, begin: 0.0, end: 1.0, direction: 1, alpha: 1.0})
["#440154", "#21908C", "#FDE725"]

  



  
    
      
    
    
      viridis_options()



        
          
        

    

  


  

      

          @spec viridis_options() :: [atom(), ...]


      


viridisLite's palettes by name, in the order of its options A to H.
Examples
iex> Scales.ColorOperations.viridis_options()
[:magma, :inferno, :plasma, :viridis, :cividis, :rocket, :mako, :turbo]

  



  
    
      
    
    
      with_hcl(color, options)



        
          
        

    

  


  

      

          @spec with_hcl(t(), keyword()) :: t()


      


The colour with its hue, chroma or luminance set, R's col2hcl(): the colour's own, as farver
decodes it, where an option is not given; each taken into farver's bounds as from_hcl/3
says. The colour's own alpha is dropped, as R drops it, unless alpha: sets one, from 0 to 1,
as alpha/2 does; no colour stays none.
Black's hue is 180 degrees, as farver decodes it.
Options
	:hue - The hue in degrees; one outside 0 to 360 is the nearer end.

	:chroma - The chroma, from 0, grey; one below 0 is 0.

	:luminance - The luminance, from 0, black, to 100, white; one outside them is the nearer.

	:alpha - An alpha from 0 to 1, as alpha/2 takes it; nil, or none given, writes the colour opaque.


Examples
iex> Scales.ColorOperations.with_hcl("#4682B4", hue: 320)
"#B162A0"

iex> Scales.ColorOperations.with_hcl("#4682B480", [])
"#4682B4"

iex> Scales.ColorOperations.with_hcl("#4682B4", luminance: 120)
"#D4FFFF"

  


        

      


  

    
Scales.DataRange 
    



      
The range of the data a scale has seen, trained a batch of values at a time: a continuous range,
the lowest and highest finite number (train_continuous/2), or a discrete one, the levels seen,
in order (train_discrete/3); with the key that orders values that have no levels of their own
(level_key/1) and the key a value is matched by (key/1).
A range is :none until it has seen a value: a continuous one is then {low, high}, and a
discrete one {levels, factor}, factor saying whether its first values were a factor's,
whose levels keep the order they came in.

      


      
        Summary


  
    Functions
  


    
      
        key(value)

      


        The key a value is matched by: a number as a float, so an integer and the float equal to it
share one, and a negative zero is the zero it equals; any other value as it is.



    


    
      
        level_key(value)

      


        The key that orders values with no levels of their own: nil after every value, and the values
in Erlang's term order, so numbers come first, strings sort by their bytes and false comes
before true. A factor's values are ordered by its levels instead.



    


    
      
        train_continuous(range, values)

      


        The range, :none for none, widened to cover the finite numbers among values, R's
train_continuous(): nil, :infinity, :neg_infinity and :nan widen nothing.



    


    
      
        train_discrete(range, values, levels)

      


        The discrete range {levels, factor}, {[], :none} before any, with values merged into its
levels, R's train_discrete() with drop = TRUE; levels are the levels of the factor
values are of, or :none for values with none of their own.



    





      


      
        Functions


        


  
    
      
    
    
      key(value)



        
          
        

    

  


  

      

          @spec key(term()) :: term()


      


The key a value is matched by: a number as a float, so an integer and the float equal to it
share one, and a negative zero is the zero it equals; any other value as it is.
Examples
iex> Scales.DataRange.key(4) === Scales.DataRange.key(4.0)
true

iex> Scales.DataRange.key(-0.0)
0.0

  



  
    
      
    
    
      level_key(value)



        
          
        

    

  


  

      

          @spec level_key(term()) :: {0, term()} | {1, nil}


      


The key that orders values with no levels of their own: nil after every value, and the values
in Erlang's term order, so numbers come first, strings sort by their bytes and false comes
before true. A factor's values are ordered by its levels instead.
Examples
iex> Enum.sort_by([nil, "b", 2, "a", true], &Scales.DataRange.level_key/1)
[2, true, "a", "b", nil]

  



  
    
      
    
    
      train_continuous(range, values)



        
          
        

    

  


  

      

          @spec train_continuous(:none | {number(), number()}, list()) ::
  :none | {number(), number()}


      


The range, :none for none, widened to cover the finite numbers among values, R's
train_continuous(): nil, :infinity, :neg_infinity and :nan widen nothing.
Examples
iex> Scales.DataRange.train_continuous(:none, [nil, 3, :infinity, -2])
{-2, 3}

iex> Scales.DataRange.train_continuous({-2, 3}, [7])
{-2, 7}

  



  
    
      
    
    
      train_discrete(range, values, levels)



        
          
        

    

  


  

      

          @spec train_discrete({list(), :none | boolean()}, list(), list() | :none) ::
  {list(), :none | boolean()}


      


The discrete range {levels, factor}, {[], :none} before any, with values merged into its
levels, R's train_discrete() with drop = TRUE; levels are the levels of the factor
values are of, or :none for values with none of their own.
A factor's values bring the levels they hold, in the levels' order, the missing value after
them; other values bring their distinct values sorted by level_key/1, nil last. Values are
matched by key/1, so 4 and 4.0 are one level. A factor's levels lead the rest; and once a
range's first values were a factor's, new values follow its levels, where otherwise every merge
sorts them all again. No values merge nothing.
Examples
iex> Scales.DataRange.train_discrete({[], :none}, ["y", nil, "x"], :none)
{["x", "y", nil], false}

iex> Scales.DataRange.train_discrete({["x", "y", nil], false}, ["z", "x"], :none)
{["x", "y", "z", nil], false}

iex> Scales.DataRange.train_discrete({[], :none}, ["b", "a"], ["c", "b", "a"])
{["b", "a"], true}

  


        

      


  

    
Scales.Labels 
    



      
Labels for a scale's breaks: numbers written plainly (plain/1), in decimals (number/2),
with a comma between thousands (comma/2), as percentages (percent/2), as amounts of money
(currency/2), in scientific notation (scientific/2), in whichever way suits their size
(number_auto/1), as powers (log/2, or as text, format_log/2), as bytes (bytes/2), as
ordinals (ordinal/2), as p-values (pvalue/2), as spans of time (timespan/2), and dates,
date-times and times of day in a format (date/2, time/2) or by what changed from the break
before (date_short/2); and text broken into lines (wrap/2) or looked up in a dictionary
(dictionary/2).
Each labeller is handed every break an axis or a legend draws and returns a label for each, in
order, so the labels can share their decimals: 0.5, 1 and 1.25 are labelled 0.50,
1.00 and 1.25. A label is text, but for log/2's powers (power_label/0). A missing
break, nil, has no label, nil, as R's NA has none, but where number_auto/1 writes it
"NA". One that takes options is handed on inside a function:
fn breaks -> Scales.Labels.comma(breaks, accuracy: 0.1) end
Labellers are composed by piping one's labels into the next, where R composes them with
compose_label():
fn breaks ->
  breaks
  |> Scales.Labels.number(accuracy: 0.1)
  |> Enum.map(fn label -> label && label <> " m" end)
end
plain/1 writes numbers as Elixir shows them, with what an axis read at a glance needs on top;
the others write them as R's scales does, each a label to the character.
How a label is written
Each number is multiplied by scale:, then rounded to a multiple of accuracy:, a half going
to the even neighbour (2.5 to 2, 3.5 to 4). A number that rounds to zero has no sign.
One that scale: takes past the largest float is labelled Inf or -Inf, without
prefix: and suffix: where rounding takes it past (and inside them where only the scaling
does), and takes no part in the others' accuracy, cents or step.
It is written in plain decimals, with as many decimals as the accuracy has (0.01 writes two,
1 or more none) up to twenty, or more if a label needs them to show its first seven
significant digits (an accuracy of 0.25 writes 0.25 and 0.50); every label shares the
most any needs. Only labels more than 310 characters longer than their scientific form, past
about 1e290, are written in scientific notation, as R writes them. big_mark: goes between
each three digits of the whole part
and decimal_mark: before the decimals; then prefix: and suffix: go around the number,
and the sign outside the prefix (-$13.50).
Left out, the accuracy is worked out from the breaks themselves: the power of ten at or below
the smallest gap between two of them when every break is a multiple of it, a tenth of it
otherwise, and never more than 1. One break, or breaks closer than about 1.5e-8, take an
accuracy of 1.
Every formatter takes the same options, listed with its own defaults in its documentation.
Shortening by steps
scale_cut: divides each label by the largest step it reaches and writes the step's suffix
after the number, before suffix:: under cut_short_scale/1, 1500 is written 1.5K and two
million 2M. A label that is not a whole number of its step, but is a whole number of the step
below, is written in the step below when the two steps are not a power of ten apart: under
cut_time_scale/1, 90 seconds is 90s, not 1.5m. Labels in each step share their decimals,
worked out from that step's labels alone when accuracy: is not given. The steps must include
one at threshold 0, whose suffix is written after the labels below every other step, and no
threshold may be negative or repeated. cut_short_scale/1, cut_long_scale/1, cut_si/1
and cut_time_scale/1 give the common sets.

      


      
        Summary


  
    Types
  


    
      
        power()

      


        A power log/2 labels a break with, its base and its exponent each written as text: 10^3
is {:power, "10", "3"}.



    


    
      
        power_label()

      


        A label of log/2: a power, a power with a sign before it (-10^3 is
{:signed, "-", {:power, "10", "3"}}), the text "0" for a signed zero, or nil for a
missing break.



    


    
      
        step()

      


        A step for scale_cut:: the suffix written after a label, and the threshold it starts at.



    





  
    Functions
  


    
      
        bytes(breaks, options \\ [])

      


        Labels numbers of bytes, R's label_bytes(): in the unit that suits each, 1500 is 2 kB, or
all in one unit.



    


    
      
        comma(breaks, options \\ [])

      


        Labels numbers with a comma between each three digits of the whole part, R's label_comma().



    


    
      
        currency(breaks, options \\ [])

      


        Labels amounts of money, R's label_currency(), in dollars unless prefix: and suffix: say
otherwise.



    


    
      
        cut_long_scale(options \\ [])

      


        The long scale's steps for scale_cut:, R's cut_long_scale(): thousands K, millions M,
billions B (1e12) and trillions T (1e18).



    


    
      
        cut_short_scale(options \\ [])

      


        The short scale's steps for scale_cut:, R's cut_short_scale(): thousands K, millions M,
billions B (1e9) and trillions T (1e12).



    


    
      
        cut_si(unit)

      


        The SI prefixes' steps for scale_cut:, R's cut_si(), from yocto (1e-24) to yotta (1e24),
each written with a space and unit after it (" kg"), and unit alone below a yocto and
from 1 to 1000.



    


    
      
        cut_time_scale(options \\ [])

      


        Steps of time for scale_cut:, R's cut_time_scale(), for labels in seconds: nanoseconds ns,
microseconds μs, milliseconds ms, seconds s, minutes m, hours h, days d and weeks
w.



    


    
      
        date(breaks, options \\ [])

      


        Labels dates and date-times in a format, R's label_date(), by Calendar.strftime/3, but for
%Y, the year unpadded (the year 900 is 900).



    


    
      
        date_short(breaks, options \\ [])

      


        Labels dates and date-times with what changed from the break before, R's
label_date_short(): each part, a year, a month, a day and a time of day, written where it or
a coarser part changed, finest first, one part to a line.



    


    
      
        dictionary(breaks, options)

      


        Labels values by a dictionary, R's label_dictionary(): each value the dictionary holds takes
its label, and each it lacks, a missing one included, nomatch:'s; with no nomatch:, a string
it lacks is its own label and a missing value stays missing.



    


    
      
        format_log(breaks, options \\ [])

      


        Writes numbers as powers of base: in text, R's format_log(): log/2's labels each written
base^exponent, its exponent as the exponents are written together, padded on the left to the
widest, in up to digits: significant digits.



    


    
      
        log(breaks, options \\ [])

      


        Labels numbers as powers of base:, R's label_log(): 1000 is {:power, "10", "3"}, drawn
as a superscript.



    


    
      
        number(breaks, options \\ [])

      


        Labels numbers in decimals, R's label_number(), with a space between each three digits of the
whole part.



    


    
      
        number_auto(breaks)

      


        Labels numbers in whichever way suits their size, R's label_number_auto().



    


    
      
        ordinal(breaks, options \\ [])

      


        Labels numbers as ordinals, R's label_ordinal(): 1st, 2nd, 3rd, 4th.



    


    
      
        ordinal_english()

      


        English ordinals' rules for ordinal/2, R's ordinal_english(): st after a 1, nd after a
2 and rd after a 3, but for 11, 12 and 13, and th after anything else.



    


    
      
        percent(breaks, options \\ [])

      


        Labels proportions as percentages, R's label_percent(): each is multiplied by 100 and written
with a %.



    


    
      
        plain(breaks)

      


        Labels numbers plainly, as Elixir shows a float, with what an axis read at a glance needs on
top: every label gets as many decimals as the most precise one needs, none when every break is
whole, never scientific notation and no thousands separators. Each break is first rounded to 15
significant digits, which drops the rounding error that adding up steps leaves in the last
digits (0.3, not 0.30000000000000004), and a negative zero is written 0. R's default
labels come from format() instead, which writes 1e+05 where this writes 100000.



    


    
      
        pvalue(breaks, options \\ [])

      


        Labels p-values, R's label_pvalue(): each rounded to accuracy: as number/2 rounds it,
one below the accuracy written as less than it (<0.001) and one above 1 less the accuracy
as more than that (>0.999).



    


    
      
        scientific(breaks, options \\ [])

      


        Labels numbers in scientific notation, R's label_scientific().



    


    
      
        time(breaks, options \\ [])

      


        Labels times of day and date-times in a format, R's label_time(), by Calendar.strftime/3.



    


    
      
        timespan(breaks, options \\ [])

      


        Labels spans of time, R's label_timespan(): each break, counted in unit:, turned into
seconds and written as number/2 writes it under cut_time_scale/1's steps, 90 minutes
being 90m and 120 2h.



    


    
      
        wrap(labels, options)

      


        Breaks text into lines shorter than width: columns, R's label_wrap(), as R's strwrap()
breaks it, the lines joined by "\n". A missing label, nil, is written "NA".



    





      


      
        Types


        


  
    
      
    
    
      power()



        
          
        

    

  


  

      

          @type power() :: {:power, String.t(), String.t()}


      


A power log/2 labels a break with, its base and its exponent each written as text: 10^3
is {:power, "10", "3"}.

  



  
    
      
    
    
      power_label()



        
          
        

    

  


  

      

          @type power_label() :: power() | {:signed, String.t(), power()} | String.t() | nil


      


A label of log/2: a power, a power with a sign before it (-10^3 is
{:signed, "-", {:power, "10", "3"}}), the text "0" for a signed zero, or nil for a
missing break.

  



  
    
      
    
    
      step()



        
          
        

    

  


  

      

          @type step() :: {String.t(), number()}


      


A step for scale_cut:: the suffix written after a label, and the threshold it starts at.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      bytes(breaks, options \\ [])



        
          
        

    

  


  

      

          @spec bytes([number() | nil], keyword()) :: [String.t() | nil]


      


Labels numbers of bytes, R's label_bytes(): in the unit that suits each, 1500 is 2 kB, or
all in one unit.
Each label is written as number/2 writes it, the unit its suffix. Under :auto_si and
:auto_binary, each break takes the largest unit it reaches, as scale_cut: does, and plain
bytes are B, a break that is not a whole number of its unit but is of plain bytes written in
bytes (1500 is 1 500 B under :auto_binary); in one unit, scale: is divided by the
unit's size. Labels are rounded to whole units unless accuracy: says otherwise.
Options
	:units - :auto_si, each label in the SI unit, a power of 1000, that suits it; :auto_binary, in the binary unit, a power of 1024; or a unit every label is written in, spelt as R spells it: "kB", "MB", "GB", "TB", "PB", "EB", "ZB", "YB", "kiB", "MiB", "GiB", "TiB", "PiB", "EiB", "ZiB", "YiB". The default value is :auto_si.

	:accuracy - A positive number each label is rounded to a multiple of, in its unit, or nil to work it out from the breaks (see the module's documentation). The default value is 1.

	:scale - A positive number each break is multiplied by before it is written. The default value is 1.

	:prefix (String.t/0) - Text written before the number, after a negative's sign. The default value is "".

	:big_mark (String.t/0) - Text written between each three digits of the whole part. The default value is " ".

	:decimal_mark - Text written before the decimals, at least one character. The default value is ".".

	:trim (boolean/0) - false pads each number on the left with spaces to the width of the widest, before its prefix and its sign: "-$ 1" beside "$1,000". The default value is true.

	:style_negative - How a negative is marked: :hyphen (-1), :minus, a true minus sign (−1), or :parens ((1)). The default value is :hyphen.

	:style_positive - How a positive is marked: :none (1), :plus (+1) or :space, a figure space as wide as a digit ("\u20071"). The default value is :none.


Examples
iex> Scales.Labels.bytes([0, 1500, 2.0e6, nil])
["0 B", "2 kB", "2 MB", nil]

iex> Scales.Labels.bytes([512, 1024, 1_048_576], units: :auto_binary)
["512 B", "1 kiB", "1 MiB"]

iex> Scales.Labels.bytes([1500, 2500, 1.0e6], accuracy: nil)
["1.5 kB", "2.5 kB", "1 MB"]

iex> Scales.Labels.bytes([1.0e6, 2.5e6], units: "kB", big_mark: ",")
["1,000 kB", "2,500 kB"]

  



    

  
    
      
    
    
      comma(breaks, options \\ [])



        
          
        

    

  


  

      

          @spec comma([number() | nil], keyword()) :: [String.t() | nil]


      


Labels numbers with a comma between each three digits of the whole part, R's label_comma().
Options
	:accuracy - A positive number each label is rounded to a multiple of, in the label's own units, after scale:; worked out from the breaks when not given (see the module's documentation).

	:scale - A positive number each break is multiplied by before it is written. The default value is 1.

	:prefix (String.t/0) - Text written before the number, after a negative's sign. The default value is "".

	:suffix (String.t/0) - Text written after the number. The default value is "".

	:big_mark (String.t/0) - Text written between each three digits of the whole part. The default value is ",".

	:decimal_mark - Text written before the decimals, at least one character. The default value is ".".

	:trim (boolean/0) - false pads each number on the left with spaces to the width of the widest, before its prefix and its sign: "-$ 1" beside "$1,000". The default value is true.

	:style_negative - How a negative is marked: :hyphen (-1), :minus, a true minus sign (−1), or :parens ((1)). The default value is :hyphen.

	:style_positive - How a positive is marked: :none (1), :plus (+1) or :space, a figure space as wide as a digit ("\u20071"). The default value is :none.

	:scale_cut - Steps to shorten each label by, a list of {suffix, threshold} pairs (see the module's documentation).


Examples
iex> Scales.Labels.comma([-100_000, 1_234_567.891, 0.125])
["-100,000", "1,234,568", "0"]

iex> Scales.Labels.comma([0.5, 1, 1.25])
["0.50", "1.00", "1.25"]

iex> Scales.Labels.comma([0, 1250, 2500], accuracy: 0.1, scale: 0.001, suffix: "k")
["0.0k", "1.2k", "2.5k"]

iex> Scales.Labels.comma([0, 1500, 1.0e6], scale_cut: Scales.Labels.cut_short_scale())
["0", "2K", "1M"]

  



    

  
    
      
    
    
      currency(breaks, options \\ [])



        
          
        

    

  


  

      

          @spec currency([number() | nil], keyword()) :: [String.t() | nil]


      


Labels amounts of money, R's label_currency(), in dollars unless prefix: and suffix: say
otherwise.
Without accuracy: or scale_cut:, labels show cents when some amount is not whole and none
is larger than largest_with_fractional:, and whole amounts otherwise. When both marks would
be a comma, the thousands are marked with a space instead.
Options
	:accuracy - A positive number each label is rounded to a multiple of, in the label's own units, after scale:; worked out from the breaks when not given (see the module's documentation).

	:scale - A positive number each break is multiplied by before it is written. The default value is 1.

	:prefix (String.t/0) - Text written before the number, after a negative's sign. The default value is "$".

	:suffix (String.t/0) - Text written after the number. The default value is "".

	:big_mark (String.t/0) - Text written between each three digits of the whole part. The default value is ",".

	:decimal_mark - Text written before the decimals, at least one character. The default value is ".".

	:trim (boolean/0) - false pads each number on the left with spaces to the width of the widest, before its prefix and its sign: "-$ 1" beside "$1,000". The default value is true.

	:style_negative - How a negative is marked: :hyphen (-1), :minus, a true minus sign (−1), or :parens ((1)). The default value is :hyphen.

	:style_positive - How a positive is marked: :none (1), :plus (+1) or :space, a figure space as wide as a digit ("\u20071"). The default value is :none.

	:scale_cut - Steps to shorten each label by, a list of {suffix, threshold} pairs (see the module's documentation).

	:largest_with_fractional - The largest amount that shows cents when neither accuracy: nor scale_cut: is given. The default value is 100000.


Examples
iex> Scales.Labels.currency([0, 50, 100])
["$0", "$50", "$100"]

iex> Scales.Labels.currency([-13.5, 0, 13.5])
["-$13.50", "$0.00", "$13.50"]

iex> Scales.Labels.currency([1234.5, 1], big_mark: ".", decimal_mark: ",", prefix: "", suffix: " €")
["1.234,50 €", "1,00 €"]

iex> Scales.Labels.currency([0, 2.5e5, 5.0e5, 1.0e6], scale_cut: Scales.Labels.cut_short_scale())
["$0", "$250K", "$500K", "$1M"]

  



    

  
    
      
    
    
      cut_long_scale(options \\ [])



        
          
        

    

  


  

      

          @spec cut_long_scale(keyword()) :: [step()]


      


The long scale's steps for scale_cut:, R's cut_long_scale(): thousands K, millions M,
billions B (1e12) and trillions T (1e18).
Options
	:space (boolean/0) - true puts a space before each suffix (2 K). The default value is false.

Examples
iex> Scales.Labels.currency([0, 1.0e9, 2.0e12], scale_cut: Scales.Labels.cut_long_scale())
["$0", "$1,000M", "$2B"]

  



    

  
    
      
    
    
      cut_short_scale(options \\ [])



        
          
        

    

  


  

      

          @spec cut_short_scale(keyword()) :: [step()]


      


The short scale's steps for scale_cut:, R's cut_short_scale(): thousands K, millions M,
billions B (1e9) and trillions T (1e12).
Options
	:space (boolean/0) - true puts a space before each suffix (2 K). The default value is false.

Examples
iex> Scales.Labels.cut_short_scale()
[{"", 0}, {"K", 1000}, {"M", 1000000}, {"B", 1000000000}, {"T", 1000000000000}]

iex> Scales.Labels.comma([-2000, 0, 2000], scale_cut: Scales.Labels.cut_short_scale(space: true))
["-2 K", "0 ", "2 K"]

  



  
    
      
    
    
      cut_si(unit)



        
          
        

    

  


  

      

          @spec cut_si(String.t()) :: [step()]


      


The SI prefixes' steps for scale_cut:, R's cut_si(), from yocto (1e-24) to yotta (1e24),
each written with a space and unit after it (" kg"), and unit alone below a yocto and
from 1 to 1000.
Examples
iex> Scales.Labels.comma([0.001, 1, 1500], scale_cut: Scales.Labels.cut_si("g"))
["1 mg", "1 g", "2 kg"]

  



    

  
    
      
    
    
      cut_time_scale(options \\ [])



        
          
        

    

  


  

      

          @spec cut_time_scale(keyword()) :: [step()]


      


Steps of time for scale_cut:, R's cut_time_scale(), for labels in seconds: nanoseconds ns,
microseconds μs, milliseconds ms, seconds s, minutes m, hours h, days d and weeks
w.
Options
	:space (boolean/0) - true puts a space before each suffix (2 K). The default value is false.

Examples
iex> Scales.Labels.comma([0, 45, 90, 120, 5400], scale_cut: Scales.Labels.cut_time_scale())
["0", "45s", "90s", "2m", "90m"]

  



    

  
    
      
    
    
      date(breaks, options \\ [])



        
          
        

    

  


  

      

          @spec date([Date.t() | NaiveDateTime.t() | DateTime.t() | nil], keyword()) :: [
  String.t() | nil
]


      


Labels dates and date-times in a format, R's label_date(), by Calendar.strftime/3, but for
%Y, the year unpadded (the year 900 is 900).
A DateTime is shifted into tz: first, UTC unless given; a NaiveDateTime is written as it
is, its zone UTC, and a Date at midnight UTC, so %H writes 00 and %Z UTC.
Options
	:format - The format each break is written in, as Calendar.strftime/3 takes it, but for %Y, the year unpadded. The default value is "%Y-%m-%d".

	:tz (String.t/0) - The time zone each DateTime is shifted into before it is written, one time_zone_database: knows; a Date is written at midnight UTC and a NaiveDateTime or Time as it is. The default value is "Etc/UTC".

	:time_zone_database (atom/0) - The time zone database that reads tz:, such as Tz.TimeZoneDatabase; Elixir's own, which knows UTC alone, when not given. The default value is Calendar.UTCOnlyTimeZoneDatabase.


Examples
iex> Scales.Labels.date([~D[2020-01-01], nil, ~D[2021-06-15]])
["2020-01-01", nil, "2021-06-15"]

iex> Scales.Labels.date([~N[2020-03-05 14:07:09]], format: "%d %b %H:%M")
["05 Mar 14:07"]

iex> Scales.Labels.date([~U[2021-03-14 06:30:00Z], ~U[2021-03-14 07:30:00Z]],
...>   format: "%H:%M %Z",
...>   tz: "America/New_York",
...>   time_zone_database: Tz.TimeZoneDatabase
...> )
["01:30 EST", "03:30 EDT"]

  



    

  
    
      
    
    
      date_short(breaks, options \\ [])



        
          
        

    

  


  

      

          @spec date_short([Date.t() | NaiveDateTime.t() | DateTime.t() | nil], keyword()) :: [
  String.t() | nil
]


      


Labels dates and date-times with what changed from the break before, R's
label_date_short(): each part, a year, a month, a day and a time of day, written where it or
a coarser part changed, finest first, one part to a line.
The first break, and one after a missing break, show every part. The time is left out where
every break is at midnight, then the day where every break is a 1st, then the month where every
break is in January. A break with no part to write, as a date repeated, is written in full,
2020-01-05, or 2020-01-05 10:00:00 where one such break is not at midnight in tz:.
What changed is read on each break's own clock, a DateTime in its own zone; each part is
written as date/2 writes it, a DateTime shifted into tz:.
Options
	:format (keyword/0) - Each part's format, as Calendar.strftime/3 takes it, but for %Y, the year unpadded; a part left out keeps its default. The default value is [].
	:year - The year's format, or nil for a year never written. The default value is "%Y".

	:month - The month's format, or nil for a month never written. The default value is "%b".

	:day - The day's format, or nil for a day never written. The default value is "%d".

	:time - The time's format, or nil for a time never written. The default value is "%H:%M".



	:sep (String.t/0) - The text written between the parts. The default value is "\n".

	:leading (String.t/0) - The text that replaces a 0 at the start of each part: " " writes the 5th " 5", "" writes it "5". The default value is "0".

	:tz (String.t/0) - The time zone each DateTime is shifted into before it is written, one time_zone_database: knows; a Date is written at midnight UTC and a NaiveDateTime or Time as it is. The default value is "Etc/UTC".

	:time_zone_database (atom/0) - The time zone database that reads tz:, such as Tz.TimeZoneDatabase; Elixir's own, which knows UTC alone, when not given. The default value is Calendar.UTCOnlyTimeZoneDatabase.


Examples
iex> Scales.Labels.date_short([~D[2019-11-01], ~D[2019-12-01], ~D[2020-01-01], ~D[2020-02-01]])
["Nov\n2019", "Dec", "Jan\n2020", "Feb"]

iex> Scales.Labels.date_short([~N[2020-01-01 18:00:00], ~N[2020-01-01 21:00:00], ~N[2020-01-02 00:00:00]])
["18:00\n01\nJan\n2020", "21:00", "00:00\n02"]

iex> Scales.Labels.date_short([~D[2020-01-05], ~D[2020-01-06], ~D[2020-02-07]],
...>   format: [month: "%B"],
...>   sep: " ",
...>   leading: ""
...> )
["5 January 2020", "6", "7 February"]

  



  
    
      
    
    
      dictionary(breaks, options)



        
          
        

    

  


  

      

          @spec dictionary([term()], keyword()) :: [String.t() | nil]


      


Labels values by a dictionary, R's label_dictionary(): each value the dictionary holds takes
its label, and each it lacks, a missing one included, nomatch:'s; with no nomatch:, a string
it lacks is its own label and a missing value stays missing.
A value is matched by Scales.DataRange.key/1, so a key of 2 names 2.0, and strings match
exactly, case and accents as written; a key matches a value of its own type, so "1" names the
string and never the number 1. A value that is not a string, which the dictionary lacks,
needs a nomatch:, or raises.
Options
	:dictionary - Required. A map of values to their labels, each a string or nil for none.

	:nomatch - The label of a value the dictionary lacks, a missing one included: a string, or nil for none; :none keeps a string as its own label and a missing value missing. The default value is :none.


Examples
iex> Scales.Labels.dictionary(["a", "b", "c", nil], dictionary: %{"a" => "Apple", "b" => "Banana"})
["Apple", "Banana", "c", nil]

iex> Scales.Labels.dictionary(["a", "c", nil], dictionary: %{"a" => "Apple"}, nomatch: "?")
["Apple", "?", "?"]

iex> Scales.Labels.dictionary([4.0, 6.0, 8.0], dictionary: %{4 => "four", 6 => "six", 8 => "eight"})
["four", "six", "eight"]

  



    

  
    
      
    
    
      format_log(breaks, options \\ [])



        
          
        

    

  


  

      

          @spec format_log([number() | nil], keyword()) :: [String.t() | nil]


      


Writes numbers as powers of base: in text, R's format_log(): log/2's labels each written
base^exponent, its exponent as the exponents are written together, padded on the left to the
widest, in up to digits: significant digits.
Options
	:base - The base of the logarithm, a positive number other than 1. The default value is 10.

	:signed - Whether each label is signed, + or - before its power and a zero "0"; :auto signs them when any break is zero or negative. Unsigned, a break at or below zero raises. The default value is :auto.

	:digits - An integer from 1 to 22, the most significant digits shown, though no label shows more than 7 (see the function's documentation). The default value is 7.


Examples
iex> Scales.Labels.format_log([0.01, 1, 100])
["10^-2", "10^ 0", "10^ 2"]

iex> Scales.Labels.format_log([0.5, 2, 8], digits: 3)
["10^-0.301", "10^ 0.301", "10^ 0.903"]

iex> Scales.Labels.format_log([-100, 0, 100])
["-10^2", "0", "+10^2"]

  



    

  
    
      
    
    
      log(breaks, options \\ [])



        
          
        

    

  


  

      

          @spec log([number() | nil], keyword()) :: [power_label()]


      


Labels numbers as powers of base:, R's label_log(): 1000 is {:power, "10", "3"}, drawn
as a superscript.
Each break's exponent, its logarithm in base:, is rounded to the seventh significant digit
of the largest exponent's, then the exponents are written together in up to digits:
significant digits, sharing their decimals, and each is read back and written alone in up to
15, its zeros after the last significant digit dropped: 2 is {:power, "10", "0.301"}, and
1 beside it {:power, "10", "0"}. No exponent shows more than 7 significant digits. The
base is written in up to 15 significant digits too, in plain or scientific notation,
whichever is shorter ("2.71828182845905" for e, "1e+06").
Signed, each power has its sign before it, {:signed, "-", power} or {:signed, "+", power},
and a zero is labelled "0". A missing break has no label.
Options
	:base - The base of the logarithm, a positive number other than 1. The default value is 10.

	:signed - Whether each label is signed, + or - before its power and a zero "0"; :auto signs them when any break is zero or negative. Unsigned, a break at or below zero raises. The default value is :auto.

	:digits - An integer from 1 to 22, the most significant digits shown, though no label shows more than 7 (see the function's documentation). The default value is 3.


Examples
iex> Scales.Labels.log([0.01, 1, 100])
[{:power, "10", "-2"}, {:power, "10", "0"}, {:power, "10", "2"}]

iex> Scales.Labels.log([1, 2, 8], base: 2)
[{:power, "2", "0"}, {:power, "2", "1"}, {:power, "2", "3"}]

iex> Scales.Labels.log([-100, 0, 100])
[{:signed, "-", {:power, "10", "2"}}, "0", {:signed, "+", {:power, "10", "2"}}]

  



    

  
    
      
    
    
      number(breaks, options \\ [])



        
          
        

    

  


  

      

          @spec number([number() | nil], keyword()) :: [String.t() | nil]


      


Labels numbers in decimals, R's label_number(), with a space between each three digits of the
whole part.
Options
	:accuracy - A positive number each label is rounded to a multiple of, in the label's own units, after scale:; worked out from the breaks when not given (see the module's documentation).

	:scale - A positive number each break is multiplied by before it is written. The default value is 1.

	:prefix (String.t/0) - Text written before the number, after a negative's sign. The default value is "".

	:suffix (String.t/0) - Text written after the number. The default value is "".

	:big_mark (String.t/0) - Text written between each three digits of the whole part. The default value is " ".

	:decimal_mark - Text written before the decimals, at least one character. The default value is ".".

	:trim (boolean/0) - false pads each number on the left with spaces to the width of the widest, before its prefix and its sign: "-$ 1" beside "$1,000". The default value is true.

	:style_negative - How a negative is marked: :hyphen (-1), :minus, a true minus sign (−1), or :parens ((1)). The default value is :hyphen.

	:style_positive - How a positive is marked: :none (1), :plus (+1) or :space, a figure space as wide as a digit ("\u20071"). The default value is :none.

	:scale_cut - Steps to shorten each label by, a list of {suffix, threshold} pairs (see the module's documentation).


Examples
iex> Scales.Labels.number([-2.5, 0, 1.0e6])
["-2.5", "0.0", "1 000 000.0"]

iex> Scales.Labels.number([1, nil, 1.5])
["1.0", nil, "1.5"]

iex> Scales.Labels.number([0.001, 0.0025], scale: 1000, suffix: " ms")
["1.0 ms", "2.5 ms"]

  



  
    
      
    
    
      number_auto(breaks)



        
          
        

    

  


  

      

          @spec number_auto([number() | nil]) :: [String.t() | nil]


      


Labels numbers in whichever way suits their size, R's label_number_auto().
The way is chosen by the largest and smallest magnitudes of the breaks other than zero:
	any above a million: each label in whole numbers with a space between each three digits, as
number(breaks, accuracy: 1) writes it, or in scientific notation, whichever is shorter,
the whole number on a tie;
	any below 0.001: each in plain decimals or in scientific notation, whichever is shorter,
plain on a tie;
	all positive, from 1000 to 2200, as years are: in plain decimals, with no mark between
thousands;
	any above 1000: as number(breaks, accuracy: 1) writes them;
	otherwise in plain decimals, or in scientific notation where that is narrower for all.

Plain decimals and scientific notation are written with every label sharing its decimals, in
up to 7 significant digits, each way on its own when the shorter of two is taken. A missing
break is labelled with the text "NA" in the years' way and the last, and has no label in the
others.
Examples
iex> Scales.Labels.number_auto([0, 2.5e6, 5.0e6])
["0", "2.5e+06", "5.0e+06"]

iex> Scales.Labels.number_auto([1990, 2000, 2010])
["1990", "2000", "2010"]

iex> Scales.Labels.number_auto([0, 5000, 10_000, nil])
["0", "5 000", "10 000", nil]

iex> Scales.Labels.number_auto([0, 0.5, nil])
["0.0", "0.5", "NA"]

  



    

  
    
      
    
    
      ordinal(breaks, options \\ [])



        
          
        

    

  


  

      

          @spec ordinal([number() | nil], keyword()) :: [String.t() | nil]


      


Labels numbers as ordinals, R's label_ordinal(): 1st, 2nd, 3rd, 4th.
Each break is rounded to a whole number, a half to the even one, and written as number/2
writes it with an accuracy of 1, then the suffix of the first rule whose regex matches the
whole number's digits: unmarked and unpadded, a negative's with a - before them ("-12").
R matches the text it writes a number in alone, which for a round number is scientific
notation wherever that is shorter (2e+05); the digits are matched here, so a rule reading the
last digit sees 200000's 0, and English ordinals from 1e21 up, which R writes ...st from
1e+21, are ...th. A break no rule matches raises, so the rules end with one every break
matches, as ordinal_english/0's do.
Options
	:rules - A list of {suffix, regex} pairs, each break taking the suffix of the first whose regex matches it (see the function's documentation); ordinal_english/0's when not given.

	:prefix (String.t/0) - Text written before the number, after a negative's sign. The default value is "".

	:suffix (String.t/0) - Text written after the ordinal's. The default value is "".

	:big_mark (String.t/0) - Text written between each three digits of the whole part. The default value is " ".

	:trim (boolean/0) - false pads each number on the left with spaces to the width of the widest, before its prefix and its sign: "-$ 1" beside "$1,000". The default value is true.

	:style_negative - How a negative is marked: :hyphen (-1), :minus, a true minus sign (−1), or :parens ((1)). The default value is :hyphen.

	:style_positive - How a positive is marked: :none (1), :plus (+1) or :space, a figure space as wide as a digit ("\u20071"). The default value is :none.


Examples
iex> Scales.Labels.ordinal([1, 2, 3, 4, 11, 12, 13, 21, nil])
["1st", "2nd", "3rd", "4th", "11th", "12th", "13th", "21st", nil]

iex> Scales.Labels.ordinal([1, 1001, 2.5], big_mark: ",", prefix: "#")
["#1st", "#1,001st", "#2nd"]

iex> Scales.Labels.ordinal([1, 2], rules: [{"º", ~r/./}])
["1º", "2º"]

  



  
    
      
    
    
      ordinal_english()



        
          
        

    

  


  

      

          @spec ordinal_english() :: [{String.t(), Regex.t()}]


      


English ordinals' rules for ordinal/2, R's ordinal_english(): st after a 1, nd after a
2 and rd after a 3, but for 11, 12 and 13, and th after anything else.
Examples
iex> Scales.Labels.ordinal_english() |> Enum.map(fn {suffix, _rule} -> suffix end)
["st", "nd", "rd", "th", "th", "th"]

  



    

  
    
      
    
    
      percent(breaks, options \\ [])



        
          
        

    

  


  

      

          @spec percent([number() | nil], keyword()) :: [String.t() | nil]


      


Labels proportions as percentages, R's label_percent(): each is multiplied by 100 and written
with a %.
Thousands are marked with a space (1 234%).
Options
	:accuracy - A positive number each label is rounded to a multiple of, in the label's own units, after scale:; worked out from the breaks when not given (see the module's documentation).

	:scale - A positive number each break is multiplied by before it is written. The default value is 100.

	:prefix (String.t/0) - Text written before the number, after a negative's sign. The default value is "".

	:suffix (String.t/0) - Text written after the number. The default value is "%".

	:big_mark (String.t/0) - Text written between each three digits of the whole part. The default value is " ".

	:decimal_mark - Text written before the decimals, at least one character. The default value is ".".

	:trim (boolean/0) - false pads each number on the left with spaces to the width of the widest, before its prefix and its sign: "-$ 1" beside "$1,000". The default value is true.

	:style_negative - How a negative is marked: :hyphen (-1), :minus, a true minus sign (−1), or :parens ((1)). The default value is :hyphen.

	:style_positive - How a positive is marked: :none (1), :plus (+1) or :space, a figure space as wide as a digit ("\u20071"). The default value is :none.

	:scale_cut - Steps to shorten each label by, a list of {suffix, threshold} pairs (see the module's documentation).


Examples
iex> Scales.Labels.percent([0, 0.25, 0.5, 0.75, 1])
["0%", "25%", "50%", "75%", "100%"]

iex> Scales.Labels.percent([0.1234, 0.5], accuracy: 0.1)
["12.3%", "50.0%"]

iex> Scales.Labels.percent([-0.5, 0.125, 12.345])
["-50%", "12%", "1 234%"]

  



  
    
      
    
    
      plain(breaks)



        
          
        

    

  


  

      

          @spec plain([float()]) :: [String.t()]


      


Labels numbers plainly, as Elixir shows a float, with what an axis read at a glance needs on
top: every label gets as many decimals as the most precise one needs, none when every break is
whole, never scientific notation and no thousands separators. Each break is first rounded to 15
significant digits, which drops the rounding error that adding up steps leaves in the last
digits (0.3, not 0.30000000000000004), and a negative zero is written 0. R's default
labels come from format() instead, which writes 1e+05 where this writes 100000.
Examples
iex> Scales.Labels.plain([0.0, 2.5, 5.0])
["0.0", "2.5", "5.0"]

iex> Scales.Labels.plain([0.0, 250_000.0])
["0", "250000"]

  



    

  
    
      
    
    
      pvalue(breaks, options \\ [])



        
          
        

    

  


  

      

          @spec pvalue([number() | nil], keyword()) :: [String.t() | nil]


      


Labels p-values, R's label_pvalue(): each rounded to accuracy: as number/2 rounds it,
one below the accuracy written as less than it (<0.001) and one above 1 less the accuracy
as more than that (>0.999).
Options
	:accuracy - A positive number no larger than 0.5 each label is rounded to a multiple of; below it a p-value is written as less than it, and above 1 less it as more than that. The default value is 0.001.

	:decimal_mark - Text written before the decimals, at least one character. The default value is ".".

	:prefix - Three strings, {below, between, above}, written before a p-value below the accuracy, one between, and one above 1 less it; {"<", "", ">"} when not given.

	:add_p (boolean/0) - true writes the prefixes {"p<", "p=", "p>"}; not taken with prefix:. The default value is false.


Examples
iex> Scales.Labels.pvalue([0.0001, 0.05, 0.5, 0.9999, nil])
["<0.001", "0.050", "0.500", ">0.999", nil]

iex> Scales.Labels.pvalue([0.001, 0.123, 0.999], accuracy: 0.01, add_p: true)
["p<0.01", "p=0.12", "p>0.99"]

iex> Scales.Labels.pvalue([0.0001, 0.05], prefix: {"less than ", "", "more than "})
["less than 0.001", "0.050"]

  



    

  
    
      
    
    
      scientific(breaks, options \\ [])



        
          
        

    

  


  

      

          @spec scientific([number() | nil], keyword()) :: [String.t() | nil]


      


Labels numbers in scientific notation, R's label_scientific().
Each break is multiplied by scale: and rounded to digits: significant digits, a half to the
even neighbour of the number as a float scaled into its digits (0.15 to one digit is 2e-01).
The labels are then written together, their mantissas sharing the most decimals any needs, in
at most 7 significant digits: digits: above 7 shows 7. They are never padded. A break that
scale: takes past the largest float is written Inf or -Inf.
Options
	:digits - An integer from 1 to 22, the most significant digits shown, though no label shows more than 7 (see the function's documentation). The default value is 3.

	:scale - A positive number each break is multiplied by before it is written. The default value is 1.

	:prefix (String.t/0) - Text written before the number. The default value is "".

	:suffix (String.t/0) - Text written after the number. The default value is "".

	:decimal_mark - Text written before the decimals, at least one character. The default value is ".".


Examples
iex> Scales.Labels.scientific([0.15, 1.5, 12345])
["1.50e-01", "1.50e+00", "1.23e+04"]

iex> Scales.Labels.scientific([1, 10, nil, 100])
["1e+00", "1e+01", nil, "1e+02"]

iex> Scales.Labels.scientific([1234, 5], decimal_mark: ",", suffix: " m")
["1,23e+03 m", "5,00e+00 m"]

  



    

  
    
      
    
    
      time(breaks, options \\ [])



        
          
        

    

  


  

      

          @spec time([NaiveDateTime.t() | DateTime.t() | Time.t() | nil], keyword()) :: [
  String.t() | nil
]


      


Labels times of day and date-times in a format, R's label_time(), by Calendar.strftime/3.
A DateTime is shifted into tz: first, UTC unless given; a NaiveDateTime is written as it
is, its zone UTC, and a Time as it is. A format writing a part of a date (%Y, %d) raises
on a Time.
Options
	:format - The format each break is written in, as Calendar.strftime/3 takes it, but for %Y, the year unpadded. The default value is "%H:%M:%S".

	:tz (String.t/0) - The time zone each DateTime is shifted into before it is written, one time_zone_database: knows; a Date is written at midnight UTC and a NaiveDateTime or Time as it is. The default value is "Etc/UTC".

	:time_zone_database (atom/0) - The time zone database that reads tz:, such as Tz.TimeZoneDatabase; Elixir's own, which knows UTC alone, when not given. The default value is Calendar.UTCOnlyTimeZoneDatabase.


Examples
iex> Scales.Labels.time([~T[00:00:00], ~T[01:01:01], ~T[23:59:59], nil])
["00:00:00", "01:01:01", "23:59:59", nil]

iex> Scales.Labels.time([~T[00:00:59], ~T[00:59:59.9]], format: "%H:%M")
["00:00", "00:59"]

iex> Scales.Labels.time([~U[2020-01-01 03:00:00Z]],
...>   tz: "America/New_York",
...>   time_zone_database: Tz.TimeZoneDatabase
...> )
["22:00:00"]

  



    

  
    
      
    
    
      timespan(breaks, options \\ [])



        
          
        

    

  


  

      

          @spec timespan([number() | nil], keyword()) :: [String.t() | nil]


      


Labels spans of time, R's label_timespan(): each break, counted in unit:, turned into
seconds and written as number/2 writes it under cut_time_scale/1's steps, 90 minutes
being 90m and 120 2h.
Options
	:unit - The unit the breaks are counted in, :second, :minute, :hour, :day or :week. The default value is :second.

	:space (boolean/0) - true puts a space before each unit's suffix (90 s). The default value is false.

	:accuracy - A positive number each label is rounded to a multiple of, in the label's own units, after scale:; worked out from the breaks when not given (see the module's documentation).

	:scale - A positive number each break is multiplied by before it is written. The default value is 1.

	:prefix (String.t/0) - Text written before the number, after a negative's sign. The default value is "".

	:suffix (String.t/0) - Text written after the number. The default value is "".

	:big_mark (String.t/0) - Text written between each three digits of the whole part. The default value is " ".

	:decimal_mark - Text written before the decimals, at least one character. The default value is ".".

	:trim (boolean/0) - false pads each number on the left with spaces to the width of the widest, before its prefix and its sign: "-$ 1" beside "$1,000". The default value is true.

	:style_negative - How a negative is marked: :hyphen (-1), :minus, a true minus sign (−1), or :parens ((1)). The default value is :hyphen.

	:style_positive - How a positive is marked: :none (1), :plus (+1) or :space, a figure space as wide as a digit ("\u20071"). The default value is :none.


Examples
iex> Scales.Labels.timespan([0, 30, 90, 3600, 86_400])
["0", "30s", "90s", "1h", "1d"]

iex> Scales.Labels.timespan([0.5, 1.5, 36], unit: :hour)
["30m", "90m", "36h"]

iex> Scales.Labels.timespan([1, 60, nil], space: true, suffix: " ago")
["1 s ago", "1 m ago", nil]
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          @spec wrap([String.t() | nil], keyword()) :: [String.t()]


      


Breaks text into lines shorter than width: columns, R's label_wrap(), as R's strwrap()
breaks it, the lines joined by "\n". A missing label, nil, is written "NA".
A word goes on the line before it while the line stays shorter than the width, and a word wider
than that has a line of its own, never split. Whitespace between words (spaces, tabs and line
breaks, nothing else) becomes one space, or two after a word ending a sentence, in ., ? or
! and then at most one of ), " and ', where two or more whitespace characters followed
it. A line holding only whitespace starts a new paragraph, an empty line before it.
A character is as wide as R counts it: most Chinese, Japanese and Korean characters, fullwidth
forms and emoji take two columns, and combining marks, zero-width spaces and joiners none, so a
word made of those alone is dropped as whitespace is.
Options
	:width (pos_integer/0) - Required. How many columns each line of a label is kept under.

Examples
iex> Scales.Labels.wrap(["Conservation Dependent", "Least concern", nil], width: 10)
["Conservation\nDependent", "Least\nconcern", "NA"]

iex> Scales.Labels.wrap(["Mr.  Smith went  to Washington."], width: 20)
["Mr.  Smith went to\nWashington."]

iex> Scales.Labels.wrap(["日本語 日本語"], width: 10)
["日本語\n日本語"]

  


        

      


  

    
Scales.MinorBreaks 
    



      
Where a continuous axis's minor breaks go: between its breaks (regular/3), a number of them to
each gap (n/3) or every multiple of a width in each (width/4), and the powers of ten and
their multiples for a logarithmic axis (log/2).

      


      
        Summary


  
    Functions
  


    
      
        log(arg, options \\ [])

      


        Minor breaks for a logarithmic axis over the limits {low, high}, R's minor_breaks_log(): the
powers of ten from one below the low limit's to one above the high limit's, then five times each,
then each whole multiple from 2 to 9 of each but 5, as detail: asks, in that order, as R gives
them.



    


    
      
        n(limits, breaks, count)

      


        count minor breaks to each gap, its ends included, on an axis showing the limits
{low, high} with breaks, R's minor_breaks_n(): from the low limit to the first break,
between each pair of neighbouring breaks in the order given, and from the last break to the high
limit, each gap spread evenly as R's seq() spreads it (Scales.Palette.spread/2), a value laid
twice kept the first time.



    


    
      
        regular(breaks, limits, options \\ [])

      


        The minor breaks between breaks on an axis showing the limits {low, high}, R's
regular_minor_breaks(): each gap between neighbouring breaks, in the order given, gets a minor
break at its middle, the gap's start plus half its width, as R's seq() finds it. Where the
limits reach past the breaks at an end, the breaks are first extended by one more step there,
the first gap's, so minor breaks can fall between the outermost break and the edge of the axis.



    


    
      
        width(limits, breaks, width, options \\ [])

      


        Minor breaks width apart in each gap, on an axis showing the limits {low, high} with
breaks, R's minor_breaks_width(): Scales.Breaks.width/3's breaks over the low limit and the
first break, each pair of neighbouring breaks in the order given, and the last break and the high
limit, a value laid twice kept the first time.



    





      


      
        Functions


        


    

  
    
      
    
    
      log(arg, options \\ [])



        
          
        

    

  


  

      

          @spec log({number(), number()}, keyword()) :: [float()]


      


Minor breaks for a logarithmic axis over the limits {low, high}, R's minor_breaks_log(): the
powers of ten from one below the low limit's to one above the high limit's, then five times each,
then each whole multiple from 2 to 9 of each but 5, as detail: asks, in that order, as R gives
them.
Where a limit is 0 or below, the powers run from ten times smallest: to the larger limit's
size, each kept from smallest: up and given either side of 0, the positive first, with 0
itself after the powers. The result may reach past the limits; which to keep is the caller's.
Limits both 0 have no powers to span, and are refused, where R fails.
Options
	:detail - Which values to give, R's detail: the powers of ten (10), those and five times each (5), or every whole multiple of each from 1 to 9 (1); :auto chooses by the powers the limits span, 1 over 8 or fewer, 5 over 15 or fewer, else 10. The default value is :auto.

	:smallest - Where limits reach 0 or below, the smallest size of value given either side of 0, R's smallest, a finite number from 1.0e-100; :auto is a tenth of the largest limit's size, 0.1 at most. The default value is :auto.


Examples
iex> Scales.MinorBreaks.log({1.0, 100.0}, detail: 5)
[0.1, 1.0, 10.0, 100.0, 1000.0, 0.5, 5.0, 50.0, 500.0, 5000.0]

iex> Scales.MinorBreaks.log({-10.0, 10.0}, detail: 10, smallest: 1)
[1.0, 10.0, 100.0, -1.0, -10.0, -100.0, 0.0]

  



  
    
      
    
    
      n(limits, breaks, count)



        
          
        

    

  


  

      

          @spec n({number(), number()}, [number(), ...], non_neg_integer()) :: [float()]


      


count minor breaks to each gap, its ends included, on an axis showing the limits
{low, high} with breaks, R's minor_breaks_n(): from the low limit to the first break,
between each pair of neighbouring breaks in the order given, and from the last break to the high
limit, each gap spread evenly as R's seq() spreads it (Scales.Palette.spread/2), a value laid
twice kept the first time.
The result may reach past the limits, as breaks may; which to keep is the caller's. It takes
numbers alone: a fraction of a day is no date.
Examples
iex> Scales.MinorBreaks.n({0.5, 9.5}, [2.0, 4.0, 6.0, 8.0], 3)
[0.5, 1.25, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 8.75, 9.5]

  



    

  
    
      
    
    
      regular(breaks, limits, options \\ [])



        
          
        

    

  


  

      

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


      


The minor breaks between breaks on an axis showing the limits {low, high}, R's
regular_minor_breaks(): each gap between neighbouring breaks, in the order given, gets a minor
break at its middle, the gap's start plus half its width, as R's seq() finds it. Where the
limits reach past the breaks at an end, the breaks are first extended by one more step there,
the first gap's, so minor breaks can fall between the outermost break and the edge of the axis.
The result holds the breaks themselves and the added steps too, as R's does, and may reach past
the limits; which to keep is the caller's. Fewer than two breaks have no gap, and so no minor
breaks.
Options
	:reverse (boolean/0) - Whether the breaks run from high to low, as a reversing transformation's do, so the step added before the first break goes above it and the one after the last below it. The default value is false.

Examples
iex> Scales.MinorBreaks.regular([10.0, 20.0, 30.0], {5.0, 35.0})
[0.0, 5.0, 10.0, 15.0, 20.0, 25.0, 30.0, 35.0, 40.0]

iex> Scales.MinorBreaks.regular([30.0, 20.0, 10.0], {5.0, 35.0}, reverse: true)
[40.0, 35.0, 30.0, 25.0, 20.0, 15.0, 10.0, 5.0, 0.0]

  



    

  
    
      
    
    
      width(limits, breaks, width, options \\ [])



        
          
        

    

  


  

      

          @spec width(
  {Scales.Breaks.value(), Scales.Breaks.value()},
  [Scales.Breaks.value(), ...],
  number() | Scales.Breaks.step(),
  keyword()
) :: [Scales.Breaks.value()]


      


Minor breaks width apart in each gap, on an axis showing the limits {low, high} with
breaks, R's minor_breaks_width(): Scales.Breaks.width/3's breaks over the low limit and the
first break, each pair of neighbouring breaks in the order given, and the last break and the high
limit, a value laid twice kept the first time.
It takes what Scales.Breaks.width/3 takes, numbers, dates, date-times or times of day, with
width a number or a step of one unit, and gives the same, where R gives a date's days or a
date-time's seconds. Its options are Scales.Breaks.width/3's, offset: 0 or no steps unless
given, where R has no default. The result may reach past the limits, as breaks may; which to
keep is the caller's.
Examples
iex> Scales.MinorBreaks.width({0.5, 9.5}, [2.0, 4.0, 6.0, 8.0], 2, offset: 0.5)
[0.5, 2.5, 4.5, 6.5, 8.5, 10.5]

iex> Scales.MinorBreaks.width({~D[2026-01-01], ~D[2026-01-25]}, [~D[2026-01-15]], week: 1)
[~D[2025-12-29], ~D[2026-01-05], ~D[2026-01-12], ~D[2026-01-19], ~D[2026-01-26]]

  


        

      


  

    
Scales.Palette 
    



      
Palettes: what turns a value's place among the data into a value of its aesthetic, a colour, a
size, a shape or a line type. A palette is a value naming its function, so it compares and
prints. A continuous palette is handed places, 0 to 1 over the data's range (continuous/2); a
discrete one the number of levels it must tell apart (discrete/2).
Continuous palettes
	:identity, R's pal_identity(): each place as it is.
	{:rescale, {low, high}}, R's pal_rescale(): each place moved onto low to high.
	{:area, {low, high}}, R's pal_area(): each place's square root moved onto low to
high, so an area drawn at that size grows with the place.
	{:abs_area, max}, R's abs_area(): the square root of each place's size moved onto 0 to
max; a place may lie below 0 or past 1.
	{:gradient, colors}, R's pal_gradient_n(), which R's two- and three-colour gradients are
too: the colour that far along a gradient through colors, spaced evenly from 0 to 1, each
place between two blended in CIE Lab* and its alpha along a straight line; a place at a
colour takes it exactly, one outside 0 to 1 gives nil, and one colour is every place's.
:none among the colours is R's NA, white with no alpha, as "transparent" is.
	{:gradient, colors, values}, R's pal_gradient_n(colours, values): each place moved first
along the straight lines through values, each value at its own place spread evenly from 0
to 1, then taken along the gradient; a place outside the values gives nil. The values are
taken as R's approxfun() takes them: sorted, so unsorted ones run the gradient backwards; a
nil dropped; equal values one, at their places' mean; as many as you like, not one per
colour. Fewer than two left raise ArgumentError. R also warns of equal values.

Discrete palettes
	{:hue, %{hue: {low, high}, chroma: chroma, luminance: luminance, direction: direction}},
R's pal_hue(): colours of one chroma and luminance, their hues spaced evenly from low to
high, handed out in reverse for a direction of -1. A range within a degree of the whole
circle leaves its last share off, since its end is its start.
	{:gray, {start, finish}}, R's pal_grey(): greys from the level start to finish, 0
black and 1 white, spaced evenly once raised to the power 2.2.
	{:viridis, %{option: option, begin: begin, end: end, direction: direction, alpha: alpha}}, R's pal_viridis(): colours of a viridis palette, as
Scales.ColorOperations.viridis/2 gives them.
	{:shape, :solid} or {:shape, :open}, R's pal_shape(): six shapes by name, solid
(:circle_small, :triangle, :square, :plus, :square_cross, :asterisk, R's 16, 17,
15, 3, 7 and 8) or open (:circle_open, :triangle_open, :square_open and the same last
three, R's 1, 2, 0, 3, 7 and 8).
	:linetype, R's pal_linetype(): 13 line types, each as its dash pattern, a tuple of
lengths, {} for a solid line.
	{:manual, values}, R's pal_manual(): values in order.
	{:brewer, %{palette: palette, direction: direction}}, R's pal_brewer(): the colours of
one of ColorBrewer's palettes, named as R spells it (brewer_palettes/1 lists them), which
has a set of its own for each count from 3 to its largest. Fewer than 3 levels take the
start of its set of 3, and a direction of -1 hands the colours out in reverse once the
nils past its largest set are added, so those come first, as R's do. A name it does not
know is refused, where R warns and gives Greens.

A discrete palette asked for more levels than it holds gives nil for each past its end, as R
gives NA (and warns). No levels give none, where R's hue palette refuses them.
A palette of the other kind
Each function takes a palette of the other kind too, as R's as_continuous_pal() and
as_discrete_pal() convert one. continuous/2 hands a discrete palette of colours on as a
gradient through its nlevels/1 colours, and one of numbers as those numbers joined by
straight lines, spaced evenly from 0 to 1; a place outside them gives nil, and a palette of
shapes, line types or other values is refused. discrete/2 hands a continuous palette the
levels' places, spaced evenly from 0 to 1 by spread/2. :identity and {:abs_area, max},
which R gives no type, are not converted: R hands them back as they are, so asked for 3 levels
they give the one number 3, and here they are refused.
Colours are uppercase #RRGGBB, or #RRGGBBAA with an alpha of their own, as
Scales.ColorOperations writes them.
ColorBrewer
This product includes color specifications and designs developed by Cynthia Brewer
(http://colorbrewer.org/). They are Copyright (c) 2002 Cynthia Brewer, Mark Harrower, and The
Pennsylvania State University, licensed under the Apache License, Version 2.0, as R's
RColorBrewer carries them.

      


      
        Summary


  
    Types
  


    
      
        brewer_type()

      


        A ColorBrewer palette's type: sequential, diverging or qualitative.



    


    
      
        continuous()

      


        A continuous palette.



    


    
      
        discrete()

      


        A discrete palette.



    


    
      
        t()

      


        A palette.



    


    
      
        value_type()

      


        What a palette's values are: colours, numbers, shapes or line types.



    





  
    Functions
  


    
      
        brewer_palettes(type)

      


        The names of ColorBrewer's palettes of type, sequential (:seq), diverging (:div) or
qualitative (:qual), as R spells them, in the order R's pal_brewer() numbers them, so its
pal_brewer("qual", 5) is "Pastel2".



    


    
      
        continuous(palette, places)

      


        Each place's value under a continuous palette, a place running from 0 to 1 over the data's
range; a nil place gives nil. A discrete palette is converted first, as the moduledoc says.



    


    
      
        discrete(palette, count)

      


        The values of a discrete palette for count levels, in level order. A continuous palette is
converted first, as the moduledoc says.



    


    
      
        named(name)

      


        The palette scales names name, R's get_palette() for scales' own names, in any case: each
ColorBrewer palette as pal_brewer() gives it (brewer_palettes/1), each viridis option as
pal_viridis() does (Scales.ColorOperations.viridis_options/0), "grey", pal_grey(), and
"hue", pal_hue(), each with R's defaults. Any other name raises ArgumentError listing
these; R also knows grDevices' palettes by name ("Okabe-Ito", "Blues 3"), which are left
out.



    


    
      
        nlevels(arg1)

      


        How many levels a discrete palette tells apart, R's palette_nlevels(): 6 shapes, 13 line
types, a manual palette's values, a brewer palette's largest set, and 255 for a hue, grey or
viridis palette, as R says; nil for a continuous palette. A discrete palette converted to a
continuous one is a gradient through this many of its values.



    


    
      
        spread(arg, count)

      


        count numbers spread evenly from low to high, R's seq(low, high, length.out = count):
the ends exact, each number between them low plus its index times the step, in R's order of
operations, so the fourth of seven from 0.1 to 1 is 0.54999999999999993, not 0.55.



    


    
      
        type(arg1)

      


        What a palette's values are, R's palette_type(): :color, :numeric, :shape or
:linetype, or nil for :identity and {:abs_area, max}, which R gives no type.



    





      


      
        Types


        


  
    
      
    
    
      brewer_type()



        
          
        

    

  


  

      

          @type brewer_type() :: :seq | :div | :qual


      


A ColorBrewer palette's type: sequential, diverging or qualitative.

  



  
    
      
    
    
      continuous()



        
          
        

    

  


  

      

          @type continuous() ::
  :identity
  | {:rescale, {number(), number()}}
  | {:area, {number(), number()}}
  | {:abs_area, number()}
  | {:gradient, [Scales.ColorOperations.t(), ...]}
  | {:gradient, [Scales.ColorOperations.t(), ...], [number() | nil, ...]}


      


A continuous palette.

  



  
    
      
    
    
      discrete()



        
          
        

    

  


  

      

          @type discrete() ::
  {:hue,
   %{
     hue: {number(), number()},
     chroma: number(),
     luminance: number(),
     direction: 1 | -1
   }}
  | {:gray, {number(), number()}}
  | {:viridis,
     %{
       option: atom(),
       begin: number(),
       end: number(),
       direction: 1 | -1,
       alpha: number()
     }}
  | {:shape, :solid | :open}
  | :linetype
  | {:manual, list()}
  | {:brewer, %{palette: String.t(), direction: 1 | -1}}


      


A discrete palette.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: continuous() | discrete()


      


A palette.

  



  
    
      
    
    
      value_type()



        
          
        

    

  


  

      

          @type value_type() :: :color | :numeric | :shape | :linetype


      


What a palette's values are: colours, numbers, shapes or line types.

  


        

      

      
        Functions


        


  
    
      
    
    
      brewer_palettes(type)



        
          
        

    

  


  

      

          @spec brewer_palettes(brewer_type()) :: [String.t(), ...]


      


The names of ColorBrewer's palettes of type, sequential (:seq), diverging (:div) or
qualitative (:qual), as R spells them, in the order R's pal_brewer() numbers them, so its
pal_brewer("qual", 5) is "Pastel2".
Examples
iex> Scales.Palette.brewer_palettes(:qual)
["Accent", "Dark2", "Paired", "Pastel1", "Pastel2", "Set1", "Set2", "Set3"]

  



  
    
      
    
    
      continuous(palette, places)



        
          
        

    

  


  

      

          @spec continuous(t(), [Scales.double()]) :: [Scales.double() | String.t()]


      


Each place's value under a continuous palette, a place running from 0 to 1 over the data's
range; a nil place gives nil. A discrete palette is converted first, as the moduledoc says.
A place may be any double (Scales.double/0), each given R's answer: the numeric palettes
carry an infinity or NaN through their arithmetic, the area palettes' square root making NaN
below 0, and a colour is nil at an infinity or NaN, but one colour's, which an infinity takes
too; a manual palette of numbers keeps NaN.
Examples
iex> Scales.Palette.continuous({:rescale, {2, 5}}, [0, 0.3, 1, nil])
[2.0, 2.9, 5.0, nil]

iex> Scales.Palette.continuous({:area, {1.0, 6.0}}, [0.2, 1])
[3.23606797749979, 6.0]

iex> Scales.Palette.continuous({:gradient, ["#132B43", "#56B1F7"]}, [0, 0.5, 1])
["#132B43", "#336A98", "#56B1F7"]

iex> Scales.Palette.continuous({:gradient, ["#132B43", "#56B1F7"], [0, 0.25]}, [0.1, 0.5])
["#2C5D86", nil]

iex> Scales.Palette.continuous({:gradient, ["#FF000080", "#0000FF"]}, [0.5, 1.5])
["#CA0088C0", nil]

iex> Scales.Palette.continuous({:manual, [1.0, 5.0, 9.0]}, [0.25, 1.5])
[3.0, nil]

iex> Scales.Palette.continuous({:area, {1.0, 6.0}}, [-0.5, :infinity])
[:nan, :infinity]

  



  
    
      
    
    
      discrete(palette, count)



        
          
        

    

  


  

      

          @spec discrete(t(), non_neg_integer()) :: list()


      


The values of a discrete palette for count levels, in level order. A continuous palette is
converted first, as the moduledoc says.
Examples
iex> hue = %{hue: {15.0, 375.0}, chroma: 100.0, luminance: 65.0, direction: 1}
iex> Scales.Palette.discrete({:hue, hue}, 3)
["#F8766D", "#00BA38", "#619CFF"]

iex> Scales.Palette.discrete({:manual, ["#FF0000", "#0000FF"]}, 3)
["#FF0000", "#0000FF", nil]

iex> Scales.Palette.discrete({:rescale, {1, 6}}, 3)
[1.0, 3.5, 6.0]

  



  
    
      
    
    
      named(name)



        
          
        

    

  


  

      

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


      


The palette scales names name, R's get_palette() for scales' own names, in any case: each
ColorBrewer palette as pal_brewer() gives it (brewer_palettes/1), each viridis option as
pal_viridis() does (Scales.ColorOperations.viridis_options/0), "grey", pal_grey(), and
"hue", pal_hue(), each with R's defaults. Any other name raises ArgumentError listing
these; R also knows grDevices' palettes by name ("Okabe-Ito", "Blues 3"), which are left
out.
Examples
iex> Scales.Palette.named("set1")
{:brewer, %{palette: "Set1", direction: 1}}

iex> Scales.Palette.named("Grey")
{:gray, {0.2, 0.8}}

  



  
    
      
    
    
      nlevels(arg1)



        
          
        

    

  


  

      

          @spec nlevels(t()) :: non_neg_integer() | nil


      


How many levels a discrete palette tells apart, R's palette_nlevels(): 6 shapes, 13 line
types, a manual palette's values, a brewer palette's largest set, and 255 for a hue, grey or
viridis palette, as R says; nil for a continuous palette. A discrete palette converted to a
continuous one is a gradient through this many of its values.
Examples
iex> Scales.Palette.nlevels({:brewer, %{palette: "Paired", direction: 1}})
12

iex> Scales.Palette.nlevels({:gradient, ["#132B43", "#56B1F7"]})
nil

  



  
    
      
    
    
      spread(arg, count)



        
          
        

    

  


  

      

          @spec spread({number(), number()}, non_neg_integer()) :: [number()]


      


count numbers spread evenly from low to high, R's seq(low, high, length.out = count):
the ends exact, each number between them low plus its index times the step, in R's order of
operations, so the fourth of seven from 0.1 to 1 is 0.54999999999999993, not 0.55.
Examples
iex> Scales.Palette.spread({0.0, 1.0}, 5)
[0.0, 0.25, 0.5, 0.75, 1.0]

iex> Scales.Palette.spread({2, 6}, 1)
[2]

  



  
    
      
    
    
      type(arg1)



        
          
        

    

  


  

      

          @spec type(t()) :: value_type() | nil


      


What a palette's values are, R's palette_type(): :color, :numeric, :shape or
:linetype, or nil for :identity and {:abs_area, max}, which R gives no type.
A manual palette's is guessed from its values, as R's pal_manual() guesses it: :color where
every value is a string Scales.ColorOperations.parse/1 reads, as no values are, so not
:none, :numeric where every one is a number, else nil, where R names how its values are
stored ("character"). R reads a colour as hex or one of its own colour names, so "grey50" is a
colour there and "transparent" is not; here they are the other way round.
Examples
iex> Scales.Palette.type({:brewer, %{palette: "Set1", direction: 1}})
:color

iex> Scales.Palette.type({:manual, [1, 5, 9]})
:numeric

iex> Scales.Palette.type({:manual, [:circle_small, :triangle]})
nil

  


        

      


  

    
Scales.Transform behaviour
    



      
The transformation a continuous scale puts its values through before it trains on them, named
by a value (name/0): values into transformed space (transform/2) and back
(inverse/2), and an axis's default breaks (breaks/3), minor breaks (minor_breaks/3) and
labels (format/3) there, as R's transformation objects carry them; for a transformation of
numbers, also the derivatives both ways (derivative/2, inverse_derivative/2) and the range
data takes in transformed space (trim_to_domain/2).
Breaks are found as on an axis showing an extent in transformed space: the extent is squished
into the transformation's domain (squish/2), turned back into data units and broken there,
and the breaks transformed back, in the order that leaves them, so a reversing transformation's
descend. Some may fall outside the extent; which to keep is the caller's. Labels are written
from the breaks turned back, 10^x under log10; a date's depend on the step chosen for the
whole axis, so format/3 is handed the extent too. A date, date-time or time transformation
also lays breaks a calendar or clock step apart (width/3).
A value the transformation cannot place, below a logarithm's or the square root's domain,
becomes :nan, R's NaN; a value placed at an infinity is :infinity or :neg_infinity, and a
missing one stays nil.
Compositions
{:compose, [first, second, ...]} puts values through each transformation in turn, R's
transform_compose(): {:compose, [:log10, :reverse]} is a log axis drawn high to low. Its
breaks and labels are its first part's, found on the extent turned back into that part's space,
and n: reaches them as it reaches that part; its minor breaks are
Scales.MinorBreaks.regular/3's, unreversed whichever way it runs, as R's; it has derivatives
where every part has them, by the chain rule. Its domain is what every part takes: the first
part's domain transformed, cut to the next part's, transformed again, and so on, turned back
into data units, so {:compose, [:sqrt, :log10]} takes values from 1e-200 up, and a
composition no value passes raises ArgumentError. A date, date-time or time transformation
may come first, and the composition then takes and gives its values, its breaks, labels and
steps (width/3) its first part's, so {:compose, [:date, :reverse]} is a date axis drawn
late to early; anywhere else it raises ArgumentError.
iex> Scales.Transform.transform({:compose, [:log10, :reverse]}, [1, 10, 100])
[-0.0, -1.0, -2.0]

iex> Scales.Transform.format({:compose, [:log10, :reverse]}, [-0.0, -1.0, -2.0], {-2.1, 0.1})
["1", "10", "100"]
A transformation of your own
new/2 makes one from its functions, R's new_transform(), and it is given wherever a name is,
a composition's parts too. Each function takes one value and returns a number, :infinity,
:neg_infinity, :nan or nil. The transformation is handed every value in its domain, an
integer as a float, and the domain's own ends among them, since an axis is bounded by them;
nil and :nan are never handed over, and a value outside the domain becomes :nan without
it. So a transformation on the whole line, the default domain, handles both infinities, as R's
functions do through their arithmetic; its inverse is handed the transformation's values at
the domain's ends, and handles them too.
iex> cube =
...>   Scales.Transform.new("cube",
...>     transform: fn
...>       :infinity -> :infinity
...>       :neg_infinity -> :neg_infinity
...>       value -> value * value * value
...>     end,
...>     inverse: fn
...>       :infinity -> :infinity
...>       :neg_infinity -> :neg_infinity
...>       position when position < 0 -> -:math.pow(-position, 1 / 3)
...>       position -> :math.pow(position, 1 / 3)
...>     end
...>   )
iex> Scales.Transform.transform(cube, [2, -0.5, nil])
[8.0, -0.125, nil]
iex> Scales.Transform.breaks(cube, {-1100.0, 1100.0})
[-1000.0, -125.0, 0.0, 125.0, 1000.0]
iex> Scales.Transform.format(cube, [-1000.0, -125.0, 0.0, 125.0, 1000.0], {-1100.0, 1100.0})
["-10", "-5", "0", "5", "10"]
Any distribution's quantile is one, as :probit is the normal's: the Cauchy distribution's on
the probabilities from 0 to 1, its ends the infinities.
iex> cauchy =
...>   Scales.Transform.new("cauchy",
...>     transform: fn
...>       probability when probability == 0 -> :neg_infinity
...>       probability when probability == 1 -> :infinity
...>       probability -> :math.tan(:math.pi() * (probability - 0.5))
...>     end,
...>     inverse: fn
...>       :neg_infinity -> 0.0
...>       :infinity -> 1.0
...>       quantile -> 0.5 + :math.atan(quantile) / :math.pi()
...>     end,
...>     domain: {0, 1}
...>   )
iex> Scales.Transform.transform(cauchy, [0, 0.5, 1, 1.5])
[:neg_infinity, 0.0, :infinity, :nan]

      


      
        Summary


  
    Types
  


    
      
        break()

      


        A break in transformed space: a number, or an infinity or NaN where R's lands one.



    


    
      
        name()

      


        A transformation, by name: :identity, R's transform_identity(); :log (base e), :log2,
:log10 and {:log, base}, R's transform_log(), transform_log2(), transform_log10() and
transform_log(base); :log1p, R's transform_log1p(); :exp (base e) and {:exp, base},
R's transform_exp(); :asinh, R's transform_asinh(); :pseudo_log and
{:pseudo_log, sigma: sigma, base: base}, either or both, R's
transform_pseudo_log(sigma = 1, base = exp(1)); :sqrt, :reverse (each value negated) and
:reciprocal, R's transform_sqrt() and its kin; :asn, the arcsine square root, and
:atanh, R's transform_asn() and transform_atanh(); :logit and :probit, R's
transform_logit() and transform_probit(); {:probability, :normal, mean: mean, sd: sd} and
{:probability, :logistic, location: location, scale: scale}, either or both, R's
transform_probability("norm", mean = 0, sd = 1) and transform_probability("logis", location = 0, scale = 1); {:boxcox, exponent} and {:boxcox, exponent, offset: offset},
R's transform_boxcox(p, offset = 0); {:modulus, exponent} and {:modulus, exponent, offset: offset}, R's transform_modulus(p, offset = 1); {:yj, exponent}, the Yeo-Johnson
transformation, R's transform_yj(p); :timespan and {:timespan, unit}, a number counted in
unit, :second to :week, as its seconds, R's transform_timespan(unit = "secs"); :date,
a Date as its days since 1970-01-01, R's transform_date(); {:datetime, zone, database}, a
DateTime or NaiveDateTime as its seconds since 1970-01-01 00:00 UTC, its breaks laid on
the clock of zone, read by the time zone database database, R's transform_time(tz), the
zone :default until a column settles it and :naive for naive date-times; :time, a
Time as its seconds since midnight, R's transform_hms(); {:compose, [first, second, ...]}, each in turn, R's transform_compose(); and a transformation of your own, t/0,
made by new/2.



    


    
      
        t()

      


        A transformation of your own, made by new/2: its name, its functions and its domain.



    





  
    Functions
  


    
      
        breaks(name, extent, options \\ [])

      


        The default breaks, in transformed space, of an axis showing extent under the transformation
name, in the order the transformation leaves them, some outside the extent, those at an end
of a domain transformed to an infinity there, as logit's 0 and 1, which no extent reaches:
extended breaks (Scales.Breaks) on the extent in data units, powers of the base and their multiples under a logarithm in a base
(Scales.Breaks.log/2, so powers of e under :log), calendar dates under the date
transformation and clock times under the date-time one, as R's pretty() finds them, and
spans of time under the time and span of time ones, as Scales.Breaks.timespan/2 finds them.
Under the Box-Cox, modulus and Yeo-Johnson transformations an end of the extent that turns back
to an infinity, past a bound their values never reach, is set aside and the breaks found on the
other end alone, as R's sit there; none where both do.



    


    
      
        derivative(name, values)

      


        The derivative of the transformation name at each of values, R's d_transform, each a
double (Scales.double/0), its infinities and NaN as R's arithmetic gives them. Only a
transformation of numbers has one: a date's, date-time's, time's or span of time's raises
FunctionClauseError.



    


    
      
        format(name, breaks, extent, options \\ [])

      


        The default labels of breaks, in transformed space, under the transformation name: its own
breaks on an axis showing extent, found with options, breaks/3's, or, for :given, breaks
it did not choose, the extent squished into the domain as for breaks/3. A number's are
Scales.Labels.plain/1's, written from the breaks turned back, but the Box-Cox, modulus and
Yeo-Johnson transformations write each of their own from the value in data units it was found
from, since the round trip can keep as few as three of its digits, and a span of time's are
Scales.Labels.timespan/2's; a date's in the format of the step its breaks were chosen at, so a date's or date-time's
breaks found with n: are labelled when given the same n:, and a given date written in full.



    


    
      
        inverse(name, positions)

      


        Positions in transformed space turned back into data units by the transformation name.



    


    
      
        inverse_derivative(name, positions)

      


        The derivative of the inverse of the transformation name at each of positions, in
transformed space, R's d_inverse, as derivative/2 gives the transformation's.



    


    
      
        minor_breaks(name, breaks, extent)

      


        The default minor breaks between breaks on an axis showing extent under the transformation
name, in transformed space: Scales.MinorBreaks.regular/3's, reversed for :reverse.



    


    
      
        new(name, options)

      


        A transformation of your own named name, R's new_transform(), from its functions, each of
one value: given wherever a transformation's name is, and as a composition's part. Its domain
is the whole line unless domain: says, its breaks Scales.Breaks.extended/2's on an axis's
limits in data units, its minor breaks Scales.MinorBreaks.regular/3's and its labels
Scales.Labels.plain/1's of the breaks turned back, each rounded to 14 significant digits
first, unless breaks:, minor_breaks: or labels: say. A missing function, an unknown option, a function of another arity or a domain
not {low, high} raises NimbleOptions.ValidationError.



    


    
      
        squish(name, extent)

      


        The extent {low, high}, in transformed space, squished into the domain of the transformation
name, transformed: each end outside it moved onto it, as R's oob_squish() moves it, so
log10's breaks are not sought below -100, and onto a bound the values of a transformation of
every number never pass, the Yeo-Johnson transformation's 1 for an exponent of -1. A date's,
date-time's or time's is never squished.



    


    
      
        transform(name, values)

      


        The values put through the transformation name.



    


    
      
        trim_to_domain(name, values)

      


        The range values take in transformed space under the transformation name, R's
trim_to_domain(): their range, nil and :nan left out, squished into the domain and its
ends transformed, as {low, high}; :none with no value to range over, where R warns. Only a
transformation of numbers takes one: a date's, date-time's or time's raises
FunctionClauseError.



    


    
      
        width(name, step, extent)

      


        The breaks a step lays, written as Date.shift/2 takes one ([week: 2]), on an axis showing
extent under the date, date-time or time transformation name, in transformed space, some
outside it, as R's breaks_width() lays them: from the extent's start rounded down to the
step's unit (a week to its Monday), every step. Only those three transformations have steps.



    





      


      
        Types


        


  
    
      
    
    
      break()



        
          
        

    

  


  

      

          @type break() :: float() | :infinity | :neg_infinity | :nan


      


A break in transformed space: a number, or an infinity or NaN where R's lands one.

  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @type name() ::
  :identity
  | :date
  | {:datetime, String.t() | :default | :naive, module()}
  | :time
  | :log
  | :log2
  | :log10
  | {:log, number()}
  | :log1p
  | :exp
  | {:exp, number()}
  | :asinh
  | :pseudo_log
  | {:pseudo_log, sigma: number(), base: number()}
  | :sqrt
  | :reverse
  | :reciprocal
  | :asn
  | :atanh
  | :logit
  | :probit
  | {:probability, :normal, mean: number(), sd: number()}
  | {:probability, :logistic, location: number(), scale: number()}
  | {:boxcox, number()}
  | {:boxcox, number(), [{:offset, number()}]}
  | {:modulus, number()}
  | {:modulus, number(), [{:offset, number()}]}
  | {:yj, number()}
  | :timespan
  | {:timespan, Scales.Breaks.timespan_unit()}
  | {:compose, [name(), ...]}
  | t()


      


A transformation, by name: :identity, R's transform_identity(); :log (base e), :log2,
:log10 and {:log, base}, R's transform_log(), transform_log2(), transform_log10() and
transform_log(base); :log1p, R's transform_log1p(); :exp (base e) and {:exp, base},
R's transform_exp(); :asinh, R's transform_asinh(); :pseudo_log and
{:pseudo_log, sigma: sigma, base: base}, either or both, R's
transform_pseudo_log(sigma = 1, base = exp(1)); :sqrt, :reverse (each value negated) and
:reciprocal, R's transform_sqrt() and its kin; :asn, the arcsine square root, and
:atanh, R's transform_asn() and transform_atanh(); :logit and :probit, R's
transform_logit() and transform_probit(); {:probability, :normal, mean: mean, sd: sd} and
{:probability, :logistic, location: location, scale: scale}, either or both, R's
transform_probability("norm", mean = 0, sd = 1) and transform_probability("logis", location = 0, scale = 1); {:boxcox, exponent} and {:boxcox, exponent, offset: offset},
R's transform_boxcox(p, offset = 0); {:modulus, exponent} and {:modulus, exponent, offset: offset}, R's transform_modulus(p, offset = 1); {:yj, exponent}, the Yeo-Johnson
transformation, R's transform_yj(p); :timespan and {:timespan, unit}, a number counted in
unit, :second to :week, as its seconds, R's transform_timespan(unit = "secs"); :date,
a Date as its days since 1970-01-01, R's transform_date(); {:datetime, zone, database}, a
DateTime or NaiveDateTime as its seconds since 1970-01-01 00:00 UTC, its breaks laid on
the clock of zone, read by the time zone database database, R's transform_time(tz), the
zone :default until a column settles it and :naive for naive date-times; :time, a
Time as its seconds since midnight, R's transform_hms(); {:compose, [first, second, ...]}, each in turn, R's transform_compose(); and a transformation of your own, t/0,
made by new/2.
A base is a number above 1, a sigma, a standard deviation or a scale a number above 0, a
mean, a location or an exponent a number, a Box-Cox offset a number from 0 up and a modulus
offset one from 1 up, and a name holding any other raises FunctionClauseError wherever it is
handed, where R also takes a base below 1, falling, and gives no axis at 1 or a scale of 0, and a
modulus offset below 1, which no longer rises. A falling axis is the transformation in a base
above 1 reversed.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Scales.Transform{
  breaks:
    ({float(), float()} -> [number()])
    | ({float(), float()}, keyword() -> [number()]),
  derivative: (term() -> term()) | nil,
  domain: {number() | :neg_infinity, number() | :infinity},
  inverse: (term() -> term()),
  inverse_derivative: (term() -> term()) | nil,
  labels: ([term()] -> [String.t()]),
  minor_breaks: ([float()], {float(), float()} -> [float()]),
  name: String.t(),
  transform: (term() -> term())
}


      


A transformation of your own, made by new/2: its name, its functions and its domain.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      breaks(name, extent, options \\ [])



        
          
        

    

  


  

      

          @spec breaks(name(), {float(), float()}, keyword()) :: [break()]


      


The default breaks, in transformed space, of an axis showing extent under the transformation
name, in the order the transformation leaves them, some outside the extent, those at an end
of a domain transformed to an infinity there, as logit's 0 and 1, which no extent reaches:
extended breaks (Scales.Breaks) on the extent in data units, powers of the base and their multiples under a logarithm in a base
(Scales.Breaks.log/2, so powers of e under :log), calendar dates under the date
transformation and clock times under the date-time one, as R's pretty() finds them, and
spans of time under the time and span of time ones, as Scales.Breaks.timespan/2 finds them.
Under the Box-Cox, modulus and Yeo-Johnson transformations an end of the extent that turns back
to an infinity, past a bound their values never reach, is set aside and the breaks found on the
other end alone, as R's sit there; none where both do.
n: asks for that many: of Scales.Breaks.log/2 under a logarithm in a base, of R's
pretty() under the date and date-time transformations, and of Scales.Breaks.extended/2
under the rest. The time and span of time transformations count no breaks, as R's take no
number, and raise ArgumentError for it; Scales.Breaks.timespan/2 takes one.
Options
	:n (non_neg_integer/0) - The number of breaks wanted, five when not given, for every transformation but :time and a span of time's: from 1 for the logarithms in a base (:log, :log2, :log10, {:log, base}), from 0 for dates and date-times, and from 2 for the rest, as R's own breaks take it.

Examples
iex> Scales.Transform.breaks(:identity, {9.225, 35.075})
[10.0, 15.0, 20.0, 25.0, 30.0, 35.0]

iex> Scales.Transform.breaks(:identity, {9.225, 35.075}, n: 10)
[10.0, 12.5, 15.0, 17.5, 20.0, 22.5, 25.0, 27.5, 30.0, 32.5, 35.0]

iex> Scales.Transform.breaks(:log10, {0.0, 3.0})
[0.0, 1.0, 2.0, 3.0]

iex> Scales.Transform.breaks(:log10, {0.0, 6.0}, n: 2)
[0.0, 4.0]

  



  
    
      
    
    
      derivative(name, values)



        
          
        

    

  


  

      

          @spec derivative(name(), [Scales.double()]) :: [Scales.double()]


      


The derivative of the transformation name at each of values, R's d_transform, each a
double (Scales.double/0), its infinities and NaN as R's arithmetic gives them. Only a
transformation of numbers has one: a date's, date-time's, time's or span of time's raises
FunctionClauseError.
Examples
iex> Scales.Transform.derivative(:sqrt, [0.25, 0, -1, nil])
[1.0, :infinity, :nan, nil]

iex> Scales.Transform.derivative(:identity, [3, nil])
[1.0, 1.0]

  



    

  
    
      
    
    
      format(name, breaks, extent, options \\ [])



        
          
        

    

  


  

      

          @spec format(name(), [float()], {float(), float()} | :given, keyword()) :: [
  String.t()
]


      


The default labels of breaks, in transformed space, under the transformation name: its own
breaks on an axis showing extent, found with options, breaks/3's, or, for :given, breaks
it did not choose, the extent squished into the domain as for breaks/3. A number's are
Scales.Labels.plain/1's, written from the breaks turned back, but the Box-Cox, modulus and
Yeo-Johnson transformations write each of their own from the value in data units it was found
from, since the round trip can keep as few as three of its digits, and a span of time's are
Scales.Labels.timespan/2's; a date's in the format of the step its breaks were chosen at, so a date's or date-time's
breaks found with n: are labelled when given the same n:, and a given date written in full.
Options
breaks/3's.
Examples
iex> Scales.Transform.format(:log10, [0.0, 1.0, 2.0], {0.0, 2.0})
["1", "10", "100"]

iex> extent = {19723.0, 19726.0}
iex> Scales.Transform.format(:date, Scales.Transform.breaks(:date, extent), extent)
["Dec 31", "Jan 01", "Jan 02", "Jan 03", "Jan 04", "Jan 05"]

iex> Scales.Transform.format(:date, [19723.0], :given)
["2024-01-01"]

iex> extent = {18262.0, 18993.0}
iex> breaks = Scales.Transform.breaks(:date, extent, n: 20)
iex> :date |> Scales.Transform.format(breaks, extent, n: 20) |> Enum.take(3)
["Jan 2020", "Feb 2020", "Mar 2020"]

  



  
    
      
    
    
      inverse(name, positions)



        
          
        

    

  


  

      

          @spec inverse(name(), [number()]) :: list()


      


Positions in transformed space turned back into data units by the transformation name.
Examples
iex> Scales.Transform.inverse(:log10, [0.0, 1.0, 2.0])
[1.0, 10.0, 100.0]

  



  
    
      
    
    
      inverse_derivative(name, positions)



        
          
        

    

  


  

      

          @spec inverse_derivative(name(), [Scales.double()]) :: [Scales.double()]


      


The derivative of the inverse of the transformation name at each of positions, in
transformed space, R's d_inverse, as derivative/2 gives the transformation's.
Examples
iex> Scales.Transform.inverse_derivative(:sqrt, [0.5, -2, :infinity])
[1.0, -4.0, :infinity]

  



  
    
      
    
    
      minor_breaks(name, breaks, extent)



        
          
        

    

  


  

      

          @spec minor_breaks(name(), [float()], {float(), float()}) :: [float()]


      


The default minor breaks between breaks on an axis showing extent under the transformation
name, in transformed space: Scales.MinorBreaks.regular/3's, reversed for :reverse.
Examples
iex> Scales.Transform.minor_breaks(:identity, [10.0, 20.0, 30.0], {5.0, 35.0})
[0.0, 5.0, 10.0, 15.0, 20.0, 25.0, 30.0, 35.0, 40.0]

  



  
    
      
    
    
      new(name, options)



        
          
        

    

  


  

      

          @spec new(String.t(), keyword()) :: t()


      


A transformation of your own named name, R's new_transform(), from its functions, each of
one value: given wherever a transformation's name is, and as a composition's part. Its domain
is the whole line unless domain: says, its breaks Scales.Breaks.extended/2's on an axis's
limits in data units, its minor breaks Scales.MinorBreaks.regular/3's and its labels
Scales.Labels.plain/1's of the breaks turned back, each rounded to 14 significant digits
first, unless breaks:, minor_breaks: or labels: say. A missing function, an unknown option, a function of another arity or a domain
not {low, high} raises NimbleOptions.ValidationError.
It is handed every value in its domain, the domain's ends among them, as the module
documentation describes, and its inverse every position but nil and :nan: on the whole
line it handles :infinity and :neg_infinity.
Options
	:transform (function of arity 1) - Required. The transformation, of one value: a number, an integer as a float, or an infinity in the domain, to a number, :infinity, :neg_infinity, :nan or nil.

	:inverse (function of arity 1) - Required. Its inverse, of one position in transformed space, returning as it does.

	:derivative (function of arity 1) - Its derivative, of one value, for derivative/2; without one, derivative/2 raises.

	:inverse_derivative (function of arity 1) - Its inverse's derivative, of one position, for inverse_derivative/2; without one, inverse_derivative/2 raises.

	:domain - The values it takes, {low, high} in data units, each a number or an infinity, low below high. The default value is {:neg_infinity, :infinity}.

	:breaks - An axis's breaks, from its limits in data units, {low, high}, to breaks in data units; one of two arguments is also handed breaks/3's options, so n: reaches it, and one of one argument takes none. The default value is &Scales.Breaks.extended/2.

	:minor_breaks (function of arity 2) - An axis's minor breaks, from its breaks and its extent, both in transformed space, to minor breaks there. The default value is &Scales.MinorBreaks.regular/2.

	:labels (function of arity 1) - An axis's labels, from its breaks turned back into data units; each rounded to 14 significant digits and written as Scales.Labels.plain/1 writes it when not given, since an inverse rarely gives a break back exactly.


Examples
iex> square_root =
...>   Scales.Transform.new("square root",
...>     transform: &:math.sqrt/1,
...>     inverse: fn position -> position * position end,
...>     domain: {0, 1.0e300}
...>   )
iex> Scales.Transform.transform(square_root, [4, -1, nil])
[2.0, :nan, nil]

  



  
    
      
    
    
      squish(name, extent)



        
          
        

    

  


  

      

          @spec squish(name(), {float(), float()}) :: {float(), float()}


      


The extent {low, high}, in transformed space, squished into the domain of the transformation
name, transformed: each end outside it moved onto it, as R's oob_squish() moves it, so
log10's breaks are not sought below -100, and onto a bound the values of a transformation of
every number never pass, the Yeo-Johnson transformation's 1 for an exponent of -1. A date's,
date-time's or time's is never squished.
Examples
iex> Scales.Transform.squish(:log10, {-200.0, 2.0})
{-100.0, 2.0}

  



  
    
      
    
    
      transform(name, values)



        
          
        

    

  


  

      

          @spec transform(name(), list()) :: list()


      


The values put through the transformation name.
Examples
iex> Scales.Transform.transform(:log10, [1, 10, 100, 0, -1, nil])
[0.0, 1.0, 2.0, :neg_infinity, :nan, nil]

iex> Scales.Transform.transform(:date, [~D[1970-01-11], nil])
[10.0, nil]

  



  
    
      
    
    
      trim_to_domain(name, values)



        
          
        

    

  


  

      

          @spec trim_to_domain(name(), [Scales.double()]) ::
  {Scales.double(), Scales.double()} | :none


      


The range values take in transformed space under the transformation name, R's
trim_to_domain(): their range, nil and :nan left out, squished into the domain and its
ends transformed, as {low, high}; :none with no value to range over, where R warns. Only a
transformation of numbers takes one: a date's, date-time's or time's raises
FunctionClauseError.
The range is taken before the transformation, so the reciprocal of a range across zero is the
reciprocals of its ends, and an infinity is kept, not squished, so one outside the domain
transforms to :nan, which makes both ends :nan, as R's range() makes them.
Examples
iex> Scales.Transform.trim_to_domain(:log10, [-5, 0, 10, 1000, nil])
{-100.0, 3.0}

iex> Scales.Transform.trim_to_domain(:reciprocal, [-5, 0, 10, 1000])
{-0.2, 0.001}

iex> Scales.Transform.trim_to_domain(:log10, [:neg_infinity, 5])
{:nan, :nan}

iex> Scales.Transform.trim_to_domain(:sqrt, [nil, :nan])
:none

  



  
    
      
    
    
      width(name, step, extent)



        
          
        

    

  


  

      

          @spec width(
  :date | {:datetime, term(), module()} | :time | {:compose, [name(), ...]},
  keyword(pos_integer()),
  {float(), float()}
) :: [float()]


      


The breaks a step lays, written as Date.shift/2 takes one ([week: 2]), on an axis showing
extent under the date, date-time or time transformation name, in transformed space, some
outside it, as R's breaks_width() lays them: from the extent's start rounded down to the
step's unit (a week to its Monday), every step. Only those three transformations have steps.
Examples
iex> Scales.Transform.width(:date, [week: 2], {19723.0, 19750.0})
[19723.0, 19737.0, 19751.0]
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