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    macaw_data

This software is a very early release, and not ready for general use.

Public home: github.com/dcoai/macaw_data · Docs: hexdocs.pm
Macaw's data layer (spec/00 §4): the interaction event, the data model, the source contract with its conformance kit, derived sources, and the operations designs and derived sources share: transforms, table operations and aggregates (spec/00 §5, dco-tek/macaw_compose#83; #55–#58, #82).
	Module	What it is
	Macaw.Data.Event	the one interaction shape every component emits, and its recorded form, which never holds row data (spec/01 §8)
	Macaw.Data.Schema, Macaw.Data.Schema.Cache	what each field of a source means: types (:point among them), measures, states, identity, the window field, data colors; its version, its public JSON form, and the cache by version (spec/01 §1.2–§1.12)

| Macaw.Data.Delivery | one answer of a source: its table, the schema version, what it served (window or box, resolution, capped, reduced_by: :source | :runtime, params, note) and its origin (spec/01 §3) |
| Macaw.Data.Source, Macaw.Data.Source.Description, Macaw.Data.Source.Request, Macaw.Data.Parameter | the source contract: describe with the host's context, fetch a request (parameters, window, box, region, latest, budget, as_of, viewer, now), optional push; parameters checked before a source is called (spec/01 §2) |
| Macaw.Data.Source.Finish, Macaw.Data.Window, Macaw.Data.Reduce | finishing what a source did not honor: window, box, region, latest and budget (by any registered reducer, LTTB by default), only ever removing rows; the host ceiling and pooled budgets (spec/01 §2.4, §6.1) |
| Macaw.Data.Source.Push | one push subscription as a value: the schema first, increments merged by the window field, pushes coalesced per pulse (spec/01 §4) |
| Macaw.Data.Source.Conformance, Macaw.Data.Bounded | the conformance kit every source runs: eight checks as findings or as ExUnit tests, each callback isolated and judged by reductions (spec/01 §9) |
| Macaw.Data.Derived, Macaw.Data.Derived.Context, Macaw.Data.Derived.Join | derived sources: computed from other sources by a stored or host function, as data, with their forms, conformance, per-identity batches, joined fields and scoping (spec/02 §1–§3) |
| Macaw.Data.Derived.Sandbox | the checker, allowlist, compile-once cache and bounded runner every derived source's function runs in, with its gates, the atom gate among them (spec/02 §6) |
| Macaw.Data.Derived.Functions, Macaw.Data.Derived.Engine, Macaw.Data.Derived.Output | host functions (defsource, an explicit registry), the engine that pulses derived sources, and a derived source read as a source (spec/02 §7–§8) |
| Macaw.Data.Transform, Macaw.Data.Aggregate, Macaw.Data.Operations | the transform and aggregate behaviors, macaw_data's own package, the explicit default-closed registry of enabled packages, and running nodes and aggregates with every fault at once (spec/04 §1–§3) |
| Macaw.Data.Operations.Transforms.*, Macaw.Data.Stack, Macaw.Data.FFT | the twelve table operations: filter, take, window, lttb, m4, sort, fold, stack, bin, aggregate, sum and spectrum, with the stack and FFT engines (spec/04 §4) |
| Macaw.Data.Operations.Aggregates.* | the thirteen statistics, streaming where they can (spec/04 §5) |
| Macaw.Data.Ops | what a stored function calls to reach the registered operations by literal name, checked and compiled against the engine's registry (spec/04 §6) |
| Macaw.Data.Table | columnar typed data: packed number and time columns off the heap, gaps kept; every source shape read at the edge (spec/01 §1.1) |
| Macaw.Data.Unit | units named by their UCUM codes, with aliases, the ISO 4217 currency extension, display symbols and exact conversion (spec/03 §1–§7) |
| Macaw.Data.Quantity | the fixed list of quantities and their facts: kind, bounds, additivity, families, conventions and unit systems; the measure; the label rule (spec/03 §8–§14) |
Depends on macaw_layers (the document kernel); table and nx are optional, for reading their sources into a table. From Hex:
{:macaw_data, "~> 0.5.3"}
Part of Macaw.


  

    Changelog

v0.5.3 (2026-10-28)
	On Hex: depends on macaw_layers ~> 0.2.2 from Hex instead of its git tag, and the README installs from Hex (macaw#155).
	The README opens with the early-release notice (macaw#174).

v0.5.2 (2026-10-28)
	Dependencies named by their dco-tek/macaw group paths (macaw#152).
	Package metadata for Hex: the public home, the changelog link, the files shipped, and docs with ex_doc (macaw_compose#155).

v0.5.1 (2026-10-28)
	macaw_data v0.5.1: on macaw_layers v0.2.0 (macaw_compose#145)

v0.5.0 (2026-10-27)
	macaw_data v0.5.0: transforms, table operations and aggregates (macaw_compose#83): the behaviors, the registry, twelve table operations, thirteen statistics, Macaw.Data.Ops in the sandbox, budget reducers by name

v0.4.0 (2026-10-27)
	macaw_data v0.4.0: derived sources (macaw_compose#82): the model, the sandbox and its gates, host functions and the engine

v0.3.0 (2026-10-27)
	macaw_data v0.3.0: the source contract (macaw_compose#58): the behavior, description, request and parameters; windows and finishing; push; the conformance kit

v0.2.0 (2026-10-27)
	macaw_data v0.2.0: the data model (macaw_compose#57): units and quantities, the columnar table, the schema, the delivery

v0.1.0 (2026-10-27)
	macaw_data 0.1.0: Macaw.Data.Event



  

    
Macaw.Data.Aggregate behaviour
    



      
The aggregate behavior (spec/04 §1.2): a statistic, one column's readings reduced to one
value (visualize#909).
reduce/2 is given the readings with every nil dropped, since a gap is absence, never
zero (spec/01 §1.1). An aggregate may also give the streaming form, init/1, step/3
and finish/2 together, over the same readings in the same order:
finish(Enum.reduce(values, init(options), &step(&2, &1, options)), options)
== reduce(values, options)
Its options are checked as a transform's are (Macaw.Data.Operations.Option), and may
not be a key of a step that names it (Macaw.Data.Operations.step_keys/0): the registry
refuses one that is.

      


      
        Summary


  
    Types
  


    
      
        options()

      


        Checked options: each declared option by its string, its default filled in.



    





  
    Callbacks
  


    
      
        finish(term, options)

      


        The streaming form's value of its state.



    


    
      
        init(options)

      


        The streaming form's first state.



    


    
      
        keeps_unit?()

      


        Whether the input's unit and quantity carry to the output.



    


    
      
        name()

      


        The name a node's fn or a stored function names, unique in a registry.



    


    
      
        options()

      


        The keys the aggregate reads.



    


    
      
        output(type, options)

      


        The output's table type for an input column of type.



    


    
      
        reduce(list, options)

      


        The value of the readings, nils already dropped.



    


    
      
        step(term, term, options)

      


        The streaming form's state after one more reading.



    





      


      
        Types


        


  
    
      
    
    
      options()



        
          
        

    

  


  

      

          @type options() :: %{required(String.t()) => term()}


      


Checked options: each declared option by its string, its default filled in.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      finish(term, options)


        (optional)


        
          
        

    

  


  

      

          @callback finish(term(), options()) :: term()


      


The streaming form's value of its state.

  



  
    
      
    
    
      init(options)


        (optional)


        
          
        

    

  


  

      

          @callback init(options()) :: term()


      


The streaming form's first state.

  



  
    
      
    
    
      keeps_unit?()



        
          
        

    

  


  

      

          @callback keeps_unit?() :: boolean()


      


Whether the input's unit and quantity carry to the output.

  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @callback name() :: String.t()


      


The name a node's fn or a stored function names, unique in a registry.

  



  
    
      
    
    
      options()



        
          
        

    

  


  

      

          @callback options() :: [{String.t(), Macaw.Data.Operations.Option.t()}]


      


The keys the aggregate reads.

  



  
    
      
    
    
      output(type, options)



        
          
        

    

  


  

      

          @callback output(Macaw.Data.Table.type(), options()) :: Macaw.Data.Table.type()


      


The output's table type for an input column of type.

  



  
    
      
    
    
      reduce(list, options)



        
          
        

    

  


  

      

          @callback reduce([term()], options()) :: term()


      


The value of the readings, nils already dropped.

  



  
    
      
    
    
      step(term, term, options)


        (optional)


        
          
        

    

  


  

      

          @callback step(term(), term(), options()) :: term()


      


The streaming form's state after one more reading.

  


        

      


  

    
Macaw.Data.Bounded 
    



      
One call in a monitored process of its own, its cost counted rather than timed: the
conformance kit's runner (spec/01 §9), ported from visualize's Visualize.Bounded.
The cost is the reductions the call's process spends, collections included, which a
loaded host does not change. A call that answers is judged by its own count, read as
its function returns; a call still running is read every 10 ms and killed at the first
reading over the cap. Liveness is a separate wall-clock bound, timeout, for a call
blocked in receive, which spends no reductions and so is never stopped by a cap.
Nothing is rescued: a raise or an exit is read from the process's :DOWN.
iex> {:ok, 3, _spent} = Macaw.Data.Bounded.run(fn -> 1 + 2 end, timeout: 1_000)
iex> Macaw.Data.Bounded.run(fn -> receive(do: (:never -> :ok)) end, timeout: 10)
:hung

      


      
        Summary


  
    Types
  


    
      
        outcome()

      


        How a bounded call ended.



    





  
    Functions
  


    
      
        run(thunk, opts)

      


        thunk called in a process spawned with spawn: options and :monitor, the caller in
its $callers: {:ok, value, reductions}; {:reductions, spent} when it spent more
than reductions: (nil, no cap); :hung when it had not answered within timeout:
ms; {:down, reason} when it exited first, a heap limit's kill as :killed. A process
the caller kills is waited for, so nothing it does outlives the call.



    





      


      
        Types


        


  
    
      
    
    
      outcome()



        
          
        

    

  


  

      

          @type outcome() ::
  {:ok, term(), non_neg_integer()}
  | {:reductions, non_neg_integer()}
  | :hung
  | {:down, term()}


      


How a bounded call ended.

  


        

      

      
        Functions


        


  
    
      
    
    
      run(thunk, opts)



        
          
        

    

  


  

      

          @spec run((-> term()), keyword()) :: outcome()


      


thunk called in a process spawned with spawn: options and :monitor, the caller in
its $callers: {:ok, value, reductions}; {:reductions, spent} when it spent more
than reductions: (nil, no cap); :hung when it had not answered within timeout:
ms; {:down, reason} when it exited first, a heap limit's kill as :killed. A process
the caller kills is waited for, so nothing it does outlives the call.

  


        

      


  

    
Macaw.Data.Delivery 
    



      
One answer of a source: its rows, as a table, and what it actually served (spec/01 §3).
A delivery is a handful of terms beside its table, never per row:
	table: the rows, a Macaw.Data.Table. new/2 reads any source shape into one at
the edge, so a gap stays nil: absence is never zero.
	schema: the version of the schema the rows were produced under
(Macaw.Data.Schema.version/1), never the schema itself, which
Macaw.Data.Schema.Cache holds by version; nil when the source has none.
	served: what this answer served, which may differ from what was asked:	window: a range [from, to], a box over a :point window field
%{west: w, south: s, east: e, north: n}, or nil;
	resolution: the spacing of the rows as served (seconds, or a name such as
:minute), or nil;
	capped: whether the source stopped short of the window it was asked for;
	reduced_by: who brought the rows within budget, :source or :runtime, or nil
when nobody had to;
	params: the parameters it was answered for, a map;
	note: a line for a person ("coarsened from raw"), or nil.


	origin: where it came from, %{source: name, request: digest, as_of: time | nil},
or nil.


The shape of visualize's Visualize.Data.Delivery, whose facts are flat and whose
reduced_by is :feed or :visualize, is spec/01 §3's here.
Examples
iex> alias Macaw.Data.{Delivery, Table}
iex> d = Delivery.new(%{t: [1, 2], v: [3, nil]}, served: [window: [0, 10]], schema: "ab12")
iex> Table.rows(d.table)
[%{t: 1, v: 3}, %{t: 2, v: nil}]
iex> {d.served.window, d.served.capped, d.served.reduced_by}
{[0, 10], false, nil}

      


      
        Summary


  
    Types
  


    
      
        origin()

      


        Where an answer came from.



    


    
      
        served()

      


        What one answer served (spec/01 §3).



    


    
      
        t()

      


    


    
      
        window()

      


        A window as served: a range, a box over positions, or none.



    





  
    Functions
  


    
      
        new(rows, opts \\ [])

      


        A delivery of rows, any source Macaw.Data.Table.from/2 reads (a table passes as it
is), with served: (a keyword list or map of the served facts), schema: (a version)
and origin:. types: is passed to Table.from/2.



    


    
      
        rows(delivery)

      


        The rows a delivery carries, one map per row (Macaw.Data.Table.rows/1).



    





      


      
        Types


        


  
    
      
    
    
      origin()



        
          
        

    

  


  

      

          @type origin() ::
  %{source: term(), request: String.t(), as_of: DateTime.t() | nil} | nil


      


Where an answer came from.

  



  
    
      
    
    
      served()



        
          
        

    

  


  

      

          @type served() :: %{
  window: window(),
  resolution: term(),
  capped: boolean(),
  reduced_by: :source | :runtime | nil,
  params: map(),
  note: String.t() | nil
}


      


What one answer served (spec/01 §3).

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Macaw.Data.Delivery{
  origin: origin(),
  schema: String.t() | nil,
  served: served(),
  table: Macaw.Data.Table.t()
}


      



  



  
    
      
    
    
      window()



        
          
        

    

  


  

      

          @type window() ::
  [term()]
  | %{west: number(), south: number(), east: number(), north: number()}
  | nil


      


A window as served: a range, a box over positions, or none.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(rows, opts \\ [])



        
          
        

    

  


  

      

          @spec new(Macaw.Data.Table.source() | Macaw.Data.Table.t(), keyword()) :: t()


      


A delivery of rows, any source Macaw.Data.Table.from/2 reads (a table passes as it
is), with served: (a keyword list or map of the served facts), schema: (a version)
and origin:. types: is passed to Table.from/2.
Raises ArgumentError naming the fault: a key that is not a delivery's or a served
fact, a value a field does not take, or rows no table reads.

  



  
    
      
    
    
      rows(delivery)



        
          
        

    

  


  

      

          @spec rows(t()) :: [map()]


      


The rows a delivery carries, one map per row (Macaw.Data.Table.rows/1).

  


        

      


  

    
Macaw.Data.Derived 
    



      
A derived source: a source computed from other sources by a function, rows in and rows
out (spec/02). Ported from visualize's Visualize.VirtualSource (visualize#643, D-194).
It is data: id, its inputs (from), its output's schema, and its function as
source text (elixir, checked by Macaw.Data.Derived.Sandbox) or a host function's
name (function, defined with defsource, spec/02 §7), so a document holds it and its
forms write it. With per: the function runs once per entity of one input and its rows
are joined back by that input's declared identity. Every name is a string.
iex> {:ok, health} =
...>   Macaw.Data.Derived.new(
...>     id: :health,
...>     from: [hosts: %{last: 20}],
...>     per: :identity,
...>     schema: %{
...>       host: %{type: :category, identity: true},
...>       state: %{type: :category, values: [:ok, :warning, :error]}
...>     },
...>     elixir: "fn rows -> %{state: :ok} end"
...>   )
iex> {health.id, health.from}
{"health", [{"hosts", %{last: 20}}]}
iex> Macaw.Data.Derived.conform(health, [%{host: "a", state: :ok}])
{:ok, [%{"host" => "a", "state" => :ok}]}
iex> Macaw.Data.Derived.conform(health, [%{host: "a", state: :unknown}])
{:error, {0, "state", :not_in_values}}
iex> Macaw.Data.Derived.resolve([["health"], ["ops", "health"]], [:ops], :health)
{:ok, ["ops", "health"]}

      


      
        Summary


  
    Types
  


    
      
        error()

      


        A fault: the path from the source to the value, and why (spec/02 §1.1).



    


    
      
        input()

      


        An input as its owner read it (spec/02 §1.3, §2.2): its name, its rows in its window,
its schema, and the delivery it came in.



    


    
      
        name()

      


        What an input names (spec/02 §2.1): a short id, a source, or a path.



    


    
      
        t()

      


    


    
      
        window()

      


        How much of an input the function needs (spec/02 §2.2).



    





  
    Functions
  


    
      
        argument(source, inputs)

      


        The first argument a function is called with (spec/02 §2.2): the inputs as one map from
key to rows. A stored function reads a key, a row's field and a row's category value as
it reads its own literals, a word's atom, else the string; a host's function reads each
key as its string and each row as its source gave it.



    


    
      
        conform(derived, rows)

      


        An answer held to the source's schema (spec/02 §1.2): {:ok, rows}, the rows keyed by
their fields' strings, or {:error, {index, field, reason}} for the first row that does
not hold, never the value.



    


    
      
        cycles(reads)

      


        Every cycle among definitions whose inputs are resolved (spec/02 §3): reads maps each
path to the paths it reads. Each strongly connected component that holds a cycle, a
source that reads itself included, is its members' paths, sorted; the cycles are sorted
too. Sources downstream of a cycle are in none.



    


    
      
        dotted(path)

      


        A path shown dotted (spec/02 §3).



    


    
      
        format_error(arg)

      


        One fault as a line a person reads, the root named derived source (spec/02 §1.1).



    


    
      
        from_json(json, opts \\ [])

      


        The derived source a JSON document holds: read through macaw_layers' limits and scan
first, so input over a limit is refused before it is decoded (limits: tightens them),
then decoded and read by new/1.



    


    
      
        identity_input(derived)

      


        The name of the input a per source's entities come from: the only input under
:identity, the one named under {:identity, input}; nil without per (spec/02 §1.3).



    


    
      
        key(path)

      


        The key an input is read under (spec/02 §2.1): a short id, a source's name, or a path's
last name, its string.



    


    
      
        new(source)

      


        A derived source of a keyword list, a map with atom keys, or its map form (spec/02
§1.5), checked alone (spec/02 §1.1): {:ok, derived}, or {:error, errors} with every
fault by path.



    


    
      
        new!(source)

      


        The derived source, or ArgumentError naming every fault.



    


    
      
        per(source, inputs, call)

      


        A per source's batch over read inputs (spec/02 §1.3): call is the function applied to
one entity's argument (argument/2's map, or the entity's rows alone when the source
has one input), called once per entity of the identity input in its order of first
appearance, a row with no identity dropped. Each answer, a row or a list of rows, is
given its entity's identity and the answers joined: {:ok, rows}, or
{:error, :nonconforming, {index, field, reason}} for an answer that is not rows or a
row naming another identity. The caller runs the whole batch as one bounded call.



    


    
      
        resolve(paths, scope, ref)

      


        What a reference names (spec/02 §3), given every definition's path (a list, or a map
keyed by path) and the scope it is read from: a short id from the inside out, a full
path exactly. {:ok, path} or :error; {:source, name} is never resolved.



    


    
      
        to_json(source)

      


        The source's JSON form: to_map/1, encoded.



    


    
      
        to_map(source)

      


        The source's map form (spec/02 §1.5), JSON-ready with every name a string:
new(to_map(derived)) == {:ok, derived}.



    


    
      
        validate(source, opts \\ [])

      


        :ok, or every fault of the source given what it reads (spec/02 §1.1): inputs:, a map
from an input's key (or name) to its %Macaw.Data.Schema{} where it is known, and
functions:, the host functions' registry (Macaw.Data.Derived.Functions.registry/1),
or nil to leave the name unchecked, and operations:, the registry a stored
function's Macaw.Data.Ops calls are held to (Macaw.Data.Operations.registry/1), or
nil to hold their names only to being literals (spec/04 §6.1).



    


    
      
        window(rows, window, schema)

      


        An input's rows in its window (spec/02 §2.2): nil every row; %{last: n} each
identity's newest n rows by the window field, else the newest n; a request the rows
its window, box, region and latest select, finished by Macaw.Data.Source.Finish.



    





      


      
        Types


        


  
    
      
    
    
      error()



        
          
        

    

  


  

      

          @type error() :: {list(), term()}


      


A fault: the path from the source to the value, and why (spec/02 §1.1).

  



  
    
      
    
    
      input()



        
          
        

    

  


  

      

          @type input() :: %{
  :name => name(),
  :rows => [map()],
  :schema => Macaw.Data.Schema.t(),
  optional(:delivery) => Macaw.Data.Delivery.t()
}


      


An input as its owner read it (spec/02 §1.3, §2.2): its name, its rows in its window,
its schema, and the delivery it came in.

  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @type name() :: String.t() | {:source, String.t()} | [String.t(), ...]


      


What an input names (spec/02 §2.1): a short id, a source, or a path.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Macaw.Data.Derived{
  elixir: String.t() | nil,
  from: [{name(), window()}, ...],
  function: String.t() | nil,
  id: String.t(),
  per: nil | :identity | {:identity, name()},
  schema: Macaw.Data.Schema.t()
}


      



  



  
    
      
    
    
      window()



        
          
        

    

  


  

      

          @type window() ::
  nil
  | %{last: pos_integer()}
  | %{
      optional(:window) => list(),
      optional(:box) => map(),
      optional(:region) => map(),
      optional(:latest) => boolean()
    }


      


How much of an input the function needs (spec/02 §2.2).

  


        

      

      
        Functions


        


  
    
      
    
    
      argument(source, inputs)



        
          
        

    

  


  

      

          @spec argument(t(), [input()]) :: map()


      


The first argument a function is called with (spec/02 §2.2): the inputs as one map from
key to rows. A stored function reads a key, a row's field and a row's category value as
it reads its own literals, a word's atom, else the string; a host's function reads each
key as its string and each row as its source gave it.

  



  
    
      
    
    
      conform(derived, rows)



        
          
        

    

  


  

      

          @spec conform(t(), term()) ::
  {:ok, [map()]} | {:error, {non_neg_integer() | nil, String.t() | nil, term()}}


      


An answer held to the source's schema (spec/02 §1.2): {:ok, rows}, the rows keyed by
their fields' strings, or {:error, {index, field, reason}} for the first row that does
not hold, never the value.

  



  
    
      
    
    
      cycles(reads)



        
          
        

    

  


  

      

          @spec cycles(%{required(list()) => [list()]}) :: [[list(), ...]]


      


Every cycle among definitions whose inputs are resolved (spec/02 §3): reads maps each
path to the paths it reads. Each strongly connected component that holds a cycle, a
source that reads itself included, is its members' paths, sorted; the cycles are sorted
too. Sources downstream of a cycle are in none.
iex> Macaw.Data.Derived.cycles(%{["a"] => [["b"]], ["b"] => [["a"]], ["c"] => [["a"]], ["d"] => [["d"]]})
[[["a"], ["b"]], [["d"]]]

  



  
    
      
    
    
      dotted(path)



        
          
        

    

  


  

      

          @spec dotted([String.t() | atom()]) :: String.t()


      


A path shown dotted (spec/02 §3).
iex> Macaw.Data.Derived.dotted(["ops", "health"])
"ops.health"

  



  
    
      
    
    
      format_error(arg)



        
          
        

    

  


  

      

          @spec format_error(error()) :: String.t()


      


One fault as a line a person reads, the root named derived source (spec/02 §1.1).
iex> Macaw.Data.Derived.format_error({[:per], {:per, :ambiguous}})
"per: is :identity over several inputs: name the input, {:identity, input}"

  



    

  
    
      
    
    
      from_json(json, opts \\ [])



        
          
        

    

  


  

      

          @spec from_json(binary(), keyword()) :: {:ok, t()} | {:error, [error(), ...]}


      


The derived source a JSON document holds: read through macaw_layers' limits and scan
first, so input over a limit is refused before it is decoded (limits: tightens them),
then decoded and read by new/1.

  



  
    
      
    
    
      identity_input(derived)



        
          
        

    

  


  

      

          @spec identity_input(t()) :: name() | nil


      


The name of the input a per source's entities come from: the only input under
:identity, the one named under {:identity, input}; nil without per (spec/02 §1.3).

  



  
    
      
    
    
      key(path)



        
          
        

    

  


  

      

          @spec key(name() | atom()) :: String.t() | nil


      


The key an input is read under (spec/02 §2.1): a short id, a source's name, or a path's
last name, its string.
iex> Macaw.Data.Derived.key(["ops", "health"])
"health"
iex> Macaw.Data.Derived.key({:source, "vm.memory.total"})
"vm.memory.total"

  



  
    
      
    
    
      new(source)



        
          
        

    

  


  

      

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


      


A derived source of a keyword list, a map with atom keys, or its map form (spec/02
§1.5), checked alone (spec/02 §1.1): {:ok, derived}, or {:error, errors} with every
fault by path.

  



  
    
      
    
    
      new!(source)



        
          
        

    

  


  

      

          @spec new!(map() | keyword()) :: t()


      


The derived source, or ArgumentError naming every fault.

  



  
    
      
    
    
      per(source, inputs, call)



        
          
        

    

  


  

      

          @spec per(t(), [input()], (term() -> term())) ::
  {:ok, [map()]} | {:error, :nonconforming, {term(), term(), term()}}


      


A per source's batch over read inputs (spec/02 §1.3): call is the function applied to
one entity's argument (argument/2's map, or the entity's rows alone when the source
has one input), called once per entity of the identity input in its order of first
appearance, a row with no identity dropped. Each answer, a row or a list of rows, is
given its entity's identity and the answers joined: {:ok, rows}, or
{:error, :nonconforming, {index, field, reason}} for an answer that is not rows or a
row naming another identity. The caller runs the whole batch as one bounded call.

  



  
    
      
    
    
      resolve(paths, scope, ref)



        
          
        

    

  


  

      

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


      


What a reference names (spec/02 §3), given every definition's path (a list, or a map
keyed by path) and the scope it is read from: a short id from the inside out, a full
path exactly. {:ok, path} or :error; {:source, name} is never resolved.
iex> paths = [["health"], ["ops", "health"], ["ops", "box", "load"]]
iex> Macaw.Data.Derived.resolve(paths, ["ops", "box"], "health")
{:ok, ["ops", "health"]}
iex> Macaw.Data.Derived.resolve(paths, ["other"], :health)
{:ok, ["health"]}
iex> Macaw.Data.Derived.resolve(paths, [], ["ops", "box", "load"])
{:ok, ["ops", "box", "load"]}
iex> Macaw.Data.Derived.resolve(paths, ["ops"], {:source, "health"})
:error

  



  
    
      
    
    
      to_json(source)



        
          
        

    

  


  

      

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


      


The source's JSON form: to_map/1, encoded.

  



  
    
      
    
    
      to_map(source)



        
          
        

    

  


  

      

          @spec to_map(t()) :: map()


      


The source's map form (spec/02 §1.5), JSON-ready with every name a string:
new(to_map(derived)) == {:ok, derived}.

  



    

  
    
      
    
    
      validate(source, opts \\ [])



        
          
        

    

  


  

      

          @spec validate(t(), keyword()) :: :ok | {:error, [error(), ...]}


      


:ok, or every fault of the source given what it reads (spec/02 §1.1): inputs:, a map
from an input's key (or name) to its %Macaw.Data.Schema{} where it is known, and
functions:, the host functions' registry (Macaw.Data.Derived.Functions.registry/1),
or nil to leave the name unchecked, and operations:, the registry a stored
function's Macaw.Data.Ops calls are held to (Macaw.Data.Operations.registry/1), or
nil to hold their names only to being literals (spec/04 §6.1).

  



  
    
      
    
    
      window(rows, window, schema)



        
          
        

    

  


  

      

          @spec window([map()], window(), Macaw.Data.Schema.t()) :: [map()]


      


An input's rows in its window (spec/02 §2.2): nil every row; %{last: n} each
identity's newest n rows by the window field, else the newest n; a request the rows
its window, box, region and latest select, finished by Macaw.Data.Source.Finish.
iex> schema = Macaw.Data.Schema.new!(%{t: %{type: :number, window: true}, v: %{type: :number}})
iex> rows = for t <- 1..5, do: %{t: t, v: t * 10}
iex> Macaw.Data.Derived.window(rows, %{last: 2}, schema)
[%{t: 4, v: 40}, %{t: 5, v: 50}]
iex> Macaw.Data.Derived.window(rows, %{window: [2, 3]}, schema)
[%{t: 2, v: 20}, %{t: 3, v: 30}]

  


        

      


  

    
Macaw.Data.Derived.Context 
    



      
The context a derived source's function of two arguments is called with (spec/02 §2.3):
each input's schema as data and its delivery's served facts. It holds no clock and no
variables: a variable is an input like any other.
Every name is a string: a field's, a description's key, a value entry's key. A value is
the term the schema or the delivery holds, read through value: a stored function's by
the rule its literals follow (a word's atom, else the string), a host's as given.
iex> alias Macaw.Data.{Delivery, Schema}
iex> schema = Schema.new!(%{cpu: %{type: :number, bounds: [0, 100]}})
iex> delivery = Delivery.new([%{cpu: 3}], served: [window: [0, 10], capped: true])
iex> Macaw.Data.Derived.Context.new([%{key: "hosts", delivery: delivery, schema: schema}])
%{"inputs" => %{"hosts" => %{"schema" => %{"cpu" => %{"bounds" => [0, 100], "type" => :number}},
  "window" => [0, 10], "resolution" => nil, "capped" => true}}}
Ported from visualize's Visualize.VirtualSource.Context, its "vars" left out
(spec/02 §2.3).

      


      
        Summary


  
    Types
  


    
      
        input()

      


        An input as the owner gathered it: its key, its delivery and its schema.



    





  
    Functions
  


    
      
        new(inputs, key \\ &to_string/1, value \\ & &1)

      


        The context of the inputs: key gives an input's key as the first argument keys it
(its string by default), value a value as the function reads it (as given by default).



    


    
      
        schema(schema, value \\ & &1)

      


        A schema as data, as a term: each field's name its string, each description's keys
their strings, a value entry a map of its keys' strings, and every value read through
value.



    





      


      
        Types


        


  
    
      
    
    
      input()



        
          
        

    

  


  

      

          @type input() :: %{
  key: term(),
  delivery: Macaw.Data.Delivery.t(),
  schema: Macaw.Data.Schema.t()
}


      


An input as the owner gathered it: its key, its delivery and its schema.

  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      new(inputs, key \\ &to_string/1, value \\ & &1)



        
          
        

    

  


  

      

          @spec new([input()], (term() -> term()), (term() -> term())) :: map()


      


The context of the inputs: key gives an input's key as the first argument keys it
(its string by default), value a value as the function reads it (as given by default).

  



    

  
    
      
    
    
      schema(schema, value \\ & &1)



        
          
        

    

  


  

      

          @spec schema(Macaw.Data.Schema.t(), (term() -> term())) :: map()


      


A schema as data, as a term: each field's name its string, each description's keys
their strings, a value entry a map of its keys' strings, and every value read through
value.

  


        

      


  

    
Macaw.Data.Derived.Engine 
    



      
Where derived sources run (spec/02 §8): a value its owner holds and calls from its
own callbacks, as a Macaw.Data.Source.Push is held. One owner, and no second process
between the owner and its sources' rows. On a Macaw page the owner is macaw_compose's
runtime.
new/2 defines the sources (every input resolved, cycles refused by name, ranks
assigned). push/4 shows the engine its sources' latest deliveries: a source that
changed marks the derived sources that read it, and the first mark makes a pulse due
debounce: milliseconds later. run/2 runs a due pulse: the marked sources in rank
order, each at most once, every call bounded (Macaw.Data.Derived.Sandbox.run/3). A
source that fails keeps its last good output, and the pulse goes no further along it.
The engine never reads a clock: now is the owner's monotonic milliseconds.
iex> alias Macaw.Data.{Delivery, Derived, Schema}
iex> alias Macaw.Data.Derived.Engine
iex> count = Derived.new!(id: :count, from: [hosts: nil],
...>   schema: %{n: %{type: :number}}, elixir: "fn %{hosts: rows} -> [%{n: Enum.count(rows)}] end")
iex> {:ok, engine} = Engine.new(%{["count"] => count}, sources: [:hosts], debounce: 0)
iex> hosts = Schema.new!(%{host: %{type: :category}})
iex> engine = Engine.push(engine, %{hosts: Delivery.new([%{host: "a"}, %{host: "b"}])}, %{hosts: hosts}, 0)
iex> engine = Engine.run(engine, 0)
iex> Delivery.rows(Engine.outputs(engine)[["count"]])
[%{"n" => 2}]
iex> Engine.status(engine)
%{["count"] => :live}
Ported from visualize's Visualize.VirtualSource.Engine, without its variables (a
variable is an input, spec/02 §2.3) and with sources in place of feeds.

      


      
        Summary


  
    Types
  


    
      
        error()

      


        A definition fault: the source's path, where in it, and why (spec/02 §8.1).



    


    
      
        fault()

      


        A source's fault (spec/02 §8.3): its kind and its detail, never a value.



    


    
      
        path()

      


    


    
      
        ref()

      


    


    
      
        scope()

      


        A scope's path, [] the outermost (spec/02 §3).



    


    
      
        t()

      


    





  
    Functions
  


    
      
        due(engine)

      


        The monotonic millisecond the next pulse is due, or nil (spec/02 §8.2).



    


    
      
        faults(engine)

      


        Every failing derived source's fault by path, %{kind: kind, detail: detail}.



    


    
      
        new(derived)

      


        As new/2 with no options.



    


    
      
        new(derived, opts)

      


        The engine over derived sources by path, defined (spec/02 §8.1): {:ok, engine}, or
{:error, errors}: every input that resolves to nothing, every host function the
registry lacks, then every cycle by name. Options (spec/02 §8.4): sources: (the names
of the sources the derived sources may read, []), functions: (the registry, %{},
default closed), packages: (the packages of operations a stored function may reach
besides macaw_data's own, [], default closed, spec/04 §6.1), debounce:
(milliseconds, 250), and max_reductions:, timeout: and max_heap: (each call's
bounds, tighten-only).



    


    
      
        outputs(engine)

      


        Every derived source's last good output by path, a %Macaw.Data.Delivery{} naming its
output schema's version.



    


    
      
        push(engine, deliveries, schemas, now)

      


        The sources' latest deliveries and their schemas, each by name, shown to the engine at
the owner's monotonic millisecond now (spec/02 §8.2): every derived source that reads
a source whose delivery is not the one last seen is marked, and the first mark makes the
next pulse due debounce later.



    


    
      
        resolve(engine, scope, name)

      


        What a name read from a scope names (spec/02 §8.4): {:derived, path} for a derived
source, resolved from the inside out, else {:source, name} for a source the engine may
read, else :error.



    


    
      
        run(engine, now)

      


        The due pulse run at now (spec/02 §8.2): the marked sources in rank order, each at
most once; a changed answer marks its readers, which run later in the same pulse. The
engine is returned as it is when no pulse is due.



    


    
      
        runs(engine)

      


        How many times each derived source has run, by path.



    


    
      
        schemas(engine)

      


        Every derived source's output schema, by path.



    


    
      
        source(engine, path)

      


        As source/3 with no options.



    


    
      
        source(engine, path, opts)

      


        The derived source at path as a Macaw.Data.Source (spec/02 §8.5): a
%Macaw.Data.Derived.Output{} over its last good output and its output schema.
viewer_independent: is the owner's to declare (false): the engine sees its inputs'
deliveries, not their descriptions.



    


    
      
        sources_read(engine)

      


        The sources some derived source reads, sorted.



    


    
      
        status(engine)

      


        Every derived source's state by path (spec/02 §8.3): :loading before its first
answer, :live after, and {:down, {:derived, id, kind}} while it fails.



    





      


      
        Types


        


  
    
      
    
    
      error()



        
          
        

    

  


  

      

          @type error() :: {path(), list(), term()}


      


A definition fault: the source's path, where in it, and why (spec/02 §8.1).

  



  
    
      
    
    
      fault()



        
          
        

    

  


  

      

          @type fault() :: %{kind: atom(), detail: term()}


      


A source's fault (spec/02 §8.3): its kind and its detail, never a value.

  



  
    
      
    
    
      path()



        
          
        

    

  


  

      

          @type path() :: [String.t(), ...]


      



  



  
    
      
    
    
      ref()



        
          
        

    

  


  

      

          @type ref() :: {:derived, path()} | {:source, String.t()}


      



  



  
    
      
    
    
      scope()



        
          
        

    

  


  

      

          @type scope() :: [atom() | String.t()]


      


A scope's path, [] the outermost (spec/02 §3).

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Macaw.Data.Derived.Engine{
  arities: term(),
  cache: term(),
  checked: term(),
  compiled: term(),
  debounce: term(),
  derived: term(),
  due: term(),
  faults: term(),
  functions: term(),
  inputs: term(),
  marked: term(),
  operations: term(),
  order: term(),
  outputs: term(),
  ranks: term(),
  readers: term(),
  run_opts: term(),
  runs: term(),
  seen: term(),
  source_schemas: term(),
  sources: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      due(engine)



        
          
        

    

  


  

      

          @spec due(t()) :: integer() | nil


      


The monotonic millisecond the next pulse is due, or nil (spec/02 §8.2).

  



  
    
      
    
    
      faults(engine)



        
          
        

    

  


  

      

          @spec faults(t()) :: %{required(path()) => fault()}


      


Every failing derived source's fault by path, %{kind: kind, detail: detail}.

  



  
    
      
    
    
      new(derived)



        
          
        

    

  


  

      

          @spec new(%{required(list()) => Macaw.Data.Derived.t()}) ::
  {:ok, t()} | {:error, [error(), ...]}


      


As new/2 with no options.

  



  
    
      
    
    
      new(derived, opts)



        
          
        

    

  


  

      

          @spec new(%{required(list()) => Macaw.Data.Derived.t()}, keyword()) ::
  {:ok, t()} | {:error, [error(), ...]}


      


The engine over derived sources by path, defined (spec/02 §8.1): {:ok, engine}, or
{:error, errors}: every input that resolves to nothing, every host function the
registry lacks, then every cycle by name. Options (spec/02 §8.4): sources: (the names
of the sources the derived sources may read, []), functions: (the registry, %{},
default closed), packages: (the packages of operations a stored function may reach
besides macaw_data's own, [], default closed, spec/04 §6.1), debounce:
(milliseconds, 250), and max_reductions:, timeout: and max_heap: (each call's
bounds, tighten-only).

  



  
    
      
    
    
      outputs(engine)



        
          
        

    

  


  

      

          @spec outputs(t()) :: %{required(path()) => Macaw.Data.Delivery.t()}


      


Every derived source's last good output by path, a %Macaw.Data.Delivery{} naming its
output schema's version.

  



  
    
      
    
    
      push(engine, deliveries, schemas, now)



        
          
        

    

  


  

      

          @spec push(t(), map(), map(), integer()) :: t()


      


The sources' latest deliveries and their schemas, each by name, shown to the engine at
the owner's monotonic millisecond now (spec/02 §8.2): every derived source that reads
a source whose delivery is not the one last seen is marked, and the first mark makes the
next pulse due debounce later.

  



  
    
      
    
    
      resolve(engine, scope, name)



        
          
        

    

  


  

      

          @spec resolve(t(), scope(), term()) :: ref() | :error


      


What a name read from a scope names (spec/02 §8.4): {:derived, path} for a derived
source, resolved from the inside out, else {:source, name} for a source the engine may
read, else :error.

  



  
    
      
    
    
      run(engine, now)



        
          
        

    

  


  

      

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


      


The due pulse run at now (spec/02 §8.2): the marked sources in rank order, each at
most once; a changed answer marks its readers, which run later in the same pulse. The
engine is returned as it is when no pulse is due.

  



  
    
      
    
    
      runs(engine)



        
          
        

    

  


  

      

          @spec runs(t()) :: %{required(path()) => non_neg_integer()}


      


How many times each derived source has run, by path.

  



  
    
      
    
    
      schemas(engine)



        
          
        

    

  


  

      

          @spec schemas(t()) :: %{required(path()) => Macaw.Data.Schema.t()}


      


Every derived source's output schema, by path.

  



  
    
      
    
    
      source(engine, path)



        
          
        

    

  


  

      

          @spec source(t(), list()) :: Macaw.Data.Derived.Output.t()


      


As source/3 with no options.

  



  
    
      
    
    
      source(engine, path, opts)



        
          
        

    

  


  

      

          @spec source(t(), list(), keyword()) :: Macaw.Data.Derived.Output.t()


      


The derived source at path as a Macaw.Data.Source (spec/02 §8.5): a
%Macaw.Data.Derived.Output{} over its last good output and its output schema.
viewer_independent: is the owner's to declare (false): the engine sees its inputs'
deliveries, not their descriptions.

  



  
    
      
    
    
      sources_read(engine)



        
          
        

    

  


  

      

          @spec sources_read(t()) :: [String.t()]


      


The sources some derived source reads, sorted.

  



  
    
      
    
    
      status(engine)



        
          
        

    

  


  

      

          @spec status(t()) :: %{required(path()) => :loading | :live | {:down, term()}}


      


Every derived source's state by path (spec/02 §8.3): :loading before its first
answer, :live after, and {:down, {:derived, id, kind}} while it fails.

  


        

      


  

    
Macaw.Data.Derived.Functions 
    



      
A host's derived-source functions (spec/02 §7), written as Elixir in the host's own
module and tested with ExUnit:
defmodule MyApp.Sources do
  use Macaw.Data.Derived.Functions

  defsource health(rows) do
    cpu = Enum.map(rows, & &1.cpu)
    %{state: if(List.last(cpu) > 90, do: :error, else: :ok)}
  end

  defsource bins(inputs, context) do
    %{"bounds" => [lo, hi]} = context["inputs"]["hosts"]["schema"]["cpu"]
    ...
  end
end
use Macaw.Data.Derived.Functions imports defsource/2 and compiles __derived__/0,
each function's name, its arity and its source text, [{name, arity, source}] in
definition order. A function of two arguments is called with its inputs and its context
(spec/02 §2.3), one of one argument with its inputs alone. The text is captured when the
module compiles, since a release strips the debug information a later reading would need.
A host's function is trusted (the sandbox's checker does not read it), but it runs
through the same bounded runner as a stored one (Macaw.Data.Derived.Sandbox.run/3), so
a runaway ends as a fault, not as its owner's crash. A derived source names it with
function: :health; the host passes the module to the registry explicitly, and nothing
else registers one: no application environment is read.
Ported from visualize's Visualize.VirtualSources.
Examples
iex> defmodule Doc.Sources do
...>   use Macaw.Data.Derived.Functions
...>   defsource doubled(rows), do: Enum.map(rows, &(&1 * 2))
...> end
iex> Doc.Sources.doubled([1, 2])
[2, 4]
iex> Doc.Sources.__derived__()
[{:doubled, 1, "fn rows -> Enum.map(rows, &(&1 * 2)) end"}]
iex> Macaw.Data.Derived.Functions.registry([Doc.Sources])
%{"doubled" => {Doc.Sources, 1}}

      


      
        Summary


  
    Types
  


    
      
        registry()

      


        Each host function's name, its string, by the module that defines it and its arity.



    





  
    Functions
  


    
      
        defsource(head, body)

      


        A host's derived-source function: defsource name(inputs) do … end is a public def of
one argument, and defsource name(inputs, context) do … end one of two, which is called
with its context (spec/02 §2.3); either is recorded with its arity and source text under
the module's __derived__/0. A function of several clauses is
defined clause by clause, as any function is, and listed once with every clause.



    


    
      
        registry(modules)

      


        The registry of modules (spec/02 §7): each function's name, its string, by the module
that defines it and its arity. Default closed: only the modules given are read. Raises
ArgumentError for a module without __derived__/0 and for a name two modules define.



    





      


      
        Types


        


  
    
      
    
    
      registry()



        
          
        

    

  


  

      

          @type registry() :: %{required(String.t()) => {module(), 1 | 2}}


      


Each host function's name, its string, by the module that defines it and its arity.

  


        

      

      
        Functions


        


  
    
      
    
    
      defsource(head, body)


        (macro)


        
          
        

    

  


  

A host's derived-source function: defsource name(inputs) do … end is a public def of
one argument, and defsource name(inputs, context) do … end one of two, which is called
with its context (spec/02 §2.3); either is recorded with its arity and source text under
the module's __derived__/0. A function of several clauses is
defined clause by clause, as any function is, and listed once with every clause.

  



  
    
      
    
    
      registry(modules)



        
          
        

    

  


  

      

          @spec registry([module()]) :: registry()


      


The registry of modules (spec/02 §7): each function's name, its string, by the module
that defines it and its arity. Default closed: only the modules given are read. Raises
ArgumentError for a module without __derived__/0 and for a name two modules define.

  


        

      


  

    
Macaw.Data.Derived.Join 
    



      
Joined fields (spec/02 §1.4): a reader of an input reads each per-identity source's
answer for its own identity. Its rows carry, beside their own fields, every output
field but the identity, named "<id>.<field>", a string, never an atom, nil where the
output holds nothing for the row's entity; its schema describes them as the outputs do.
Which sources a reader sees is its owner's to decide; on a Macaw page, macaw_compose's.
Ported from visualize's Visualize.VirtualSource.Join, whose names were atoms.
iex> alias Macaw.Data.Schema
iex> hosts = Schema.new!(%{"host" => %{type: :category, identity: true}, "cpu" => %{type: :number}})
iex> health = Schema.new!(%{"host" => %{type: :category, identity: true}, "state" => %{type: :category}})
iex> outputs = [{"health", health, [%{"host" => "a", "state" => "ok"}]}]
iex> Macaw.Data.Derived.Join.join([%{"host" => "a", "cpu" => 3}, %{"host" => "b", "cpu" => 9}], hosts, outputs)
[%{"host" => "a", "cpu" => 3, "health.state" => "ok"}, %{"host" => "b", "cpu" => 9, "health.state" => nil}]

      


      
        Summary


  
    Types
  


    
      
        output()

      


        A per-identity source's id, its output schema and its last good output rows.



    





  
    Functions
  


    
      
        join(rows, schema, outputs)

      


        The rows with every output's fields for their identity (spec/02 §1.4).



    


    
      
        schema(schema, outputs)

      


        The input's schema with each joined field described as its output does, without
identity or window (spec/02 §1.4); as it is with no output.



    





      


      
        Types


        


  
    
      
    
    
      output()



        
          
        

    

  


  

      

          @type output() :: {String.t(), Macaw.Data.Schema.t(), [map()]}


      


A per-identity source's id, its output schema and its last good output rows.

  


        

      

      
        Functions


        


  
    
      
    
    
      join(rows, schema, outputs)



        
          
        

    

  


  

      

          @spec join([map()], Macaw.Data.Schema.t(), [output()]) :: [map()]


      


The rows with every output's fields for their identity (spec/02 §1.4).

  



  
    
      
    
    
      schema(schema, outputs)



        
          
        

    

  


  

      

          @spec schema(Macaw.Data.Schema.t(), [{String.t(), Macaw.Data.Schema.t()} | output()]) ::
  Macaw.Data.Schema.t()


      


The input's schema with each joined field described as its output does, without
identity or window (spec/02 §1.4); as it is with no output.

  


        

      


  

    
Macaw.Data.Derived.Output 
    



      
A derived source's answer read as any source's (spec/02 §8.5): a Macaw.Data.Source
over an engine's last good output at one path, made by Macaw.Data.Derived.Engine.source/3.
	describe/2 answers the output schema, supports: [], no parameters, and
viewer_independent as the owner declared it;
	fetch/2 answers the last good output whole, or {:error, :loading} before the first.
It honors nothing, so the runtime finishes it (spec/01 §2.4);
	it does not push: its owner's engine is what changes it, and the owner tells readers
(spec/01 §5).

So a derived source is another derived source's input and a slot's source alike, and the
conformance kit holds it as it holds any source.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Macaw.Data.Derived.Output{
  delivery: Macaw.Data.Delivery.t() | nil,
  schema: Macaw.Data.Schema.t(),
  viewer_independent: boolean()
}


      



  


        

      


  

    
Macaw.Data.Derived.Sandbox 
    



      
The sandbox a derived source's function runs in (spec/02 §6, visualize D-194).
A derived source is a source computed from other sources by an Elixir function, rows in
and rows out (visualize#643). A function stored in a document as source text is untrusted, so it is
checked against an allowlist before anything runs (check/2), compiled once into
a closure (compile/2, cached by Macaw.Data.Derived.Sandbox.Cache), and called
in a bounded process (run/3) — as is a host's own trusted function.
iex> alias Macaw.Data.Derived.Sandbox
iex> {:ok, compiled} = Sandbox.compile("fn rows -> Enum.map(rows, & &1.v * 2) end")
iex> Sandbox.run(compiled, [[%{v: 1}, %{v: 2}]])
{:ok, [2, 4]}
iex> {:error, [{1, reason}]} = Sandbox.check("fn _ -> File.read(\"/etc/passwd\") end")
iex> reason
{:restricted, {"File", "read", 1}}
A call's cost is the reductions its process spends, held to max_reductions:, so a
runaway's verdict is the same on a loaded host; a call blocked in receive is :hung at
a separate, generous timeout: (visualize#852, visualize D-220). Nothing is rescued: a raise, a heap overrun,
a runaway and a hang are read from the process the call ran in, through its monitor.

      


      
        Summary


  
    Types
  


    
      
        fault()

      


        A checker fault: the source line, or nil, and the reason (spec/02 §6.1).



    


    
      
        kind()

      


        What a call can end in besides a value (spec/02 §6.4).



    





  
    Functions
  


    
      
        check(source)

      


        As check/2 with no options.



    


    
      
        check(source, opts)

      


        A stored function checked against the allowlist (spec/02 §6.1): {:ok, quoted}, or
{:error, faults} with every fault, each {line, reason}, ordered by line. Nothing is
evaluated.



    


    
      
        compile(source)

      


        As compile/2 with no options.



    


    
      
        compile(source, opts)

      


        A stored function checked, then compiled once into a closure (spec/02 §6.3):
{:ok, %Compiled{}}, or {:error, faults} — the checker's, or {nil, {:compile, message}} for a checked source the compiler refuses. The compilation runs in the
bounded runner. Options: the checker's and the runner's.



    


    
      
        format_error(arg)

      


        One checker fault as a line a person reads (spec/02 §6.1).



    


    
      
        hash(source)

      


        A source's SHA-256 as 64 lowercase hexadecimal digits: its key in the cache (spec/08
§10.5.3).



    


    
      
        run(function, args)

      


        As run/3 with no options.



    


    
      
        run(function, args, opts)

      


        A function called with args in a process of its own (spec/02 §6.4): {:ok, value},
or {:error, kind, detail} — {:error, :reductions, cap} when its process spent more
than max_reductions: (100_000_000), {:error, :hung, ms} when it had not answered
within timeout: (30_000 ms) — blocked, not slow — {:error, :memory, words} when its
heap passed max_heap: (10_000_000 words) and the VM killed it, {:error, :raised, module} with the exception's module when it raised. The process is spawned with its heap
limit set and monitored; a killed process is waited for before the call returns. Each
bound may be lowered, never raised: a value above its default is ArgumentError.



    





      


      
        Types


        


  
    
      
    
    
      fault()



        
          
        

    

  


  

      

          @type fault() :: {pos_integer() | nil, term()}


      


A checker fault: the source line, or nil, and the reason (spec/02 §6.1).

  



  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() :: :reductions | :hung | :memory | :raised


      


What a call can end in besides a value (spec/02 §6.4).

  


        

      

      
        Functions


        


  
    
      
    
    
      check(source)



        
          
        

    

  


  

      

          @spec check(String.t()) :: {:ok, Macro.t()} | {:error, [fault(), ...]}


      


As check/2 with no options.

  



  
    
      
    
    
      check(source, opts)



        
          
        

    

  


  

      

          @spec check(String.t(), keyword()) :: {:ok, Macro.t()} | {:error, [fault(), ...]}


      


A stored function checked against the allowlist (spec/02 §6.1): {:ok, quoted}, or
{:error, faults} with every fault, each {line, reason}, ordered by line. Nothing is
evaluated.
Options: arity: (the arities the function may take, an integer or a list, [1, 2]:
its inputs, or its inputs and its context), fields: (the names a row.field may read;
nil reads any), max_source: (bytes, 10_000, which may be lowered, never raised) and
operations: (the registry a Macaw.Data.Ops call's name is held to,
macaw_data's own package by default; nil holds the name only to being a literal,
for a source checked before it is placed, spec/04 §6.1).

  



  
    
      
    
    
      compile(source)



        
          
        

    

  


  

      

          @spec compile(String.t()) ::
  {:ok, Macaw.Data.Derived.Sandbox.Compiled.t()} | {:error, [fault(), ...]}


      


As compile/2 with no options.

  



  
    
      
    
    
      compile(source, opts)



        
          
        

    

  


  

      

          @spec compile(String.t(), keyword()) ::
  {:ok, Macaw.Data.Derived.Sandbox.Compiled.t()} | {:error, [fault(), ...]}


      


A stored function checked, then compiled once into a closure (spec/02 §6.3):
{:ok, %Compiled{}}, or {:error, faults} — the checker's, or {nil, {:compile, message}} for a checked source the compiler refuses. The compilation runs in the
bounded runner. Options: the checker's and the runner's.

  



  
    
      
    
    
      format_error(arg)



        
          
        

    

  


  

      

          @spec format_error(fault()) :: String.t()


      


One checker fault as a line a person reads (spec/02 §6.1).
iex> Macaw.Data.Derived.Sandbox.format_error({3, {:restricted, {"Process", :send, 3}}})
"line 3: Process.send/3 is not allowed in a derived source"

  



  
    
      
    
    
      hash(source)



        
          
        

    

  


  

      

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


      


A source's SHA-256 as 64 lowercase hexadecimal digits: its key in the cache (spec/08
§10.5.3).
iex> Macaw.Data.Derived.Sandbox.hash("fn rows -> rows end")
"a07f4aab6263d19d009830e7ad7b37931d654ff286700db61a32f064ea6d98d8"

  



  
    
      
    
    
      run(function, args)



        
          
        

    

  


  

      

          @spec run(Macaw.Data.Derived.Sandbox.Compiled.t() | function(), list()) ::
  {:ok, term()} | {:error, kind(), term()}


      


As run/3 with no options.

  



  
    
      
    
    
      run(function, args, opts)



        
          
        

    

  


  

      

          @spec run(Macaw.Data.Derived.Sandbox.Compiled.t() | function(), list(), keyword()) ::
  {:ok, term()} | {:error, kind(), term()}


      


A function called with args in a process of its own (spec/02 §6.4): {:ok, value},
or {:error, kind, detail} — {:error, :reductions, cap} when its process spent more
than max_reductions: (100_000_000), {:error, :hung, ms} when it had not answered
within timeout: (30_000 ms) — blocked, not slow — {:error, :memory, words} when its
heap passed max_heap: (10_000_000 words) and the VM killed it, {:error, :raised, module} with the exception's module when it raised. The process is spawned with its heap
limit set and monitored; a killed process is waited for before the call returns. Each
bound may be lowered, never raised: a value above its default is ArgumentError.

  


        

      


  

    
Macaw.Data.Derived.Sandbox.Allowlist 
    



      
What a stored derived-source function may call (spec/02 §6.2, visualize D-194): the allowlist
visualize#643 decided on 2026-10-15, as explicit {function, arity} lists — never "a module
minus a few".
Each module's allowed list and its excluded list together are exactly its exports on
Elixir 1.20.4 and OTP 29; the test suite holds them to it, so a function a new Elixir
adds fails that test until it is reviewed and listed. Macaw.Data.Ops is the library's
own and held the same way: through it a stored function reaches the registered transforms
and aggregates by literal name, and which ones is the registry's, never a list here
(spec/04 §6). Ported from visualize's Visualize.VirtualSource.Sandbox.Allowlist.

      


      
        Summary


  
    Functions
  


    
      
        allowed(module)

      


        A module's allowed {function, arity} list; [] for a module not on the list.



    


    
      
        excluded(module)

      


        A module's excluded {{function, arity}, reason} list, reason one of
:nondeterministic, :deprecated, :atoms and :internal.



    


    
      
        kernel()

      


        The {function, arity} of every Kernel function and operator, and every special form
at Kernel.SpecialForms' arity, a stored function may use.



    


    
      
        modules()

      


        The modules a stored function may call, in order (spec/02 §6.2).



    





      


      
        Functions


        


  
    
      
    
    
      allowed(module)



        
          
        

    

  


  

      

          @spec allowed(module()) :: [{atom(), arity()}]


      


A module's allowed {function, arity} list; [] for a module not on the list.

  



  
    
      
    
    
      excluded(module)



        
          
        

    

  


  

      

          @spec excluded(module()) :: [{{atom(), arity()}, atom()}]


      


A module's excluded {{function, arity}, reason} list, reason one of
:nondeterministic, :deprecated, :atoms and :internal.

  



  
    
      
    
    
      kernel()



        
          
        

    

  


  

      

          @spec kernel() :: [{atom(), arity()}]


      


The {function, arity} of every Kernel function and operator, and every special form
at Kernel.SpecialForms' arity, a stored function may use.

  



  
    
      
    
    
      modules()



        
          
        

    

  


  

      

          @spec modules() :: [module()]


      


The modules a stored function may call, in order (spec/02 §6.2).

  


        

      


  

    
Macaw.Data.Derived.Sandbox.Cache 
    



      
Compiled functions by source (spec/02 §6.3, visualize D-194): a value, held by whatever owns
the functions (the engine, a builder), not a process or a table, as the schema
cache is (spec/01 §1.12).
An entry is keyed by the SHA-256 of the source, the arities and the fields it was checked
against, and the digest of the registry its Macaw.Data.Ops calls were checked and
compiled against (spec/04 §6.1), and holds the compilation's answer, a refusal included,
so a source is checked and compiled once. A compilation the runner cut short
(:reductions, :hung, :memory) is not kept, since it says nothing about the source.
The cache never evicts.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        compile(cache, source, opts \\ [])

      


        compile(cache, source, opts): {:ok, compiled, cache} or {:error, faults, cache},
as Macaw.Data.Derived.Sandbox.compile/2 answers, compiled at most once per
source, arities and fields.



    


    
      
        new()

      


        The empty cache.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Macaw.Data.Derived.Sandbox.Cache{entries: map()}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      compile(cache, source, opts \\ [])



        
          
        

    

  


  

      

          @spec compile(t(), String.t(), keyword()) ::
  {:ok, Macaw.Data.Derived.Sandbox.Compiled.t(), t()}
  | {:error, [Macaw.Data.Derived.Sandbox.fault(), ...], t()}


      


compile(cache, source, opts): {:ok, compiled, cache} or {:error, faults, cache},
as Macaw.Data.Derived.Sandbox.compile/2 answers, compiled at most once per
source, arities and fields.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


The empty cache.

  


        

      


  

    
Macaw.Data.Derived.Sandbox.Compiled 
    



      
A stored function checked and compiled once (spec/02 §6.3, visualize D-194): hash, the
SHA-256 of its source; fun, the closure; arity; and warnings, the compiler's,
each {line, message}, printed nowhere.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Macaw.Data.Derived.Sandbox.Compiled{
  arity: non_neg_integer(),
  fun: function(),
  hash: String.t(),
  warnings: [{pos_integer() | nil, String.t()}]
}


      



  


        

      


  

    
Macaw.Data.Event 
    



      
The one interaction shape every component emits (Macaw spec 02 §8).
It lives in macaw_data, the smallest Macaw package, so an adopter using
no other Macaw library (visualize, standalone) emits the same value it
emits on a Macaw page.
	name: the event's name, a string the component declares ("pick",
"brush").
	instance: the emitting instance's id.
	element: what was acted on. item is the element's stable id;
path lists its enclosing elements, innermost first; frame is set
only by components with an inner coordinate tree (a visual's frame).
	identity: the item's declared identity (%{field => value}),
when it maps to data. Inference from other fields is the component's,
only for a visitor's one-off pick, never for tracking.
	value: the event's own value: a window, a chosen option.
	initiator: :visitor or :system, which separates a view path's
steps from its markers.
	time: the holder's now (a surface's, or a standalone holder's), never
a clock read by the component.
	point: where, in the drawing; live only.
	modifiers: the keys held, from :shift, :alt, :ctrl and :meta.
	row: the data row, delivered to the host, never recorded.

The recorded form (recordable/1) drops row and point. Records,
observation and state snapshots only ever see it, so row values never
reach them; identity and value do, and whether they are recorded is
decided per state source by capture level.
Decoding a click from the wire and resolving it against the drawing it
landed on (the drawn-token rule) belong to the component that drew it,
not here.

      


      
        Summary


  
    Types
  


    
      
        element()

      


    


    
      
        id()

      


    


    
      
        modifier()

      


    


    
      
        recorded()

      


        The recorded form: an event without its data row or point.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        fields()

      


        The struct's fields, in spec order.



    


    
      
        new(attrs)

      


        Builds an event from a keyword list or map, checking every field:
{:ok, event}, or {:error, faults} naming each bad field. Unknown
fields are faults too, never silently dropped.



    


    
      
        recordable(event)

      


        The recorded form: everything but row and point, as a plain map. What
records, observation and state snapshots see.



    





      


      
        Types


        


  
    
      
    
    
      element()



        
          
        

    

  


  

      

          @type element() :: %{frame: id() | nil, item: id() | nil, path: [id()]}


      



  



  
    
      
    
    
      id()



        
          
        

    

  


  

      

          @type id() :: term()


      



  



  
    
      
    
    
      modifier()



        
          
        

    

  


  

      

          @type modifier() :: :shift | :alt | :ctrl | :meta


      



  



  
    
      
    
    
      recorded()



        
          
        

    

  


  

      

          @type recorded() :: %{
  name: String.t(),
  instance: String.t(),
  element: element(),
  identity: %{optional(term()) => term()} | nil,
  value: term(),
  initiator: :visitor | :system,
  time: DateTime.t(),
  modifiers: [modifier()]
}


      


The recorded form: an event without its data row or point.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Macaw.Data.Event{
  element: element(),
  identity: %{optional(term()) => term()} | nil,
  initiator: :visitor | :system,
  instance: String.t(),
  modifiers: [modifier()],
  name: String.t(),
  point: {number(), number()} | nil,
  row: map() | nil,
  time: DateTime.t(),
  value: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      fields()



        
          
        

    

  


  

      

          @spec fields() :: [atom()]


      


The struct's fields, in spec order.

  



  
    
      
    
    
      new(attrs)



        
          
        

    

  


  

      

          @spec new(keyword() | map()) :: {:ok, t()} | {:error, [{atom() | term(), String.t()}]}


      


Builds an event from a keyword list or map, checking every field:
{:ok, event}, or {:error, faults} naming each bad field. Unknown
fields are faults too, never silently dropped.

  



  
    
      
    
    
      recordable(event)



        
          
        

    

  


  

      

          @spec recordable(t()) :: recorded()


      


The recorded form: everything but row and point, as a plain map. What
records, observation and state snapshots see.

  


        

      


  

    
Macaw.Data.FFT 
    



      
The fast Fourier transform of a real or complex sequence (spec/04 §4.11): a radix-2
Cooley–Tukey decimation in time over lists, O(N log N), pure Elixir. The engine of the
spectrum transform, ported from visualize's Visualize.Data.FFT.
A time series becomes its frequency spectrum through spectrum/3: the newest power of
two of samples, tapered by a window, transformed, and read as one-sided amplitudes —
what the spectrum transform of spec/04 §4.11 answers.
iex> Macaw.Data.FFT.fft([1, 0, 0, 0])
[{1.0, 0.0}, {1.0, 0.0}, {1.0, 0.0}, {1.0, 0.0}]

      


      
        Summary


  
    Types
  


    
      
        complex()

      


        A complex number as {re, im}.



    


    
      
        line()

      


        One line of a spectrum.



    





  
    Functions
  


    
      
        fft(sequence)

      


        The discrete Fourier transform of a sequence whose length is a power of two: numbers
are taken as real, {re, im} pairs as complex. Raises ArgumentError for any other
length.



    


    
      
        magnitudes(terms)

      


        The magnitude sqrt(re² + im²) of every term.



    


    
      
        spectrum(values, every, opts \\ [])

      


        The one-sided amplitude spectrum of a series sampled every every seconds: the newest
samples values (the largest power of two not above the count when not given), tapered
by window (:hann), transformed, and read as samples / 2 lines — frequency is
k / (samples · every) hertz, magnitude the amplitude |X_k| · 2 / (samples · gain)
with the window's mean gain divided out (the DC line not doubled), phase the argument
of X_k. Fewer than two values yield [].



    


    
      
        window(values, kind)

      


        The sequence tapered by a window: :hann (0.5 − 0.5 cos(2πi/(N−1))), :hamming
(0.54 − 0.46 cos(2πi/(N−1))) or :none; a sequence shorter than four is not tapered.



    


    
      
        windows()

      


        The window functions window/2 applies, :hann first.



    





      


      
        Types


        


  
    
      
    
    
      complex()



        
          
        

    

  


  

      

          @type complex() :: {float(), float()}


      


A complex number as {re, im}.

  



  
    
      
    
    
      line()



        
          
        

    

  


  

      

          @type line() :: %{frequency: float(), magnitude: float(), phase: float()}


      


One line of a spectrum.

  


        

      

      
        Functions


        


  
    
      
    
    
      fft(sequence)



        
          
        

    

  


  

      

          @spec fft([number() | complex()]) :: [complex()]


      


The discrete Fourier transform of a sequence whose length is a power of two: numbers
are taken as real, {re, im} pairs as complex. Raises ArgumentError for any other
length.
iex> Macaw.Data.FFT.fft([0, 1, 0, -1]) |> Enum.map(fn {re, im} -> {Float.round(re, 9) + 0.0, Float.round(im, 9) + 0.0} end)
[{0.0, 0.0}, {0.0, -2.0}, {0.0, 0.0}, {0.0, 2.0}]

  



  
    
      
    
    
      magnitudes(terms)



        
          
        

    

  


  

      

          @spec magnitudes([complex()]) :: [float()]


      


The magnitude sqrt(re² + im²) of every term.

  



    

  
    
      
    
    
      spectrum(values, every, opts \\ [])



        
          
        

    

  


  

      

          @spec spectrum([number()], number(), keyword()) :: [line()]


      


The one-sided amplitude spectrum of a series sampled every every seconds: the newest
samples values (the largest power of two not above the count when not given), tapered
by window (:hann), transformed, and read as samples / 2 lines — frequency is
k / (samples · every) hertz, magnitude the amplitude |X_k| · 2 / (samples · gain)
with the window's mean gain divided out (the DC line not doubled), phase the argument
of X_k. Fewer than two values yield [].
Options
	:samples - the window length, a power of two; raises ArgumentError otherwise

	:window - one of windows/0 (default :hann)

	:detrend - subtract the window's mean before transforming, so an offset does not
leak from the DC line into its neighbors (default false)
iex> every = 1 / 64
iex> values = for i <- 0..63, do: :math.sin(2  :math.pi()  8  i  every)
iex> lines = Macaw.Data.FFT.spectrum(values, every, window: :none)
iex> peak = Enum.max_by(lines, & &1.magnitude)
iex> {length(lines), Float.round(peak.frequency, 6), Float.round(peak.magnitude, 6)}
{32, 8.0, 1.0}



  



  
    
      
    
    
      window(values, kind)



        
          
        

    

  


  

      

          @spec window([number()], atom()) :: [float()]


      


The sequence tapered by a window: :hann (0.5 − 0.5 cos(2πi/(N−1))), :hamming
(0.54 − 0.46 cos(2πi/(N−1))) or :none; a sequence shorter than four is not tapered.
iex> Macaw.Data.FFT.window([1, 1, 1, 1, 1], :hann) |> Enum.map(&Float.round(&1, 3))
[0.0, 0.5, 1.0, 0.5, 0.0]

  



  
    
      
    
    
      windows()



        
          
        

    

  


  

      

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


      


The window functions window/2 applies, :hann first.

  


        

      


  

    
Macaw.Data.Operations 
    



      
macaw_data's own package of operations, the registry, and running them (spec/04).
The package. __members__/0 is the table operations of spec/04 §4 and the
statistics of §5, each a module implementing Macaw.Data.Transform or
Macaw.Data.Aggregate.
The registry (registry/1) is built from an explicit list of packages, this one
always among them: default closed, and a module that is merely loaded is not reachable
(spec/04 §2).
Running. validate/3 checks a list of nodes against the registry and the context,
answering every fault at once; apply/4 runs checked nodes in order over a table;
aggregate/4 reduces values by a named aggregate; outputs/4 names the columns after
every node. Each fault is {path, reason} (spec/04 §3.1) and format_error/1 words one.
iex> alias Macaw.Data.Operations
iex> registry = Operations.registry([Macaw.Data.Test.Ops])
iex> {:ok, table} = Operations.apply(registry, [%{op: "double", field: "v"}], [%{v: 2}], %{})
iex> Macaw.Data.Table.rows(table)
[%{:v => 2, "double" => 4}]
iex> Operations.validate(registry, [%{op: "doubel"}], %{})
{:error, [{[0, "op"], {:unknown, :transform, "doubel"}}]}

      


      
        Summary


  
    Types
  


    
      
        fault()

      


        A fault: the path (a node's index, then its key) and the reason (spec/04 §3.1).



    





  
    Functions
  


    
      
        __members__()

      


        The modules of macaw_data's package: its table operations and statistics.



    


    
      
        aggregate(registry, name)

      


        The aggregate named name, by spelling: {:ok, module} or :error.



    


    
      
        aggregate(registry, name, values, options)

      


        The value of values by the aggregate named name, its options checked against its
declaration and every nil reading dropped: {:ok, value} or {:error, faults}, each
fault at its option's key ([] for the name itself).



    


    
      
        aggregates(registry)

      


        Every aggregate's name, sorted.



    


    
      
        apply(registry, nodes, source, context \\ %{})

      


        The nodes run in order over source, a Macaw.Data.Table or anything
Macaw.Data.Table.from/2 reads, each step's table the next one's input:
{:ok, table}, or validate/3's {:error, faults} before any step runs. A step whose
reading is wrong only at run time raises ArgumentError naming the step (spec/04 §3.1).



    


    
      
        apply!(registry, nodes, source, context \\ %{})

      


        As apply/4, raising ArgumentError naming every fault.



    


    
      
        columns(table)

      


        A table's columns in order, each with its type: what outputs/2 is given.



    


    
      
        digest(registry)

      


        A digest of every member's name and module, which a compile cache keys by.



    


    
      
        format_error(arg)

      


        One fault as a sentence.



    


    
      
        outputs(registry, nodes, columns, context \\ %{})

      


        The columns after every node, by each transform's outputs/2, over input columns
([{name, type}]): {:ok, columns} or validate/3's {:error, faults}.



    


    
      
        packages(registry)

      


        The registry's packages, this one first.



    


    
      
        registry(packages \\ [])

      


        The registry of this package and packages, in order, each once (spec/04 §2). Raises
ArgumentError for a module that is not a package, a member implementing no behavior,
a name two members of one behavior share, and an aggregate declaring a step's key.



    


    
      
        same?(a, b)

      


        Whether two readings are one value: equal, or an atom and a string spelling it, so a
category is one value whichever spelling a row or a node gives it (spec/04 §4.1).



    


    
      
        step_keys()

      


        The keys of the steps that name an aggregate, which an aggregate may not declare.



    


    
      
        table(rows, columns)

      


        A table of rows with columns, in their order and of their types, each read from a
row by either spelling (Macaw.Data.Table.get/2): how a member that works on rows
answers the table its outputs/2 names.



    


    
      
        transform(registry, name)

      


        The transform named name, by spelling: {:ok, module} or :error.



    


    
      
        transforms(registry)

      


        Every transform's name, sorted.



    


    
      
        validate(registry, nodes, context)

      


        Every node checked (spec/04 §3.1): {:ok, checked}, each node's options by their
strings with defaults filled in, enum values their atoms, a named aggregate its module
and a frame-bound "plot" the frame's width in whole pixels; or {:error, faults},
every fault of every node, ordered by path.



    





      


      
        Types


        


  
    
      
    
    
      fault()



        
          
        

    

  


  

      

          @type fault() :: {[non_neg_integer() | String.t()], term()}


      


A fault: the path (a node's index, then its key) and the reason (spec/04 §3.1).

  


        

      

      
        Functions


        


  
    
      
    
    
      __members__()



        
          
        

    

  


  

      

          @spec __members__() :: [module()]


      


The modules of macaw_data's package: its table operations and statistics.

  



  
    
      
    
    
      aggregate(registry, name)



        
          
        

    

  


  

      

          @spec aggregate(Macaw.Data.Operations.Registry.t(), String.t() | atom()) ::
  {:ok, module()} | :error


      


The aggregate named name, by spelling: {:ok, module} or :error.

  



  
    
      
    
    
      aggregate(registry, name, values, options)



        
          
        

    

  


  

      

          @spec aggregate(
  Macaw.Data.Operations.Registry.t(),
  String.t() | atom(),
  Enumerable.t(),
  map()
) ::
  {:ok, term()} | {:error, [fault(), ...]}


      


The value of values by the aggregate named name, its options checked against its
declaration and every nil reading dropped: {:ok, value} or {:error, faults}, each
fault at its option's key ([] for the name itself).

  



  
    
      
    
    
      aggregates(registry)



        
          
        

    

  


  

      

          @spec aggregates(Macaw.Data.Operations.Registry.t()) :: [String.t()]


      


Every aggregate's name, sorted.

  



    

  
    
      
    
    
      apply(registry, nodes, source, context \\ %{})



        
          
        

    

  


  

      

          @spec apply(
  Macaw.Data.Operations.Registry.t(),
  [map()],
  Macaw.Data.Table.source() | Macaw.Data.Table.t(),
  map()
) :: {:ok, Macaw.Data.Table.t()} | {:error, [fault(), ...]}


      


The nodes run in order over source, a Macaw.Data.Table or anything
Macaw.Data.Table.from/2 reads, each step's table the next one's input:
{:ok, table}, or validate/3's {:error, faults} before any step runs. A step whose
reading is wrong only at run time raises ArgumentError naming the step (spec/04 §3.1).

  



    

  
    
      
    
    
      apply!(registry, nodes, source, context \\ %{})



        
          
        

    

  


  

      

          @spec apply!(
  Macaw.Data.Operations.Registry.t(),
  [map()],
  Macaw.Data.Table.source() | Macaw.Data.Table.t(),
  map()
) :: Macaw.Data.Table.t()


      


As apply/4, raising ArgumentError naming every fault.

  



  
    
      
    
    
      columns(table)



        
          
        

    

  


  

      

          @spec columns(Macaw.Data.Table.t()) :: Macaw.Data.Transform.columns()


      


A table's columns in order, each with its type: what outputs/2 is given.

  



  
    
      
    
    
      digest(registry)



        
          
        

    

  


  

      

          @spec digest(Macaw.Data.Operations.Registry.t()) :: String.t()


      


A digest of every member's name and module, which a compile cache keys by.

  



  
    
      
    
    
      format_error(arg)



        
          
        

    

  


  

      

          @spec format_error(fault()) :: String.t()


      


One fault as a sentence.
iex> Macaw.Data.Operations.format_error({[1, "order"], {:type, {:enum, [:ascending, :descending]}}})
"step 2, order: is one of ascending or descending"
iex> Macaw.Data.Operations.format_error({[0, "op"], {:unknown, :transform, "sankey"}})
"step 1, op: transform \"sankey\" is not available"

  



    

  
    
      
    
    
      outputs(registry, nodes, columns, context \\ %{})



        
          
        

    

  


  

      

          @spec outputs(
  Macaw.Data.Operations.Registry.t(),
  [map()],
  Macaw.Data.Transform.columns(),
  map()
) ::
  {:ok, Macaw.Data.Transform.columns()} | {:error, [fault(), ...]}


      


The columns after every node, by each transform's outputs/2, over input columns
([{name, type}]): {:ok, columns} or validate/3's {:error, faults}.

  



  
    
      
    
    
      packages(registry)



        
          
        

    

  


  

      

          @spec packages(Macaw.Data.Operations.Registry.t()) :: [module()]


      


The registry's packages, this one first.

  



    

  
    
      
    
    
      registry(packages \\ [])



        
          
        

    

  


  

      

          @spec registry([module()]) :: Macaw.Data.Operations.Registry.t()


      


The registry of this package and packages, in order, each once (spec/04 §2). Raises
ArgumentError for a module that is not a package, a member implementing no behavior,
a name two members of one behavior share, and an aggregate declaring a step's key.

  



  
    
      
    
    
      same?(a, b)



        
          
        

    

  


  

      

          @spec same?(term(), term()) :: boolean()


      


Whether two readings are one value: equal, or an atom and a string spelling it, so a
category is one value whichever spelling a row or a node gives it (spec/04 §4.1).
iex> Macaw.Data.Operations.same?(:ok, "ok")
true
iex> Macaw.Data.Operations.same?(1, 1.0)
true
iex> Macaw.Data.Operations.same?(nil, "nil")
false

  



  
    
      
    
    
      step_keys()



        
          
        

    

  


  

      

          @spec step_keys() :: [String.t()]


      


The keys of the steps that name an aggregate, which an aggregate may not declare.

  



  
    
      
    
    
      table(rows, columns)



        
          
        

    

  


  

      

          @spec table([map()], Macaw.Data.Transform.columns()) :: Macaw.Data.Table.t()


      


A table of rows with columns, in their order and of their types, each read from a
row by either spelling (Macaw.Data.Table.get/2): how a member that works on rows
answers the table its outputs/2 names.

  



  
    
      
    
    
      transform(registry, name)



        
          
        

    

  


  

      

          @spec transform(Macaw.Data.Operations.Registry.t(), String.t() | atom()) ::
  {:ok, module()} | :error


      


The transform named name, by spelling: {:ok, module} or :error.

  



  
    
      
    
    
      transforms(registry)



        
          
        

    

  


  

      

          @spec transforms(Macaw.Data.Operations.Registry.t()) :: [String.t()]


      


Every transform's name, sorted.

  



  
    
      
    
    
      validate(registry, nodes, context)



        
          
        

    

  


  

      

          @spec validate(Macaw.Data.Operations.Registry.t(), [map()], map()) ::
  {:ok, [map()]} | {:error, [fault(), ...]}


      


Every node checked (spec/04 §3.1): {:ok, checked}, each node's options by their
strings with defaults filled in, enum values their atoms, a named aggregate its module
and a frame-bound "plot" the frame's width in whole pixels; or {:error, faults},
every fault of every node, ordered by path.

  


        

      


  

    
Macaw.Data.Operations.Aggregates 
    



      
The statistics of macaw_data's package (spec/04 §5), each an aggregate
(Macaw.Data.Aggregate) ported from visualize's Visualize.Data:
	Name	Value	Of no readings	Output type	Unit
	count	the number of readings	0	:number	dropped
	distinct	the number of distinct readings (===, a category by spelling)	0	:number	dropped
	min, max	the least, the greatest reading, numbers or times	nil	the input's	kept
	extent	[min, max]	nil	:term	kept
	sum	the sum of numbers	0	:number	kept
	mean	the arithmetic mean	nil	:number	kept
	median	the middle reading, or the mean of the two middles	nil	:number	kept
	quantile	linear interpolation at (n − 1) · p	nil	:number	kept
	variance	the sample variance	nil, and of one	:number	dropped
	deviation	its square root	nil, and of one	:number	kept
	slope	the least-squares slope; a number is the point [i, v]	nil, of one, or every x equal	:number	dropped
	delta	the last reading minus the first	nil (0 of one)	:number	kept

The readings come with every nil dropped. A reading of the wrong kind raises
ArgumentError naming the aggregate and the reading. Every statistic but median and
quantile has the streaming form, and its reduce/2 is that form folded over the
readings, so the two are equal by construction: the mean is a running sum over a count,
the variance and the slope Welford's one-pass updates, which agree with visualize's
two-pass values to within floating-point rounding.

      


      
        Summary


  
    Functions
  


    
      
        all()

      


        The modules of the thirteen statistics, in spec/04 §5's order.



    





      


      
        Functions


        


  
    
      
    
    
      all()



        
          
        

    

  


  

      

          @spec all() :: [module()]


      


The modules of the thirteen statistics, in spec/04 §5's order.

  


        

      


  

    
Macaw.Data.Operations.Aggregates.Count 
    



      
count: the number of readings (spec/04 §5).

      




  

    
Macaw.Data.Operations.Aggregates.Delta 
    



      
delta: the last reading minus the first (spec/04 §5).

      




  

    
Macaw.Data.Operations.Aggregates.Deviation 
    



      
deviation: the square root of the sample variance (spec/04 §5).

      




  

    
Macaw.Data.Operations.Aggregates.Distinct 
    



      
distinct: the number of distinct readings, a category by spelling (spec/04 §5).

      




  

    
Macaw.Data.Operations.Aggregates.Extent 
    



      
extent: [min, max] of the readings (spec/04 §5).

      




  

    
Macaw.Data.Operations.Aggregates.Max 
    



      
max: the greatest reading, numbers or times (spec/04 §5).

      




  

    
Macaw.Data.Operations.Aggregates.Mean 
    



      
mean: the arithmetic mean, a float (spec/04 §5).

      




  

    
Macaw.Data.Operations.Aggregates.Median 
    



      
median: the middle reading, or the mean of the two middles (spec/04 §5).

      




  

    
Macaw.Data.Operations.Aggregates.Min 
    



      
min: the least reading, numbers or times (spec/04 §5).

      




  

    
Macaw.Data.Operations.Aggregates.Quantile 
    



      
quantile: the p-quantile by linear interpolation between the sorted readings, at
i = (n − 1) · p, the last index clamped (spec/04 §5).

      




  

    
Macaw.Data.Operations.Aggregates.Slope 
    



      
slope: the least-squares slope of the points the readings are (spec/04 §5): a number
v at place i is the point [i, v], a reading [x, y] (or {x, y}) the point
itself. nil for fewer than two points, or when every x is equal.

      




  

    
Macaw.Data.Operations.Aggregates.Sum 
    



      
sum: the sum of numbers, 0 of none (spec/04 §5).

      




  

    
Macaw.Data.Operations.Aggregates.Variance 
    



      
variance: the sample variance, Σ(v − mean)² / (n − 1) (spec/04 §5).

      




  

    
Macaw.Data.Operations.Option 
    



      
An operation's option declaration and the check of a value against it (spec/04 §1.3).
An option is %Option{type: type, default: value, required: boolean, frame: :width | nil, doc: text}. A required option has no default; an optional one's default is filled in
when a node omits it. frame: :width makes it frame-bound: a node may write "plot",
the plot's width in whole pixels, resolved before the step runs (spec/04 §3.2).
	Type	Holds
	:field	a column name, a string or an atom
	{:list, type}	a list of type
	{:pair, type}	a two-element list of type
	:name	the name of a column a step adds, a string or an atom
	:number, {:number, low, high}	any number; one in low..high, both inclusive
	:positive	a number above zero
	:integer, {:integer, min}	any integer; one at least min
	:power_of_two	a positive integer power of two
	:boolean	true or false
	{:enum, atoms}	one of atoms, written as the atom or its string
	{:keys, type}	a fixed order: {:keys, list}, or a map whose one key is keys
	{:one_of, types}	a value of the first of types that holds it
	:duration	[n, unit], unit one of units/0 by spelling
	:aggregate	the name of an aggregate in the registry, checked to its module
	:term	any value

No atom is ever made: an enum value or a unit is matched against the declaration's own
atoms by their strings.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    


    
      
        type()

      


    





  
    Functions
  


    
      
        check(registry, type, value)

      


        The value as a step is given it, or {:error, reason}: {:type, type} for a value the
type does not hold, {:unknown, :aggregate, name} for an aggregate the registry lacks.



    


    
      
        units()

      


        A duration's units and the seconds each names, in order.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Macaw.Data.Operations.Option{
  default: term(),
  doc: String.t(),
  frame: :width | nil,
  required: boolean(),
  type: type()
}


      



  



  
    
      
    
    
      type()



        
          
        

    

  


  

      

          @type type() ::
  :field
  | :name
  | :number
  | {:number, number(), number()}
  | :positive
  | :integer
  | {:integer, integer()}
  | :power_of_two
  | :boolean
  | {:enum, [atom()]}
  | {:keys, type()}
  | {:list, type()}
  | {:pair, type()}
  | {:one_of, [type()]}
  | :duration
  | :aggregate
  | :term


      



  


        

      

      
        Functions


        


  
    
      
    
    
      check(registry, type, value)



        
          
        

    

  


  

      

          @spec check(Macaw.Data.Operations.Registry.t() | term(), t() | type(), term()) ::
  {:ok, term()} | {:error, term()}


      


The value as a step is given it, or {:error, reason}: {:type, type} for a value the
type does not hold, {:unknown, :aggregate, name} for an aggregate the registry lacks.
iex> alias Macaw.Data.Operations.Option
iex> Option.check(:term, {:enum, [:ascending, :descending]}, "descending")
{:ok, :descending}
iex> Option.check(:term, {:integer, 0}, -1)
{:error, {:type, {:integer, 0}}}

  



  
    
      
    
    
      units()



        
          
        

    

  


  

      

          @spec units() :: [{atom(), pos_integer()}]


      


A duration's units and the seconds each names, in order.

  


        

      


  

    
Macaw.Data.Operations.Registry 
    



      
The transforms and aggregates of the enabled packages, by name (spec/04 §2), built by
Macaw.Data.Operations.registry/1.
Names are strings matched by spelling. The registry holds macaw_data's own package
and exactly the packages a host lists: a module that is merely loaded is not reachable.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        aggregate(registry, name)

      


        The aggregate module named name, by spelling, or :error.



    


    
      
        transform(registry, name)

      


        The transform module named name, by spelling, or :error.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Macaw.Data.Operations.Registry{
  aggregates: %{required(String.t()) => module()},
  digest: String.t(),
  packages: [module()],
  transforms: %{required(String.t()) => module()}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      aggregate(registry, name)



        
          
        

    

  


  

      

          @spec aggregate(t(), String.t() | atom()) :: {:ok, module()} | :error


      


The aggregate module named name, by spelling, or :error.

  



  
    
      
    
    
      transform(registry, name)



        
          
        

    

  


  

      

          @spec transform(t(), String.t() | atom()) :: {:ok, module()} | :error


      


The transform module named name, by spelling, or :error.

  


        

      


  

    
Macaw.Data.Operations.Transforms 
    



      
The table operations of macaw_data's package (spec/04 §4), each a transform
(Macaw.Data.Transform) ported from visualize's Chart.Transform.Data, and what they
share: reading a column by either spelling of its name, a reading as seconds, and
answering rows as the table outputs/2 names.
	Op	Options (* required)
	filter	field*, test, value
	take	n*, side
	window	field*, from, to, latest
	lttb	fields*, n*
	m4	fields*, width*
	sort	field*, order
	fold	fields*, as
	stack	fields*, order, offset
	bin	field*, thresholds, as, fn
	aggregate, sum	field*, fn* (aggregate only), by, as
	spectrum	field*, time, every, samples, window, detrend, as


      


      
        Summary


  
    Functions
  


    
      
        all()

      


        The modules of the table operations, in spec/04 §4's order.



    





      


      
        Functions


        


  
    
      
    
    
      all()



        
          
        

    

  


  

      

          @spec all() :: [module()]


      


The modules of the table operations, in spec/04 §4's order.

  


        

      


  

    
Macaw.Data.Operations.Transforms.Aggregate 
    



      
aggregate (spec/04 §4.10): one row per distinct value of by, in order of first
appearance (a list of fields groups by every one, a nil value a group of its own),
holding by's columns and, under as, the named aggregate (fn) of the group's
readings of field, nils dropped; without by, one row of as alone. A pair field
[x, y] reads each row as the point [x, y], x in seconds when it is a time.
The columns are read from the table's own storage, a packed numeric column without
building a row list.

      




  

    
Macaw.Data.Operations.Transforms.Bin 
    



      
bin (spec/04 §4.9): the readings of field, nils dropped, in bins over their
extent: n equal-width bins for an integer thresholds, else at the inner thresholds
given. A reading belongs to the first bin [x0, x1) holding it, or to the last when it
is the extent's maximum. One row per bin: x0, x1, y0 (0), as (the bin's count,
or with fn the named aggregate of its readings) and values.

      




  

    
Macaw.Data.Operations.Transforms.Filter 
    



      
filter (spec/04 §4.1): the rows, in order, whose reading of field passes test
against value. present and absent test nil; eq and ne compare with a
category one value whichever spelling it has (Macaw.Data.Operations.same?/2); the
orderings compare under term order, and a nil reading never passes one.

      




  

    
Macaw.Data.Operations.Transforms.Fold 
    



      
fold (spec/04 §4.7): wide columns to long rows, one per input row per listed column
the row has, in row then fields order; the row's other columns carried, the folded
ones dropped by spelling; the column's name under the first name of as, its value
under the second. A listed column the rows lack, and a nil reading, yield no row.

      




  

    
Macaw.Data.Operations.Transforms.Lttb 
    



      
lttb (spec/04 §4.4): shape-preserving downsampling by Largest-Triangle-Three-Buckets
(Macaw.Data.Reduce.lttb/3) to n rows, whole rows kept, gaps passing through. n is
frame-bound: "plot" is the plot's width in whole pixels. A reducer (spec/04 §7).

      




  

    
Macaw.Data.Operations.Transforms.M4 
    



      
m4 (spec/04 §4.5): per pixel column the first, last, least and greatest rows
(Macaw.Data.Reduce.m4/3), deduplicated in order, so every column's extremes survive.
width is frame-bound. A reducer (spec/04 §7).

      




  

    
Macaw.Data.Operations.Transforms.Sort 
    



      
sort (spec/04 §4.6): the rows stably sorted by the reading of field under term
order, ascending or descending.

      




  

    
Macaw.Data.Operations.Transforms.Spectrum 
    



      
spectrum (spec/04 §4.11): a time series to its one-sided amplitude spectrum by FFT
(Macaw.Data.FFT.spectrum/3). The interval is every, else the median positive gap of
the time column, else 1; the samples are the newest power of two rows with a numeric
reading of field; each row holds as's names for the frequency and the magnitude, and
a third, when as gives one, for the phase.

      




  

    
Macaw.Data.Operations.Transforms.Stack 
    



      
stack (spec/04 §4.8): d3-shape's stack (Macaw.Data.Stack) over the series fields,
in the order and with the offset given, a nil reading 0. One row per series in
fields order, per datum in data order: the datum's columns plus key, series (its
stacking position, 0 the bottom), value, y0 and y1.

      




  

    
Macaw.Data.Operations.Transforms.Sum 
    



      
sum (spec/04 §4.10): aggregate with fn: "sum", as "sum" by default. It is
vocabulary a design writes, not a deprecated alias.

      




  

    
Macaw.Data.Operations.Transforms.Take 
    



      
take (spec/04 §4.2): the last n rows, or the first with side: :start; n at or
above the count is every row and zero is none.

      




  

    
Macaw.Data.Operations.Transforms.Window 
    



      
window (spec/04 §4.3): the rows whose reading of field lies in
[now − from, now − to), in order. A given to is exclusive, an absent to closes the
window at now inclusively, an absent from is open, so adjacent windows partition a
column. now is the context's, else the newest reading. With latest, each declared
identity's newest row of them (Macaw.Data.Window.latest_rows/3).

      




  

    
Macaw.Data.Ops 
    



      
What a derived source's stored function calls to reach the registered operations
(spec/04 §6): an aggregate of values, or a transform over rows, by name, with the options
a design's node would carry.
fn %{hosts: rows} ->
  p95 = rows |> Enum.map(& &1.cpu) |> Macaw.Data.Ops.aggregate("quantile", %{p: 0.95})

  rows
  |> Macaw.Data.Ops.transform("filter", %{field: "cpu", test: :gte, value: p95})
  |> Macaw.Data.Ops.transform("sort", %{field: "cpu", order: :descending})
end
In a stored function the name is a literal string the checker holds to the engine's
registry, and the call is compiled against that registry (__run__/5), so it runs
exactly what was checked. Called from a host's own code, the functions use
macaw_data's own package. A fault in the options raises ArgumentError with
Macaw.Data.Operations.format_error/1's words.
iex> Macaw.Data.Ops.aggregate([3, nil, 1, 2], "median")
2
iex> Macaw.Data.Ops.transform([%{v: 2}, %{v: 1}], "sort", %{field: :v})
[%{v: 1}, %{v: 2}]

      


      
        Summary


  
    Functions
  


    
      
        aggregate(values, name)

      


        As aggregate/3 with no options.



    


    
      
        aggregate(values, name, options)

      


        The named aggregate of values, nils dropped, with its options.



    


    
      
        transform(rows, name)

      


        As transform/3 with no options.



    


    
      
        transform(rows, name, options)

      


        The named transform run over rows with options, its answer as rows.



    





      


      
        Functions


        


  
    
      
    
    
      aggregate(values, name)



        
          
        

    

  


  

      

          @spec aggregate(Enumerable.t(), String.t()) :: term()


      


As aggregate/3 with no options.

  



  
    
      
    
    
      aggregate(values, name, options)



        
          
        

    

  


  

      

          @spec aggregate(Enumerable.t(), String.t(), map()) :: term()


      


The named aggregate of values, nils dropped, with its options.

  



  
    
      
    
    
      transform(rows, name)



        
          
        

    

  


  

      

          @spec transform(Macaw.Data.Table.source() | Macaw.Data.Table.t(), String.t()) :: [
  map()
]


      


As transform/3 with no options.

  



  
    
      
    
    
      transform(rows, name, options)



        
          
        

    

  


  

      

          @spec transform(Macaw.Data.Table.source() | Macaw.Data.Table.t(), String.t(), map()) ::
  [map()]


      


The named transform run over rows with options, its answer as rows.

  


        

      


  

    
Macaw.Data.Parameter 
    



      
A parameter: the one shape for every typed option, a source's or a component's
(spec/01 §2.2).
%{type: type, default: value, values: [value] | nil,
  legal_for: {slot, field, fact} | nil, bindable: false, doc: "…"}
A parameter's type is a data-model type (:time, :number, :category, :text,
:color or :point, spec/01 §1.2), {:document, type} for a nested document of a
document type, or :term, a value its owner validates itself, allowed only for
options migrated from untyped forms. values is a closed list of legal values;
legal_for says the legal values follow from a bound slot's described schema, which
the runtime that binds slots resolves (macaw_compose spec 05 §1.1); bindable says
whether the value may be bound to state, closed by default.
A parameter with no default is required. validate/2 checks a map of given values
against a map of parameters: every fault at once, by name, a missing one filled from its
default.
macaw_data owns the shape (the owner's decision, 2026-10-27): sources take parameters
before any component exists, and macaw_compose's components use the same shape.

      


      
        Summary


  
    Types
  


    
      
        fault()

      


        A fault: the path to the value, and why.



    


    
      
        t()

      


        A parameter.



    


    
      
        type()

      


        A parameter's type.



    





  
    Functions
  


    
      
        check(parameter)

      


        :ok, or every fault of a parameter declaration, each {path, reason} from the
parameter: [:type] required and one of the types, [:default] and each of [:values, i]
a value of the type, the default among values when both are given, [:legal_for] a
{slot, field, fact}, [:bindable] a boolean, [:doc] a string, and no other key.



    


    
      
        conforms?(arg1, value)

      


        Whether a value is one of a type: a DateTime for :time, a number for :number, a
string, an atom (other than nil, true and false) or a number for :category, a
string for :text, a data color for :color (Macaw.Data.Schema.color?/1), a
{longitude, latitude} pair for :point, a map for {:document, type}, anything for
:term. nil is no value of any type but :term.



    


    
      
        keys()

      


        The keys a parameter takes, :type first.



    


    
      
        validate(parameters, given)

      


        The given values checked against a map of parameters by name (strings), every fault at
once by name: {:ok, values} with each missing parameter's default filled in, or
{:error, faults}. A name no parameter has is {[name], :unknown_param}; a missing
parameter with no default {[name], :required}; a value not of its type
{[name], {:type, type}}; one outside its values {[name], {:enum, values}}.



    





      


      
        Types


        


  
    
      
    
    
      fault()



        
          
        

    

  


  

      

          @type fault() :: {list(), term()}


      


A fault: the path to the value, and why.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{
  :type => type(),
  optional(:default) => term(),
  optional(:values) => [term()] | nil,
  optional(:legal_for) => {term(), term(), atom()} | nil,
  optional(:bindable) => boolean(),
  optional(:doc) => String.t()
}


      


A parameter.

  



  
    
      
    
    
      type()



        
          
        

    

  


  

      

          @type type() ::
  :time
  | :number
  | :category
  | :text
  | :color
  | :point
  | {:document, atom()}
  | :term


      


A parameter's type.

  


        

      

      
        Functions


        


  
    
      
    
    
      check(parameter)



        
          
        

    

  


  

      

          @spec check(term()) :: :ok | {:error, [fault(), ...]}


      


:ok, or every fault of a parameter declaration, each {path, reason} from the
parameter: [:type] required and one of the types, [:default] and each of [:values, i]
a value of the type, the default among values when both are given, [:legal_for] a
{slot, field, fact}, [:bindable] a boolean, [:doc] a string, and no other key.
iex> Macaw.Data.Parameter.check(%{type: :number, default: 5, doc: "bins"})
:ok
iex> Macaw.Data.Parameter.check(%{type: :category, values: ["a", "b"], default: "c"})
{:error, [{[:default], :not_in_values}]}

  



  
    
      
    
    
      conforms?(arg1, value)



        
          
        

    

  


  

      

          @spec conforms?(type(), term()) :: boolean()


      


Whether a value is one of a type: a DateTime for :time, a number for :number, a
string, an atom (other than nil, true and false) or a number for :category, a
string for :text, a data color for :color (Macaw.Data.Schema.color?/1), a
{longitude, latitude} pair for :point, a map for {:document, type}, anything for
:term. nil is no value of any type but :term.

  



  
    
      
    
    
      keys()



        
          
        

    

  


  

      

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


      


The keys a parameter takes, :type first.

  



  
    
      
    
    
      validate(parameters, given)



        
          
        

    

  


  

      

          @spec validate(%{required(String.t()) => t()}, map()) ::
  {:ok, map()} | {:error, [fault(), ...]}


      


The given values checked against a map of parameters by name (strings), every fault at
once by name: {:ok, values} with each missing parameter's default filled in, or
{:error, faults}. A name no parameter has is {[name], :unknown_param}; a missing
parameter with no default {[name], :required}; a value not of its type
{[name], {:type, type}}; one outside its values {[name], {:enum, values}}.
iex> params = %{"bins" => %{type: :number, default: 10}, "agg" => %{type: :category, values: ["max", "mean"]}}
iex> Macaw.Data.Parameter.validate(params, %{"agg" => "max"})
{:ok, %{"agg" => "max", "bins" => 10}}
iex> Macaw.Data.Parameter.validate(params, %{"agg" => "sum", "zoom" => 2})
{:error, [{["agg"], {:enum, ["max", "mean"]}}, {["zoom"], :unknown_param}]}

  


        

      


  

    
Macaw.Data.Quantity 
    



      
A fixed list of quantities, each with its facts: a base unit, a kind, bounds, additivity,
and display families by unit system (spec/03 §8–§13).
A quantity is what a unit measures. A unit (a UCUM code, Macaw.Data.Unit) and a
quantity together are a measure, %{unit: code, quantity: quantity}, the two facts a
field description carries. They are facts about the data, not knobs: a measure does
not change a value, it says what the value already is, so a display can choose how to
show it.
The list is fixed and grows by proposal: duration, information, data_rate,
frequency, ratio, count, temperature, length, speed, power, energy,
pressure, area, volume, mass, pace, angle, currency,
electric_potential, electric_current, electric_charge, illuminance,
sound_level, mass_concentration and amount_concentration. spec/03 §8–§13 tables each
one's facts and families.
	Kind is :linear, :affine (a temperature), :logarithmic (a sound level) or
:cyclic (an angle, whose mean is circular).
	Bounds are a display hint, never validation: a difference is legitimately
negative, so a value outside them is never refused.
	Additivity depends on the aggregation: additivity/2 refines the quantity's
defaults across series and over time by the field's metric kind (:gauge,
:counter, :rate).
	Unit systems are :metric, :us, :uk and :as_posted; a system picks the
family a value is shown in and never touches the data.

Information is decimal by default: UCUM's kBy and Telemetry.Metrics'
:kilobyte are 1,000 bytes, and a unit written with a binary prefix (MiBy) or in
bit belongs to its own family. The data picks it; no setting does.
How a value is drawn in its family (the display unit, tick formats, a value's label in
a locale) is the drawing library's: visualize's Visualize.Quantity keeps it, over this
vocabulary.
The vocabulary half of visualize's Visualize.Quantity.
Examples
iex> Macaw.Data.Quantity.family(:mass, "kg", :us)
["[oz_av]", "[lb_av]"]

iex> Macaw.Data.Quantity.additivity(:data_rate)
%{across: true, over_time: false}

iex> Macaw.Data.Quantity.label(%{unit: "{request}"})
"request"

      


      
        Summary


  
    Types
  


    
      
        kind()

      


        How a quantity's values combine (spec/03 §9).



    


    
      
        measure()

      


        A unit and a quantity, either or both; the two facts a field description carries.



    


    
      
        metric_kind()

      


        How a field's values were measured, which refines its quantity's additivity.



    


    
      
        reason()

      


        Why a measure does not resolve.



    


    
      
        system()

      


        A unit system: a display preference, never applied to the data.



    


    
      
        t()

      


        One of the fixed list of quantities.



    





  
    Functions
  


    
      
        additivity(quantity, metric_kind \\ nil)

      


        Whether a sum of the quantity's values means anything (spec/03 §10, D-155):
%{across: boolean, over_time: boolean} — summing several series at one instant, and
summing one series over time. The quantity's physical defaults are refined by the
field's metric kind: a :gauge and a :rate never add over time, and a :counter's
increments add over time when the quantity adds across. No quantity (a plain number)
defaults to both.



    


    
      
        all()

      


        The fixed list of quantities (spec/03 §8).



    


    
      
        base_unit(quantity)

      


        A quantity's base unit, the unit its values are in when no unit is given; nil for a
:currency, whose code the data must say.



    


    
      
        bounds(quantity)

      


        Where a quantity's values physically lie, in its base unit, {min | nil, max | nil}
(spec/03 §9): a display hint an axis may anchor at, never validation — a value
outside them is never refused.



    


    
      
        bounds(quantity, unit)

      


        A quantity's bounds in a unit of it: the base's, converted. A unit without a factor
(Cel) takes the base's bounds as they are.



    


    
      
        family(quantity, unit)

      


        The display family a unit of the quantity belongs to, smallest first; [] for a unit
of no family's shape (spec/03 §11). Within the unit's convention (family/3), a unit
belongs to the first family holding a member of its shape — its atoms and exponents,
prefixes aside and a binary prefix kept apart — so the unit picks among a quantity's
families: bits, binary prefixes, hertz, watt-hours, US lengths. No unit means the base
unit.



    


    
      
        family(quantity, unit, system)

      


        The display family a system shows a unit of the quantity in (spec/03 §11, D-158): the
family the unit's convention names for :metric, :us or :uk when it names one,
else the unit's own (family/2), which is what :as_posted always is.



    


    
      
        kind(quantity)

      


        How a quantity's values combine (spec/03 §9): :linear, :affine (a temperature),
:logarithmic (a sound level) or :cyclic (an angle).



    


    
      
        label(measure)

      


        The label rule (spec/03 §14): the unit, else the quantity, else nothing — the
unit's symbol with its annotations written when it is not empty, else the quantity's
name with spaces for underscores, else nil. Raises ArgumentError for a measure
resolve/1 refuses.



    


    
      
        of_unit(unit)

      


        The quantity a code's dimension implies, or nil when none of the list has it. A
dimensionless code holding % is a :ratio, any other a :count, and a code of one
currency alone ({iso4217:USD}) a :currency.



    


    
      
        resolve(measure)

      


        A measure completed and checked (spec/03 §13): a unit alone implies its quantity, a
quantity alone means its base unit, and a unit whose dimension is not its quantity's is
refused. A :ratio or a :count takes any dimensionless unit, and a :currency a
code of one currency alone.



    


    
      
        systems()

      


        The unit systems a display may prefer (spec/03 §12), :as_posted the default.



    





      


      
        Types


        


  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() :: :linear | :affine | :logarithmic | :cyclic


      


How a quantity's values combine (spec/03 §9).

  



  
    
      
    
    
      measure()



        
          
        

    

  


  

      

          @type measure() :: %{
  optional(:unit) => Macaw.Data.Unit.code() | nil,
  optional(:quantity) => t() | nil
}


      


A unit and a quantity, either or both; the two facts a field description carries.

  



  
    
      
    
    
      metric_kind()



        
          
        

    

  


  

      

          @type metric_kind() :: :gauge | :counter | :rate


      


How a field's values were measured, which refines its quantity's additivity.

  



  
    
      
    
    
      reason()



        
          
        

    

  


  

      

          @type reason() ::
  {:unit, Macaw.Data.Unit.code(), Macaw.Data.Unit.reason()}
  | {:quantity, t(), Macaw.Data.Unit.code()}
  | {:unknown_quantity, term()}


      


Why a measure does not resolve.

  



  
    
      
    
    
      system()



        
          
        

    

  


  

      

          @type system() :: :metric | :us | :uk | :as_posted


      


A unit system: a display preference, never applied to the data.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  :duration
  | :information
  | :data_rate
  | :frequency
  | :ratio
  | :count
  | :temperature
  | :length
  | :speed
  | :power
  | :energy
  | :pressure
  | :area
  | :volume
  | :mass
  | :pace
  | :angle
  | :currency
  | :electric_potential
  | :electric_current
  | :electric_charge
  | :illuminance
  | :sound_level
  | :mass_concentration
  | :amount_concentration


      


One of the fixed list of quantities.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      additivity(quantity, metric_kind \\ nil)



        
          
        

    

  


  

      

          @spec additivity(t() | nil, metric_kind() | nil) :: %{
  across: boolean(),
  over_time: boolean()
}


      


Whether a sum of the quantity's values means anything (spec/03 §10, D-155):
%{across: boolean, over_time: boolean} — summing several series at one instant, and
summing one series over time. The quantity's physical defaults are refined by the
field's metric kind: a :gauge and a :rate never add over time, and a :counter's
increments add over time when the quantity adds across. No quantity (a plain number)
defaults to both.
Examples
iex> Macaw.Data.Quantity.additivity(:count, :gauge)
%{across: true, over_time: false}

iex> Macaw.Data.Quantity.additivity(:temperature, :counter)
%{across: false, over_time: false}

  



  
    
      
    
    
      all()



        
          
        

    

  


  

      

          @spec all() :: [t(), ...]


      


The fixed list of quantities (spec/03 §8).

  



  
    
      
    
    
      base_unit(quantity)



        
          
        

    

  


  

      

          @spec base_unit(t()) :: Macaw.Data.Unit.code() | nil


      


A quantity's base unit, the unit its values are in when no unit is given; nil for a
:currency, whose code the data must say.

  



  
    
      
    
    
      bounds(quantity)



        
          
        

    

  


  

      

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


      


Where a quantity's values physically lie, in its base unit, {min | nil, max | nil}
(spec/03 §9): a display hint an axis may anchor at, never validation — a value
outside them is never refused.
Examples
iex> Macaw.Data.Quantity.bounds(:duration)
{0, nil}

  



  
    
      
    
    
      bounds(quantity, unit)



        
          
        

    

  


  

      

          @spec bounds(t(), Macaw.Data.Unit.code()) :: {number() | nil, number() | nil}


      


A quantity's bounds in a unit of it: the base's, converted. A unit without a factor
(Cel) takes the base's bounds as they are.
Examples
iex> Macaw.Data.Quantity.bounds(:ratio, "%")
{0.0, 100.0}

  



  
    
      
    
    
      family(quantity, unit)



        
          
        

    

  


  

      

          @spec family(t(), Macaw.Data.Unit.code() | nil) :: [Macaw.Data.Unit.code()]


      


The display family a unit of the quantity belongs to, smallest first; [] for a unit
of no family's shape (spec/03 §11). Within the unit's convention (family/3), a unit
belongs to the first family holding a member of its shape — its atoms and exponents,
prefixes aside and a binary prefix kept apart — so the unit picks among a quantity's
families: bits, binary prefixes, hertz, watt-hours, US lengths. No unit means the base
unit.
Examples
iex> Macaw.Data.Quantity.family(:information, "MiBy")
["By", "KiBy", "MiBy", "GiBy", "TiBy"]

iex> Macaw.Data.Quantity.family(:length, "[ft_i]")
["[in_i]", "[ft_i]", "[mi_i]"]

  



  
    
      
    
    
      family(quantity, unit, system)



        
          
        

    

  


  

      

          @spec family(t(), Macaw.Data.Unit.code() | nil, system()) :: [Macaw.Data.Unit.code()]


      


The display family a system shows a unit of the quantity in (spec/03 §11, D-158): the
family the unit's convention names for :metric, :us or :uk when it names one,
else the unit's own (family/2), which is what :as_posted always is.
A quantity read in several conventions — a pressure is gauge, barometric or clinical —
picks the unit's by its exact code first, then by its shape, else the first, so a
system chooses within a convention and never across: a barometric hPa is shown in
inches of mercury under :us, and a blood pressure in mm[Hg] stays in it under every
system.
Examples
iex> Macaw.Data.Quantity.family(:mass, "kg", :uk)
["[oz_av]", "[lb_av]", "[stone_av]"]

iex> Macaw.Data.Quantity.family(:duration, "ms", :us)
["ns", "us", "ms", "s", "min", "h", "d"]

iex> Macaw.Data.Quantity.family(:pressure, "hPa", :us)
["[in_i'Hg]"]

  



  
    
      
    
    
      kind(quantity)



        
          
        

    

  


  

      

          @spec kind(t()) :: kind()


      


How a quantity's values combine (spec/03 §9): :linear, :affine (a temperature),
:logarithmic (a sound level) or :cyclic (an angle).
Examples
iex> Macaw.Data.Quantity.kind(:angle)
:cyclic

  



  
    
      
    
    
      label(measure)



        
          
        

    

  


  

      

          @spec label(measure()) :: String.t() | nil


      


The label rule (spec/03 §14): the unit, else the quantity, else nothing — the
unit's symbol with its annotations written when it is not empty, else the quantity's
name with spaces for underscores, else nil. Raises ArgumentError for a measure
resolve/1 refuses.
Examples
iex> Macaw.Data.Quantity.label(%{unit: "ms"})
"ms"

iex> Macaw.Data.Quantity.label(%{quantity: :count})
"count"

iex> Macaw.Data.Quantity.label(%{})
nil

  



  
    
      
    
    
      of_unit(unit)



        
          
        

    

  


  

      

          @spec of_unit(Macaw.Data.Unit.code()) :: t() | nil


      


The quantity a code's dimension implies, or nil when none of the list has it. A
dimensionless code holding % is a :ratio, any other a :count, and a code of one
currency alone ({iso4217:USD}) a :currency.
Examples
iex> Macaw.Data.Quantity.of_unit("kW.h")
:energy

iex> Macaw.Data.Quantity.of_unit("{request}")
:count

  



  
    
      
    
    
      resolve(measure)



        
          
        

    

  


  

      

          @spec resolve(measure()) ::
  {:ok, %{unit: Macaw.Data.Unit.code() | nil, quantity: t() | nil}}
  | {:error, reason()}


      


A measure completed and checked (spec/03 §13): a unit alone implies its quantity, a
quantity alone means its base unit, and a unit whose dimension is not its quantity's is
refused. A :ratio or a :count takes any dimensionless unit, and a :currency a
code of one currency alone.
Examples
iex> Macaw.Data.Quantity.resolve(%{quantity: :duration})
{:ok, %{unit: "s", quantity: :duration}}

iex> Macaw.Data.Quantity.resolve(%{unit: "By", quantity: :duration})
{:error, {:quantity, :duration, "By"}}

  



  
    
      
    
    
      systems()



        
          
        

    

  


  

      

          @spec systems() :: [system(), ...]


      


The unit systems a display may prefer (spec/03 §12), :as_posted the default.

  


        

      


  

    
Macaw.Data.Reduce 
    



      
Shape-preserving downsampling (spec/01 §2.4): the two reducers finishing uses to bring a
delivery within a budget.
	lttb/3, Largest-Triangle-Three-Buckets, keeps about n points chosen to keep a
series' visual shape;
	m4/3 keeps, per pixel column, the first, last, least and greatest points, which a
line drawn that wide needs to draw the same pixels as all of them.

Both treat a datum whose x or y is not a number as a gap, kept in place, so a line
over the result still breaks where the input broke. Ported from visualize's
Visualize.Data.lttb/3 and m4/3.

      


      
        Summary


  
    Functions
  


    
      
        lttb(data, n, accessor \\ nil)

      


        Largest-Triangle-Three-Buckets: about n of the elements, chosen to keep the series'
visual shape (Steinarsson 2013).



    


    
      
        m4(data, width, accessor \\ nil)

      


        M4: per pixel column, the first, last, least-y and greatest-y elements — the
elements a line drawn width pixels wide needs to draw the same pixels as all of them
(Jugel et al. 2014).



    





      


      
        Functions


        


    

  
    
      
    
    
      lttb(data, n, accessor \\ nil)



        
          
        

    

  


  

      

          @spec lttb([any()], pos_integer(), (any() -> {term(), term()}) | nil) :: [any()]


      


Largest-Triangle-Three-Buckets: about n of the elements, chosen to keep the series'
visual shape (Steinarsson 2013).
The accessor returns {x, y}; without one the elements are {x, y} tuples. A datum
whose x or y is not a number is a gap: the defined data are reduced run by run
between the gaps, and each run of gaps keeps its first element in place, so a line over
the result still breaks where the input broke. Input of n or fewer elements is
returned unchanged; without gaps the result is exactly n elements, the first and the
last among them. n must be at least 3.
Examples
iex> Macaw.Data.Reduce.lttb([{0, 0}, {1, 1}, {2, 0}, {3, 5}, {4, 0}, {5, 1}, {6, 0}], 4)
[{0, 0}, {2, 0}, {3, 5}, {6, 0}]

iex> Macaw.Data.Reduce.lttb([{0, 0}, {1, 3}, {2, nil}, {3, 4}, {4, 1}], 9)
[{0, 0}, {1, 3}, {2, nil}, {3, 4}, {4, 1}]

  



    

  
    
      
    
    
      m4(data, width, accessor \\ nil)



        
          
        

    

  


  

      

          @spec m4([any()], pos_integer(), (any() -> {term(), term()}) | nil) :: [any()]


      


M4: per pixel column, the first, last, least-y and greatest-y elements — the
elements a line drawn width pixels wide needs to draw the same pixels as all of them
(Jugel et al. 2014).
The columns split the extent of the defined x readings evenly. The accessor, the gaps
and the runs are as lttb/3's: each run of gaps keeps its first element in place, and
each stretch of one run in one column keeps at most four elements, deduplicated and in
input order. width must be at least 1.
Examples
iex> Macaw.Data.Reduce.m4([{0, 1}, {1, 5}, {2, 0}, {3, 2}, {4, 3}, {5, 9}, {6, 4}, {7, 6}], 2)
[{0, 1}, {1, 5}, {2, 0}, {3, 2}, {4, 3}, {5, 9}, {7, 6}]

iex> Macaw.Data.Reduce.m4([{0, 1}, {1, 2}, {2, nil}, {3, nil}, {4, 3}], 1)
[{0, 1}, {1, 2}, {2, nil}, {4, 3}]

  


        

      


  

    
Macaw.Data.Schema 
    



      
A source's schema: what each of its fields means (spec/01 §1.2).
A schema maps a field, named as the source's rows name it (an atom or a string), to a
description: its type (:time, :number, :category, :text, :color or
:point, a geographic position), and as much of unit, quantity, label, order,
status, polarity, target, continuity, window, metric_kind, bounds and
identity as the source knows, and for a :category field the values it takes,
every one. It says what the numbers are, whoever draws them, and never how they are
drawn: a description has no color key, since color is the theme's to choose from the
meaning. A declared value may be an entry, %{value: v, name: "Display", color: c},
whose color is a data color, a literal (spec/01 §1.7).
A unit is a UCUM code Macaw.Data.Unit reads and a quantity one of
Macaw.Data.Quantity.all/0, and when both are given the unit measures the quantity
(spec/01 §1.6). A field whose value names the thing a row is about says
identity: true, several such fields together naming it (spec/01 §1.4). The window
field is window_field/1's (spec/01 §1.5).
A schema is identified by its version: the kernel's digest of its map form
(Macaw.Layers.Document.digest/1, spec/01 §1.10), the same on every node and under
every release, and new with any change of content. Names, states and roles count by
their spelling, so :latency and "latency" are one field of one version, as they are
after a trip through JSON. A Macaw.Data.Delivery names the version its rows were
produced under; Macaw.Data.Schema.Cache holds schemas by {source, version}.
compatibility/2 says when one schema's rows read as another's (spec/01 §1.9).
to_json/1 and from_json/2 are its public JSON form (spec/01 §1.11).
Ported from visualize's Visualize.Data.Schema, with the :point type, literal data
colors, the window field, the kernel's digest and a public JSON form.
Examples
iex> {:ok, schema} =
...>   Macaw.Data.Schema.new(%{
...>     t: %{type: :time},
...>     latency: %{type: :number, unit: "s", quantity: :duration, label: "Request time"},
...>     state: %{type: :category, order: ["ok", "warn", "fail"],
...>              status: %{"ok" => :good, "warn" => :warning, "fail" => :bad}}
...>   })
iex> Macaw.Data.Schema.fetch(schema, "latency", :unit)
{:ok, "s"}
iex> String.length(Macaw.Data.Schema.version(schema))
64
iex> Macaw.Data.Schema.new(%{state: %{type: :category, colors: %{"ok" => "#0a0"}}})
{:error, [{[:state, :colors], {:color_key, :colors}}]}

      


      
        Summary


  
    Types
  


    
      
        description()

      


        What one field means (spec/01 §1.2).



    


    
      
        error()

      


        A fault of new/1: the path from the schema to the value, and why.



    


    
      
        incompatibility()

      


        Why a field of one schema cannot read another's rows (spec/01 §1.2, visualize D-159).



    


    
      
        name()

      


        A field name, as the feed's rows spell it.



    


    
      
        t()

      


    


    
      
        value()

      


        A category field's value: a string, an atom or a number.



    


    
      
        value_entry()

      


        A declared value with what a person reads of it (spec/01 §1.2, visualize D-224): its display
name, and a color hint, a data color: a literal (spec/01 §1.7).



    





  
    Functions
  


    
      
        attributes()

      


        The fourteen description keys, :type first (spec/01 §1.2).



    


    
      
        color?(name)

      


        Whether a value is a data color as a schema holds one (spec/01 §1.7): a literal, #rgb,
#rgba, #rrggbb or #rrggbbaa in hexadecimal, or a CSS named color. A theme role or a
typed color is a drawing color, which a schema never names.



    


    
      
        compatibility(schema, other)

      


        Whether other's rows read as schema's (spec/01 §1.2, visualize D-159): for each field of
schema, other has a field of the same name compared as strings, of the same type,
and for a :number field a unit that converts into schema's — two absent units
agree, one absent facing a present one does not. {:error, faults} lists every fault,
field spelled as schema spells it, ordered by its name as a string. Labels and facts
are not compared, and other's extra fields are not faults — except identity (visualize D-167):
a field one schema declares identity: true and the other does not is {:identity, a, b}, a and b whether each declares it, even a field only other has, since
other's rows read as schema's would merge the things other tells apart.



    


    
      
        entry_keys()

      


        A value entry's three keys, :value first (spec/01 §1.3): what a codec reads an entry's
keys as, never making an atom of another. Public, so a host that encodes schemas itself
(metresis) reads it rather than a hidden function.



    


    
      
        fetch(schema, name)

      


        A field's description, by either spelling of its name (spec/01 §1.1).



    


    
      
        fetch(schema, name, key)

      


        One attribute of a field's description; :error when the field or the attribute is absent.



    


    
      
        format_error(arg)

      


        One fault of new/1 as a line a person reads.



    


    
      
        from_json(json, opts \\ [])

      


        The schema a JSON document holds: read through the kernel's limits and scan first
(Macaw.Layers.Limits, Macaw.Layers.Scan), so a document over a limit is refused
before it is decoded, then decoded and read by from_map/1. limits: tightens them.



    


    
      
        from_map(pairs)

      


        The schema a map form holds (spec/01 §1.11): new/1 of what it reads. Each word is read
through its own closed vocabulary and every name, state and role is a string, so no atom
is made. A key no description or value entry has stays its string, for new/1 to
refuse by name.



    


    
      
        identity(schema)

      


        The fields the schema declares identity: true, as it spells them, ordered by name as a
string; [] when it declares none (spec/01 §1.2, visualize D-167).



    


    
      
        identity(schema, row)

      


        A row's identity under the schema (spec/01 §1.2, visualize D-167): the bare value of the one
identity field, a map from field to value, keyed as the schema spells them, for several,
and nil when the schema declares none or the row has no value for one of them. Each
field is read by either spelling of its name.



    


    
      
        new(fields)

      


        The schema of a map of field descriptions, or every fault of it by path (spec/01 §1.2).



    


    
      
        new!(fields)

      


        The schema of a map of field descriptions, or ArgumentError naming every fault.



    


    
      
        to_json(schema)

      


        The schema's JSON form: to_map/1, encoded.



    


    
      
        to_map(schema)

      


        The schema's map form (spec/01 §1.11): the JSON-ready list of [name, description]
pairs, sorted by name, every name, state and role written by its spelling, every word
of the vocabulary (type, quantity, polarity, metric_kind) as its string.



    


    
      
        value_colors(schema, field)

      


        A map from each declared value with a color to its color, as written, a literal
(spec/01 §1.3); %{} when none has one, or the field declares no values. A drawing
library may use it as a color map; a design's own colors outrank it.



    


    
      
        value_names(schema, field)

      


        A map from each declared value with a name to its name (spec/01 §1.2, visualize D-224); %{}
when none has one, or the field declares no values.



    


    
      
        values(schema, field)

      


        A field's declared values, bare, in their declared order (spec/01 §1.2, visualize D-224): each
value entry's value, and each bare value as it is. nil when the schema has no such
field or the field declares no values — an open set, where [] would say a closed one
holding nothing. Read by either spelling of the field's name.



    


    
      
        version(schema)

      


        The schema's version: the SHA-256 of its canonical encoding as 64 lowercase hex digits
(spec/01 §1.10), computed once by new/1.



    


    
      
        window_field(schema)

      


        The schema's window field (spec/01 §1.5): the field a request's window applies to, by
which rows are ordered, trimmed and routed. It is the field described window: true,
else the schema's one :time field when it does not say window: false; nil when
there is neither, and a schema with several :time fields and none marked has none.



    


    
      
        window_kind(schema)

      


        The window that applies to the schema's window field (spec/01 §1.5): :range over a
:time or a :number field, from one instant or value to another; :box over a
:point field, a region of positions; nil when the schema has no window field.



    





      


      
        Types


        


  
    
      
    
    
      description()



        
          
        

    

  


  

      

          @type description() :: %{
  :type => :time | :number | :category | :text | :color | :point,
  optional(:unit) => String.t(),
  optional(:quantity) => atom(),
  optional(:label) => String.t(),
  optional(:order) => [String.t() | atom() | number(), ...],
  optional(:status) => %{required(term()) => atom()},
  optional(:polarity) => :higher_is_better | :lower_is_better | :neutral,
  optional(:target) => number(),
  optional(:continuity) => number(),
  optional(:window) => boolean(),
  optional(:metric_kind) => :gauge | :counter | :rate,
  optional(:bounds) => [number() | nil],
  optional(:identity) => boolean(),
  optional(:values) => [value() | value_entry(), ...]
}


      


What one field means (spec/01 §1.2).

  



  
    
      
    
    
      error()



        
          
        

    

  


  

      

          @type error() :: {[name() | atom() | non_neg_integer() | term()], term()}


      


A fault of new/1: the path from the schema to the value, and why.

  



  
    
      
    
    
      incompatibility()



        
          
        

    

  


  

      

          @type incompatibility() ::
  :missing
  | {:type, atom(), atom()}
  | {:unit, term(), term()}
  | {:identity, boolean(), boolean()}


      


Why a field of one schema cannot read another's rows (spec/01 §1.2, visualize D-159).

  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @type name() :: atom() | String.t()


      


A field name, as the feed's rows spell it.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Macaw.Data.Schema{
  fields: %{required(name()) => description()},
  identity: [name()] | nil,
  version: String.t()
}


      



  



  
    
      
    
    
      value()



        
          
        

    

  


  

      

          @type value() :: String.t() | atom() | number()


      


A category field's value: a string, an atom or a number.

  



  
    
      
    
    
      value_entry()



        
          
        

    

  


  

      

          @type value_entry() :: %{
  :value => value(),
  optional(:name) => String.t(),
  optional(:color) => String.t()
}


      


A declared value with what a person reads of it (spec/01 §1.2, visualize D-224): its display
name, and a color hint, a data color: a literal (spec/01 §1.7).

  


        

      

      
        Functions


        


  
    
      
    
    
      attributes()



        
          
        

    

  


  

      

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


      


The fourteen description keys, :type first (spec/01 §1.2).

  



  
    
      
    
    
      color?(name)



        
          
        

    

  


  

      

          @spec color?(term()) :: boolean()


      


Whether a value is a data color as a schema holds one (spec/01 §1.7): a literal, #rgb,
#rgba, #rrggbb or #rrggbbaa in hexadecimal, or a CSS named color. A theme role or a
typed color is a drawing color, which a schema never names.
iex> Macaw.Data.Schema.color?("#2e7d32")
true
iex> Macaw.Data.Schema.color?("Orange")
true
iex> Macaw.Data.Schema.color?({:color, :good})
false

  



  
    
      
    
    
      compatibility(schema, other)



        
          
        

    

  


  

      

          @spec compatibility(t(), t()) :: :ok | {:error, [{name(), incompatibility()}, ...]}


      


Whether other's rows read as schema's (spec/01 §1.2, visualize D-159): for each field of
schema, other has a field of the same name compared as strings, of the same type,
and for a :number field a unit that converts into schema's — two absent units
agree, one absent facing a present one does not. {:error, faults} lists every fault,
field spelled as schema spells it, ordered by its name as a string. Labels and facts
are not compared, and other's extra fields are not faults — except identity (visualize D-167):
a field one schema declares identity: true and the other does not is {:identity, a, b}, a and b whether each declares it, even a field only other has, since
other's rows read as schema's would merge the things other tells apart.
iex> live = Macaw.Data.Schema.new!(%{t: %{type: :time}, value: %{type: :number, unit: "ms"}})
iex> history = Macaw.Data.Schema.new!(%{"t" => %{type: :time}, "value" => %{type: :number, unit: "s", label: "Load"}})
iex> Macaw.Data.Schema.compatibility(live, history)
:ok
iex> bytes = Macaw.Data.Schema.new!(%{"value" => %{type: :number, unit: "By"}})
iex> Macaw.Data.Schema.compatibility(live, bytes)
{:error, [{:t, :missing}, {:value, {:unit, "ms", "By"}}]}
iex> hosts = Macaw.Data.Schema.new!(%{host: %{type: :category, identity: true}})
iex> ifaces = Macaw.Data.Schema.new!(%{host: %{type: :category, identity: true},
...>   iface: %{type: :category, identity: true}})
iex> Macaw.Data.Schema.compatibility(hosts, ifaces)
{:error, [{:iface, {:identity, false, true}}]}

  



  
    
      
    
    
      entry_keys()



        
          
        

    

  


  

      

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


      


A value entry's three keys, :value first (spec/01 §1.3): what a codec reads an entry's
keys as, never making an atom of another. Public, so a host that encodes schemas itself
(metresis) reads it rather than a hidden function.
iex> Macaw.Data.Schema.entry_keys()
[:value, :name, :color]

  



  
    
      
    
    
      fetch(schema, name)



        
          
        

    

  


  

      

          @spec fetch(t(), name()) :: {:ok, description()} | :error


      


A field's description, by either spelling of its name (spec/01 §1.1).
iex> schema = Macaw.Data.Schema.new!(%{"v" => %{type: :number}})
iex> Macaw.Data.Schema.fetch(schema, :v)
{:ok, %{type: :number}}
iex> Macaw.Data.Schema.fetch(schema, :w)
:error

  



  
    
      
    
    
      fetch(schema, name, key)



        
          
        

    

  


  

      

          @spec fetch(t(), name(), atom()) :: {:ok, term()} | :error


      


One attribute of a field's description; :error when the field or the attribute is absent.

  



  
    
      
    
    
      format_error(arg)



        
          
        

    

  


  

      

          @spec format_error(error()) :: String.t()


      


One fault of new/1 as a line a person reads.
iex> Macaw.Data.Schema.format_error({[:latency, :unit], {:invalid_for, :category}})
"latency.unit: is not a key a :category field takes"

  



    

  
    
      
    
    
      from_json(json, opts \\ [])



        
          
        

    

  


  

      

          @spec from_json(binary(), keyword()) :: {:ok, t()} | {:error, [error(), ...]}


      


The schema a JSON document holds: read through the kernel's limits and scan first
(Macaw.Layers.Limits, Macaw.Layers.Scan), so a document over a limit is refused
before it is decoded, then decoded and read by from_map/1. limits: tightens them.

  



  
    
      
    
    
      from_map(pairs)



        
          
        

    

  


  

      

          @spec from_map(term()) :: {:ok, t()} | {:error, [error(), ...]}


      


The schema a map form holds (spec/01 §1.11): new/1 of what it reads. Each word is read
through its own closed vocabulary and every name, state and role is a string, so no atom
is made. A key no description or value entry has stays its string, for new/1 to
refuse by name.

  



  
    
      
    
    
      identity(schema)



        
          
        

    

  


  

      

          @spec identity(t()) :: [name()]


      


The fields the schema declares identity: true, as it spells them, ordered by name as a
string; [] when it declares none (spec/01 §1.2, visualize D-167).
iex> schema = Macaw.Data.Schema.new!(%{
...>   iface: %{type: :category, identity: true},
...>   host: %{type: :category, identity: true},
...>   bytes: %{type: :number}
...> })
iex> Macaw.Data.Schema.identity(schema)
[:host, :iface]

  



  
    
      
    
    
      identity(schema, row)



        
          
        

    

  


  

      

          @spec identity(t(), map()) :: term()


      


A row's identity under the schema (spec/01 §1.2, visualize D-167): the bare value of the one
identity field, a map from field to value, keyed as the schema spells them, for several,
and nil when the schema declares none or the row has no value for one of them. Each
field is read by either spelling of its name.
iex> one = Macaw.Data.Schema.new!(%{id: %{type: :category, identity: true}, x: %{type: :number}})
iex> Macaw.Data.Schema.identity(one, %{"id" => "frog-1", "x" => 3})
"frog-1"
iex> two = Macaw.Data.Schema.new!(%{host: %{type: :category, identity: true},
...>   iface: %{type: :category, identity: true}})
iex> Macaw.Data.Schema.identity(two, %{host: "mx1", iface: "eth0", bytes: 9})
%{host: "mx1", iface: "eth0"}
iex> Macaw.Data.Schema.identity(two, %{host: "mx1"})
nil

  



  
    
      
    
    
      new(fields)



        
          
        

    

  


  

      

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


      


The schema of a map of field descriptions, or every fault of it by path (spec/01 §1.2).
iex> Macaw.Data.Schema.new(%{v: %{type: :category, unit: "s"}})
{:error, [{[:v, :unit], {:invalid_for, :category}}]}

iex> Macaw.Data.Schema.new(%{v: %{type: :number, unit: "By", quantity: :duration}})
{:error, [{[:v, :quantity], {:quantity, :duration, "By"}}]}

  



  
    
      
    
    
      new!(fields)



        
          
        

    

  


  

      

          @spec new!(term()) :: t()


      


The schema of a map of field descriptions, or ArgumentError naming every fault.

  



  
    
      
    
    
      to_json(schema)



        
          
        

    

  


  

      

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


      


The schema's JSON form: to_map/1, encoded.

  



  
    
      
    
    
      to_map(schema)



        
          
        

    

  


  

      

          @spec to_map(t()) :: [[term()]]


      


The schema's map form (spec/01 §1.11): the JSON-ready list of [name, description]
pairs, sorted by name, every name, state and role written by its spelling, every word
of the vocabulary (type, quantity, polarity, metric_kind) as its string.

  



  
    
      
    
    
      value_colors(schema, field)



        
          
        

    

  


  

      

          @spec value_colors(t(), name()) :: %{required(value()) => String.t()}


      


A map from each declared value with a color to its color, as written, a literal
(spec/01 §1.3); %{} when none has one, or the field declares no values. A drawing
library may use it as a color map; a design's own colors outrank it.
iex> schema = Macaw.Data.Schema.new!(%{state: %{type: :category, values: [
...>   %{value: "ok", color: "#2e7d32"}, %{value: "warn", color: "orange"}]}})
iex> Macaw.Data.Schema.value_colors(schema, :state)
%{"ok" => "#2e7d32", "warn" => "orange"}

  



  
    
      
    
    
      value_names(schema, field)



        
          
        

    

  


  

      

          @spec value_names(t(), name()) :: %{required(value()) => String.t()}


      


A map from each declared value with a name to its name (spec/01 §1.2, visualize D-224); %{}
when none has one, or the field declares no values.
iex> schema = Macaw.Data.Schema.new!(%{state: %{type: :category, values: [
...>   %{value: "ok", name: "OK"}, %{value: "down", color: "#c62828"}, "unknown"]}})
iex> Macaw.Data.Schema.value_names(schema, "state")
%{"ok" => "OK"}

  



  
    
      
    
    
      values(schema, field)



        
          
        

    

  


  

      

          @spec values(t(), name()) :: [value(), ...] | nil


      


A field's declared values, bare, in their declared order (spec/01 §1.2, visualize D-224): each
value entry's value, and each bare value as it is. nil when the schema has no such
field or the field declares no values — an open set, where [] would say a closed one
holding nothing. Read by either spelling of the field's name.
What compares or lists a field's values reads them here, never through fetch/3, whose
:values is the list as declared, entries and all.
iex> schema = Macaw.Data.Schema.new!(%{state: %{type: :category, values: [
...>   %{value: "ok", name: "OK", color: "#2e7d32"}, "unknown"]}})
iex> Macaw.Data.Schema.values(schema, :state)
["ok", "unknown"]
iex> Macaw.Data.Schema.values(schema, :other)
nil

  



  
    
      
    
    
      version(schema)



        
          
        

    

  


  

      

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


      


The schema's version: the SHA-256 of its canonical encoding as 64 lowercase hex digits
(spec/01 §1.10), computed once by new/1.

  



  
    
      
    
    
      window_field(schema)



        
          
        

    

  


  

      

          @spec window_field(t()) :: name() | nil


      


The schema's window field (spec/01 §1.5): the field a request's window applies to, by
which rows are ordered, trimmed and routed. It is the field described window: true,
else the schema's one :time field when it does not say window: false; nil when
there is neither, and a schema with several :time fields and none marked has none.
iex> alias Macaw.Data.Schema
iex> Schema.window_field(Schema.new!(%{t: %{type: :time}, v: %{type: :number}}))
:t
iex> Schema.window_field(Schema.new!(%{tick: %{type: :number, window: true}, v: %{type: :number}}))
:tick
iex> Schema.window_field(Schema.new!(%{a: %{type: :time}, b: %{type: :time}}))
nil

  



  
    
      
    
    
      window_kind(schema)



        
          
        

    

  


  

      

          @spec window_kind(t()) :: :range | :box | nil


      


The window that applies to the schema's window field (spec/01 §1.5): :range over a
:time or a :number field, from one instant or value to another; :box over a
:point field, a region of positions; nil when the schema has no window field.

  


        

      


  

    
Macaw.Data.Schema.Cache 
    



      
Schemas by {feed, version}, as a value (spec/01 §1.12, visualize D-136).
A delivery names the version of its feed's schema (Macaw.Data.Delivery); a
version already held costs a lookup, and one not seen before is asked of the feed
once. The cache is not a process and not a table: whatever owns the feeds — a board's
process, or a page's sources — holds it in its own state, passes
it in and keeps the grown cache it gets back. A feed is any term that names one.
Examples
iex> alias Macaw.Data.Schema
iex> schema = Schema.new!(%{v: %{type: :number, unit: "ms"}})
iex> cache = Schema.Cache.new([{:latency, schema}])
iex> {:ok, ^schema, ^cache} = Schema.Cache.resolve(cache, :latency, Schema.version(schema), nil)
iex> Schema.Cache.resolve(cache, :latency, "0000", nil)
{:error, {:unknown_schema, :latency, "0000"}, cache}

      


      
        Summary


  
    Types
  


    
      
        describe()

      


        The pull side of a feed: its present schema, or why it has none.



    


    
      
        feed()

      


    


    
      
        reason()

      


        Why resolve/4 has no schema for a version (spec/01 §1.12).



    


    
      
        t()

      


    





  
    Functions
  


    
      
        fetch(cache, feed, version)

      


        A feed's schema at a version, or :error when the cache does not hold it.



    


    
      
        new()

      


        The empty cache.



    


    
      
        new(pairs)

      


        A cache holding each {feed, schema} pair under the schema's own version.



    


    
      
        put(cache, feed, schema)

      


        The cache with a feed's schema added under its version.



    


    
      
        resolve(cache, feed, version, describe)

      


        A feed's schema at a version (spec/01 §1.12): the cached one without calling anything,
else describe's answer, asked once and cached.



    





      


      
        Types


        


  
    
      
    
    
      describe()



        
          
        

    

  


  

      

          @type describe() :: (feed() -> {:ok, Macaw.Data.Schema.t()} | {:error, term()}) | nil


      


The pull side of a feed: its present schema, or why it has none.

  



  
    
      
    
    
      feed()



        
          
        

    

  


  

      

          @type feed() :: term()


      



  



  
    
      
    
    
      reason()



        
          
        

    

  


  

      

          @type reason() ::
  {:unknown_schema, feed(), String.t()}
  | {:describe, feed(), term()}
  | {:schema_version, feed(), String.t(), String.t()}


      


Why resolve/4 has no schema for a version (spec/01 §1.12).

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Macaw.Data.Schema.Cache{
  entries: %{required({feed(), String.t()}) => Macaw.Data.Schema.t()}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      fetch(cache, feed, version)



        
          
        

    

  


  

      

          @spec fetch(t(), feed(), String.t()) :: {:ok, Macaw.Data.Schema.t()} | :error


      


A feed's schema at a version, or :error when the cache does not hold it.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


The empty cache.

  



  
    
      
    
    
      new(pairs)



        
          
        

    

  


  

      

          @spec new([{feed(), Macaw.Data.Schema.t()}]) :: t()


      


A cache holding each {feed, schema} pair under the schema's own version.

  



  
    
      
    
    
      put(cache, feed, schema)



        
          
        

    

  


  

      

          @spec put(t(), feed(), Macaw.Data.Schema.t()) :: t()


      


The cache with a feed's schema added under its version.

  



  
    
      
    
    
      resolve(cache, feed, version, describe)



        
          
        

    

  


  

      

          @spec resolve(t(), feed(), String.t(), describe()) ::
  {:ok, Macaw.Data.Schema.t(), t()} | {:error, reason(), t()}


      


A feed's schema at a version (spec/01 §1.12): the cached one without calling anything,
else describe's answer, asked once and cached.
describe answering a schema of another version is {:schema_version, feed, version, got}, with the answer cached under its own version; {:error, reason} from it is
{:describe, feed, reason}; no describe for a version the cache lacks is
{:unknown_schema, feed, version}. The cache comes back in every case.

  


        

      


  

    
Macaw.Data.Source behaviour
    



      
The source contract (spec/01 §2): anything a component's slot reads. One contract
serves feeds, queries, derived sources, state sources and exports. It is a strict
superset of visualize's Visualize.Feed: an existing feed is a source with no
parameters.
A source is a struct whose module implements this behavior:
	describe(source, context): what the source is, a Macaw.Data.Source.Description.
It takes the host's configuration for the source as context, never a viewer, so
it is answered at boot and cached by schema version;
	fetch(source, request): one answer, a Macaw.Data.Delivery, for a
Macaw.Data.Source.Request;
	subscribe(source, pid) and unsubscribe(source, ref), optional, for a source that
pushes (spec/01 §4).

Errors are values: every callback answers {:error, reason} rather than raising.
The functions here dispatch to a source's module. fetch/3 checks the request's
parameters against the description's before the call (Macaw.Data.Parameter.validate/2):
a request with a bad parameter never reaches the source, and the source receives every
parameter, defaults filled in.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A source: a struct whose module implements Macaw.Data.Source.



    





  
    Callbacks
  


    
      
        describe(source, context)

      


        What the source is, from the host's configuration for it; never a viewer.



    


    
      
        fetch(source, t)

      


        One answer for a request.



    


    
      
        subscribe(source, pid)

      


        The source's pushes sent to pid, tagged with the answered reference (spec/01 §4).



    


    
      
        unsubscribe(source, reference)

      


        A subscription stopped.



    





  
    Functions
  


    
      
        describe(source, context)

      


        The source's description, {:ok, description} or {:error, reason}. An answer that is
neither is {:error, {:bad_describe, answer}}: a source's fault the caller can show.



    


    
      
        describer(sources)

      


        A map of sources by name, with the host's context for each, as the describe function
Macaw.Data.Schema.Cache.resolve/4 takes: a name's present schema, or
{:error, :no_source} for a name not in the map.



    


    
      
        fetch(source, description, request)

      


        One answer for a request, checked first against the description:
{:error, {:params, faults}} without calling the source when a parameter is unknown,
missing or not legal (Macaw.Data.Parameter.validate/2). Otherwise the source is called
with every parameter, defaults filled in. An answer that is neither {:ok, delivery} nor
{:error, reason} is {:error, {:bad_fetch, answer}}.



    


    
      
        subscribe(source, pid)

      


        The source's pushes sent to pid (spec/01 §4): {:ok, ref}, or {:error, :no_push} for
a source whose module does not implement subscribe/2.



    


    
      
        unsubscribe(source, ref)

      


        A subscription stopped; :ok for a source that does not push.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: struct()


      


A source: a struct whose module implements Macaw.Data.Source.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      describe(source, context)



        
          
        

    

  


  

      

          @callback describe(source :: t(), context :: term()) ::
  {:ok, Macaw.Data.Source.Description.t()} | {:error, term()}


      


What the source is, from the host's configuration for it; never a viewer.

  



  
    
      
    
    
      fetch(source, t)



        
          
        

    

  


  

      

          @callback fetch(source :: t(), Macaw.Data.Source.Request.t()) ::
  {:ok, Macaw.Data.Delivery.t()} | {:error, term()}


      


One answer for a request.

  



  
    
      
    
    
      subscribe(source, pid)


        (optional)


        
          
        

    

  


  

      

          @callback subscribe(source :: t(), pid()) :: {:ok, reference()} | {:error, term()}


      


The source's pushes sent to pid, tagged with the answered reference (spec/01 §4).

  



  
    
      
    
    
      unsubscribe(source, reference)


        (optional)


        
          
        

    

  


  

      

          @callback unsubscribe(source :: t(), reference()) :: :ok


      


A subscription stopped.

  


        

      

      
        Functions


        


  
    
      
    
    
      describe(source, context)



        
          
        

    

  


  

      

          @spec describe(t(), term()) ::
  {:ok, Macaw.Data.Source.Description.t()} | {:error, term()}


      


The source's description, {:ok, description} or {:error, reason}. An answer that is
neither is {:error, {:bad_describe, answer}}: a source's fault the caller can show.

  



  
    
      
    
    
      describer(sources)



        
          
        

    

  


  

      

          @spec describer(%{required(term()) => {t(), term()}}) :: (term() ->
                                                      {:ok,
                                                       Macaw.Data.Schema.t()}
                                                      | {:error, term()})


      


A map of sources by name, with the host's context for each, as the describe function
Macaw.Data.Schema.Cache.resolve/4 takes: a name's present schema, or
{:error, :no_source} for a name not in the map.

  



  
    
      
    
    
      fetch(source, description, request)



        
          
        

    

  


  

      

          @spec fetch(t(), Macaw.Data.Source.Description.t(), Macaw.Data.Source.Request.t()) ::
  {:ok, Macaw.Data.Delivery.t()} | {:error, term()}


      


One answer for a request, checked first against the description:
{:error, {:params, faults}} without calling the source when a parameter is unknown,
missing or not legal (Macaw.Data.Parameter.validate/2). Otherwise the source is called
with every parameter, defaults filled in. An answer that is neither {:ok, delivery} nor
{:error, reason} is {:error, {:bad_fetch, answer}}.

  



  
    
      
    
    
      subscribe(source, pid)



        
          
        

    

  


  

      

          @spec subscribe(t(), pid()) :: {:ok, reference()} | {:error, term()}


      


The source's pushes sent to pid (spec/01 §4): {:ok, ref}, or {:error, :no_push} for
a source whose module does not implement subscribe/2.

  



  
    
      
    
    
      unsubscribe(source, ref)



        
          
        

    

  


  

      

          @spec unsubscribe(t(), reference()) :: :ok


      


A subscription stopped; :ok for a source that does not push.

  


        

      


  

    
Macaw.Data.Source.Conformance 
    



      
The source conformance kit: the contract of spec/01 §2–§4 as checks every source runs
(spec/01 §9).
check/3 runs one of eight checks against a source and answers its findings,
{check, reason} terms, [] for a source that passes; check/2 runs them all and
format/1 words a finding. use Macaw.Data.Source.Conformance, opts inside a module
that uses ExUnit.Case writes one test per check that fails with the findings:
defmodule MyApp.SourceTest do
  use ExUnit.Case, async: true

  use Macaw.Data.Source.Conformance,
    source: MyApp.Source.new(),
    requests: [[], [window: [10, 20]]],
    push: &MyApp.Source.emit/1
end
The kit drives the source through Macaw.Data.Source alone and calls every callback in
a process of its own (Macaw.Data.Bounded), so a callback that raises is a finding
({:raised, call, reason}), not a crash of the check. It references no ExUnit function
itself: describe, test and flunk appear only in the code use writes into the
caller's module, so the kit loads in production. A callback is judged by the reductions
its process spends, never by the clock, so a loaded host changes no verdict.
Ported from visualize's Visualize.Feed.Conformance, with the checks a source's
superset of a feed needs: a describe context, parameters, as_of, one answer per now
and viewer independence.
Options
	source: the source (to use: an expression, evaluated in each test).
	context: the host's configuration for the source, passed to describe/2 (nil).
	requests: what is asked, each a keyword list of Macaw.Data.Source.Request fields
among params, window, box, region, latest and as_of; [[]] by default.
A source naming a capability needs a request that probes it.
	budgets: the budgets each request is fetched with, [nil, 5].
	now: the request's now, a DateTime; the moment the check starts by default.
	viewers: two opaque viewers, the first asking every request and the second held
to the same answer when the source declares itself viewer independent.
	as_of: the instant an :as_of source is asked as of; a day before now by default.
	push: a function of the source that makes it push; a source naming :push needs
one.
	down: a source of the same kind that cannot answer, held to error values.
	timeout: the liveness bound: milliseconds before a callback that has not answered
is hung (blocked, not slow), and the wait for a first push (30_000).
	reductions: the most reductions one callback may spend, the source author's cost
budget; nil, the default, makes no cost claim.
	processes: pids or registered names whose reductions during a callback count
toward its budget, for a source that does its work in a server ([]).
	quiet: milliseconds of silence that end a push (100).
	name: to use only: the describe block's name, "source conformance".

Examples
iex> Macaw.Data.Source.Conformance.check(%Macaw.Data.Test.Reference{},
...>   requests: [[], [window: [2, 6]]])
[]

      


      
        Summary


  
    Types
  


    
      
        check()

      


        One of the eight checks.



    


    
      
        finding()

      


        A fault one check found: {check, reason} (spec/01 §9).



    





  
    Functions
  


    
      
        __using__(opts)

      


        One ExUnit test per check, in a describe block, written into a module that uses
ExUnit.Case (spec/01 §9). source: and down: are expressions evaluated in each
test, in the test process.



    


    
      
        check(source, opts)

      


        Every check's findings for a source, concatenated in the order of checks/0.



    


    
      
        check(check, source, opts)

      


        One check's findings for a source, [] when it passes (spec/01 §9). Raises
ArgumentError for an unknown check, an unknown option or a request with a key that
is not one of params, window, box, region, latest and as_of.



    


    
      
        checks()

      


        The eight checks, in the order check/2 runs them.



    


    
      
        format(arg)

      


        One finding as a line a person reads.



    





      


      
        Types


        


  
    
      
    
    
      check()



        
          
        

    

  


  

      

          @type check() ::
  :describe
  | :deliveries
  | :supports
  | :push
  | :errors
  | :unsubscribe
  | :determinism
  | :viewers


      


One of the eight checks.

  



  
    
      
    
    
      finding()



        
          
        

    

  


  

      

          @type finding() :: {check(), term()}


      


A fault one check found: {check, reason} (spec/01 §9).

  


        

      

      
        Functions


        


  
    
      
    
    
      __using__(opts)


        (macro)


        
          
        

    

  


  

One ExUnit test per check, in a describe block, written into a module that uses
ExUnit.Case (spec/01 §9). source: and down: are expressions evaluated in each
test, in the test process.

  



  
    
      
    
    
      check(source, opts)



        
          
        

    

  


  

      

          @spec check(Macaw.Data.Source.t(), keyword()) :: [finding()]


      


Every check's findings for a source, concatenated in the order of checks/0.

  



  
    
      
    
    
      check(check, source, opts)



        
          
        

    

  


  

      

          @spec check(check(), Macaw.Data.Source.t(), keyword()) :: [finding()]


      


One check's findings for a source, [] when it passes (spec/01 §9). Raises
ArgumentError for an unknown check, an unknown option or a request with a key that
is not one of params, window, box, region, latest and as_of.

  



  
    
      
    
    
      checks()



        
          
        

    

  


  

      

          @spec checks() :: [check(), ...]


      


The eight checks, in the order check/2 runs them.

  



  
    
      
    
    
      format(arg)



        
          
        

    

  


  

      

          @spec format(finding()) :: String.t()


      


One finding as a line a person reads.
iex> Macaw.Data.Source.Conformance.format({:supports, {:over_budget, {[], 5}, 9}})
"supports: asked for at most 5 rows (fetch [] with budget 5), the source names :budget and served 9"

  


        

      


  

    
Macaw.Data.Source.Description 
    



      
What a source is (spec/01 §2.1): its schema, its parameters, the capabilities it
honors, and whether it answers every viewer the same.
	schema: a Macaw.Data.Schema;
	params: the parameters it takes, by name (strings), each a Macaw.Data.Parameter;
	supports: the capabilities it honors, distinct, among
:window | :box | :region | :latest | :budget | :push | :as_of. Every one is optional:
Macaw finishes what a source does not honor (spec/01 §2.4);
	viewer_independent: true declares the source answers every viewer the same, which
only allows pooling across viewers, fetched with the anonymous viewer (spec/01 §6).
false by default.

new/1 builds one and reports every fault at once.

      


      
        Summary


  
    Types
  


    
      
        capability()

      


        A capability a source may honor.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        capabilities()

      


        The capabilities, in the order spec/01 §2.1 lists them.



    


    
      
        new(fields)

      


        A description of the given fields, schema required: {:ok, description} or every
fault, {path, reason}, ordered by path.



    


    
      
        new!(fields)

      


        As new/1, raising ArgumentError naming every fault.



    





      


      
        Types


        


  
    
      
    
    
      capability()



        
          
        

    

  


  

      

          @type capability() :: :window | :box | :region | :latest | :budget | :push | :as_of


      


A capability a source may honor.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Macaw.Data.Source.Description{
  params: %{required(String.t()) => Macaw.Data.Parameter.t()},
  schema: Macaw.Data.Schema.t(),
  supports: [capability()],
  viewer_independent: boolean()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      capabilities()



        
          
        

    

  


  

      

          @spec capabilities() :: [capability(), ...]


      


The capabilities, in the order spec/01 §2.1 lists them.

  



  
    
      
    
    
      new(fields)



        
          
        

    

  


  

      

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


      


A description of the given fields, schema required: {:ok, description} or every
fault, {path, reason}, ordered by path.
iex> alias Macaw.Data.{Schema, Source.Description}
iex> {:ok, d} = Description.new(schema: Schema.new!(%{v: %{type: :number}}), supports: [:budget])
iex> {d.supports, d.viewer_independent}
{[:budget], false}
iex> Description.new(schema: :nope, supports: [:region, :teleport, :region])
{:error, [{[:schema], {:type, :schema}}, {[:supports, 1], {:enum, Description.capabilities()}}, {[:supports, 2], :duplicate}]}

  



  
    
      
    
    
      new!(fields)



        
          
        

    

  


  

      

          @spec new!(keyword() | map()) :: t()


      


As new/1, raising ArgumentError naming every fault.

  


        

      


  

    
Macaw.Data.Source.Finish 
    



      
Finishing (spec/01 §2.4): Macaw does what a source did not.
Every capability is optional. Where a source's description does not list one the
request asks, finish/3 does it to the delivery and reports it in served:
	:window: rows trimmed to the window field's range, the served window intersected;
	:box: rows trimmed to the box over the :point window field;
	:region: rows trimmed to each ranged field's range;
	:latest: each identity's latest row by the window field (spec/01 §1.4);
	:budget: the rows reduced to the budget by a registered reducer (reduce/5, spec/04
§7), reduced_by: :runtime.

The budget never widens the window: finishing only removes rows. A delivery that needs
none of it comes back as it is.
The pure rules of running sources (spec/01 §6) are here too: ceiling/2 clamps a
budget to the host's ceiling, and pooled/1 is the one budget a pooled fetch asks for,
the largest among its readers, each reader then reduced to its own by reduce/5.
Ported from visualize's Visualize.Feed.finish/3 and reduce/4.

      


      
        Summary


  
    Functions
  


    
      
        ceiling(budget, opts)

      


        A budget clamped to the host's ceiling (spec/01 §6, macaw_compose 05 §1.2): {budget, clamped?}. A nil budget reads at the ceiling; a page's ceiling, given as page:,
may lower the host's, never raise it.



    


    
      
        finish(delivery, description, request, opts \\ [])

      


        The delivery finished for the request, each step where the description's supports
lacks it. reduce: names the budget's reducer by spelling, a registered transform that
declares reduces/0 ("lttb", the default, or "m4" in macaw_data's own package),
and operations: is the registry it is found in (macaw_data's own by default). A name
that is no registered reducer raises ArgumentError naming it (spec/04 §7).



    


    
      
        pooled(budgets)

      


        The budget a pooled fetch asks for: the largest among its readers' (spec/01 §6), nil
when any reader wants every row.



    


    
      
        reduce(delivery, schema, budget, method \\ "lttb", registry \\ Operations.registry())

      


        The delivery reduced to budget rows by the reducer method names in registry
(spec/04 §7): "lttb" by default, "m4", or any registered transform declaring
reduces/0, by spelling; macaw_data's own registry by default. It records
reduced_by: :runtime. Each series (the rows sharing every :category field's value)
is reduced field by field against the window field, or the row's place without one, by
the reducer's node %{fields: [x, y], count => c}, c the budget's share in the units
reduces/0 counts, never below the least its option takes, and
the union of the kept rows returned whole, in their order, never more than the budget.
A nil budget, a delivery within it, and a schema with no :number field to reduce by
come back as they are.



    





      


      
        Functions


        


  
    
      
    
    
      ceiling(budget, opts)



        
          
        

    

  


  

      

          @spec ceiling(pos_integer() | nil, keyword()) :: {pos_integer(), boolean()}


      


A budget clamped to the host's ceiling (spec/01 §6, macaw_compose 05 §1.2): {budget, clamped?}. A nil budget reads at the ceiling; a page's ceiling, given as page:,
may lower the host's, never raise it.
iex> Macaw.Data.Source.Finish.ceiling(50_000, host: 10_000)
{10_000, true}
iex> Macaw.Data.Source.Finish.ceiling(nil, host: 10_000, page: 2_000)
{2_000, false}

  



    

  
    
      
    
    
      finish(delivery, description, request, opts \\ [])



        
          
        

    

  


  

      

          @spec finish(
  Macaw.Data.Delivery.t(),
  Macaw.Data.Source.Description.t(),
  Macaw.Data.Source.Request.t(),
  keyword()
) :: Macaw.Data.Delivery.t()


      


The delivery finished for the request, each step where the description's supports
lacks it. reduce: names the budget's reducer by spelling, a registered transform that
declares reduces/0 ("lttb", the default, or "m4" in macaw_data's own package),
and operations: is the registry it is found in (macaw_data's own by default). A name
that is no registered reducer raises ArgumentError naming it (spec/04 §7).
Raises ArgumentError for a request the schema cannot answer (Window.check/2): the
request is the caller's.

  



  
    
      
    
    
      pooled(budgets)



        
          
        

    

  


  

      

          @spec pooled([pos_integer() | nil, ...]) :: pos_integer() | nil


      


The budget a pooled fetch asks for: the largest among its readers' (spec/01 §6), nil
when any reader wants every row.
iex> Macaw.Data.Source.Finish.pooled([100, 4_000, 250])
4000

  



    

    

  
    
      
    
    
      reduce(delivery, schema, budget, method \\ "lttb", registry \\ Operations.registry())



        
          
        

    

  


  

      

          @spec reduce(
  Macaw.Data.Delivery.t(),
  Macaw.Data.Schema.t(),
  pos_integer() | nil,
  String.t() | atom(),
  Macaw.Data.Operations.Registry.t()
) :: Macaw.Data.Delivery.t()


      


The delivery reduced to budget rows by the reducer method names in registry
(spec/04 §7): "lttb" by default, "m4", or any registered transform declaring
reduces/0, by spelling; macaw_data's own registry by default. It records
reduced_by: :runtime. Each series (the rows sharing every :category field's value)
is reduced field by field against the window field, or the row's place without one, by
the reducer's node %{fields: [x, y], count => c}, c the budget's share in the units
reduces/0 counts, never below the least its option takes, and
the union of the kept rows returned whole, in their order, never more than the budget.
A nil budget, a delivery within it, and a schema with no :number field to reduce by
come back as they are.
iex> alias Macaw.Data.{Delivery, Schema, Source.Finish}
iex> schema = Schema.new!(%{t: %{type: :number, window: true}, v: %{type: :number}})
iex> reduced = Finish.reduce(Delivery.new(for t <- 1..100, do: %{t: t, v: rem(t * 7, 5)}), schema, 10)
iex> {Table.size(reduced.table), reduced.served.reduced_by}
{10, :runtime}

  


        

      


  

    
Macaw.Data.Source.Push 
    



      
One push subscription, as a value (spec/01 §4).
A source that supports :push sends its subscriber two messages, both tagged with the
reference subscribe/2 answered:
{:macaw_source, ref, {:schema, schema}}      # first, and again when the schema changes
{:macaw_source, ref, {:delivery, delivery}}  # an increment: the rows new since the last
schema_message/2 and delivery_message/2 build them. The subscriber holds a Push
in its state: receive/2 takes each message (a schema is cached, a delivery buffered),
and drain/2 merges everything buffered since the last pulse at once, so a burst of
pushes between two pulses costs one merge. held/1 is the delivery as it stands.
	The handshake sends the schema first. A delivery names its schema's version; one
naming a version not yet cached falls back to describe (drain/2's function, the
Macaw.Data.Schema.Cache.resolve/4 describe function), asked once and cached.
	An increment is merged by the window field: its rows after what is held are
appended; its late rows, at or before that, are kept unless the very row is held
already; the rows stay ordered by the window field, the served window grown to cover
them. A schema with no window field keeps the newest limit rows, marking the
delivery capped when it drops any.

It is not a process: the process that subscribes receives the messages in its mailbox
and passes them here. Ported from the logic of visualize's Visualize.Feed.Monitor,
whose message tag was :visualize_feed.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        delivery_message(ref, delivery)

      


        The message a source sends with an increment.



    


    
      
        drain(push, describe)

      


        Every buffered delivery merged into what is held, in the order received: one merge per
pulse, whatever the push rate. A delivery naming a version the cache lacks is resolved
through describe (Schema.Cache.resolve/4); one that cannot be is dropped and its
reason kept in errors. A delivery naming no version is read under the held schema's.



    


    
      
        held(push)

      


        The delivery as it stands, or nil before the first.



    


    
      
        new(name, ref, opts \\ [])

      


        A subscription to the source named name under ref, holding nothing yet. Options:
cache: a Schema.Cache to start from, limit: the most rows held for a schema with
no window field (100_000).



    


    
      
        receive(push, arg2)

      


        A message the subscriber received: {:ok, push} with a schema cached or a delivery
buffered, :ignore for a message that is not this subscription's.



    


    
      
        schema_message(ref, schema)

      


        The message a source sends with its schema, first and on every change.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Macaw.Data.Source.Push{
  cache: Macaw.Data.Schema.Cache.t(),
  errors: [term()],
  held: Macaw.Data.Delivery.t() | nil,
  limit: pos_integer(),
  name: term(),
  pending: [Macaw.Data.Delivery.t()],
  ref: reference()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      delivery_message(ref, delivery)



        
          
        

    

  


  

      

          @spec delivery_message(reference(), Macaw.Data.Delivery.t()) :: tuple()


      


The message a source sends with an increment.

  



  
    
      
    
    
      drain(push, describe)



        
          
        

    

  


  

      

          @spec drain(t(), Macaw.Data.Schema.Cache.describe()) :: t()


      


Every buffered delivery merged into what is held, in the order received: one merge per
pulse, whatever the push rate. A delivery naming a version the cache lacks is resolved
through describe (Schema.Cache.resolve/4); one that cannot be is dropped and its
reason kept in errors. A delivery naming no version is read under the held schema's.

  



  
    
      
    
    
      held(push)



        
          
        

    

  


  

      

          @spec held(t()) :: Macaw.Data.Delivery.t() | nil


      


The delivery as it stands, or nil before the first.

  



    

  
    
      
    
    
      new(name, ref, opts \\ [])



        
          
        

    

  


  

      

          @spec new(term(), reference(), keyword()) :: t()


      


A subscription to the source named name under ref, holding nothing yet. Options:
cache: a Schema.Cache to start from, limit: the most rows held for a schema with
no window field (100_000).

  



  
    
      
    
    
      receive(push, arg2)



        
          
        

    

  


  

      

          @spec receive(t(), term()) :: {:ok, t()} | :ignore


      


A message the subscriber received: {:ok, push} with a schema cached or a delivery
buffered, :ignore for a message that is not this subscription's.

  



  
    
      
    
    
      schema_message(ref, schema)



        
          
        

    

  


  

      

          @spec schema_message(reference(), Macaw.Data.Schema.t()) :: tuple()


      


The message a source sends with its schema, first and on every change.

  


        

      


  

    
Macaw.Data.Source.Request 
    



      
What a reader asks a source for (spec/01 §2.3).
	params: the parameters, by name, checked against the description's before the call
(Macaw.Data.Parameter.validate/2);
	window: [from, to] over a :time or :number window field, either bound nil for
open, or nil;
	box: %{west: w, south: s, east: e, north: n} over a :point window field, in
degrees, or nil;
	region: ranges over named fields, %{field => [from, to]}, each over a :time or
:number field, or nil (visualize's region, kept so a region-supporting feed has an
equivalent; the owner's decision, 2026-10-27);
	latest: true asks for each identity's latest row (spec/01 §1.4);
	budget: the most rows the reader wants, or nil;
	as_of: the DateTime the answer is as of, for a source supporting :as_of, or nil;
	viewer: the host's viewer, opaque here, passed to the source and never stored;
nil is the anonymous viewer;
	now: the instant, given by the surface; a source never reads a clock.

new/1 builds one and reports every fault at once. A request asks; a source may not
honor every part, and Macaw finishes what it does not (spec/01 §2.4).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        box?(box)

      


        Whether a value is a box: four bounds in degrees, latitudes from −90 to 90 with south
at most north, longitudes from −180 to 180; west east of east crosses the
antimeridian.



    


    
      
        new(fields)

      


        A request of the given fields (a keyword list or a map), now required: {:ok, request}
or every fault, {[field], reason}, ordered by field.



    


    
      
        new!(fields)

      


        As new/1, raising ArgumentError naming every fault.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Macaw.Data.Source.Request{
  as_of: DateTime.t() | nil,
  box:
    %{west: number(), south: number(), east: number(), north: number()} | nil,
  budget: pos_integer() | nil,
  latest: boolean(),
  now: DateTime.t(),
  params: map(),
  region: %{required(term()) => [term()]} | nil,
  viewer: term(),
  window: [term()] | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      box?(box)



        
          
        

    

  


  

      

          @spec box?(term()) :: boolean()


      


Whether a value is a box: four bounds in degrees, latitudes from −90 to 90 with south
at most north, longitudes from −180 to 180; west east of east crosses the
antimeridian.

  



  
    
      
    
    
      new(fields)



        
          
        

    

  


  

      

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


      


A request of the given fields (a keyword list or a map), now required: {:ok, request}
or every fault, {[field], reason}, ordered by field.
iex> {:ok, r} = Macaw.Data.Source.Request.new(now: ~U[2026-10-27 12:00:00Z], budget: 100)
iex> {r.budget, r.latest, r.viewer}
{100, false, nil}
iex> Macaw.Data.Source.Request.new(budget: 0)
{:error, [{[:budget], {:type, :pos_integer}}, {[:now], :required}]}

  



  
    
      
    
    
      new!(fields)



        
          
        

    

  


  

      

          @spec new!(keyword() | map()) :: t()


      


As new/1, raising ArgumentError naming every fault.

  


        

      


  

    
Macaw.Data.Stack 
    



      
d3-shape's stack (spec/04 §4.8): a baseline for each datum, so layers of data stack on
one another. The engine of the stack transform, ported from visualize's
Visualize.Shape.Stack.
Examples
data = [
  %{month: "Jan", apples: 10, oranges: 20, bananas: 15},
  %{month: "Feb", apples: 15, oranges: 25, bananas: 10},
  %{month: "Mar", apples: 20, oranges: 15, bananas: 25}
]

stack = Macaw.Data.Stack.new()
  |> Macaw.Data.Stack.keys([:apples, :oranges, :bananas])

series = Macaw.Data.Stack.generate(stack, data)
# Returns one series per key, in key order, each with :key, :index (its position
# in the stacking order) and :points. Points have :data, :y0 (baseline), :y1 (top).

      


      
        Summary


  
    Types
  


    
      
        point()

      


    


    
      
        series()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        generate(stack, data)

      


        Generates the stacked series data.



    


    
      
        keys(stack, keys)

      


        Sets the keys to stack.



    


    
      
        new()

      


        Creates a new stack generator



    


    
      
        offset(stack, offset)

      


        Sets the stack offset.



    


    
      
        order(stack, order)

      


        Sets the stack order.



    


    
      
        value(stack, func)

      


        Sets the value accessor function.



    





      


      
        Types


        


  
    
      
    
    
      point()



        
          
        

    

  


  

      

          @type point() :: %{
  key: any(),
  index: non_neg_integer(),
  data: any(),
  value: number(),
  y0: number(),
  y1: number()
}


      



  



  
    
      
    
    
      series()



        
          
        

    

  


  

      

          @type series() :: %{key: any(), index: non_neg_integer(), points: [point()]}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Macaw.Data.Stack{
  keys: [any()],
  offset: :none | :expand | :diverging | :silhouette | :wiggle,
  order:
    :none | :ascending | :descending | :reverse | :insideout | {:keys, [any()]},
  value: (map(), any() -> number()) | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      generate(stack, data)



        
          
        

    

  


  

      

          @spec generate(t(), Macaw.Data.Table.source()) :: [series()]


      


Generates the stacked series data.
Returns one series per key, in key order, each a map with:
	:key - The series key
	:index - The series' position in the stacking order (0 is the bottom)
	:points - One point per datum with :data, :value, :y0, :y1, :index


  



  
    
      
    
    
      keys(stack, keys)



        
          
        

    

  


  

      

          @spec keys(t(), [any()]) :: t()


      


Sets the keys to stack.
Keys determine the layers in the stack, typically field names.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


Creates a new stack generator

  



  
    
      
    
    
      offset(stack, offset)



        
          
        

    

  


  

      

          @spec offset(t(), atom()) :: t()


      


Sets the stack offset.
	:none - Zero baseline (default)
	:expand - Normalize to 0-1 (100% stacked)
	:diverging - Positive values stack up from zero, negative values stack down from zero
	:silhouette - Center the stack around zero
	:wiggle - Minimize weighted wiggle (for streamgraphs)


  



  
    
      
    
    
      order(stack, order)



        
          
        

    

  


  

      

          @spec order(t(), atom() | {:keys, [any()]}) :: t()


      


Sets the stack order.
	:none - Use key order (default)
	:ascending - Smallest series on bottom
	:descending - Largest series on bottom
	:reverse - Reverse key order
	:insideout - d3's stackOrderInsideOut: the earliest-peaking series in the middle,
later ones outward on whichever side has the smaller sum (good for streamgraphs)
	{:keys, list} - The listed keys bottom first, then the unlisted keys in key order;
a listed key the stack does not have is ignored (spec/04 §4.8)

Every order but {:keys, list} is computed from the data generate/2 is given, so over
a stream of data it can change between frames; {:keys, list} is fixed.
iex> alias Macaw.Data.Stack
iex> Stack.new()
...> |> Stack.keys([:a, :b, :c])
...> |> Stack.order({:keys, [:c, :x, :a]})
...> |> Stack.generate([%{a: 1, b: 2, c: 3}])
...> |> Enum.map(&{&1.key, &1.index})
[a: 1, b: 2, c: 0]

  



  
    
      
    
    
      value(stack, func)



        
          
        

    

  


  

      

          @spec value(t(), (map(), any() -> number())) :: t()


      


Sets the value accessor function.
The function receives (datum, key) and returns a number.

  


        

      


  

    
Macaw.Data.Table 
    



      
Columnar typed data: the currency of deliveries, derived sources and components
(spec/01 §1.1).
A table is named columns of declared types, every column the same length:
	Type	Holds	Stored as
	:number	integers and floats	one packed binary: signed 64-bit integers when every value is an integer that fits, else 64-bit floats
	:time	DateTimes	one packed binary of signed 64-bit microseconds since the Unix epoch, UTC
	:category, :text, :color, :point, :term	any value	a list

A missing value is nil, in every type. A packed column keeps a validity bitmap
beside its binary, so a gap stays a gap: absence is never zero (spec/01 §3).
The packed columns live off the process heap. A binary over 64 bytes is
reference-counted, so a garbage collection never copies it: a table of a million numbers
costs its process a constant number of words, whatever its length.
Row lists are accepted at the edge. from/2 reads every shape data arrives in (a
list of row maps, a map or keyword list of columns, an Nx.Tensor, anything implementing
Table.Reader) into a table, and rows/1 is the row view for code that wants rows. The
row helpers (get/2, key/2, accessor/1, temporal?/1, time_columns/1,
column_types/1) read any source, as visualize's Visualize.Data.Table does; this
module's row readers are its port.
The table package and Nx are optional: without them lists and column maps still work,
and a struct source or a tensor raises UndefinedFunctionError where it is read.

      


      
        Summary


  
    Types
  


    
      
        column()

      


        One column: its type, its storage and, when packed, its validity bitmap.



    


    
      
        name()

      


        A column name, as the source spells it.



    


    
      
        row()

      


        A row: a map keyed by column name, or a tuple in column order.



    


    
      
        source()

      


        Anything from/2 and rows/1 accept: a list of rows, a keyword list or map of
equal-length columns, an Nx.Tensor of rank 1 or 2, or a struct implementing
Table.Reader.



    


    
      
        t()

      


        A table.



    


    
      
        type()

      


        A column's declared type.



    





  
    Functions
  


    
      
        accessor(fun)

      


        The accessor fn row -> get(row, name) end; a function is returned unchanged.



    


    
      
        column(table, name)

      


        The values of column name, in order, nil where a value is missing; nil for a name
the table does not have. A number column of integers reads back integers; of floats, or
of both, floats. A time column reads back DateTimes in UTC at microsecond precision.



    


    
      
        column_type(table, name)

      


        Each column's type, by name.



    


    
      
        column_types(table)

      


        Every named column's type, read whole: all non-nil values temporal is :time, all
numbers :number, all strings :text, all atoms or booleans :category. A mixed or
empty column is left out. A suggestion for a tool, never something a reader relies on;
a table's own declared types are column_type/2's.



    


    
      
        from(source, opts \\ [])

      


        A table of any source rows/1 reads.



    


    
      
        get(row, name)

      


        The value of column name in row, by either spelling of the name: the key itself, else
an atom name as its string and a string name as the atom key spelled the same. nil
when neither is a key. No atom is ever made.



    


    
      
        key(row, name)

      


        The key of row that spells name: name itself when it is a key, else the key of the
other spelling, nil when neither is. The atom key a string finds is remembered for the
calling process, so reading one field from every row scans one row's keys. No atom is
ever made or looked up by name: the remembered key is one a row held.



    


    
      
        named(tensor, names)

      


        A tensor's columns, or tuple rows' elements, under names, in order.



    


    
      
        names(table)

      


        The column names, in order.



    


    
      
        new(columns)

      


        A table of columns, each {name, type, values}, in order.



    


    
      
        new!(columns)

      


        As new/1, raising ArgumentError naming every fault.



    


    
      
        row(table, i)

      


        Row i (from 0) as a map, or nil past the end.



    


    
      
        rows(table)

      


        The rows, one map per row keyed by every column name, nil where missing.



    


    
      
        size(table)

      


        The number of rows.



    


    
      
        slice(table, start, count)

      


        The rows start to start + count - 1, as a table of the same columns: a packed
column's binary is sliced, not copied.



    


    
      
        temporal?(string)

      


        Whether a value is a point in time: a DateTime, Date or NaiveDateTime, or a string
in ISO 8601 form that one of those parses.



    


    
      
        time_columns(table)

      


        The names of the columns whose values are all temporal: at least one value not nil,
and every value nil or temporal?/1. The whole column is read.



    


    
      
        types()

      


        The column types, in the order spec/01 §1.1 lists them.



    





      


      
        Types


        


  
    
      
    
    
      column()



        
          
        

    

  


  

      

          @type column() :: {:s64 | :f64 | :us, binary(), bitstring()} | {:list, [term()]}


      


One column: its type, its storage and, when packed, its validity bitmap.

  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @type name() :: atom() | String.t()


      


A column name, as the source spells it.

  



  
    
      
    
    
      row()



        
          
        

    

  


  

      

          @type row() :: map() | tuple()


      


A row: a map keyed by column name, or a tuple in column order.

  



  
    
      
    
    
      source()



        
          
        

    

  


  

      

          @type source() ::
  [row()] | %{required(name()) => [term()]} | [{name(), [term()]}] | struct()


      


Anything from/2 and rows/1 accept: a list of rows, a keyword list or map of
equal-length columns, an Nx.Tensor of rank 1 or 2, or a struct implementing
Table.Reader.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Macaw.Data.Table{
  columns: %{required(name()) => {type(), column()}},
  names: [name()],
  size: non_neg_integer()
}


      


A table.

  



  
    
      
    
    
      type()



        
          
        

    

  


  

      

          @type type() :: :number | :time | :category | :text | :color | :point | :term


      


A column's declared type.

  


        

      

      
        Functions


        


  
    
      
    
    
      accessor(fun)



        
          
        

    

  


  

      

          @spec accessor(name() | (row() -> term())) :: (row() -> term())


      


The accessor fn row -> get(row, name) end; a function is returned unchanged.

  



  
    
      
    
    
      column(table, name)



        
          
        

    

  


  

      

          @spec column(t(), name()) :: [term()] | nil


      


The values of column name, in order, nil where a value is missing; nil for a name
the table does not have. A number column of integers reads back integers; of floats, or
of both, floats. A time column reads back DateTimes in UTC at microsecond precision.

  



  
    
      
    
    
      column_type(table, name)



        
          
        

    

  


  

      

          @spec column_type(t(), name()) :: type() | nil


      


Each column's type, by name.

  



  
    
      
    
    
      column_types(table)



        
          
        

    

  


  

      

          @spec column_types(source() | t()) :: %{
  required(name()) => :time | :number | :category | :text
}


      


Every named column's type, read whole: all non-nil values temporal is :time, all
numbers :number, all strings :text, all atoms or booleans :category. A mixed or
empty column is left out. A suggestion for a tool, never something a reader relies on;
a table's own declared types are column_type/2's.
iex> rows = [%{t: ~U[2024-01-01 00:00:00Z], v: 1, k: :a, s: "x", m: 1},
...>         %{t: ~U[2024-01-02 00:00:00Z], v: 2.5, k: :b, s: "y", m: "two"}]
iex> Macaw.Data.Table.column_types(rows)
%{t: :time, v: :number, k: :category, s: :text}

  



    

  
    
      
    
    
      from(source, opts \\ [])



        
          
        

    

  


  

      

          @spec from(source() | t(), keyword()) ::
  {:ok, t()} | {:error, [{list(), term()}, ...]}


      


A table of any source rows/1 reads.
Columns are named by every key of every row map, in term order, a row without the key
missing there. Each column's type is types:'s (a map from name to type) when given,
else the one column_types/1 infers, else :term. A time column's values become
DateTimes here, at the edge: a Date at midnight UTC, a NaiveDateTime as UTC, an
ISO 8601 string parsed. A source whose rows are tuples has
no names; named/2 gives it some first. {:ok, table} or new/1's faults.

  



  
    
      
    
    
      get(row, name)



        
          
        

    

  


  

      

          @spec get(map(), name()) :: term()


      


The value of column name in row, by either spelling of the name: the key itself, else
an atom name as its string and a string name as the atom key spelled the same. nil
when neither is a key. No atom is ever made.

  



  
    
      
    
    
      key(row, name)



        
          
        

    

  


  

      

          @spec key(map(), name()) :: name() | nil


      


The key of row that spells name: name itself when it is a key, else the key of the
other spelling, nil when neither is. The atom key a string finds is remembered for the
calling process, so reading one field from every row scans one row's keys. No atom is
ever made or looked up by name: the remembered key is one a row held.
iex> Macaw.Data.Table.key(%{cpu: 1}, "cpu")
:cpu
iex> Macaw.Data.Table.key(%{"cpu" => 1}, :cpu)
"cpu"
iex> Macaw.Data.Table.key(%{cpu: 1}, "mem")
nil

  



  
    
      
    
    
      named(tensor, names)



        
          
        

    

  


  

      

          @spec named(source(), [name()]) ::
  {:ok, source()}
  | {:error,
     {:width, non_neg_integer(), non_neg_integer()} | {:rank, non_neg_integer()}}


      


A tensor's columns, or tuple rows' elements, under names, in order.
Column i of a rank-2 tensor is Enum.at(names, i), and a rank-1 tensor is one column.
A tensor whose width is not length(names) is {:error, {:width, length(names), width}},
one of another rank {:error, {:rank, rank}}. Tuple rows are named row by row, element
i under Enum.at(names, i); a tuple of another size is {:error, {:width, n, size}}.
Any other source is {:ok, source}, unchanged.
iex> Macaw.Data.Table.named([{1, 4.0}, {2, 5.0}], ["x", "y"])
{:ok, [%{"x" => 1, "y" => 4.0}, %{"x" => 2, "y" => 5.0}]}
iex> Macaw.Data.Table.named([{1, 4.0, 7}], ["x", "y"])
{:error, {:width, 2, 3}}

  



  
    
      
    
    
      names(table)



        
          
        

    

  


  

      

          @spec names(t()) :: [name()]


      


The column names, in order.

  



  
    
      
    
    
      new(columns)



        
          
        

    

  


  

      

          @spec new([{name(), type(), [term()]}]) ::
  {:ok, t()} | {:error, [{list(), term()}, ...]}


      


A table of columns, each {name, type, values}, in order.
{:ok, table}, or every fault: {[name], {:enum, types}} for an unknown type,
{[name, i], {:type, type}} for a value its type does not hold, {[name], {:length, n}}
for a column whose length is not the first column's n, {[name], :duplicate} for a
name given twice. A number column holds numbers; a time column DateTimes; a point
column {longitude, latitude} pairs of numbers; the others any value. nil is missing
in every type.

  



  
    
      
    
    
      new!(columns)



        
          
        

    

  


  

      

          @spec new!([{name(), type(), [term()]}]) :: t()


      


As new/1, raising ArgumentError naming every fault.

  



  
    
      
    
    
      row(table, i)



        
          
        

    

  


  

      

          @spec row(t(), non_neg_integer()) :: map() | nil


      


Row i (from 0) as a map, or nil past the end.

  



  
    
      
    
    
      rows(table)



        
          
        

    

  


  

      

          @spec rows(source() | t()) :: [row()]


      


The rows, one map per row keyed by every column name, nil where missing.

  



  
    
      
    
    
      size(table)



        
          
        

    

  


  

      

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


      


The number of rows.

  



  
    
      
    
    
      slice(table, start, count)



        
          
        

    

  


  

      

          @spec slice(t(), non_neg_integer(), non_neg_integer()) :: t()


      


The rows start to start + count - 1, as a table of the same columns: a packed
column's binary is sliced, not copied.

  



  
    
      
    
    
      temporal?(string)



        
          
        

    

  


  

      

          @spec temporal?(term()) :: boolean()


      


Whether a value is a point in time: a DateTime, Date or NaiveDateTime, or a string
in ISO 8601 form that one of those parses.

  



  
    
      
    
    
      time_columns(table)



        
          
        

    

  


  

      

          @spec time_columns(source() | t()) :: [name()]


      


The names of the columns whose values are all temporal: at least one value not nil,
and every value nil or temporal?/1. The whole column is read.

  



  
    
      
    
    
      types()



        
          
        

    

  


  

      

          @spec types() :: [type(), ...]


      


The column types, in the order spec/01 §1.1 lists them.

  


        

      


  

    
Macaw.Data.Transform behaviour
    



      
The transform behavior (spec/04 §1.1): one step of a data pipeline, a table in and a
table out, declared once so the validator, a drawer's forms and vocabulary, the JSON
forms and the sandbox all read the same declaration (visualize#886).
defmodule MyApp.Ops.Clip do
  @behaviour Macaw.Data.Transform
  alias Macaw.Data.Operations.Option

  @impl true
  def name, do: "clip"
  @impl true
  def options, do: [{"field", %Option{type: :field, required: true}}]
  @impl true
  def needs, do: []
  @impl true
  def outputs(_node, columns), do: columns
  @impl true
  def run(node, table, _context), do: ...
end
A member is pure and deterministic: no processes, ETS, NIFs, Regex, clock or
randomness. run/3 and outputs/2 are given the node checked
(Macaw.Data.Operations.validate/3): its keys strings, every option present with its
default filled in, an enum value its atom, a frame-bound "plot" already a number.

      


      
        Summary


  
    Types
  


    
      
        columns()

      


        Columns in order, each with its Macaw.Data.Table type.



    


    
      
        need()

      


        Context a transform may need beyond the data: a drawer's frame, projection, text.



    


    
      
        node_map()

      


        A checked node: the op's options by their strings, each holding its value.



    





  
    Callbacks
  


    
      
        name()

      


        The op a node names, unique in a registry.



    


    
      
        needs()

      


        The context the op requires beyond the data: [] for a table operation.



    


    
      
        options()

      


        Every key the op reads, in order, each declared.



    


    
      
        outputs(node_map, columns)

      


        The columns run/3 answers for the node over input columns.



    


    
      
        prepare(list, t, map)

      


        Computed once per design and shared by its marks, under the context's prepared.



    


    
      
        reduces()

      


        A reducer's count option and the rows each unit of it keeps at most (spec/04 §7).



    


    
      
        run(node_map, t, map)

      


        The step: the table after it.



    





      


      
        Types


        


  
    
      
    
    
      columns()



        
          
        

    

  


  

      

          @type columns() :: [{Macaw.Data.Table.name(), Macaw.Data.Table.type()}]


      


Columns in order, each with its Macaw.Data.Table type.

  



  
    
      
    
    
      need()



        
          
        

    

  


  

      

          @type need() :: :frame | :projection | :text


      


Context a transform may need beyond the data: a drawer's frame, projection, text.

  



  
    
      
    
    
      node_map()



        
          
        

    

  


  

      

          @type node_map() :: %{required(String.t()) => term()}


      


A checked node: the op's options by their strings, each holding its value.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @callback name() :: String.t()


      


The op a node names, unique in a registry.

  



  
    
      
    
    
      needs()



        
          
        

    

  


  

      

          @callback needs() :: [need()]


      


The context the op requires beyond the data: [] for a table operation.

  



  
    
      
    
    
      options()



        
          
        

    

  


  

      

          @callback options() :: [{String.t(), Macaw.Data.Operations.Option.t()}]


      


Every key the op reads, in order, each declared.

  



  
    
      
    
    
      outputs(node_map, columns)



        
          
        

    

  


  

      

          @callback outputs(node_map(), columns()) :: columns()


      


The columns run/3 answers for the node over input columns.

  



  
    
      
    
    
      prepare(list, t, map)


        (optional)


        
          
        

    

  


  

      

          @callback prepare([node_map()], Macaw.Data.Table.t(), map()) :: term()


      


Computed once per design and shared by its marks, under the context's prepared.

  



  
    
      
    
    
      reduces()


        (optional)


        
          
        

    

  


  

      

          @callback reduces() :: {String.t(), pos_integer()}


      


A reducer's count option and the rows each unit of it keeps at most (spec/04 §7).

  



  
    
      
    
    
      run(node_map, t, map)



        
          
        

    

  


  

      

          @callback run(node_map(), Macaw.Data.Table.t(), map()) :: Macaw.Data.Table.t()


      


The step: the table after it.

  


        

      


  

    
Macaw.Data.Unit 
    



      
Units named by their UCUM codes (spec/03 §1–§7, D-138, D-155).
A unit is named by its code in the Unified Code for Units of Measure — UCUM,
https://ucum.org/ucum, Regenstrief Institute — the case-sensitive, unambiguous codes
OpenTelemetry's semantic conventions use: s, ms, By, kBy, MiBy, %, Cel,
kW.h, {request}/s, [lb_av], mm[Hg]. One code per unit is the point: a source that
says "s" and one that says "sec" must not draw two labels, so a code is checked,
never guessed at. Every atom and prefix here is UCUM's, with UCUM's definition, checked
against the UCUM essence table (ucum-essence.xml, version 2.2, 2024-06-17).
This module reads the subset of UCUM's grammar (§2.1 of the specification, Syntax
rules) that measurement data uses — products ., quotients / (left-associative,
§2.1.3), signed integer exponents, integer factors and {annotation} blocks (§2.1.5)
— over a fixed table of prefixes (da h k M G T d c m u n p Ki Mi Gi Ti) and atoms:
time, information, ratios, temperature, SI and customary length, area, volume and mass,
speed, power, energy, pressure, angle, charge, current, potential, illuminance, the
mole and the logarithmic bel. A symbol is matched whole before it is split into a
prefix and an atom (§2.1.4), so min is the minute, and a prefix is refused on an atom
UCUM does not call metric (kmin, k[in_i]). Parentheses and UCUM's other atoms are
not read; the table grows by proposal.
A code has a dimension and an exact factor to its base (the second, the byte, the
meter, the gram, the kelvin, the radian, the coulomb): a rational, times a power of π
for a code holding the degree. So values scale between two codes of one dimension —
1,500 ms is 1.5 s — and convert exactly, value × scale + offset (conversion/2).
Cel and [degF] are UCUM's affine special units, scales with an offset: they have no
factor and convert by their offsets. B and B[SPL] are its logarithmic ones; each has a
level dimension of its own here, so a decibel scales to a bel and never to a linear
unit. A currency never converts: an exchange rate is data.
A person types symbols, not codes: parse_alias/1 reads them, and refuses an ambiguous
one (KB, gal) naming the codes it could mean.
Examples
iex> Macaw.Data.Unit.valid?("kW.h")
true

iex> Macaw.Data.Unit.parse("sec")
{:error, {:unknown_atom, "sec"}}

iex> Macaw.Data.Unit.symbol("By/s")
"B/s"

iex> Macaw.Data.Unit.convert(1500, "ms", "s")
1.5

iex> Macaw.Data.Unit.parse_alias("mph")
{:ok, "[mi_i]/h"}

iex> Macaw.Data.Unit.from_telemetry(:millisecond)
{:ok, "ms"}

      


      
        Summary


  
    Types
  


    
      
        alias_reason()

      


        Why parse_alias/1 refuses a symbol.



    


    
      
        code()

      


        A UCUM code, such as ms or {request}/s.



    


    
      
        component()

      


        One component of a code: a prefixed atom, an integer factor or an annotation standing
alone, with its exponent — negated when the component divides.



    


    
      
        conversion_reason()

      


        Why conversion/2 refuses a pair of codes.



    


    
      
        dimension()

      


        A base dimension and its exponent; %{} is dimensionless.



    


    
      
        exact()

      


        An exact factor: a rational, or {numerator, denominator, k} — the rational times
π to the non-zero power k, for a code holding the degree.



    


    
      
        kind()

      


        How a code's values relate to its base: by a factor, an offset or a logarithm.



    


    
      
        ratio()

      


        An exact rational factor, {numerator, denominator}.



    


    
      
        reason()

      


        Why a string is not a code, or a symbol not an alias.



    





  
    Functions
  


    
      
        conversion(from, to)

      


        The exact conversion from one code to another (spec/03 §6, D-155):
{:ok, {scale, offset}}, so that a value in from is value × scale + offset in to
— scale an exact factor ({n, d}, or {n, d, k} for n/d·πᵏ), offset an exact
signed rational {n, d} — or why the two do not convert.



    


    
      
        convert(value, from, to)

      


        A value in from written in to (spec/03 §6): value × scale + offset of
conversion/2, as a float — the scale and offset exact, and the arithmetic rounded
once for an integer value. Raises ArgumentError naming the reason for a pair
conversion/2 refuses.



    


    
      
        currency(code)

      


        The ISO 4217 code a code is in when it is a currency alone — {iso4217:USD} is
"USD" — else nil: a rate ({iso4217:USD}/h), any other unit, or a string that is not
a code (spec/03 §4).



    


    
      
        dimension(code)

      


        The dimension of a code: each base dimension's exponent, %{} when dimensionless.
Raises ArgumentError for a string that is not a code.



    


    
      
        factor(code)

      


        The exact factor of a code to its base: {numerator, denominator}, or
{numerator, denominator, k} — that rational times πᵏ — for a code holding the degree,
or nil for a code holding an affine unit (Cel, [degF]). Raises ArgumentError
for a string that is not a code.



    


    
      
        format_error(arg1)

      


        A refusal of parse/1, parse_alias/1 or conversion/2 as a line a person reads.



    


    
      
        from_telemetry(unit)

      


        The code of a Telemetry.Metrics unit — its unit atom, or the to of a {from, to}
conversion — with no dependency on telemetry_metrics (spec/03 §7). :native has
no fixed size until a definition converts it, and an atom not in the table is refused
rather than guessed at.



    


    
      
        kind(code)

      


        How a code's values relate to its base (spec/03 §2): :affine for a code holding
Cel or [degF], :logarithmic for one holding B or B[SPL], else :linear.
Raises ArgumentError for a string that is not a code.



    


    
      
        minor_units(iso)

      


        An ISO 4217 code's minor units — the decimals an amount in it is written to — or nil
for a code with none (XAU). Raises ArgumentError for a code not in the table.



    


    
      
        parse(code)

      


        The components of a code, or why it is not one (spec/03 §1).



    


    
      
        parse_alias(symbol)

      


        The code a person means by a symbol they typed (spec/03 §3, D-155): °C, lb,
mph, kWh, KiB. The alias table is read first, so a person's B is the byte and
not the bel; a symbol the table does not hold is read by parse/1, a code being its
own alias. An ambiguous symbol is refused with the codes it could mean, never guessed.
Surrounding whitespace is ignored.



    


    
      
        symbol(code, opts \\ [])

      


        The display symbol of a code (spec/03 §5): B for By, µs for us, °C for
Cel, kW·h for kW.h, m² for m2; the factor 1 and annotations are dropped, so
1 and {request} are "".



    


    
      
        valid?(code)

      


        Whether a string is a code parse/1 reads.



    





      


      
        Types


        


  
    
      
    
    
      alias_reason()



        
          
        

    

  


  

      

          @type alias_reason() ::
  {:ambiguous, String.t(), [{code(), String.t()}, ...]}
  | {:unknown_alias, String.t()}


      


Why parse_alias/1 refuses a symbol.

  



  
    
      
    
    
      code()



        
          
        

    

  


  

      

          @type code() :: String.t()


      


A UCUM code, such as ms or {request}/s.

  



  
    
      
    
    
      component()



        
          
        

    

  


  

      

          @type component() :: %{
  prefix: String.t() | nil,
  atom: String.t() | nil,
  factor: pos_integer() | nil,
  annotation: String.t() | nil,
  exponent: integer()
}


      


One component of a code: a prefixed atom, an integer factor or an annotation standing
alone, with its exponent — negated when the component divides.

  



  
    
      
    
    
      conversion_reason()



        
          
        

    

  


  

      

          @type conversion_reason() ::
  {:dimension | :logarithmic | :currency, code(), code()}
  | {:affine_in_term, code()}


      


Why conversion/2 refuses a pair of codes.

  



  
    
      
    
    
      dimension()



        
          
        

    

  


  

      

          @type dimension() :: %{
  optional(
    :time
    | :information
    | :length
    | :mass
    | :temperature
    | :angle
    | :charge
    | :luminous_intensity
    | :level
    | :sound_pressure_level
    | {:currency, String.t()}
  ) => integer()
}


      


A base dimension and its exponent; %{} is dimensionless.

  



  
    
      
    
    
      exact()



        
          
        

    

  


  

      

          @type exact() :: ratio() | {pos_integer(), pos_integer(), integer()}


      


An exact factor: a rational, or {numerator, denominator, k} — the rational times
π to the non-zero power k, for a code holding the degree.

  



  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() :: :linear | :affine | :logarithmic


      


How a code's values relate to its base: by a factor, an offset or a logarithm.

  



  
    
      
    
    
      ratio()



        
          
        

    

  


  

      

          @type ratio() :: {pos_integer(), pos_integer()}


      


An exact rational factor, {numerator, denominator}.

  



  
    
      
    
    
      reason()



        
          
        

    

  


  

      

          @type reason() ::
  :empty
  | {:syntax, String.t()}
  | {:unknown_atom, String.t()}
  | {:not_metric, String.t(), String.t()}
  | {:unknown_currency, String.t()}


      


Why a string is not a code, or a symbol not an alias.

  


        

      

      
        Functions


        


  
    
      
    
    
      conversion(from, to)



        
          
        

    

  


  

      

          @spec conversion(code(), code()) ::
  {:ok, {exact(), {integer(), pos_integer()}}}
  | {:error, reason() | conversion_reason()}


      


The exact conversion from one code to another (spec/03 §6, D-155):
{:ok, {scale, offset}}, so that a value in from is value × scale + offset in to
— scale an exact factor ({n, d}, or {n, d, k} for n/d·πᵏ), offset an exact
signed rational {n, d} — or why the two do not convert.
Two codes of one dimension convert by their factors. The affine units Cel and
[degF] convert with their offsets, standing alone. A logarithmic unit converts only
to its own level. A currency never converts. A refusal is {:dimension, from, to},
{:logarithmic, from, to}, {:currency, from, to}, {:affine_in_term, code}, or the
reason parse/1 refuses a code.
Examples
iex> Macaw.Data.Unit.conversion("Cel", "[degF]")
{:ok, {{9, 5}, {32, 1}}}

iex> Macaw.Data.Unit.conversion("[lb_av]", "kg")
{:ok, {{45359237, 100000000}, {0, 1}}}

iex> Macaw.Data.Unit.conversion("dB[SPL]", "Pa")
{:error, {:logarithmic, "dB[SPL]", "Pa"}}

  



  
    
      
    
    
      convert(value, from, to)



        
          
        

    

  


  

      

          @spec convert(number(), code(), code()) :: float()


      


A value in from written in to (spec/03 §6): value × scale + offset of
conversion/2, as a float — the scale and offset exact, and the arithmetic rounded
once for an integer value. Raises ArgumentError naming the reason for a pair
conversion/2 refuses.
Examples
iex> Macaw.Data.Unit.convert(2_500_000, "By", "MBy")
2.5

iex> Macaw.Data.Unit.convert(100, "Cel", "[degF]")
212.0

iex> Macaw.Data.Unit.convert(30, "dB", "B")
3.0

  



  
    
      
    
    
      currency(code)



        
          
        

    

  


  

      

          @spec currency(term()) :: String.t() | nil


      


The ISO 4217 code a code is in when it is a currency alone — {iso4217:USD} is
"USD" — else nil: a rate ({iso4217:USD}/h), any other unit, or a string that is not
a code (spec/03 §4).
Examples
iex> Macaw.Data.Unit.currency("{iso4217:EUR}")
"EUR"

iex> Macaw.Data.Unit.currency("{iso4217:EUR}/kW/h")
nil

  



  
    
      
    
    
      dimension(code)



        
          
        

    

  


  

      

          @spec dimension(code()) :: dimension()


      


The dimension of a code: each base dimension's exponent, %{} when dimensionless.
Raises ArgumentError for a string that is not a code.
Examples
iex> Macaw.Data.Unit.dimension("[psi]")
%{mass: 1, length: -1, time: -2}

iex> Macaw.Data.Unit.dimension("dB[SPL]")
%{sound_pressure_level: 1}

  



  
    
      
    
    
      factor(code)



        
          
        

    

  


  

      

          @spec factor(code()) :: exact() | nil


      


The exact factor of a code to its base: {numerator, denominator}, or
{numerator, denominator, k} — that rational times πᵏ — for a code holding the degree,
or nil for a code holding an affine unit (Cel, [degF]). Raises ArgumentError
for a string that is not a code.
Examples
iex> Macaw.Data.Unit.factor("[ft_i]")
{381, 1250}

iex> Macaw.Data.Unit.factor("deg")
{1, 180, 1}

  



  
    
      
    
    
      format_error(arg1)



        
          
        

    

  


  

      

          @spec format_error(reason() | alias_reason() | conversion_reason()) :: String.t()


      


A refusal of parse/1, parse_alias/1 or conversion/2 as a line a person reads.
Examples
iex> Macaw.Data.Unit.format_error({:ambiguous, "gal", [{"[gal_us]", "US gallon"}, {"[gal_br]", "imperial gallon"}]})
~s|"gal" is ambiguous: [gal_us] (US gallon) or [gal_br] (imperial gallon)|

  



  
    
      
    
    
      from_telemetry(unit)



        
          
        

    

  


  

      

          @spec from_telemetry(atom() | {atom(), atom()}) ::
  {:ok, code()} | {:error, :native | {:unknown, term()}}


      


The code of a Telemetry.Metrics unit — its unit atom, or the to of a {from, to}
conversion — with no dependency on telemetry_metrics (spec/03 §7). :native has
no fixed size until a definition converts it, and an atom not in the table is refused
rather than guessed at.
Examples
iex> Macaw.Data.Unit.from_telemetry({:native, :microsecond})
{:ok, "us"}

iex> Macaw.Data.Unit.from_telemetry(:native)
{:error, :native}

  



  
    
      
    
    
      kind(code)



        
          
        

    

  


  

      

          @spec kind(code()) :: kind()


      


How a code's values relate to its base (spec/03 §2): :affine for a code holding
Cel or [degF], :logarithmic for one holding B or B[SPL], else :linear.
Raises ArgumentError for a string that is not a code.
Examples
iex> Macaw.Data.Unit.kind("dB")
:logarithmic

  



  
    
      
    
    
      minor_units(iso)



        
          
        

    

  


  

      

          @spec minor_units(String.t()) :: non_neg_integer() | nil


      


An ISO 4217 code's minor units — the decimals an amount in it is written to — or nil
for a code with none (XAU). Raises ArgumentError for a code not in the table.
Examples
iex> Enum.map(~w(USD JPY BHD XAU), &Macaw.Data.Unit.minor_units/1)
[2, 0, 3, nil]

  



  
    
      
    
    
      parse(code)



        
          
        

    

  


  

      

          @spec parse(String.t()) :: {:ok, [component(), ...]} | {:error, reason()}


      


The components of a code, or why it is not one (spec/03 §1).
Examples
iex> Macaw.Data.Unit.parse("km/h")
{:ok,
 [
   %{prefix: "k", atom: "m", factor: nil, annotation: nil, exponent: 1},
   %{prefix: nil, atom: "h", factor: nil, annotation: nil, exponent: -1}
 ]}

iex> Macaw.Data.Unit.parse("kmin")
{:error, {:not_metric, "k", "min"}}

  



  
    
      
    
    
      parse_alias(symbol)



        
          
        

    

  


  

      

          @spec parse_alias(String.t()) :: {:ok, code()} | {:error, alias_reason()}


      


The code a person means by a symbol they typed (spec/03 §3, D-155): °C, lb,
mph, kWh, KiB. The alias table is read first, so a person's B is the byte and
not the bel; a symbol the table does not hold is read by parse/1, a code being its
own alias. An ambiguous symbol is refused with the codes it could mean, never guessed.
Surrounding whitespace is ignored.
Examples
iex> Macaw.Data.Unit.parse_alias("°F")
{:ok, "[degF]"}

iex> Macaw.Data.Unit.parse_alias("KB")
{:error, {:ambiguous, "KB", [{"kBy", "1,000 bytes"}, {"KiBy", "1,024 bytes"}]}}

iex> Macaw.Data.Unit.parse_alias("kPa")
{:ok, "kPa"}

  



    

  
    
      
    
    
      symbol(code, opts \\ [])



        
          
        

    

  


  

      

          @spec symbol(code(), keyword()) :: String.t()


      


The display symbol of a code (spec/03 §5): B for By, µs for us, °C for
Cel, kW·h for kW.h, m² for m2; the factor 1 and annotations are dropped, so
1 and {request} are "".
Options
	:annotations - write an annotation standing alone as its text ({request}/s →
request/s), default false

Examples
iex> Macaw.Data.Unit.symbol("us")
"µs"

iex> Macaw.Data.Unit.symbol("{request}/s", annotations: true)
"request/s"

  



  
    
      
    
    
      valid?(code)



        
          
        

    

  


  

      

          @spec valid?(term()) :: boolean()


      


Whether a string is a code parse/1 reads.

  


        

      


  

    
Macaw.Data.Window 
    



      
Windows, boxes and regions over a source's rows (spec/01 §2.3, §2.4).
	A window is nil (whatever a source holds) or [from, to], either bound nil
for open, over the window field: numbers for a :number field, instants (DateTime,
NaiveDateTime or Date) for a :time one (applies?/2).
	A box is %{west, south, east, north} in degrees over a :point window field
(Macaw.Data.Source.Request.box?/1); west east of east crosses the antimeridian.
	A region is ranges over named :time or :number fields, %{field => [from, to]}.

These are the comparisons, the trims and the numeric position that finishing
(Macaw.Data.Source.Finish) and push share. Fields are read by either spelling of their
name (Macaw.Data.Table.get/2). Ported from visualize's Visualize.Feed.Window, its box
rewritten for a geographic box and its ranges kept as the region.
Examples
iex> Macaw.Data.Window.within?(5, [0, 10])
true
iex> Macaw.Data.Window.trim([%{t: 1}, %{t: 5}, %{t: 9}], :t, [2, nil])
[%{t: 5}, %{t: 9}]
iex> Macaw.Data.Window.in_box?({179.5, 0}, %{west: 170, south: -10, east: -170, north: 10})
true

      


      
        Summary


  
    Types
  


    
      
        t()

      


    


    
      
        time()

      


    





  
    Functions
  


    
      
        applies?(arg1, type)

      


        Whether a window applies to a window field of the type: its bounds instants for
:time, numbers for :number; a nil window, and a window with no bound, to either.



    


    
      
        check(request, schema)

      


        Whether a schema can answer a request's window, box, region and latest: :ok, or
{:error, faults}, every fault {path, reason} by path. A window must apply to a
:time or :number window field; a box needs a :point window field; each region
field is described, :time or :number, its range two ends of its type, not inverted;
latest needs a :time or :number window field and a declared identity. A request asking none of them is
:ok.



    


    
      
        compare(a, b)

      


        :lt, :eq or :gt between two times of one kind.



    


    
      
        earliest(a, b)

      


        The earlier of two times, a nil ignored.



    


    
      
        in_box?(arg1, arg2)

      


        Whether a position {longitude, latitude} lies in a box, bounds inclusive; a box whose
west is east of its east crosses the antimeridian. Anything but a position lies in
none.



    


    
      
        instant?(arg1)

      


        Whether a value is an instant: a DateTime, a NaiveDateTime or a Date.



    


    
      
        intersect(window, window)

      


        The intersection of two windows, either nil for everything.



    


    
      
        latest(a, b)

      


        The later of two times, a nil ignored.



    


    
      
        latest_rows(rows, time, identify)

      


        Each identity's last row: of the rows, for each identity identify gives, the row whose
time (a number) is greatest, the later in order on a tie, kept in their order. A row
whose identity or time is nil names nothing and is dropped.



    


    
      
        newer(rows, field, time)

      


        The rows whose field lies strictly after time; every row for nil. A push's seam.



    


    
      
        position(value)

      


        A time as a number, for a reduction's x: a number itself, a DateTime its Unix
microseconds, a NaiveDateTime its Gregorian seconds, a Date its Gregorian days;
anything else nil, a gap.



    


    
      
        time?(value)

      


        Whether a value is one a window can be over: a number or an instant.



    


    
      
        trim(rows, field, window)

      


        The rows whose field lies within the window, in their order.



    


    
      
        trim_box(rows, field, box)

      


        The rows whose field lies in the box, in their order; every row for nil.



    


    
      
        trim_region(rows, region)

      


        The rows whose every ranged field lies in its range; every row for nil.



    


    
      
        within?(time, arg2)

      


        Whether a time lies within a window, both bounds inclusive; nil lies in none but nil.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: [time() | nil] | nil


      



  



  
    
      
    
    
      time()



        
          
        

    

  


  

      

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


      



  


        

      

      
        Functions


        


  
    
      
    
    
      applies?(arg1, type)



        
          
        

    

  


  

      

          @spec applies?(t(), :time | :number) :: boolean()


      


Whether a window applies to a window field of the type: its bounds instants for
:time, numbers for :number; a nil window, and a window with no bound, to either.
iex> Macaw.Data.Window.applies?([~U[2026-10-12 00:00:00Z], nil], :number)
false

  



  
    
      
    
    
      check(request, schema)



        
          
        

    

  


  

      

          @spec check(Macaw.Data.Source.Request.t(), Macaw.Data.Schema.t()) ::
  :ok | {:error, [{list(), term()}, ...]}


      


Whether a schema can answer a request's window, box, region and latest: :ok, or
{:error, faults}, every fault {path, reason} by path. A window must apply to a
:time or :number window field; a box needs a :point window field; each region
field is described, :time or :number, its range two ends of its type, not inverted;
latest needs a :time or :number window field and a declared identity. A request asking none of them is
:ok.
iex> alias Macaw.Data.{Schema, Source.Request}
iex> schema = Schema.new!(%{t: %{type: :number, window: true}, s: %{type: :category}})
iex> Macaw.Data.Window.check(Request.new!(now: ~U[2026-10-27 00:00:00Z], region: %{t: [9, 1], s: ["a", "b"]}, latest: true), schema)
{:error,
 [
   {[:latest], {:window, :no_identity}},
   {[:region, :s], {:invalid_for, :category}},
   {[:region, :t], {:window, :inverted}}
 ]}

  



  
    
      
    
    
      compare(a, b)



        
          
        

    

  


  

      

          @spec compare(time(), time()) :: :lt | :eq | :gt


      


:lt, :eq or :gt between two times of one kind.

  



  
    
      
    
    
      earliest(a, b)



        
          
        

    

  


  

      

          @spec earliest(time() | nil, time() | nil) :: time() | nil


      


The earlier of two times, a nil ignored.

  



  
    
      
    
    
      in_box?(arg1, arg2)



        
          
        

    

  


  

      

          @spec in_box?(term(), map()) :: boolean()


      


Whether a position {longitude, latitude} lies in a box, bounds inclusive; a box whose
west is east of its east crosses the antimeridian. Anything but a position lies in
none.

  



  
    
      
    
    
      instant?(arg1)



        
          
        

    

  


  

      

          @spec instant?(term()) :: boolean()


      


Whether a value is an instant: a DateTime, a NaiveDateTime or a Date.

  



  
    
      
    
    
      intersect(window, window)



        
          
        

    

  


  

      

          @spec intersect(t(), t()) :: t()


      


The intersection of two windows, either nil for everything.

  



  
    
      
    
    
      latest(a, b)



        
          
        

    

  


  

      

          @spec latest(time() | nil, time() | nil) :: time() | nil


      


The later of two times, a nil ignored.

  



  
    
      
    
    
      latest_rows(rows, time, identify)



        
          
        

    

  


  

      

          @spec latest_rows([map()], (map() -> number() | nil), (map() -> term())) :: [map()]


      


Each identity's last row: of the rows, for each identity identify gives, the row whose
time (a number) is greatest, the later in order on a tie, kept in their order. A row
whose identity or time is nil names nothing and is dropped.
iex> rows = [%{id: "a", t: 1}, %{id: "b", t: 2}, %{id: "a", t: 3}, %{id: nil, t: 4}]
iex> Macaw.Data.Window.latest_rows(rows, & &1.t, & &1.id)
[%{id: "b", t: 2}, %{id: "a", t: 3}]

  



  
    
      
    
    
      newer(rows, field, time)



        
          
        

    

  


  

      

          @spec newer([map()], Macaw.Data.Table.name(), time() | nil) :: [map()]


      


The rows whose field lies strictly after time; every row for nil. A push's seam.

  



  
    
      
    
    
      position(value)



        
          
        

    

  


  

      

          @spec position(term()) :: number() | nil


      


A time as a number, for a reduction's x: a number itself, a DateTime its Unix
microseconds, a NaiveDateTime its Gregorian seconds, a Date its Gregorian days;
anything else nil, a gap.

  



  
    
      
    
    
      time?(value)



        
          
        

    

  


  

      

          @spec time?(term()) :: boolean()


      


Whether a value is one a window can be over: a number or an instant.

  



  
    
      
    
    
      trim(rows, field, window)



        
          
        

    

  


  

      

          @spec trim([map()], Macaw.Data.Table.name(), t()) :: [map()]


      


The rows whose field lies within the window, in their order.

  



  
    
      
    
    
      trim_box(rows, field, box)



        
          
        

    

  


  

      

          @spec trim_box([map()], Macaw.Data.Table.name(), map() | nil) :: [map()]


      


The rows whose field lies in the box, in their order; every row for nil.

  



  
    
      
    
    
      trim_region(rows, region)



        
          
        

    

  


  

      

          @spec trim_region([map()], %{required(Macaw.Data.Table.name()) => t()} | nil) :: [
  map()
]


      


The rows whose every ranged field lies in its range; every row for nil.

  



  
    
      
    
    
      within?(time, arg2)



        
          
        

    

  


  

      

          @spec within?(time() | nil, t()) :: boolean()


      


Whether a time lies within a window, both bounds inclusive; nil lies in none but nil.
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