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    Formata

Composable data codecs, schemas, and validation for Elixir.
Formata decodes and encodes JSON, TOML, and YAML, validates data
against native schemas (Formata.Backplane.Schema) or JSON Schema documents
(Draft 7 and Draft 2020-12, via Formata.Backplane.JsonSchema), and keeps every
lossy step explicit.
It is a plain functional library: no processes, no global state, no caches.
Installation
def deps do
  [
    {:formata, "~> 0.1.0"}
  ]
end
Requires Elixir 1.18 or later (the forked schema backends use Elixir 1.18's
built-in JSON module) and Erlang/OTP 25 or later (the minimum of Elixir
1.18). CI covers Elixir 1.18 and 1.20 on OTP 27/28.
Formata has no runtime dependencies. Its backends are maintained forks,
renamed into the Formata namespace so they never clash with the original
packages in your project: Formata.Jason (from jason), Formata.Toml
(gsmlg_toml), Formata.YamlElixir and formata_yamerl (yaml_elixir,
yamerl), Formata.Ymlr (ymlr), Formata.Backplane.Schema
(backplane_schema), Formata.Backplane.JsonSchema (backplane_json_schema),
and Formata.ExJSONPointer (ex_json_pointer). Only Formata.Backplane.Schema
is public API (the native schema vocabulary); the other forks are internal.
Versions, licenses, and modifications are listed in NOTICE.md.
The workflow
Create a schema, decode a document, validate it, inspect errors, and encode or
convert the data:
iex> {:ok, schema} =
...>   Formata.Schema.native(%{
...>     name: {:required, {:string, min: 1}},
...>     port: {:required, {:integer, range: {1, 65_535}}},
...>     tags: {:list, :string}
...>   })
iex> {:ok, config} = Formata.decode(~s({"name": "api", "port": 8080, "tags": ["web"]}), :json)
iex> Formata.validate(config, schema)
:ok
iex> Formata.encode(config, :toml)
{:ok, "name = \"api\"\nport = 8080\ntags = [\"web\"]\n"}
iex> {:error, [error]} = Formata.validate(%{config | "port" => 0}, schema)
iex> {error.kind, error.code, error.path}
{:validation, :range, ["port"]}
The same with a JSON Schema document:
iex> {:ok, schema} =
...>   Formata.Schema.json_schema(%{
...>     "type" => "object",
...>     "required" => ["port"],
...>     "properties" => %{"port" => %{"type" => "integer", "minimum" => 1}},
...>     "additionalProperties" => false
...>   })
iex> schema.dialect
:draft2020_12
iex> {:ok, config} = Formata.decode("port: 8080\n", :yaml)
iex> Formata.validate(config, schema)
:ok
iex> {:error, [%Formata.Error{kind: :validation, path: ["extra"]}]} =
...>   Formata.validate(Map.put(config, "extra", true), schema)
Converting between formats, with an explicit transformation for a value the
target cannot represent:
iex> Formata.convert(~s({"name": "api", "debug": null}), :json, :yaml)
{:ok, "---\ndebug:\nname: api\n"}
iex> {:error, [%Formata.Error{kind: :encode, code: :unrepresentable, path: ["debug"]}]} =
...>   Formata.convert(~s({"name": "api", "debug": null}), :json, :toml)
iex> Formata.convert(~s({"name": "api", "debug": null}), :json, :toml, transforms: [:drop_nils])
{:ok, "name = \"api\"\n"}
Public API
	Function	Result
	Formata.decode(input, format, opts \\ [])	{:ok, data}
	Formata.encode(data, format, opts \\ [])	{:ok, binary}
	Formata.convert(input, from, to, opts \\ [])	{:ok, binary}
	Formata.Schema.compile(kind, definition, opts \\ [])	{:ok, %Formata.Schema{}}
	Formata.Schema.check(kind, definition, opts \\ [])	:ok
	Formata.validate(data, schema, opts \\ [])	:ok
	Formata.cast(data, schema, opts \\ [])	{:ok, data}
	Formata.Transform.*	{:ok, data}

format is :json, :toml, :yaml, or a module implementing
Formata.Codec. kind is :native or :json_schema
(Formata.Schema.native/2 and Formata.Schema.json_schema/2 are shortcuts).
Every expected failure is {:error, errors} with a non-empty list of
%Formata.Error{}.
Schemas
Formata keeps the two schema systems separate. A JSON Schema document is
always validated by Formata.Backplane.JsonSchema itself, never converted into a
native schema; native schemas are never exported to JSON Schema in order to
validate data. Formata does not offer schema export or general schema
conversion.
A compiled %Formata.Schema{} records its kind, dialect (JSON Schema
only), backend, and the backend's compiled representation. Compile once and
reuse it.
Native schemas
Native definitions are Formata.Backplane.Schema data: maps of field names to types
such as :string, {:integer, gte: 0}, {:required, t}, {:list, t},
{:enum, values}, {:either, {a, b}}, {:custom, fun}, and nested maps. Atom
schema keys match string data keys. Reusable and recursive definitions use
Formata.Backplane.Schema.defschema/3 with {:ref, {Module, name}}; definitions are
data, so they can also be composed with Formata.Schema.Native.merge/2,
select/2, and except/2.
iex> defmodule MyApp.Schemas do
...>   import Formata.Backplane.Schema
...>   defschema :node, %{name: {:required, :string}, children: {:list, {:ref, :node}}}
...> end
iex> {:ok, tree} = Formata.Schema.native({:ref, {MyApp.Schemas, :node}})
iex> Formata.validate(%{"name" => "root", "children" => [%{"name" => "leaf"}]}, tree)
:ok
iex> {:error, [%Formata.Error{code: :required, path: ["children", 0, "name"]}]} =
...>   Formata.validate(%{"name" => "root", "children" => [%{}]}, tree)
JSON Schema
Documents are JSON-compatible maps or true/false. The dialect comes from a
recognized $schema, from dialect: :draft7 | :draft2020_12, or defaults to
Draft 2020-12; conflicts are errors. format is an annotation unless
format_assertion: true. Local references resolve without I/O; remote
references require an explicit :loader function. Formata never accesses the
network. See Formata.Schema.JSONSchema.
Pure validation versus casting
Formata.validate/3 checks data exactly as given and returns :ok or errors.
It never coerces, inserts defaults, or removes fields, and it never validates a
modified copy of the data.
iex> {:ok, strict} = Formata.Schema.native(%{"n" => :integer})
iex> {:error, [%Formata.Error{code: :type}]} = Formata.validate(%{"n" => "42"}, strict)
iex> {:ok, coercing} = Formata.Schema.native(%{"n" => {:coerce, :integer}})
iex> Formata.cast(%{"n" => "42"}, coercing)
{:ok, %{"n" => 42}}
iex> {:error, [%Formata.Error{kind: :unsupported, code: :pure_validation_unsupported}]} =
...>   Formata.validate(%{"n" => "42"}, coercing)
For native schemas, pure validation supports a documented non-transforming
subset of Formata.Backplane.Schema. Defaults, coercions, transforms, encoders, and
run-time-computed schemas are rejected before anything runs, with the schema
path of the construct. Custom validators run in the native engine and must
return :ok or an error; one that returns a new value is reported as
:non_pure_custom.
Formata.cast/3 runs the full native engine: defaults, coercion, constraint
checks, then transforms (see Formata.Schema.Native for the exact order).
JSON Schema annotations such as default are never applied; cast/3 with a
JSON Schema returns :unsupported.
Unknown fields (native schemas)
		validate/3	cast/3
	unknown: :allow	default	kept
	unknown: :reject	:unknown_field errors	:unknown_field errors
	unknown: :strip	not accepted	default

JSON Schema documents control their own additional properties; there is no
facade option to override additionalProperties or unevaluatedProperties.
Codecs and value domains
Decoded data uses ordinary Elixir terms. Document keys stay strings and
Formata never creates atoms from document content. An absent field is absent
from the map; an explicit null is nil.
	Value	Elixir	JSON	TOML	YAML
	null	nil	yes	no (rejected)	yes
	boolean, integer, string	as is	yes	yes (64-bit integers)	yes
	finite float	float	yes	yes	yes
	±infinity, NaN	:infinity, :negative_infinity, :nan	no	yes	yes
	list	list	yes	yes (arrays, arrays of tables)	yes
	map	string keys	yes	yes (tables)	yes (also integer/boolean keys)
	date / time / local date-time / offset date-time	Date, Time, NaiveDateTime, DateTime	no	yes	no (decode as strings)
	scalar root		yes	no (root must be a table)	yes

Policies:
	Duplicate keys are rejected by all three decoders (:duplicate_key, or
the TOML decoder's syntax error).
	YAML is single-document: multiple documents are rejected
(:multiple_documents); an empty stream decodes to nil. Merge keys (<<)
are rejected. Anchors/aliases are expanded. Comments, formatting, anchors,
and key order are not preserved by any codec.
	Encoding rejects every value outside the target's domain with an
:encode error and its path (:unrepresentable, :invalid_key,
:invalid_root, :out_of_range). Nothing is dropped, stringified, replaced,
or rounded implicitly. YAML output is decoded again and compared; a mismatch
is :roundtrip_mismatch.
	Explicit transformations in Formata.Transform: drop_nils/1,
replace_nils/2, temporal_to_iso8601/1, special_floats_to_strings/1,
stringify_keys/1, and apply_all/2 (used by convert/4's :transforms).
	Conversion goes straight from decoded Elixir values to the target
encoder; JSON is not used as an intermediate format. To validate native
date/time values with JSON Schema, convert them explicitly first
(temporal_to_iso8601/1); otherwise validation reports :non_json_value.

TOML is decoded by Formata.Toml and encoded by Formata.Codec.TOML.Encoder
(TOML 1.0.0). Both are checked against the TOML 1.0.0 cases of the official
toml-test suite: the decoder accepts all 208 valid documents with the
expected values and rejects all 509 invalid ones, and every value from the
valid cases is encoded and parsed again by Formata.Toml and by Python's
tomllib as an independent parser.
Errors
%Formata.Error{} fields: kind (:parse, :encode, :schema,
:validation, :transform, :unsupported), a stable code, message,
backend, format, path (data path), schema_path, location (only when
the backend reports line/column/offset), details, and the original cause.
Exception.message/1 prefixes the path:
iex> {:error, [error]} = Formata.decode(~s({"a": 1, "a": 2}), :json)
iex> Exception.message(error)
"duplicate object key \"a\""
iex> {:error, [error]} = Formata.encode(%{"a" => %{"b" => nil}}, :toml)
iex> Exception.message(error)
"at /a/b: null values cannot be represented"
Known limitations
	TOML offset date-times are normalized to UTC DateTime values; the
original offset is not kept.
	Native schemas treat an explicit nil like an absent field.
	Native {:oneof, ...} is "first matching branch"; JSON Schema oneOf is
exclusive.
	Unknown-field rejection is not available for native keyword-list schemas.
	YAML timestamps decode as strings; YAML encoding rejects date/time values.
	With format_assertion: true, hostname, email, idn-hostname, and
idn-email values that contain an A-label (xn--...) or a non-ASCII label
cannot be checked without the IDNA2008 tables. Validation returns a single
:unsupported / :unsupported_format error for them (never a pass or a
:format failure, and not invertible by not/anyOf/oneOf/if). Plain
ASCII names are fully checked.
	Format assertion has known gaps outside the required JSON Schema test suite:
some edge cases of email (quoted local parts, ipv6: literals) and
uri-template (malformed % escapes, spaces, DEL) are judged incorrectly.

Documentation
	Design notes: contracts, forked backends, and decisions.
	Release procedure.
	Changelog, third-party notices.

License
Formata's own code is MIT (see LICENSE). The forked backends keep
their original licenses (MIT, Apache-2.0, BSD-2-Clause); see
NOTICE.md and LICENSES/.


  

    Formata design notes

Scope
One Mix library and one Hex package (formata, namespace Formata) with no
runtime dependencies. It composes backends that are maintained forks of
existing packages (see "Forked backends"); it adds no processes, caches,
umbrella, schema AST, schema inference, or schema conversion.
	Module	Responsibility
	Formata	Public entry points: decode/3, encode/3, convert/4, validate/3, cast/3
	Formata.Codec	Codec behaviour, format lookup, shared value-domain checks
	Formata.Codec.JSON / .TOML / .YAML	Format adapters
	Formata.Codec.TOML.Encoder	Focused TOML 1.0.0 encoder
	Formata.Schema	compile/3, check/3, compiled-schema struct
	Formata.Schema.Native	Formata.Backplane.Schema adapter, pure-validation preflight, casting
	Formata.Schema.JSONSchema	Formata.Backplane.JsonSchema adapter
	Formata.Transform	Explicit data transformations
	Formata.Error	Structured errors

Contracts
	Argument order is data first: decode(input, format, opts),
encode(data, format, opts), convert(input, from, to, opts),
validate(data, schema, opts), cast(data, schema, opts),
Schema.compile(kind, definition, opts).
	Producing operations return {:ok, result}; validate/3 and
Schema.check/3 return :ok.
	Expected failures return {:error, [%Formata.Error{}, ...]} (non-empty).
Error kinds: :parse, :encode, :schema, :validation, :transform,
:unsupported. Programming errors (wrong argument types, unknown compile
options) raise.
	location is set only from backend data (Formata.Jason byte offsets, Formata.Toml
line/column in messages, yamerl line/column).
	validate/3 requires a compiled schema; compiling is never repeated per call.

Forked backends
The backends were published packages; they are now forked into this
repository, renamed into the Formata namespace (so a consumer can still use
the originals side by side), and maintained here. Upstream test suites are
ported under test/formata/vendor/. Provenance, licenses, and the common
fork-time modifications are in NOTICE.md.
	Upstream	Version	Fork	Use
	jason	1.4.5	Formata.Jason	JSON decode (objects: :ordered_objects for duplicate detection) and encode
	gsmlg_toml	1.0.0	Formata.Toml	TOML decode
	yaml_elixir	2.12.2	Formata.YamlElixir	YAML decode (read_all_from_string/2)
	yamerl	0.10.0	formata_yamerl* (Erlang)	Detailed node tree for duplicate keys, merge keys, null roots
	ymlr	5.1.6	Formata.Ymlr	YAML encode
	backplane_schema	1.10.76	Formata.Backplane.Schema	Native schemas (public vocabulary)
	backplane_json_schema	1.10.76	Formata.Backplane.JsonSchema	JSON Schema compile/validate
	ex_json_pointer	0.9.0	Formata.ExJSONPointer	JSON Pointer for the JSON Schema backend

Fork rules: no compile-time optional integrations (their presence would depend
on the consumer's dependency tree), no application environment, no processes.
The minimum Elixir is 1.18 (built-in JSON, used by the JSON Schema fork);
CI tests Elixir 1.18 and 1.20.
Audit findings and decisions
Formata.Backplane.Schema.validate/3 transforms
It applies defaults, coercions and transforms, and in strict mode drops
undeclared fields and re-keys output by schema keys; permissive mode leaves
the input keys and writes updated values under the data's own key (fork fix
for gsmlg-opt/backplane#171, which duplicated them under atom keys). There is
no pure mode and no reject-unknown mode.
Decision: pure validation uses a plan, a rewritten definition that only
adds checks:
	A preflight walks the definition and every reachable {:ref, {Mod, name}}
target and rejects default, transform, encode, coerce, and
{:dependent, callback} with :unsupported errors and schema paths.
	{:custom, v} validators are wrapped so a result other than :ok/error is
a :non_pure_custom error. Without this, the native engine accepts
{:enum, choices, type: {:custom, fn -> {:ok, changed} end}} by checking the
changed value.
	References become lazily expanded {:dependent, fun} nodes so the wrapping
also applies inside referenced (including recursive) definitions.
	unknown: :reject wraps each map schema as
{:schema, map, {:additional_keys, {:custom, reject}}}, keeping the check in
the native engine; Formata expands the resulting error to one
:unknown_field error per undeclared key.
	The plan runs in permissive mode; its output is discarded.

cast/3 runs the original definition (strict mode for :strip, the reject
plan in strict mode for :reject, permissive mode for :allow, keeping the
input keys; a field added by a default uses the schema key). Coercion to :atom!
is refused because it calls String.to_atom/1 on input.
JSON Schema
Documents go straight to Formata.Backplane.JsonSchema.compile/2; the native
from_json_schema importer (which turns oneOf into a first-match union) is
not used, nor is native export (which omits unsupported constraints). No
schema export is offered: the fork's native to_json_schema/2
and from_json_schema/2 functions are @doc false (kept only for the ported upstream
tests) and are not part of the public API.
	Dialects: Draft 7 and 2020-12 via $schema or dialect:; conflicts are
backend :draft_conflict errors (:dialect_conflict). An unrecognized
$schema without dialect: or :loader is rejected, because its
vocabularies cannot be known.
	format: annotation by default, including without $schema (fork fix for
gsmlg-opt/backplane#170: the default vocabularies are the standard 2020-12
set, without format-assertion). Values that need the IDNA2008 tables
(A-labels, non-ASCII labels in hostname/email/idn-*) stop validation
with :indeterminate_format, reported as :unsupported /
:unsupported_format; it cannot be inverted by not/anyOf/oneOf/if.
	multipleOf uses exact decimal arithmetic on integers (no Decimal, no
float quotient); it never raises on data.
	References: local only unless a :loader is passed. Unresolvable refs are
backend validation errors that Formata reports as :schema /
:unresolved_ref.
	validate/3 accepts no options, so nothing can override
additionalProperties / unevaluatedProperties.
	Data must be in the JSON data model; other terms are :non_json_value.
	Error messages: format_error/1 is called without the path because
Formata.Error renders it (the backend's path rendering, #172, is fixed in
the fork).
	Opaque base URIs (urn:...) resolve relative references per RFC 3986 on
every supported Elixir version (Elixir < 1.20's URI.merge/2 requires a
host).

Codecs
	JSON: Formata.Jason silently keeps the last duplicate key; Formata decodes ordered
objects and rejects duplicates.
	TOML: gsmlg_toml had no encoder, so Formata ships its own. The forked
decoder had four bugs found by toml-test (gsmlg-dev/gsmlg_umbrella#13 offset
sign, #14 empty array-of-tables elements, #15 true/false keys, #16 local
date-time in arrays) plus many more exposed by the invalid suite (lexer
escapes, table redefinition rules, inline tables, crashes on invalid UTF-8);
all are fixed. The decoder passes the full toml-test 1.0.0 suite (208 valid,
509 invalid); encoder output is also checked with Python's tomllib.
	YAML: Formata.YamlElixir.read_from_string/2 silently returns the last document,
keeps the first duplicate key, renames << keys, and maps a null root to
%{}. Formata uses read_all_from_string/2 and inspects yamerl's detailed
node tree. Formata.Ymlr leaves some strings unquoted that read back as numbers
(for example ".5"), so YAML output is decoded and compared before it is
returned.
	Special floats use the atoms produced by Formata.Toml
(:infinity, :negative_infinity, :nan); YAML's :"+inf"/:"-inf" are
normalized to them and converted back for Formata.Ymlr.



  

    Release procedure

Releases are cut from main by a maintainer with Hex and GitHub credentials.
Gate
All of these must pass on the commit to release:
mix deps.get
mix format --check-formatted
mix compile --warnings-as-errors --force
mix test
mix docs
mix hex.build

mix test includes the ported upstream suites of the forked backends
(test/formata/vendor/), the TOML 1.0.0 toml-test suite, and the required
JSON-Schema-Test-Suite cases for Draft 7 and Draft 2020-12. Run it on the
oldest supported Elixir (1.18) as well; CI does.
Also smoke-test the built package from an isolated consumer:
mix hex.build --unpack -o /tmp/formata-unpacked
# in a fresh project: {:formata, path: "/tmp/formata-unpacked"}; mix deps.get; run an example
# (mix deps.get must fetch nothing: Formata has no runtime dependencies)

Steps
	Update @version in mix.exs and the CHANGELOG.md entry.
	Run the gate.
	Commit, then tag: git tag -a vX.Y.Z -m "vX.Y.Z"; push main and the tag.
Never move or overwrite an existing tag or release.
	Publish: mix hex.publish (package and docs).
	Create the GitHub release from the tag with the changelog entry:
gh release create vX.Y.Z --title vX.Y.Z --notes-file <notes>.
	Verify https://hex.pm/packages/formata and https://hexdocs.pm/formata.



  

    Changelog

All notable changes to this project are documented here. The format follows
Keep a Changelog and the project uses
Semantic Versioning.
[Unreleased]
[0.1.0]
Added
	JSON, TOML (TOML 1.0.0), and single-document YAML codecs with a documented
portable value domain, duplicate-key rejection, and strict encoding that
rejects unrepresentable values.
	Formata.convert/4 with explicit transformations (Formata.Transform).
	Native schemas (Formata.Backplane.Schema) with pure validation
(validate/3) over a checked non-transforming subset, unknown-field
allow/reject, and full casting (cast/3) with defaults, coercion,
transforms, and stripping.
	JSON Schema Draft 7 and Draft 2020-12 with dialect selection, local
references, explicit remote loaders, and configurable format assertion.
	Structured Formata.Error values for parse, encode, schema, validation,
transform, and unsupported-operation failures.
	No runtime dependencies: the backends are maintained forks of jason
1.4.5, gsmlg_toml 1.0.0, yaml_elixir 2.12.2, yamerl 0.10.0, ymlr
5.1.6, backplane_schema 1.10.76, backplane_json_schema 1.10.76, and
ex_json_pointer 0.9.0, renamed into the Formata namespace (see
NOTICE.md), with their upstream test suites ported.
	Conformance suites in the test run: toml-test 1.0.0 (208 valid, 509
invalid) and the required JSON-Schema-Test-Suite cases for Draft 7 and
Draft 2020-12.

Changed in the forked backends (relative to the upstream releases)
	TOML decoder: offset date-times decode to the correct instant
(gsmlg-dev/gsmlg_umbrella#13); empty array-of-tables elements and their
subtables are kept (#14); true/false are valid bare keys (#15); local
date-times may be followed by , (#16). It now passes the full toml-test
1.0.0 suite, including TOML 1.0 table-redefinition and inline-table rules,
string escapes and line-ending backslashes, and lowercase t/z in
date-times. Invalid UTF-8 and malformed \U escapes return parse errors
instead of crashing the caller; -nan decodes to :nan.
	JSON Schema: format is an annotation by default when $schema is absent
(gsmlg-opt/backplane#170); error paths render integer segments and escape
~// (#172); multipleOf is exact and never raises; IDN-dependent
hostname/email checks report :unsupported_format instead of raising;
opaque base URIs (urn:) resolve references on Elixir 1.18.
	Native schemas: permissive mode no longer duplicates fields under atom keys
(gsmlg-opt/backplane#171), so cast(..., unknown: :allow) works for
atom-keyed schemas over string-keyed data.
	Optional Decimal/:idna integrations, application environment, and
yamerl's application/supervisor are removed.



  

    Third-party notices

Formata has no runtime dependencies. Its codec and schema backends are
maintained forks of the packages below, copied from the published Hex
releases, renamed into the Formata namespace, and modified as described.
The original license texts are in LICENSES/ and are shipped in
the Hex package.
	Upstream package	Version	Source	License	Formata location
	jason	1.4.5	https://github.com/michalmuskala/jason (tag v1.4.5, 4ede428)	Apache-2.0 (LICENSES/jason.txt, LICENSES/Apache-2.0.txt)	Formata.Jason* — lib/formata/jason*
	gsmlg_toml	1.0.0	https://github.com/gsmlg-dev/gsmlg_umbrella (apps/gsmlg_toml; no release tag — lib/ identical to the Hex release at ce41864 except the unforked provider.ex)	Apache-2.0 (package metadata; the repository LICENSE at ce41864 is Apache-2.0 followed by a retained MIT notice) — the Hex 1.0.0 release shipped only the MIT notice (LICENSES/gsmlg_toml.txt); both texts are included (LICENSES/Apache-2.0.txt)	Formata.Toml* — lib/formata/toml*
	yaml_elixir	2.12.2	https://github.com/KamilLelonek/yaml-elixir (tag v2.12.2, 4c5ee04)	MIT (LICENSES/yaml_elixir.txt)	Formata.YamlElixir* — lib/formata/yaml_elixir*
	yamerl	0.10.0	https://github.com/yakaz/yamerl (tag v0.10.0, 39981b9)	BSD-2-Clause (LICENSES/yamerl.txt)	formata_yamerl* — src/, include/
	ymlr	5.1.6	https://github.com/ufirstgroup/ymlr (tag v5.1.6, 85bdb49)	MIT (LICENSES/ymlr.txt)	Formata.Ymlr* — lib/formata/ymlr*
	backplane_schema	1.10.76	https://github.com/gsmlg-opt/backplane (tag v1.10.76, 8330b68, apps/backplane_schema)	MIT (LICENSES/backplane_schema.txt)	Formata.Backplane.Schema* — lib/formata/backplane/schema*
	backplane_json_schema	1.10.76	https://github.com/gsmlg-opt/backplane (tag v1.10.76, 8330b68, apps/backplane_json_schema)	Apache-2.0, declared in package metadata; no license file or copyright notice is shipped upstream (LICENSES/Apache-2.0.txt)	Formata.Backplane.JsonSchema* — lib/formata/backplane/json_schema*
	ex_json_pointer	0.9.0	https://github.com/xinz/ex_json_pointer	MIT (LICENSES/ex_json_pointer.txt)	Formata.ExJSONPointer* — lib/formata/ex_json_pointer*

Modifications common to all forks
	Modules renamed into the Formata namespace (Jason → Formata.Jason,
Backplane.Schema → Formata.Backplane.Schema, …); yamerl's Erlang modules,
header files and record names are prefixed formata_.
	Reformatted with mix format.
	Compile-time optional integrations removed, because their presence would
depend on the consumer's dependency tree: Decimal (Jason, Ymlr, JSON Schema
multipleOf), :idna (JSON Schema idn-hostname), and the Jason/JSON
selection in backplane_json_schema (Elixir's built-in JSON is used).
	No application environment: Jason's integer digit limit is fixed at 1024;
yamerl's application callback, supervisor and global node_mods parameter
are removed (node modules are passed per call).
	gsmlg_toml's release configuration provider (Toml.Provider) is not
included.
	Upstream moduledocs that were read from README files are replaced by
@moduledoc false.

Bug fixes made in Formata after forking are listed in CHANGELOG.md.
Original implementation
Formata.Codec.TOML.Encoder is an original implementation written against the
TOML 1.0.0 specification.
Test fixtures
test/fixtures/toml-test/ contains the TOML 1.0.0 valid and invalid cases
(.toml inputs and tagged-JSON expectations) from
toml-lang/toml-test at commit
96fd088448ec0f4d9f061c730ed7854399c46faf, MIT licensed (Copyright (c) 2018
TOML authors). See test/fixtures/toml-test/PROVENANCE.md for the file list
and license text. Fixtures for the forked packages' own test suites are
described by the PROVENANCE.md file in each test/fixtures/<package>/
directory. Test fixtures are not included in the Hex package.


  

    LICENSE


MIT License

Copyright (c) 2026 Jonathan Gao

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.



  

    
Formata 
    



      
Composable data codecs, schemas, and validation for Elixir.
Formata decodes and encodes JSON, TOML, and YAML, validates data against
native (Formata.Backplane.Schema) schemas or JSON Schema documents
(Formata.Backplane.JsonSchema), and applies explicit transformations.
iex> {:ok, schema} = Formata.Schema.native(%{"port" => {:required, {:integer, gte: 1}}})
iex> {:ok, data} = Formata.decode(~s({"port": 8080}), :json)
iex> Formata.validate(data, schema)
:ok
iex> Formata.encode(data, :toml)
{:ok, "port = 8080\n"}
Conventions
	Data-first arguments: decode(input, format), encode(data, format),
convert(input, from, to), validate(data, schema), cast(data, schema).
	Producing operations return {:ok, result}; validate/3 returns :ok.
	Expected failures return {:error, errors} with a non-empty list of
Formata.Error structs.
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        format()

      


    





  
    Functions
  


    
      
        cast(data, schema, opts \\ [])

      


        Validates and transforms data with a native schema.



    


    
      
        convert(input, from, to, opts \\ [])

      


        Converts a document from one format to another.



    


    
      
        decode(input, format, opts \\ [])

      


        Decodes a document.



    


    
      
        encode(data, format, opts \\ [])

      


        Encodes data as a document.



    


    
      
        validate(data, schema, opts \\ [])

      


        Validates data against a compiled schema without changing it.
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          @type errors() :: [Formata.Error.t(), ...]
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          @type format() :: Formata.Codec.format()


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      cast(data, schema, opts \\ [])



        
          
        

    

  


  

      

          @spec cast(term(), Formata.Schema.t(), keyword()) ::
  {:ok, term()} | {:error, errors()}


      


Validates and transforms data with a native schema.
Applies the schema's defaults, coercions, and transforms, and handles unknown
fields per unknown: :strip | :allow | :reject (default :strip). See
Formata.Schema.Native for the order of operations. Returns {:ok, data}.
JSON Schemas define no transformations, so casting with one returns an
:unsupported error.
iex> {:ok, schema} = Formata.Schema.native(%{"page" => {:coerce, :integer}})
iex> Formata.cast(%{"page" => "2"}, schema)
{:ok, %{"page" => 2}}

  



    

  
    
      
    
    
      convert(input, from, to, opts \\ [])



        
          
        

    

  


  

      

          @spec convert(binary(), format(), format(), keyword()) ::
  {:ok, binary()} | {:error, errors()}


      


Converts a document from one format to another.
The document is decoded into Elixir values, the optional :transforms are
applied in order (see Formata.Transform.apply_all/2), and the result is
encoded. No intermediate format is used.
Options
	:transforms - explicit transformations, for example [:drop_nils]
	:decode - options for the source codec
	:encode - options for the target codec

Examples
iex> Formata.convert(~s({"name": "Ada", "nick": null}), :json, :toml, transforms: [:drop_nils])
{:ok, ~s(name = "Ada"\n)}

iex> {:error, [%Formata.Error{kind: :encode, code: :unrepresentable}]} =
...>   Formata.convert(~s({"nick": null}), :json, :toml)

  



    

  
    
      
    
    
      decode(input, format, opts \\ [])



        
          
        

    

  


  

      

          @spec decode(binary(), format(), keyword()) :: {:ok, term()} | {:error, errors()}


      


Decodes a document.
format is :json, :toml, :yaml, or a Formata.Codec module; opts
are passed to the codec.
iex> Formata.decode("name: Ada", :yaml)
{:ok, %{"name" => "Ada"}}

iex> {:error, [%Formata.Error{kind: :parse, code: :syntax}]} = Formata.decode("{", :json)

  



    

  
    
      
    
    
      encode(data, format, opts \\ [])



        
          
        

    

  


  

      

          @spec encode(term(), format(), keyword()) :: {:ok, binary()} | {:error, errors()}


      


Encodes data as a document.
Values the target format cannot represent are rejected with :encode errors;
nothing is dropped or converted implicitly.
iex> Formata.encode(%{"a" => [1, 2]}, :json)
{:ok, ~s({"a":[1,2]})}

iex> {:error, [%Formata.Error{kind: :encode, code: :unrepresentable, path: ["a"]}]} =
...>   Formata.encode(%{"a" => nil}, :toml)
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          @spec validate(term(), Formata.Schema.t(), keyword()) :: :ok | {:error, errors()}


      


Validates data against a compiled schema without changing it.
No coercion, defaults, or field stripping happen; the data is checked as
given. Returns :ok or {:error, errors}.
Options
	unknown: :allow | :reject - native schemas only (default :allow).
JSON Schemas accept no options; their own additionalProperties /
unevaluatedProperties apply.


Examples
iex> {:ok, schema} = Formata.Schema.native(%{age: :integer})
iex> Formata.validate(%{"age" => 30}, schema)
:ok
iex> {:error, [%Formata.Error{kind: :validation, code: :type, path: ["age"]}]} =
...>   Formata.validate(%{"age" => "30"}, schema)

  


        

      


  

    
Formata.Codec.TOML.Encoder 
    



      
Focused TOML 1.0.0 encoder.
gsmlg_toml 1.0.0 only decodes, so Formata ships this encoder.
Domain
	Elixir value	TOML
	map with string keys (root)	the document (root table)
	nested map	[table] section (inline {} inside arrays)
	non-empty list of maps	array of tables [[name]]
	other list (incl. [])	inline array
	UTF-8 binary	basic string with escapes
	integer in signed 64-bit range	integer
	float / :infinity / :negative_infinity / :nan	float / inf / -inf / nan
	true / false	boolean
	DateTime	offset date-time
	NaiveDateTime	local date-time
	Date	local date
	Time	local time

Everything else is rejected: a non-map root, nil, atoms, tuples, other
structs, non-string or non-UTF-8 keys, integers outside the 64-bit range,
years outside 0000..9999, and DateTime offsets that are not whole minutes.
Keys are emitted in sorted order; plain keys are bare when they match
[A-Za-z0-9_-]+ and quoted otherwise.
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        Encodes a map as a TOML document.
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          @spec encode(term()) :: {:ok, binary()} | {:error, [Formata.Error.t(), ...]}


      


Encodes a map as a TOML document.
iex> Formata.Codec.TOML.Encoder.encode(%{"title" => "x", "owner" => %{"name" => "Tom"}})
{:ok, ~s(title = "x"\n\n[owner]\nname = "Tom"\n)}
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Behaviour for format adapters and the portable value domain they share.
Built-in codecs:
	Format	Module	Decoder	Encoder
	:json	Formata.Codec.JSON	Formata.Jason	Formata.Jason
	:toml	Formata.Codec.TOML	Formata.Toml (gsmlg_toml)	Formata.Codec.TOML.Encoder
	:yaml	Formata.Codec.YAML	Formata.YamlElixir	Formata.Ymlr

A custom codec is any module implementing this behaviour; pass the module
wherever a format atom is accepted.
Portable value domain
Decoders return ordinary Elixir terms:
	Value	Elixir representation
	null	nil
	boolean	true / false
	integer	integer
	float	float
	+infinity / -infinity / NaN	:infinity / :negative_infinity / :nan
	string	UTF-8 binary
	array / sequence	list
	object / table / mapping	map with string keys
	local date / local time	Date / Time
	local date-time	NaiveDateTime
	offset date-time	DateTime

Keys from documents stay strings; Formata never creates atoms from document
content. A field that is absent is absent from the map; an explicit null is
present with the value nil.
Each encoder accepts only the subset its format can represent and rejects
everything else with an :encode error (:unrepresentable, :invalid_key,
:invalid_root, :out_of_range). Nothing is dropped, stringified, or
rounded implicitly; use Formata.Transform for explicit conversions.
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        Decodes a complete document.
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        Encodes a term as a complete document.
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        Returns the format name used in errors.
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        fetch(format)

      


        Resolves a format atom or codec module to a codec module.
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        The built-in format names.
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          @type format() :: :json | :toml | :yaml | module()
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          @type result(t) :: {:ok, t} | {:error, [Formata.Error.t(), ...]}
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          @callback decode(input :: binary(), opts :: keyword()) :: result(term())


      


Decodes a complete document.

  



  
    
      
    
    
      encode(data, opts)



        
          
        

    

  


  

      

          @callback encode(data :: term(), opts :: keyword()) :: result(binary())


      


Encodes a term as a complete document.
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          @callback format() :: atom()


      


Returns the format name used in errors.
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          @spec fetch(format()) :: {:ok, module()} | {:error, [Formata.Error.t(), ...]}


      


Resolves a format atom or codec module to a codec module.
iex> Formata.Codec.fetch(:json)
{:ok, Formata.Codec.JSON}

iex> {:error, [%Formata.Error{kind: :unsupported, code: :unknown_format}]} = Formata.Codec.fetch(:xml)
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          @spec formats() :: [atom()]


      


The built-in format names.

  


        

      


  

    
Formata.Codec.JSON 
    



      
JSON codec backed by Formata.Jason.
Decoding
	Any JSON value may be the root (objects, arrays, and scalars).
	Object keys stay strings.
	Duplicate object keys are rejected with a :parse / :duplicate_key
error (RFC 8259 leaves their meaning undefined; Formata does not pick one).
	Numbers become integers or floats; numbers outside the float range are a
syntax error reported by Formata.Jason.
	Syntax errors carry the byte offset reported by Formata.Jason and the line/column
derived from it.

Options: none.
Encoding
The JSON domain is nil, booleans, integers, finite floats, UTF-8 strings,
lists, and maps with string keys. Atom keys, Date/DateTime values,
:infinity/:nan, tuples, and other terms are rejected; convert them
explicitly with Formata.Transform.
Options:
	:pretty - pretty-print the output (default false).
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TOML codec: decoding with Formata.Toml.decode/2 (forked from gsmlg_toml), encoding with
Formata.Codec.TOML.Encoder.
Decoding
	The root is always a map (table); keys stay strings.
	inf, -inf, nan become :infinity, :negative_infinity, :nan.
	Local date, local time, and local date-time become Date, Time, and
NaiveDateTime.
	Offset date-times become UTC DateTime values. Formata.Toml converts the
instant to UTC, so the original offset (for example -08:00) is not
preserved; the instant is.
	Duplicate keys and table redefinitions are rejected by the decoder as
:parse / :syntax errors.
	Line/column are included when the decoder reports them.

Options: :filename (used in decoder messages).
Encoding
See Formata.Codec.TOML.Encoder for the accepted domain. nil has no TOML
representation and is rejected; use Formata.Transform.drop_nils/1 or
Formata.Transform.replace_nils/2 explicitly when that loss is acceptable.
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Single-document YAML codec: decoding with Formata.YamlElixir (yamerl), encoding
with Formata.Ymlr.
Decoding
	Exactly one document is accepted. A stream containing more than one
document is rejected with :parse / :multiple_documents; Formata
never silently picks one. An empty stream decodes to nil.
	Mapping keys stay as decoded (strings for plain keys; YAML integer or
boolean keys stay integers/booleans). No atoms are created from content.
	Duplicate mapping keys are rejected with :parse / :duplicate_key,
including the line/column reported by yamerl.
	Merge keys (<<) are rejected with :unsupported / :merge_key.
	Anchors and aliases are expanded; anchors, comments, formatting and key
order are not preserved.
	.inf, -.inf, .nan become :infinity, :negative_infinity, :nan.
	Timestamps are not resolved by the YAML core schema used by yamerl:
2001-12-14 decodes as the string "2001-12-14".
	Syntax errors carry the line/column reported by yamerl.

Options: none.
Encoding
The YAML domain is nil, booleans, integers, floats (including the
special-float atoms), UTF-8 strings, lists, and maps whose keys are strings,
integers, or booleans. Date/Time/DateTime values are rejected because
they do not decode back to the same values; convert them explicitly with
Formata.Transform.temporal_to_iso8601/1.
Every encoded document is decoded again and compared with the input. If the
emitted YAML would read back as a different value (for example a string that
the emitter left unquoted although it resolves to a number), encoding fails
with :encode / :roundtrip_mismatch instead of returning lossy output.
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Composable Elixir schema validation, transformation, and JSON Schema conversion.
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    Functions
  


    
      
        conforms?(schema, data, opts \\ [])

      


        Checks if the given data conforms to the specified schema.



    


    
      
        decode(schema, data, opts \\ [])

      


        Decodes wire data against a schema.



    


    
      
        defschema(name, schema, opts \\ [])

      


        Defines a schema with a given name and schema definition.



    


    
      
        encode(schema, data, opts \\ [])

      


        Encodes data against a schema, producing its wire representation.



    


    
      
        except(schema, keys)

      


        Drops the given top-level keys from a map schema.



    


    
      
        get_enumerable_value(enum, key)

      


    


    
      
        is_enumerable(data)

      


        Checks if the given data is an enumerable, specifically a map or a list.



    


    
      
        is_numeric(n)

      


        Checks if the given data is a numeric value, specifically a integer or a float.



    


    
      
        is_numeric_type(t)

      


        Checks if the given type as an atom is a numeric (integer or float).
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        is_type_with_multiple_options(t)

      


    


    
      
        merge(schema1, schema2)

      


        Deep merges two map schemas into a new one.



    


    
      
        put_in_enum(enum, key, val)

      


        Helper function to put a value into an enum, handling
not only maps and keyword lists but also structs.



    


    
      
        select(schema, keys)

      


        Keeps only the given top-level keys of a map schema.



    


    
      
        validate(schema, data, opts \\ [])

      


        Validates a given data map against a schema with options.



    


    
      
        validate_schema(schema)

      


        Validates a schema definition to ensure it adheres to the expected structure and types.



    


    
      
        walk(schema, fun)

      


        Depth-first rewrite of a schema tree.



    





      


      
        Types


        


  
    
      
    
    
      coerce_def()



        
          
        

    

  


  

      

          @type coerce_def() ::
  {:coerce, schema_def()}
  | {:coerce, schema_def(), keyword()}
  | {:coerce, coerce_source(), schema_def()}
  | {:coerce, coerce_source(), schema_def(), keyword()}
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          @type coerce_source() ::
  :string
  | (term() -> {:ok, term()} | :error)
  | {module(), atom()}
  | {module(), atom(), [term()]}
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          @type cond_def() ::
  {:cond, condition :: (term() -> boolean()), true_branch :: schema_def(),
   else_branch :: schema_def()}
  | {:cond, condition :: (current :: term(), root :: term() -> boolean()),
     true_branch :: schema_def(), else_branch :: schema_def()}
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          @type custom_def() ::
  {:custom, custom_validation()}
  | {:custom, {module(), atom()}}
  | {:custom, {module(), atom(), [term()]}}
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          @type custom_validation() ::
  (value :: term() -> validation_result())
  | (value :: term(), root :: term() -> validation_result())
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          @type default_def() ::
  {schema_def(), {:default, term()}}
  | {schema_def(), {:default, (-> term())}}
  | {schema_def(), {:default, {module(), atom()}}}
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          @type dependent_def() ::
  {:dependent, field :: atom(), validation(), type :: schema_def()}
  | {:dependent,
     (term() ->
        {:ok, schema_def() | nil}
        | {:error, template :: String.t(), context :: map() | keyword()})}
  | {:dependent,
     (current :: term(), root :: term() ->
        {:ok, schema_def() | nil}
        | {:error, template :: String.t(), context :: map() | keyword()})}
  | {:dependent, {module(), fun :: atom()}}
  | {:dependent, {module(), fun :: atom(), args :: list()}}
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          @type encode_def() ::
  {schema_def(), {:encode, (term() -> term())}}
  | {schema_def(), {:encode, {module(), atom()}}}
  | {schema_def(), {:encode, {module(), atom(), [term()]}}}
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          @type explicit_schema_def() ::
  {:schema, schema()}
  | {:schema, map_schema(), {:additional_keys, schema_def()}}
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          @type float_def() ::
  :float | {:float, numeric_option(float()) | [numeric_option(float())]}
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          @type int_def() ::
  :integer | {:integer, numeric_option(integer()) | [numeric_option(integer())]}
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          @type literal() :: integer() | float() | atom() | String.t() | boolean()
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          @type map_schema() :: %{required(String.t() | atom()) => schema_def()}
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          @type numeric_option(type) ::
  {:eq, type}
  | {:neq, type}
  | {:lt, type}
  | {:lte, type}
  | {:gt, type}
  | {:gte, type}
  | {:range, {min :: type, max :: type}}
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          @type schema() :: schema_def() | map_schema() | [{atom(), schema_def()}]
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          @type schema_def() ::
  :any
  | :atom
  | :atom!
  | :boolean
  | :list
  | :map
  | :pid
  | {:either, {schema_def(), schema_def()}}
  | {:oneof, [schema_def()]}
  | {:required, schema_def()}
  | {:meta, schema_def(), keyword()}
  | {:ref, atom()}
  | {:ref, {module(), atom()}}
  | {:multi, atom(), %{optional(term()) => schema_def()}}
  | {:enum, [term()]}
  | {:enum, [term()], keyword()}
  | {:list, schema_def()}
  | {:map, schema_def()}
  | {:map, key_type :: schema_def(), value_type :: schema_def()}
  | {:tuple, [schema_def()]}
  | {:literal, literal()}
  | time_def()
  | string_def()
  | int_def()
  | float_def()
  | default_def()
  | transform_def()
  | custom_def()
  | coerce_def()
  | encode_def()
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          @type string_def() :: :string | {:string, string_option() | [string_option()]}
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          @type string_option() ::
  {:regex, Regex.t()}
  | {:eq, String.t()}
  | {:min, integer()}
  | {:max, integer()}
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          @type time_def() :: :time | :date | :datetime | :naive_datetime | :duration
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          @type transform_def() ::
  {schema_def(), {:transform, (term() -> term()) | (term(), term() -> term())}}
  | {schema_def(), {:transform, {module(), atom()}}}
  | {schema_def(), {:transform, {module(), atom(), [term()]}}}
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          @type validation() :: (term() -> validation_result())
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          @type validation_opt() :: {:mode, :strict | :permissive} | {:spellcheck, boolean()}
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          @type validation_opts() :: [validation_opt()]
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          @type validation_result() ::
  :ok | {:error, template :: String.t(), context :: map() | keyword()}
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          @spec conforms?(schema(), term(), validation_opts()) :: boolean()


      


Checks if the given data conforms to the specified schema.
Parameters
	schema: The schema definition to validate against.
	data: The data to be validated.

Options
	:mode - Validation mode. Can be :strict (default) or :permissive.	:strict - Only fields defined in the schema are returned.
	:permissive - All fields from the input data are preserved.


	:spellcheck - Set to false to skip missing-required-field typo
suggestions. Defaults to true.

Returns
	true if the data conforms to the schema.
	false if the data does not conform to the schema.

Examples
iex> schema = %{name: :string, age: :integer}
iex> data = %{name: "Alice", age: 30}
iex> Formata.Backplane.Schema.conforms?(schema, data)
true

iex> invalid_data = %{name: "Alice", age: "thirty"}
iex> Formata.Backplane.Schema.conforms?(schema, invalid_data)
false

  



    

  
    
      
    
    
      decode(schema, data, opts \\ [])



        
          
        

    

  


  

      

          @spec decode(schema(), term(), validation_opts()) :: {:ok, term()} | {:error, term()}


      


Decodes wire data against a schema.
Coercion is a schema directive, so decoding is exactly validate/3:
{:coerce, source, target} fields convert their source representation
into the target type, and values already matching the target pass through
unchanged.
Accepts the same options as validate/3 and returns the same shape.
Examples
iex> schema = %{page: {:coerce, :string, :integer}}
iex> Formata.Backplane.Schema.decode(schema, %{"page" => "2"})
{:ok, %{page: 2}}

iex> schema = %{page: {:coerce, :string, :integer}}
iex> Formata.Backplane.Schema.decode(schema, %{page: 2})
{:ok, %{page: 2}}

  



    

  
    
      
    
    
      defschema(name, schema, opts \\ [])


        (macro)


        
          
        

    

  


  

Defines a schema with a given name and schema definition.
Examples
defmodule MySchemas do
  import Formata.Backplane.Schema

  defschema :user, %{
    name: :string,
    age: :integer,
    email: {:required, :string}
  }

  # With permissive mode
  defschema :flexible_user, %{
    name: :string,
    email: {:required, :string}
  }, mode: :permissive

  # With metadata (field-level and schema-level)
  defschema :documented_user, %{
    email: {:meta, {:required, :string}, doc: "Login email", example: "a@b.io"}
  }, title: "User", description: "Account holder"
end

# Schema-level metadata is accessible via __schema_meta__/1:
MySchemas.__schema_meta__(:documented_user)
# => [title: "User", description: "Account holder"]

user_data = %{name: "John", age: 30, email: "john@example.com"}
MySchemas.user(user_data)
# => {:ok, %{name: "John", age: 30, email: "john@example.com"}}

invalid_data = %{name: "John", age: 30}
MySchemas.user(invalid_data)
# => {:error, [email: "is required"]}

# Permissive mode preserves extra fields
flexible_data = %{name: "John", email: "john@example.com", role: "admin"}
MySchemas.flexible_user(flexible_data)
# => {:ok, %{name: "John", email: "john@example.com", role: "admin"}}

  



    

  
    
      
    
    
      encode(schema, data, opts \\ [])



        
          
        

    

  


  

      

          @spec encode(schema(), term(), validation_opts()) :: {:ok, term()} | {:error, term()}


      


Encodes data against a schema, producing its wire representation.
Validates data against the schema (target types), then applies the
reverse of each codec directive:
	{:coerce, source, target} - built-in :string sources render with
to_string/1 (to_iso8601/1 for date/time structs); when the
encode: opt is given, that function/MFA is applied instead. Custom
function/MFA sources without an encode: opt pass the validated value
through unchanged.
	{type, {:encode, fun}} - applies fun (or MFA) to the validated
value. This directive is inert under validate/3 and decode/3.
	{:transform, fun} - skipped; transforms are decode-only.

Accepts the same options as validate/3 and returns the same shape.
Examples
iex> schema = %{page: {:coerce, :string, :integer}}
iex> Formata.Backplane.Schema.encode(schema, %{page: 2})
{:ok, %{page: "2"}}

iex> schema = %{upcased: {:string, {:encode, &String.downcase/1}}}
iex> Formata.Backplane.Schema.encode(schema, %{upcased: "HELLO"})
{:ok, %{upcased: "hello"}}

  



  
    
      
    
    
      except(schema, keys)



        
          
        

    

  


  

      

          @spec except(map_schema(), [atom() | String.t()]) ::
  {:ok, map_schema()} | {:error, [Formata.Backplane.Schema.Error.t()]}


      


Drops the given top-level keys from a map schema.
Keys not present in the schema are ignored. The resulting schema is checked
with validate_schema/1, returning its error tuple when invalid.
Examples
iex> Formata.Backplane.Schema.except(%{name: :string, age: :integer}, [:age])
{:ok, %{name: :string}}

iex> Formata.Backplane.Schema.except(%{name: :string}, [:missing])
{:ok, %{name: :string}}

  



  
    
      
    
    
      get_enumerable_value(enum, key)



        
          
        

    

  


  


  



  
    
      
    
    
      is_enumerable(data)


        (macro)


        
          
        

    

  


  

Checks if the given data is an enumerable, specifically a map or a list.
Parameters
	data: The data to check.

Examples
iex> is_enumerable(%{})
true

iex> is_enumerable([])
true

iex> is_enumerable(123)
false

iex> is_enumerable("string")
false

  



  
    
      
    
    
      is_numeric(n)


        (macro)


        
          
        

    

  


  

Checks if the given data is a numeric value, specifically a integer or a float.
Parameters
	data: The data to check.

Examples
iex> is_numeric(123)
true

iex> is_numeric(0xFF)
true

iex> is_numeric(12.12)
true

iex> is_numeric("string")
false

iex> is_numeric(%{})
false

  



  
    
      
    
    
      is_numeric_type(t)


        (macro)


        
          
        

    

  


  

Checks if the given type as an atom is a numeric (integer or float).
Parameters
	data: The data to check.

Examples
iex> is_numeric(:integer)
true

iex> is_numeric(:float)
true

iex> is_numeric(:list)
false

iex> is_numeric({:enum, _})
false

  



  
    
      
    
    
      is_of_numeric_type(val, t)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      is_type_with_multiple_options(t)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      merge(schema1, schema2)



        
          
        

    

  


  

      

          @spec merge(map_schema(), map_schema()) ::
  {:ok, map_schema()} | {:error, [Formata.Backplane.Schema.Error.t()]}


      


Deep merges two map schemas into a new one.
When both schemas define the same key as a plain map (a nested schema), the
nested schemas are merged recursively. Otherwise the value from the right
side wins: type tuples and directives are never merged structurally.
The resulting schema is checked with validate_schema/1, returning its
error tuple when the composed schema is invalid.
Examples
iex> Formata.Backplane.Schema.merge(%{name: :string}, %{age: :integer})
{:ok, %{name: :string, age: :integer}}

iex> Formata.Backplane.Schema.merge(%{name: :string}, %{name: :atom})
{:ok, %{name: :atom}}

iex> Formata.Backplane.Schema.merge(%{user: %{name: :string}}, %{user: %{age: :integer}})
{:ok, %{user: %{name: :string, age: :integer}}}

  



  
    
      
    
    
      put_in_enum(enum, key, val)



        
          
        

    

  


  

Helper function to put a value into an enum, handling
not only maps and keyword lists but also structs.
Examples
iex> Formata.Backplane.Schema.put_in_enum(%{}, :hello, "world")
iex> Formata.Backplane.Schema.put_in_enum(%{}, "hello", "world")
iex> Formata.Backplane.Schema.put_in_enum(%User{}, :hello, "world")
iex> Formata.Backplane.Schema.put_in_enum([], :hello, "world")

  



  
    
      
    
    
      select(schema, keys)



        
          
        

    

  


  

      

          @spec select(map_schema(), [atom() | String.t()]) ::
  {:ok, map_schema()} | {:error, [Formata.Backplane.Schema.Error.t()]}


      


Keeps only the given top-level keys of a map schema.
Keys not present in the schema are ignored. The resulting schema is checked
with validate_schema/1, returning its error tuple when invalid.
Examples
iex> Formata.Backplane.Schema.select(%{name: :string, age: :integer}, [:name])
{:ok, %{name: :string}}

iex> Formata.Backplane.Schema.select(%{name: :string}, [:name, :missing])
{:ok, %{name: :string}}

  



    

  
    
      
    
    
      validate(schema, data, opts \\ [])



        
          
        

    

  


  

      

          @spec validate(schema(), term(), validation_opts()) ::
  {:ok, term()} | {:error, term()}


      


Validates a given data map against a schema with options.
Returns {:ok, data} if the data is valid according to the schema, or {:error, errors} if there are validation errors.
Parameters
	schema: The schema definition map.
	data: The data map to be validated.
	opts: Options for validation.

Options
	:mode - Validation mode. Can be :strict (default) or :permissive.	:strict - Only fields defined in the schema are returned.
	:permissive - All fields from the input data are preserved.


	:spellcheck - Set to false to skip missing-required-field typo
suggestions. Defaults to true.

A schema returned by validate_schema/1 can be reused directly with
validate/3 and the integrations that accept schemas. This avoids
defschema's runtime schema validation for each call.
Examples
schema = %{name: :string, age: :integer}
data = %{name: "John", age: 30, extra: "field"}

# Strict mode (default)
Formata.Backplane.Schema.validate(schema, data)
# => {:ok, %{name: "John", age: 30}}

# Permissive mode
Formata.Backplane.Schema.validate(schema, data, mode: :permissive)
# => {:ok, %{name: "John", age: 30, extra: "field"}}

  



  
    
      
    
    
      validate_schema(schema)



        
          
        

    

  


  

Validates a schema definition to ensure it adheres to the expected structure and types.
This function can handle both simple and complex schema definitions, including nested schemas, custom validation functions, and various type constraints.
Parameters
	schema - The schema definition to be validated. It can be a map or a keyword list representing the schema.

Returns
	{:ok, schema} - If the schema is valid, returns the original schema.
	{:error, errors} - If the schema is invalid, returns an error tuple with detailed error information.

Examples
  Validating a simple schema:
  schema = %{
    name: :string,
    age: :integer,
    email: {:required, :string}
  }
  assert {:ok, ^schema} = validate_schema(schema)
  Validating a nested schema:
  schema = %{
    user: %{
      name: :string,
      profile: %{
        age: {:required, :integer},
        email: {:required, :string}
      }
    }
  }
  assert {:ok, ^schema} = validate_schema(schema)
  Handling invalid schema definition:
  schema = %{
    name: :str,
    age: :integer,
    email: {:required, :string}
  }
  assert {:error, _errors} = validate_schema(schema)

  



  
    
      
    
    
      walk(schema, fun)



        
          
        

    

  


  

      

          @spec walk(schema(), Formata.Backplane.Schema.Walker.walker_fun()) :: schema()


      


Depth-first rewrite of a schema tree.
The callback is invoked on every subtree (pre-order). It must return either
{:cont, new_node} to replace the node and continue, or :drop to remove it
(only valid for values inside a map or keyword schema).
Building block for transforms like "make every field optional" or "strip
internal-only fields from a public DTO". See Formata.Backplane.Schema.Walker for details.
Examples
iex> schema = %{name: {:required, :string}, age: {:required, :integer}}
iex> Formata.Backplane.Schema.walk(schema, fn
...>   {:required, t} -> {:cont, t}
...>   other -> {:cont, other}
...> end)
%{name: :string, age: :integer}

  


        

      


  

    
Formata.Backplane.Schema.Error exception
    



      
Defines the structure and functions for handling validation errors in the Formata.Backplane.Schema schema validation library.
The Formata.Backplane.Schema.Error module encapsulates information about validation errors that occur during schema validation. Each error contains details about the path to the invalid data, the type of error, and any nested errors for complex or deeply nested schemas.
Attributes
	:message - A human-readable message describing the error.
	:content - Additional information about the error, such as expected and actual values.
	:path - A list representing the path to the invalid data within the structure being validated.
	:key - The specific key or field that caused the error.
	:code - A stable machine-readable atom identifying the validation failure. Built-in
errors use :required, :type, :literal, :enum, :either, :oneof,
:tuple_size, :tuple_element, :coercion, :ref, :multi_dispatch,
:dependent, or :custom. Constraint codes are :eq, :neq, :gt,
:gte, :lt, :lte, :range, :multiple_of, :regex, :min, :max,
and :unique. Parent and user-created errors may have nil code.
	:errors - A list of nested Formata.Backplane.Schema.Error structs for detailed information about nested validation errors.

List element failures include their zero-based index in both path and
content[:index]. For example, an invalid element in xs: {:list, :integer}
has a leaf path of [:xs, index].
Example
iex> error = %Formata.Backplane.Schema.Error{
...>   message: "Validation failed",
...>   content: %{expected: :string, actual: :integer},
...>   path: [:user, :age],
...>   key: :age,
...>   errors: [
...>     %Formata.Backplane.Schema.Error{
...>       message: "Expected type string, got integer",
...>       content: nil,
...>       path: [:user, :age],
...>       key: :age,
...>       errors: nil
...>     }
...>   ]
...> }
%Formata.Backplane.Schema.Error{
  message: "Validation failed",
  content: %{expected: :string, actual: :integer},
  path: [:user, :age],
  key: :age,
  errors: [
    %Formata.Backplane.Schema.Error{
      message: "Expected type string, got integer",
      content: nil,
      path: [:user, :age],
      key: :age,
      errors: nil
    }
  ]
}
Functions
	error_to_map/1 - Converts a Formata.Backplane.Schema.Error struct to a map, including nested errors.
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        t()

      


    





  
    Functions
  


    
      
        error_to_map(err)

      


        Recursively converts a Formata.Backplane.Schema.Error struct into a map. The result includes
:code additively alongside message, content, path, key, and nested errors.
Parent or user-created errors without a classified failure keep code: nil.



    


    
      
        format_error_message(reason, context)

      


    


    
      
        humanize(errors)

      


        Converts an error or list of errors into a nested, data-shaped map of
messages, mirroring Ecto.Changeset.traverse_errors/2 output.



    


    
      
        new_child(path, key, message, context)

      


        Creates a new child error with a path, key, message, and context.



    


    
      
        new_parent(path, key, errors)

      


        Creates a new parent error with nested errors.



    


    
      
        new_single(message, context)

      


        Creates a new single error with a formatted message and context.



    


    
      
        summarize(type)

      


        Produces a compact, human-friendly string for a schema or type definition.



    


    
      
        traverse_errors(errors, fun)

      


        Recursively walks an error or list of errors, applying the callback to each
leaf and replacing its message with the callback's return value.



    


    
      
        update_error_paths(error, new_path)
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          @type code() ::
  :required
  | :type
  | :literal
  | :enum
  | :either
  | :oneof
  | :tuple_size
  | :tuple_element
  | :coercion
  | :ref
  | :multi_dispatch
  | :dependent
  | :custom
  | :eq
  | :neq
  | :gt
  | :gte
  | :lt
  | :lte
  | :range
  | :multiple_of
  | :regex
  | :min
  | :max
  | :unique


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Formata.Backplane.Schema.Error{
  __exception__: term(),
  code: code() | nil,
  content: keyword(),
  errors: [t()] | nil,
  key: atom() | nil,
  message: String.t(),
  path: [term()] | nil
}
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      error_to_map(err)



        
          
        

    

  


  

Recursively converts a Formata.Backplane.Schema.Error struct into a map. The result includes
:code additively alongside message, content, path, key, and nested errors.
Parent or user-created errors without a classified failure keep code: nil.
Parameters
	error - A Formata.Backplane.Schema.Error struct to be transformed.

Examples
iex> error = %Formata.Backplane.Schema.Error{
...>   message: "Validation failed",
...>   content: %{expected: :string, actual: :integer},
...>   path: [:user, :age],
...>   key: :age,
...>   errors: [
...>     %Formata.Backplane.Schema.Error{
...>       message: "Expected type string, got integer",
...>       content: nil,
...>       path: [:user, :age],
...>       key: :age,
...>       errors: nil
...>     }
...>   ]
...> }
iex> Formata.Backplane.Schema.Error.error_to_map(error)
%{
  message: "Validation failed",
  content: %{expected: :string, actual: :integer},
  path: [:user, :age],
  key: :age,
  errors: [
    %{
      message: "Expected type string, got integer",
      content: nil,
      path: [:user, :age],
      key: :age,
      errors: nil
    }
  ]
}

  



  
    
      
    
    
      format_error_message(reason, context)



        
          
        

    

  


  


  



  
    
      
    
    
      humanize(errors)



        
          
        

    

  


  

      

          @spec humanize(t() | [t()]) ::
  %{optional(atom() | integer() | binary()) => [String.t()] | map()}
  | [String.t()]


      


Converts an error or list of errors into a nested, data-shaped map of
messages, mirroring Ecto.Changeset.traverse_errors/2 output.
Each leaf error (one without nested errors) contributes its message
under its path. Integer path segments become integer keys (list
indices), atoms stay atoms and binaries stay binaries. Multiple leaf
errors at the same path append to the message list.
Leaf errors without a path arise from Formata.Backplane.Schema.Error.new_single/2, which is
how top-level scalar validations report failure
(Formata.Backplane.Schema.validate(:string, 5)). Since there is no field to nest them
under, they humanize to a bare list of messages instead of a map.
Because humanize/1 reads each leaf's final message verbatim, it
composes with traverse_errors/2: translate first, then humanize.
Examples
iex> errors = [
...>   %Formata.Backplane.Schema.Error{path: [:addresses], key: :addresses, errors: [
...>     %Formata.Backplane.Schema.Error{path: [:addresses, 0, :street], key: :street, message: "is too short"}
...>   ]},
...>   %Formata.Backplane.Schema.Error{path: [:email], key: :email, message: "is required"}
...> ]
iex> Formata.Backplane.Schema.Error.humanize(errors)
%{addresses: %{0 => %{street: ["is too short"]}}, email: ["is required"]}

iex> Formata.Backplane.Schema.Error.humanize(%Formata.Backplane.Schema.Error{message: "expected type of :string received 5 value"})
["expected type of :string received 5 value"]

iex> Formata.Backplane.Schema.Error.humanize([])
%{}

  



  
    
      
    
    
      new_child(path, key, message, context)



        
          
        

    

  


  

Creates a new child error with a path, key, message, and context.
Parameters
	path - A list representing the path to the invalid data.
	key - The specific key or field that caused the error.
	message - A string template for the error message.
	context - A list of key-value pairs to replace in the message template.

Examples
iex> Formata.Backplane.Schema.Error.new_child([:user], :age, "Invalid value for %{field}", [field: "age"])
%Formata.Backplane.Schema.Error{
  path: [:user, :age],
  key: :age,
  code: nil,
  message: "Invalid value for age",
  content: %{field: "age"}
}

  



  
    
      
    
    
      new_parent(path, key, errors)



        
          
        

    

  


  

Creates a new parent error with nested errors.
Parameters
	path - A list representing the path to the invalid data.
	key - The specific key or field that caused the error.
	errors - A list of nested Formata.Backplane.Schema.Error structs.

Examples
iex> Formata.Backplane.Schema.Error.new_parent([:user], :age, [%Formata.Backplane.Schema.Error{message: "Invalid age"}])
%Formata.Backplane.Schema.Error{
  path: [:user, :age],
  key: :age,
  errors: [%Formata.Backplane.Schema.Error{message: "Invalid age"}]
}

  



  
    
      
    
    
      new_single(message, context)



        
          
        

    

  


  

Creates a new single error with a formatted message and context.
Parameters
	message - A string template for the error message.
	context - A list of key-value pairs to replace in the message template.

Examples
iex> Formata.Backplane.Schema.Error.new_single("Invalid value for %{field}", [field: "age"])
%Formata.Backplane.Schema.Error{
  message: "Invalid value for age",
  code: nil,
  content: %{field: "age"}
}
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          @spec summarize(term()) :: String.t()


      


Produces a compact, human-friendly string for a schema or type definition.
Used in error messages to avoid dumping the entire schema (which can be huge
for deeply nested or polymorphic schemas). Named schemas
({:schema, _, name: "..."}) render as their name; raw maps render as a
sorted key list (%{keys: [:a, :b, ...]}) truncated past 6 entries.
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          @spec traverse_errors([t()] | t(), (t() -> String.t() | term())) :: [t()] | t()


      


Recursively walks an error or list of errors, applying the callback to each
leaf and replacing its message with the callback's return value.
Mirrors Ecto.Changeset.traverse_errors/2. Useful for translating template
strings into user-facing locale messages, e.g.
Formata.Backplane.Schema.Error.traverse_errors(errors, fn err ->
  Gettext.dgettext(MyAppWeb.Gettext, "errors", err.message, err.content || %{})
end)
Returns the same error shape with translated messages. Non-string callback
results are coerced via to_string/1.
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Formata.Backplane.Schema.Walker 
    



      
Depth-first schema rewriter.
Formata.Backplane.Schema.walk/2 (delegated here) traverses a schema in pre-order, invoking the
supplied callback on every subtree. Callback contract depends on context:
	Map / keyword schema entries — invoked as {:field, key, value}.
Return one of:
	{:cont, {:field, new_key, new_value}} — replace the entry; the
walker recurses into new_value as a type expression. new_key may
differ from the original (rename) and may be any term valid as a key
for the surrounding container.
	:drop — remove the entry from the parent map / keyword list.


	Every other subtree — invoked as the type expression itself
(e.g. :string, {:list, …}, {:multi, …}, a nested map). Return:
	{:cont, new_node} — replace and continue walking children of
new_node.
	:drop — not allowed in this context; raises.



Map keys are not visited as standalone nodes; constraint option lists
(e.g. [gte: 18, error: "…"]), :enum members, :literal values, :ref
names, :multi tags, callbacks, and transforms are not visited either —
only sub-schemas and field entries are.
Example — make every required field optional:
Formata.Backplane.Schema.walk(schema, fn
  {:required, t} -> {:cont, t}
  {:required, t, _opts} -> {:cont, t}
  other -> {:cont, other}
end)
Example — strip private fields from a map schema:
Formata.Backplane.Schema.walk(schema, fn
  {:field, k, _v} when k in [:internal_id, :secret] -> :drop
  other -> {:cont, other}
end)
Example — rename email to :login:
Formata.Backplane.Schema.walk(schema, fn
  {:field, :email, v} -> {:cont, {:field, :login, v}}
  other -> {:cont, other}
end)
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          @type field_node() :: {:field, term(), term()}
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          @type sentinel() :: {:cont, term()} | {:cont, field_node()} | :drop
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          @type walker_fun() :: (term() -> sentinel())
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          @spec walk(Formata.Backplane.Schema.schema(), walker_fun()) ::
  Formata.Backplane.Schema.schema()
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Schema creation, checking, and compiled-schema metadata.
Formata keeps two independent schema systems:
	:native - Formata.Backplane.Schema definitions (Elixir data). See
Formata.Schema.Native.
	:json_schema - JSON Schema documents (Draft 7 or Draft 2020-12),
compiled and validated by Formata.Backplane.JsonSchema. See
Formata.Schema.JSONSchema.

A JSON Schema document is never converted into a native schema, and native
schemas are never exported to JSON Schema to validate data.
Compiling
iex> {:ok, schema} = Formata.Schema.compile(:native, %{name: {:required, :string}})
iex> schema.kind
:native

iex> {:ok, schema} = Formata.Schema.compile(:json_schema, %{"type" => "integer"})
iex> {schema.kind, schema.dialect}
{:json_schema, :draft2020_12}
A compiled %Formata.Schema{} is an immutable value: compile once, then pass
it to Formata.validate/3 and Formata.cast/3 as often as needed.
Fields
	:kind - :native or :json_schema
	:dialect - :draft7 or :draft2020_12 for JSON Schema, nil for native
	:backend - Formata.Backplane.Schema or Formata.Backplane.JsonSchema
	:compiled - the backend representation (the checked native definition or
a Formata.Backplane.JsonSchema.Types.Schema)
	:source - the definition/document as given
	:options - the compile options
	:plans - precomputed native execution plans (internal)
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    Functions
  


    
      
        check(kind, definition, opts \\ [])

      


        Checks a schema definition without keeping the compiled result.



    


    
      
        compile(kind, definition, opts \\ [])

      


        Compiles a schema of the given kind.



    


    
      
        json_schema(document, opts \\ [])

      


        Shortcut for compile(:json_schema, document, opts).



    


    
      
        native(definition, opts \\ [])

      


        Shortcut for compile(:native, definition, opts).
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          @type dialect() :: :draft7 | :draft2020_12
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          @type kind() :: :native | :json_schema


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Formata.Schema{
  backend: module(),
  compiled: term(),
  dialect: dialect() | nil,
  kind: kind(),
  options: keyword(),
  plans: map() | nil,
  source: term()
}
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      check(kind, definition, opts \\ [])



        
          
        

    

  


  

      

          @spec check(kind(), term(), keyword()) :: :ok | {:error, [Formata.Error.t(), ...]}


      


Checks a schema definition without keeping the compiled result.
Returns :ok or {:error, errors} with :schema errors. Checking the
definition is separate from validating data.
iex> Formata.Schema.check(:native, %{age: :integer})
:ok

iex> {:error, [%Formata.Error{kind: :schema}]} = Formata.Schema.check(:native, %{age: :intger})

  



    

  
    
      
    
    
      compile(kind, definition, opts \\ [])



        
          
        

    

  


  

      

          @spec compile(kind(), term(), keyword()) ::
  {:ok, t()} | {:error, [Formata.Error.t(), ...]}


      


Compiles a schema of the given kind.
See Formata.Schema.Native.compile/2 and Formata.Schema.JSONSchema.compile/2
for the options of each kind.
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          @spec json_schema(map() | boolean(), keyword()) ::
  {:ok, t()} | {:error, [Formata.Error.t(), ...]}


      


Shortcut for compile(:json_schema, document, opts).

  



    

  
    
      
    
    
      native(definition, opts \\ [])



        
          
        

    

  


  

      

          @spec native(term(), keyword()) :: {:ok, t()} | {:error, [Formata.Error.t(), ...]}


      


Shortcut for compile(:native, definition, opts).

  


        

      


  

    
Formata.Schema.JSONSchema 
    



      
JSON Schema documents compiled and validated by Formata.Backplane.JsonSchema.
Documents are JSON-compatible maps (string keys) or the boolean schemas
true/false. They are handed to Formata.Backplane.JsonSchema as they are; Formata
never converts them to native schemas.
Dialects
Draft 2020-12 and Draft 7 are supported.
	A recognized root $schema selects the dialect:
https://json-schema.org/draft/2020-12/schema or
http://json-schema.org/draft-07/schema#.
	dialect: :draft7 | :draft2020_12 selects it explicitly. Conflicting with
the document's $schema is a :schema / :dialect_conflict error.

	Without either, Draft 2020-12 is used.
	A $schema that is not one of the recognized meta-schemas is rejected
(:schema / :unknown_dialect) unless dialect: is given or a :loader
is provided to resolve the custom meta-schema and its vocabularies.

Unknown keywords and extension keywords (for example x-*) are accepted as
annotations, as the dialects permit.
Format assertion
format is an annotation by default and does not reject data.
Pass format_assertion: true to assert the formats implemented by
Formata.Backplane.JsonSchema (email, date-time, date, time, uri, ipv4,
ipv6, hostname, regex, uuid, ...). Unknown format names are always
accepted. In Draft 2020-12, a custom meta-schema that enables the
format-assertion vocabulary also enables assertion; a document without
$schema uses the standard vocabularies, in which format is an annotation.
Internationalized names cannot be checked without the IDNA2008 Unicode
tables, which Formata does not include. When hostname, email,
idn-hostname, or idn-email is asserted and the value contains an A-label
(xn--...) or a non-ASCII label, validation stops with a single
:unsupported / :unsupported_format error at the value's path: the value
is neither accepted nor rejected as if it had been checked, and the result
cannot be inverted by not, anyOf, oneOf, or if. A value that is
invalid for another reason (for example an ASCII label with _) is still a
:validation / :format error. Plain ASCII host names are fully checked.
References
Local references (#/$defs/..., #anchor, embedded $id resources) are
resolved without any I/O. Remote references are only loaded through an
explicit :loader function (uri -> {:ok, map | boolean} | {:error, term});
Formata performs no network access. A reference that cannot be resolved fails
validation with a :schema / :unresolved_ref error, never a silent pass.
Defaults and other annotations
default, examples, title, and other annotations never modify data.
Formata.cast/3 is not available for JSON Schemas because they define no
transformations.
Data model
Data must be in the JSON data model: nil, booleans, numbers, strings,
lists, and maps with string keys. Other terms (atom keys, Date, tuples,
special-float atoms, ...) are reported as :unsupported / :non_json_value;
convert them explicitly first (see Formata.Transform).
Additional properties are governed only by the document
(additionalProperties, unevaluatedProperties); there is no facade option
that overrides them.
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        compile(document, opts \\ [])

      


        Compiles a JSON Schema document.
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          @spec compile(map() | boolean(), keyword()) ::
  {:ok, Formata.Schema.t()} | {:error, [Formata.Error.t(), ...]}


      


Compiles a JSON Schema document.
Options
	:dialect - :draft7 or :draft2020_12
	:format_assertion - assert format (default false)
	:content_assertion - assert contentEncoding/contentMediaType/contentSchema
(default false)
	:loader - (uri -> {:ok, schema} | {:error, term}) for remote references
and custom meta-schemas

	:base_uri - base URI for resolving relative references
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Native schemas: Formata.Backplane.Schema definitions used through Formata.
Creating schemas
A native schema is plain Elixir data in the Formata.Backplane.Schema vocabulary:
definition = %{
  name: {:required, {:string, min: 1}},
  age: {:integer, gte: 0},
  role: {:enum, ["admin", "member"]},
  tags: {:list, :string},
  address: %{city: {:required, :string}}
}

{:ok, schema} = Formata.Schema.native(definition)
Atom schema keys match atom or string data keys, so the definition above
validates string-keyed documents decoded by Formata.
Reusable definitions
Because definitions are data, they can be bound to variables and composed
(merge/2, select/2, except/2 delegate to Formata.Backplane.Schema). Named,
reusable and recursive definitions use Formata.Backplane.Schema.defschema/3 and
{:ref, {Module, name}}:
defmodule MyApp.Schemas do
  import Formata.Backplane.Schema

  defschema :address, %{city: {:required, :string}}
  defschema :person, %{
    name: {:required, :string},
    address: {:ref, :address},
    friends: {:list, {:ref, :person}}
  }
end

{:ok, schema} = Formata.Schema.native({:ref, {MyApp.Schemas, :person}})
Pure validation (Formata.validate/3)
Formata.Backplane.Schema.validate/3 both validates and transforms (defaults,
coercion, transforms, and strict-mode stripping/renaming of keys). Formata's
pure validation therefore runs a preflight over the definition, including
every reachable {:ref, ...} target, and supports this non-transforming
subset:
	primitive types, {:literal, v}, {:enum, ...}, {:required, ...},
{:meta, ...}
	string/integer/float constraints (min, max, regex, eq, neq,
gt, gte, lt, lte, range, multiple_of)
	nested maps, keyword schemas, {:list, ...}, {:map, ...},
{:tuple, ...}, {:schema, ...} (including :additional_keys)
	{:either, ...}, {:oneof, ...} (first matching branch, native
semantics), {:multi, ...}, {:cond, ...}, {:dependent, field, check, type}
	{:custom, ...} validators that return :ok or {:error, ...}
	{:ref, {Module, name}}, including recursive references

These constructs are rejected before anything runs, with an :unsupported /
:pure_validation_unsupported error naming the construct and its schema
path: {type, {:default, _}}, {type, {:transform, _}},
{type, {:encode, _}}, every {:coerce, ...} form, and the dynamic
{:dependent, callback} forms (their schemas are only known at run time).
Use Formata.cast/3 for those.
Custom validators run inside the native engine. If one returns anything
other than :ok or an error during pure validation (for example {:ok, new_value}),
validation fails with :unsupported / :non_pure_custom instead of
accepting a modified value.
The input is never modified, and validate returns only :ok or errors.
Absent versus nil
The native engine treats an explicit nil like an absent field: an
optional field accepts both, and {:required, type} rejects both.
Unknown fields
	Option	validate/3	cast/3
	unknown: :allow	default; ignored	kept in the result
	unknown: :reject	:unknown_field error per field	:unknown_field error per field
	unknown: :strip	not accepted	default; removed from the result

Unknown-field rejection is enforced by the native engine (Formata adds an
:additional_keys rule to each map schema). It is not available for keyword
list schemas.
Casting (Formata.cast/3)
cast runs the full native engine (Formata.Backplane.Schema.validate/3) and returns
the transformed data. Modifiers wrap types, and each field is processed from
the outermost modifier inwards:
	{type, {:default, value}} replaces an absent or nil value with
value; the default is then processed by type like any input;
	{:coerce, ...} converts the source representation (for example
"42" to 42) and passes values that already have the target type;
	the type, its constraints, {:custom, ...} validators and nested
schemas are checked on the (possibly defaulted/coerced) value;
	{type, {:transform, fun}} maps the validated value. Transforms only
run for present, non-nil values, so write
{{type, {:transform, fun}}, {:default, value}} to transform a default.

A default can never satisfy {:required, ...}: Formata.Backplane.Schema rejects
that combination when the schema is compiled.
Unknown fields are then handled by the :unknown option. With :strip (the
default) the result contains only declared fields, keyed by the schema's keys
(an atom-keyed schema returns atom keys). With :allow, the result keeps the
input keys: a declared field is written back under the key present in the
data (an atom schema key matching a string data key keeps the string key),
undeclared fields are kept unchanged, and a field added by a default uses the
schema's key.
Coercion to :atom! is rejected (:unsafe_atom_coercion) because it would
create atoms from input data.
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        compile(definition, opts \\ [])

      


        Checks and compiles a native definition.



    


    
      
        except(schema, keys)

      


        See Formata.Backplane.Schema.except/2.



    


    
      
        merge(schema1, schema2)

      


        See Formata.Backplane.Schema.merge/2.



    


    
      
        select(schema, keys)

      


        See Formata.Backplane.Schema.select/2.
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          @spec compile(term(), keyword()) ::
  {:ok, Formata.Schema.t()} | {:error, [Formata.Error.t(), ...]}


      


Checks and compiles a native definition.
Invalid definitions return :schema / :invalid_schema errors. A definition
that is valid but outside the pure-validation subset still compiles; the
limitation is reported when Formata.validate/3 is called.

  



  
    
      
    
    
      except(schema, keys)



        
          
        

    

  


  

See Formata.Backplane.Schema.except/2.
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See Formata.Backplane.Schema.merge/2.
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See Formata.Backplane.Schema.select/2.
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Structured error returned by every Formata operation.
Expected failures are returned as {:error, errors} where errors is a
non-empty list of %Formata.Error{} values.
Fields
	:kind - the failure class, one of:	:parse - a document could not be decoded
	:encode - data could not be written in the target format
	:schema - a schema definition is invalid or cannot be compiled/resolved
	:validation - data does not satisfy a schema
	:transform - an explicit transformation (cast/3, Formata.Transform) failed
	:unsupported - the requested operation or option is not supported for
this schema, format, or value


	:code - a stable machine-readable atom (for example :syntax,
:duplicate_key, :unrepresentable, :type, :required,
:unknown_field, :oneOf). Validation codes are taken from the backend
(Formata.Backplane.Schema.Error.code for native schemas,
Formata.Backplane.JsonSchema.Types.Error.rule for JSON Schema).
	:message - a human-readable message.
	:backend - the module that produced or detected the failure
(Formata.Jason, Formata.Toml, Formata.YamlElixir, Formata.Ymlr, Formata.Backplane.Schema,
Formata.Backplane.JsonSchema, or a Formata module for checks Formata performs).
	:format - the codec format (:json, :toml, :yaml) when relevant.
	:path - the data path as a list of map keys and list indexes
([] is the root).
	:schema_path - the schema location when it is known.
	:location - %{line: pos_integer, column: pos_integer} and/or
%{offset: non_neg_integer} only when the backend supplies them;
otherwise nil. Formata never invents source positions.
	:details - extra structured data (expected values, keywords, ...).
	:cause - the original backend error term, when useful.
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    Functions
  


    
      
        error(kind, code, message, fields \\ [])

      


        Wraps a single error as the {:error, [error]} result shape.



    


    
      
        format_path(path)

      


        Formats a data path as a JSON-Pointer-like string, for example /users/0/name.



    


    
      
        new(kind, code, message, fields \\ [])

      


        Builds an error. kind, code, and message are required.
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          @type kind() :: :parse | :encode | :schema | :validation | :transform | :unsupported
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          @type location() ::
  nil
  | %{
      optional(:line) => pos_integer(),
      optional(:column) => pos_integer(),
      optional(:offset) => non_neg_integer()
    }
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          @type path() :: [term()]
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          @type t() :: %Formata.Error{
  __exception__: term(),
  backend: module() | nil,
  cause: term(),
  code: atom(),
  details: map(),
  format: atom() | nil,
  kind: kind(),
  location: location(),
  message: String.t(),
  path: path(),
  schema_path: path() | nil
}
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      error(kind, code, message, fields \\ [])



        
          
        

    

  


  

      

          @spec error(kind(), atom(), String.t(), keyword()) :: {:error, [t(), ...]}


      


Wraps a single error as the {:error, [error]} result shape.
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          @spec format_path(path()) :: String.t()


      


Formats a data path as a JSON-Pointer-like string, for example /users/0/name.

  



    

  
    
      
    
    
      new(kind, code, message, fields \\ [])



        
          
        

    

  


  

      

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


      


Builds an error. kind, code, and message are required.
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Explicit, opt-in data transformations.
Encoders never drop, stringify, or replace values on their own. When a value
cannot be represented in a target format, call one of these functions (or pass
them to Formata.convert/4 with :transforms) to make the loss explicit.
Every transformation returns {:ok, data} or {:error, [%Formata.Error{kind: :transform}]}.
iex> Formata.Transform.drop_nils(%{"a" => 1, "b" => nil})
{:ok, %{"a" => 1}}

iex> Formata.Transform.temporal_to_iso8601(%{"on" => ~D[2024-05-01]})
{:ok, %{"on" => "2024-05-01"}}
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        apply_all(data, transforms)

      


        Applies a list of transformations in order, stopping at the first error.



    


    
      
        drop_nils(data)

      


        Removes map entries whose value is nil, recursively. nil list elements
are kept, because removing them would shift positions.



    


    
      
        replace_nils(data, value)

      


        Replaces every nil (map values and list elements) with value.



    


    
      
        special_floats_to_strings(data)

      


        Converts :infinity, :negative_infinity, and :nan to the strings
"inf", "-inf", and "nan", recursively.



    


    
      
        stringify_keys(data)

      


        Converts atom, integer, float, and boolean map keys to strings, recursively.



    


    
      
        temporal_to_iso8601(data)

      


        Converts Date, Time, NaiveDateTime, and DateTime values to ISO 8601
strings, recursively.



    





      


      
        Types


        


  
    
      
    
    
      transform()



        
          
        

    

  


  

      

          @type transform() ::
  :drop_nils
  | :temporal_to_iso8601
  | :stringify_keys
  | :special_floats_to_strings
  | {:replace_nils, term()}
  | (term() -> {:ok, term()} | {:error, [Formata.Error.t(), ...]})
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          @spec apply_all(term(), [transform()]) ::
  {:ok, term()} | {:error, [Formata.Error.t(), ...]}


      


Applies a list of transformations in order, stopping at the first error.
Each element is a transformation name (:drop_nils, :temporal_to_iso8601,
:stringify_keys, :special_floats_to_strings), {:replace_nils, value},
or a one-argument function returning {:ok, data} | {:error, errors}.
iex> Formata.Transform.apply_all(%{"a" => nil, "t" => ~T[10:00:00]}, [:drop_nils, :temporal_to_iso8601])
{:ok, %{"t" => "10:00:00"}}

  



  
    
      
    
    
      drop_nils(data)



        
          
        

    

  


  

      

          @spec drop_nils(term()) :: {:ok, term()}


      


Removes map entries whose value is nil, recursively. nil list elements
are kept, because removing them would shift positions.
iex> Formata.Transform.drop_nils(%{"a" => %{"b" => nil, "c" => [nil, 1]}})
{:ok, %{"a" => %{"c" => [nil, 1]}}}
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          @spec replace_nils(term(), term()) :: {:ok, term()}


      


Replaces every nil (map values and list elements) with value.
iex> Formata.Transform.replace_nils(%{"a" => nil, "b" => [nil]}, "")
{:ok, %{"a" => "", "b" => [""]}}
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          @spec special_floats_to_strings(term()) :: {:ok, term()}


      


Converts :infinity, :negative_infinity, and :nan to the strings
"inf", "-inf", and "nan", recursively.
iex> Formata.Transform.special_floats_to_strings(%{"x" => :infinity})
{:ok, %{"x" => "inf"}}
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          @spec stringify_keys(term()) :: {:ok, term()} | {:error, [Formata.Error.t(), ...]}


      


Converts atom, integer, float, and boolean map keys to strings, recursively.
Fails with :key_collision if two keys of one map would become the same
string (for example :a and "a"), and with :invalid_key for keys that have
no string form (nil, tuples, lists, maps, ...).
iex> Formata.Transform.stringify_keys(%{name: "Ada", tags: %{1 => true}})
{:ok, %{"name" => "Ada", "tags" => %{"1" => true}}}

iex> {:error, [%Formata.Error{code: :key_collision}]} =
...>   Formata.Transform.stringify_keys(%{:a => 1, "a" => 2})
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          @spec temporal_to_iso8601(term()) :: {:ok, term()}


      


Converts Date, Time, NaiveDateTime, and DateTime values to ISO 8601
strings, recursively.
iex> Formata.Transform.temporal_to_iso8601([~U[2024-01-02 03:04:05Z]])
{:ok, ["2024-01-02T03:04:05Z"]}
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