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    Changelog

Rupa follows Semantic Versioning. Before 1.0, a minor version may rename
or remove; each such change is listed here with the migration in one line.
0.1.0 — 2026-09-28
M8c — every format means what JSON Schema's does. The suite's optional/format corpus is
vendored for the ten formats Rupa has, and test/rupa/format_suite_test.exs runs every string
case in it through Rupa.Format and both backends: 474 of 474 agree, where 74 did not. Every
change is a tightening, and these are the ones a caller will notice:
	T.time() needs an offset ("10:00:00" is an error) and decodes to UTC, as T.datetime()
does. It encodes with a Z.
	A leap second (23:59:60, in UTC) decodes to the second before it; Calendar has no 60.
	T.datetime() and T.date() refuse a sign or a fifth digit on the year and a space for the
T, and take t and z in lower case. A DateTime in another zone encodes in UTC, and a
year outside 0000–9999 is refused in both directions.
	T.duration() is RFC 3339 appendix A: no fractions, weeks only alone, units nested
(P1Y0M2D, never P1Y2D). The encoder writes the zeros the grammar needs.
	T.email() is RFC 5321's Mailbox. Quoted local parts, address literals and single-label
domains are in; a leading, trailing or doubled dot, non-ASCII, and unquoted ;:(), are out.
	T.hostname() checks an xn-- label as an IDNA2008 A-label (Punycode, NFC, RFC 5892's
properties and contextual rules; not the Bidi rule), from a table dev/idna/generate.exs
derives from Unicode 17.0.
	T.uri() refuses malformed percent-encoding, T.ipv4() a leading +, T.ipv6() a zone id.

T.email() and T.hostname() are scanned rather than matched by a regex now, which makes them
three to five times faster.
M10 — comparisons, docs, and everything but the publish. Both remaining open items in the
design doc are settled, the README is no longer the one from M0, and there are now two
benchmark suites whose numbers anyone can reproduce.
The identity. assets/ holds the lockup, mark, avatar and favicons: ꦫꦸꦥ in Hanacaraka
beside the Latin name, Latu's system in teal, every glyph outlined so no reader needs a Javanese
font. dev/logo/build.py draws all of it from two fonts; assets/README.md has the rules and
the palette. The README opens with the lockup and hexdocs gets the tile as logo and favicon.
A generated codec's diagnostics are said again in terms of the schema. Rupa.compile/2
wraps the codegen in Code.with_diagnostics/1, so warning: this clause of defp j2/2 is never used no longer arrives in someone's boot log as itself. What comes out instead names the
codec, says which of the three walks wrote the code, points at Rupa.explain/1, and says what
the usual cause is — all in one warning per compile rather than one per finding, because a
schema that earns any of these usually earns four. Nothing is dropped: Rupa's own dead clauses
have been real bugs three milestones running.
The index that makes that possible is per direction, not per node. Rupa.Codegen.module/3 now
returns {ast, index} where the index names every function the module defines. A map from a
function to a node would have meant threading a path through every clause of three
generators, and it would have bought less than it sounds: a definition only survives staging
when it is recursive, and the type checker does not report inside a recursive group at all.
The JSON encoder stays unconditional. It is about 30% of codegen on top of the other two
trees, and bench/BUDGET.md has the number, but an option is a thing to remember and a boot
bill of a second or two for fifty codecs belongs in the docs instead.
bench/compare.exs, and it runs in CI. Peri, Ecto's embedded cast, :json.decode/1 as the
floor, both Rupa backends and hand-written, all on bench/decode.exs's fixture with the same
checks in every row. On a two-core runner: 24 reductions per op against Peri's 1600 and Ecto's
1254, and 48 words against 1866 and 1515. It asserts rather than prints — the budget from
bench/BUDGET.md and a deliberately loose margin against the other two — and exits non-zero
when one stops holding, because a benchmark that only prints is one nobody reads until someone
happens to look.
bench/xlang/ builds one Docker image with five runtimes and runs the same job in each:
bytes in, validated typed value out. serde_json, pydantic-core, Zod, Malli and Rupa, every
version pinned, every column documented as to what it is allowed to do differently — serde has
no declarative min_length, so that column validates by hand rather than dropping the
constraint. On the sandbox: serde_json 624 ns, Zod 1836, Rupa 2412, pydantic-core 2837. Zod
being above Rupa is a real result for V8 on a hot loop and is printed rather than left out.
Malli's column is written to the same protocol and has not been run, because Maven is not
reachable from where the rest of this was built; a column that will not run is named in the
output rather than quietly dropped.
The README is now about the library rather than about the repository. It had said "this
repository is the skeleton ... there is no public API behind them until M1" since M0. It now
opens with code that runs, says what the vocabulary deliberately refuses, and carries both
tables with the machine and date beside them.
Docs pass. Every public module is documented and grouped — "The API", "Exceptions" and
"Inside", so the staging pass stops sitting in the sidebar beside the constructors. Every
public function has a doctest or an example, except Rupa.Closure.build_encoder/1 and
build_json/1, which are one-line cross-references to build/1 on purpose. Doctests went from
65 to 76, mostly the ten format constructors, which are the most-used part of the API and had a
one-line description each.
mix hex.build ships 24 files: lib/ including the Mix task, .formatter.exs, mix.exs,
README, LICENSE and CHANGELOG, with stream_data as the one optional requirement. Peri and
Ecto are only: :dev and appear nowhere in the package.
M9 — structs, both ways. Rupa.T.object(%{...}, into: MyApp.User) decodes that object into
a struct, and mix rupa.gen.struct writes the modules it names.
into: is an option on the object, not on the compile, which is what makes it compose: an
address three levels down becomes a MyApp.Address the same way the root becomes a
MyApp.User. A module name is an atom, so the schema still prints, hashes with
:erlang.phash2/1 and embeds in generated code as a literal — and as: idempotence keys on
that hash, which a compile option would have quietly broken by letting two different codecs
collide on one name.
The module has to be there, and has to fit. Staging requires it to be loaded with a
defstruct, and to already have every key the object decodes to — the names after
rename_all:, from: and keys: have been spent, which is why the check happens after
staging rather than against what you wrote. So renaming a field and forgetting to re-run
mix rupa.gen.struct is :struct_field_missing naming the key, rather than a struct that
quietly comes back with a default in it. The new codes are :not_a_struct,
:struct_field_missing, :struct_keys, :struct_keeps_unknown and :struct.
Three of the object's own options cannot hold beside it, because a struct has atom keys and
every one of them always: keys: :string, unknown: :keep, and a string-named object without
the keys: :atom that M8a already makes you ask for.
T.optional/2 survives and loses its edge. Inside a struct the key is always there, so
what decoding leaves behind for an absent field is that field's defstruct default, and
encoding writes that same value back as absent. That is what keeps
decode(encode(decode(w))) == decode(w) closing, and it is the one thing into: costs against
the three states the rest of the library keeps apart. For a struct mix rupa.gen.struct wrote
the value is nil, so an absent key and an explicit null reach the same struct and both leave
as absent; a struct you wrote yourself may default the field to something else, and then that
is what stands for absent and nil goes out as a null like any other value. A field with a
default: of its own is not in this set at all — decoding always put something there, so a
nil is a value the schema cannot express, and it errors.
mix rupa.gen.struct MyApp.Schemas.user calls that zero-arity function, stages the schema
and writes one file per into: module at the path its name conventionally has under lib/: a
defstruct and a @type t, with a schema default: carried through as the defstruct
default, and nothing that mentions Rupa. --force overwrites, --dry-run prints. It stages
with Rupa.Stage.run(schema, structs: :skip), which is the new option and exists for this.
Keys and defaults go through Elixir's own printers rather than through interpolation, so a
property name a document chose — first-name, say — comes out quoted in both the defstruct
and the typespec instead of as a syntax error.
Elixir's type checker found the one clause that fell out of the design. When the absent
value is nil, an optional nullable field's nil branch is unreachable inside a struct —
the field chain has already written that nil as absence — so both backends encode through
the nullable's inner node instead. Decoding still goes through the wrapper, because a wire
null has to be allowed in.
Decode's budget did not move: 119/190 and 24/48 words and reductions per op, the same figures as
M3, M5, M6 and M7. The closure backend's struct path is a separate function from the ordinary
one rather than a base that may be nil, so an object with no into: pays nothing for the
feature.
M8b — JSON Schema, both directions. Rupa.JsonSchema.encode/1 writes a draft 2020-12
document and decode/1 reads one. The official JSON-Schema-Test-Suite is vendored under
test/fixtures/json-schema-suite/, pinned to an upstream commit, and every case runs on every
build.
encode/1 is total, and describes the wire rather than the schema. It stages first, so
rename_all:, from: and keys: are already spent and the property names are the wire keys. A
$ref off a cycle has been inlined by then; genuine recursion comes back out as $defs and
$ref, with a ref to the root written #. A default: is written in its wire form, through the
field's own encoder — which is the only thing that knows how, since the value is decoded and the
document wants what the wire would carry.
decode/1 interns nothing, which is what M8a was for: the objects it produces are named with
strings, so no property name in a document ever becomes an atom. Two of Rupa's own constructs
therefore encode but do not decode, both for the same reason — a tagged union's tag is an atom,
and a recursive $ref needs a $defs name. A $ref that is not on a cycle needs no name, so
it is inlined and ordinary reuse through $defs works.
It refuses out loud. Every keyword Rupa has no answer for is a named error with the path to
it: :unsupported_keyword, :untyped_schema, :unsupported_mixed_object,
:unsupported_bare_required, :unsupported_open_tuple, :unsupported_ref,
:unsupported_recursive_ref, :unsupported_type_union. Writing that list is what turned up two
places where an earlier cut dropped a constraint on the floor — required naming a key
properties did not describe, and prefixItems read as a fixed-length tuple when the document
had pinned neither end.
Where Rupa and the spec disagree is now measured rather than asserted. Four places, all in
Rupa.JsonSchema's moduledoc: format asserts where JSON Schema annotates, pattern is PCRE,
lengths count graphemes, and — the only one where Rupa is the stricter — a number is compared by
term rather than by mathematical value, so 1.0 is not an integer and {"const": 0} does not
match 0.0. The suite runner prints the pass rate, the skip reasons and those deviations, and
fails on anything not in one of the two lists. It also fails on a deviation the suite has stopped
reporting, so the list cannot go stale.
A whole-string anchoring bug in Rupa.Format, found by the format corpus. ^...$ in PCRE
also matches before a final newline, so T.uuid(), T.email(), T.hostname() and
T.duration() all accepted a value with a trailing newline. They now anchor with \A and
\z. M8c vendors the corpus that found it.
M8a — an object's field names can be strings. {:object, %{"a" => T.string()}, []} is a
schema, and it decodes to %{"a" => ...}. Names are all atoms or all strings per object;
mixing them is :mixed_field_names, because keys: would then have nothing coherent to
default to.
This exists for Rupa.JsonSchema.decode/1 in M8b, and it is what makes that path total. A
JSON Schema names its properties, and turning those names into atoms is the one thing in the
library that could grow the atom table from a document. Now nothing has to: a decoded schema
is string-named, and the design doc's claim that Rupa has no atom-exhaustion path stays true
with no exception written under it.
keys: defaults to the type of the name you wrote. An atom-named object decodes to atom
keys, a string-named one to string keys, so neither default interns anything. keys: :atom on
a string-named object is the single explicit place a name becomes an atom — and that is a name
in a schema, not a key off a document, which is the rule every other atom in a schema already
follows. It is the second and last String.to_atom/1 in the repo.
unknown: :keep no longer lets an unknown key shadow a field. A field claims three names —
the wire key it reads, the wire key it writes, and the key it takes in the decoded map — and
once a decoded key can be a string, any of the three can collide with a key the schema does not
know. It was reachable before M8a with keys: :string and a from:, where the kept key won
and the field's value was silently lost; now all three names are off limits to the extras in
both directions, from one definition in Rupa.IR that both backends read.
Migration: a non-atom name in defs: now reports :invalid_def_name rather than
:invalid_field_name, since the two no longer mean the same thing.
M7 — JSON, both directions. Rupa.decode_json/3 takes JSON text and Rupa.encode_json/3
writes it, on both backends. The two halves are not the same problem, and only one of them
fuses; the milestone was told to measure before believing either way, and mix run bench/json.exs is the measurement.
encode_json/3 emits iodata in one walk of the decoded value. The two-step it replaces —
encode/3 builds a wire map, a JSON encoder then walks it — costs 349 reductions and 505 words
per op on the nested fixture; fused costs 162 and 314. On the module backend, 326/459 becomes
129/235. Wire keys, enum values and a tagged branch's whole ,"kind":"click" are rendered to
binaries while the schema is staged, so what is left at run time is escaping the strings the
value actually carries. The result is iodata, which is what a socket wants;
IO.iodata_to_binary/1 flattens it. Fields come out in the schema's order rather than a map's,
which is the one visible difference from going the long way round.
decode_json/3 does not fuse, and the callback API is why. :json.decode/3 hands a value's
key to object_push only after that value is fully built, so when a nested object starts,
nothing in scope says which field it belongs to — and a field is exactly where a schema differs
from a parser. The accumulator threads down through object_start and array_start, which is
enough to direct the root and an array's elements and not enough for an object's fields. There
is no object_keys callback. So decode_json/3 is the two-step composition under the name it
promised, the bench shows it lands on the sum of its parts, and a Rupa-owned parser is the way
past it rather than in.
A JSON null decodes to nil. :json calls it the atom null by default; Rupa parses with
null: nil so that present, absent and null stay the three states the rest of the library
already means by them. That costs 14 reductions and 18 words per parse — passing any decoders
map at all makes :json.decode/3 build its callback record per call — and it buys the only
reading of null that composes with T.nullable/1.
Going the long way round needs an encoder that knows about nil. encode/3 returns nil
for a null, and :json.encode/1 writes a bare atom as a string, so encode/3 piped into it
quietly emits "nil" where the document should say null. Elixir's own JSON module gets this
right, and so does :json.encode/2 with an encoder you supply. encode_json/3 has no such
edge, which is a second reason to prefer it.
Malformed text is an error, not a raise. %Rupa.Error{code: :json} with the reason in
meta, so a request handler has one shape to match on. Trailing whitespace is fine; trailing
anything else is not.
A tagged branch with no fields of its own no longer warns. Its decoder is {:ok, %{}} and
cannot fail, so the clause that would have handled its failure was dead code — which Elixir's
type checker reports by the generated module's internal name, into whatever console the compile
happens in. Found by an M7 test, fixed in the M6 code it came from.
Codegen got a third tree, and the boot bill shows it. A named codec now generates decode,
encode and encode-to-JSON. bench/BUDGET.md has the number. The decode budget itself did not
move: 119/190 and 24/48, the same as M5 and M6.
M6 — unions. Rupa.T.tagged/3 and Rupa.T.union/2 compile, on both backends, which
completes the vocabulary: every kind the design doc lists now has a codec behind it, and
:not_yet_supported is gone along with the last thing that raised it.
A tagged union decodes to {tag, value} — {:circle, %{r: 1.0}} — with the tag interned
from the branch name while the schema is staged, never from wire data. That is one shape for
both tagging styles and one case clause per branch at the other end. Internally tagged
(the default) leaves the branch's own fields where they are; content: puts them in an
envelope beside the tag, serde style, and a branch is then free to be any schema rather than
an object. Encoding puts the tag back where it found it, so the round trip holds either way.
Tagged dispatch is one key read and one call, at any depth. The module backend matches the
tag in the function head, so a branch is a direct call. mix run bench/union.exs is that claim
with numbers under it: at depths 1 to 7, tagged grows by a falling factor per level while
untagged holds at ×2.
An untagged union tries its variants in the order you wrote them, and the first that takes
the value wins — so the order is part of the schema. Attempts run in :halt whatever
on_error: said, because a variant you did not choose is one whose complaints you will never
read; when none of them fits, the error is a single :no_variant rather than every variant's.
Nesting one untagged union inside another warns, once per schema, with IO.warn/1 while
staging. It is the only construct in the vocabulary whose cost doubles with depth and the only
one you can reach without meaning to. Rupa still starts nothing and never logs: this is the
compiler's own way of saying "this is valid, and you may not have meant it".
Rupa.Gen generates both, and the round-trip property covers a recursive tagged union. An
untagged one generates from a random variant, which round-trips only if the variants are
disjoint — that is the cost tag: :none makes you opt into, and the docs say so.
bench/measure.exs now holds how every benchmark in that directory counts, so
bench/decode.exs and bench/union.exs share one definition of words and reductions per op
rather than two copies of it.
M5 — wire mapping. An object's fields no longer have to be spelled the way the wire spells
them. rename_all: :camelCase | :snake_case | :kebab renames every field of the object that
declares it, from: and to: override that for one field, and keys: :atom | :string chooses
what the decoded map is keyed by. All four are spent at staging, so both backends read three
finished names off the staged field and neither one ever looks at a case convention.
rename_all: reads a field name as words, so it works on a name written in any of the three
rather than only on snake_case, and a run of capitals is one word — user_id and userID both
read as ["user", "id"]. It applies to the object that declares it and not to the objects
inside it; a whole tree in one style is a Rupa.Schema.walk/2 away, which is the kind of thing
schemas-as-data is for.
One of from: and to: renames both directions. Give both, naming different keys, and you
have said this field reads an old name and writes a new one — the one way to make encode stop
being decode's inverse, and it takes saying so. Like default:, they belong on the field's
own term; anywhere else is :misplaced_rename. Two fields landing on one wire key is
:duplicate_wire_key at compile time rather than one of them quietly winning.
keys: is the decoded side, not the wire. It changes the key's type and never its name, so
%{first_name: ...} under rename_all: :camelCase, keys: :string reads "firstName" and
decodes to %{"first_name" => ...} — and encode reads back whichever key it wrote. No atom is
ever interned from wire data on any path, before or after renaming, and
test/rupa/codegen_test.exs reads the generated AST to say so.
Rupa.T.partial/1 carries from: and to: out to the optional it adds, the same way it
already leaves a defaulted field alone, so wrapping a field does not bury its wire key.
M4b — generators. Rupa.Gen.stream/1 turns a schema, a codec or a generated module into a
StreamData generator of decoded values, and test/rupa/gen_test.exs runs the property it
exists for — encode it, decode that, get the value back — a thousand times per type against
both backends. stream_data is an optional dependency: Rupa.Gen compiles when it is there
and does not exist when it is not, so nobody who only wants to decode pays for it.
It refuses rather than skips. A pattern:, a multiple_of: it cannot hit exactly, a bound
nothing satisfies, or a recursion with no case that stops each raise with the path at the
moment the generator is built. A property test that quietly ignores half your schema is worse
than one that will not start.
M4a — encode. Rupa.encode/3 and Rupa.encode!/3, on both backends, from the same IR.
Inverse means this precisely: encode a decoded value, decode it again, and you get the value
back. It is deliberately not the identity on the wire — a default that was absent comes back
materialised, which is the point of a default.
What encode checks is types and formats, because it has to look at those anyway to turn a
DateTime back into a string and an atom back into its wire value. Constraints are not re-run;
decoding already bought them. Failures are %Rupa.Error{} with a path, the same as decoding,
and Rupa.EncodeError is its own exception — a decode error is the outside world being wrong,
an encode error is your own code being wrong about a value it built.
Every format has an encode side, including a duration encoder written here rather than
handed to Duration.to_iso8601/1: the stdlib will emit a negative duration, which RFC 3339 has
no syntax for and Rupa's parser therefore rejects, so a round trip through the stdlib would not
be one. Sub-second precision survives — PT1.500S comes back PT1.500S.
M3 — the module backend. Rupa.compile(schema, as: MyApp.Codecs.User) generates and
loads a module from the same IR the closure tree is built from, and Rupa.decode/3 takes the
name. Object fields are matched in a head, guard-safe checks in a guard, and the result built
as a map literal, so a field that is present and valid allocates nothing: 48 words/op against
hand-written's 42. A recursive ref is a direct call, so the one table lookup the closure
backend does goes away, and a compiled pattern is embedded as a literal rather than kept in
:persistent_term — the module is built at runtime by the OTP about to run it, so the version
skew that would make that unsafe cannot happen.
Naming a codec twice is a lookup, on a hash of the schema the module carries. Naming it
with a different schema is refused rather than swapping the codec under code already using
it; force: true replaces it with :code.soft_purge/1, and a process still running the old
codec refuses the replacement instead of being killed. Compiles are serialised per name with
:global.trans/2, so Rupa still has nothing to start and nothing in your supervision tree.
Every decode test runs on both backends and asserts they agree, so a feature cannot land on
one and not the other.
M2 — the staging pass, and the closure backend over it. Rupa.compile/1 validates a
schema, stages it into Rupa.IR, and builds a decoder. Rupa.decode/3 runs it, Rupa.decode!/3
raises, Rupa.valid?/2 is the yes/no. Scalars with their constraints and all ten formats,
objects with required, optional and default fields, lists, tuples, map_of, nullable, enum,
literal, and the unknown-key policy. Unions are M6, wire renaming is M5, and both say so at
compile time rather than being quietly ignored.
Refs are resolved at staging. A ref that is not on a cycle is replaced by the definition
itself, so the decoder never looks anything up; only genuine recursion stays a node.
Errors are a list whatever happens. on_error: is :halt by default and stops at the
first problem; :collect reports every field. Paths are built on the way back up, so a
successful decode allocates nothing for them.
Rupa.explain/1 prints the staged program. It reads the IR, not a backend, so it will say
the same thing when the module backend lands.
A decode budget, bench/BUDGET.md, and mix run bench/decode.exs to measure against it —
no benchmarking dependency, because the numbers that matter are words and reductions per op.
M1 — the schema vocabulary. Rupa.T builds schema terms and nothing else: {kind, opts}
for scalars, {kind, payload, opts} for everything that holds a schema. A bare map is an
object, and options come back sorted, so two spellings of one schema are one term and hash the
same. Rupa.Schema.validate/1 is the only judge — structure, options, refs, and no function
anywhere in the tree — and reports every problem at once as %Rupa.Error{} with a path.
Rupa.Schema.walk/2 rewrites a schema, children first. T.pick/2, T.omit/2, T.partial/1
and T.merge/2 are honest map work on the field map.
Present, absent and null are three states. A field is required unless it is wrapped in
T.optional/2 or carries default:. optional is about the key and decodes to no key at
all, never to nil; nullable is about the value and decodes to nil; default: fires on
absent only, and never replaces an explicit null.
M0 — skeleton and gates. No library code. mix.exs on an Elixir 1.18 / OTP 27 floor,
mix check.all, Credo strict, ExCoveralls at 100%, and a CI workflow that runs the gate on
the pinned pair and compiles and tests the floor beside it.
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A macro-less, serde-like schema library for Elixir.
A schema is a plain term. There are no macros, and no functions inside a schema either, so a
schema prints, hashes with :erlang.phash2/1, composes at runtime, and round-trips through
JSON Schema. compile/1 stages a schema once into an executable codec; decode/3 runs it.
iex> codec = Rupa.compile!(%{name: Rupa.T.string(min: 1), age: Rupa.T.integer(gte: 0)})
iex> Rupa.decode(codec, %{"name" => "Ada", "age" => 40})
{:ok, %{name: "Ada", age: 40}}
The vocabulary is JSON Schema's declarative subset and nothing more. Refinements, transforms
and custom codecs are deliberately absent: domain conversion is a plain function you call on
the decoded value.
Where to start
	Rupa.T — the constructors, and the table of what each kind takes.
	Rupa.Schema — what a schema term is, Rupa.Schema.validate/1, and the rule for
present, absent and null.
	Rupa.IR and explain/1 — what staging turned your schema into.
	Rupa.Error — the shape every error takes.
	Rupa.Json — decode_json/3 and encode_json/3, and which of them fuses.
	Rupa.JsonSchema — the same schema as a draft 2020-12 document, and back.
	mix rupa.gen.struct — the struct modules into: names, written from the schema.

Wire data is string-keyed
decode/3 reads string keys, because that is what a JSON document has, and returns atom
keys interned from the schema at compile time. A key the schema does not name is never
converted to an atom, so there is no way to exhaust the atom table with wire data.
The two sides are named separately: rename_all:, from: and to: say what the wire calls
a field, keys: says whether the decoded map is keyed by atoms or strings, and all four are
spent at compile time. Rupa.Schema has the rule.
Two backends, one IR
compile(schema) returns a closure tree, which is what you want for a schema you did not
know at boot. compile(schema, as: MyApp.Codecs.User) generates a module, which is what you
want for one you did. Both are staged by the same pass, and both decode and encode to the
same value — the test suite asserts that on every case it has — so the choice is about cost,
not behaviour.
Unions decode to a tagged tuple
Rupa.T.tagged/3 gives you {:circle, %{r: 1.0}} — the tag as an atom interned from the
schema, the branch decoded beside it — so a case on a decoded value is one clause per
branch. It is the same shape whether the tag travels inside the branch's own object or in an
envelope beside it, and Rupa.T.union/2 is the untagged version you have to ask for.
JSON is a first-class edge
decode_json/3 takes text, encode_json/3 writes it. Encoding fuses — one walk of your
value, straight to iodata, with no wire map in between — and decoding does not, because
:json's callbacks will not say which field a value belongs to until after it is built.
Rupa.Json has the reading of the API that this rests on.
Objects can decode into structs
Rupa.T.object(%{...}, into: MyApp.User) decodes that object into a struct, and it is an
option on the object rather than on the compile, so nesting works: an address three levels
down becomes a MyApp.Address. Rupa.Schema has what it cannot hold with — a struct has atom
keys and every one of them always — and mix rupa.gen.struct writes the modules from the
schema.
Status
0.1.0 is the first release: the whole vocabulary compiles on both backends, JSON goes in and
out, so does JSON Schema, objects decode into structs, and every string format agrees with
JSON Schema's official format corpus.

      


      
        Summary


  
    Types
  


    
      
        codec()

      


        A compiled codec: the closure tree, or the name of a generated module.



    





  
    Functions
  


    
      
        compile(schema, opts \\ [])

      


        Validates and stages a schema, then builds a codec from it.



    


    
      
        compile!(schema, opts \\ [])

      


        compile/1, raising Rupa.SchemaError instead of returning errors.



    


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

      


        Decodes wire data against a codec.



    


    
      
        decode!(codec, data, opts \\ [])

      


        decode/3, raising Rupa.DecodeError instead of returning errors.



    


    
      
        decode_json(codec, text, opts \\ [])

      


        Parses JSON text and decodes it against a codec.



    


    
      
        decode_json!(codec, text, opts \\ [])

      


        decode_json/3, raising Rupa.DecodeError instead of returning errors.



    


    
      
        encode(codec, value, opts \\ [])

      


        Encodes a decoded value back to wire data.



    


    
      
        encode!(codec, value, opts \\ [])

      


        encode/3, raising Rupa.EncodeError instead of returning errors.



    


    
      
        encode_json(codec, value, opts \\ [])

      


        Encodes a decoded value straight to JSON iodata.



    


    
      
        encode_json!(codec, value, opts \\ [])

      


        encode_json/3, raising Rupa.EncodeError instead of returning errors.



    


    
      
        explain(module)

      


        Prints what staging turned the schema into — the thing a macro can never give you.



    


    
      
        valid?(codec, data)

      


        Whether the data decodes, without you having to look at why.
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      codec()



        
          
        

    

  


  

      

          @type codec() :: Rupa.Codec.t() | module()


      


A compiled codec: the closure tree, or the name of a generated module.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      compile(schema, opts \\ [])



        
          
        

    

  


  

      

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


      


Validates and stages a schema, then builds a codec from it.
iex> {:ok, codec} = Rupa.compile(%{id: Rupa.T.uuid()})
iex> Rupa.valid?(codec, %{"id" => "6ba7b810-9dad-11d1-80b4-00c04fd430c8"})
true

iex> {:error, [error]} = Rupa.compile(%{id: Rupa.T.string(format: :ssn)})
iex> error.code
:unknown_format
as: — a codec compiled into a module
as: MyApp.Codecs.User generates and loads a module, and returns its name. That is the
faster backend, and it is what a schema you know at boot deserves:
def start(_type, _args) do
  {:ok, _} = Rupa.compile(MyApp.Schemas.user(), as: MyApp.Codecs.User)
  ...
end
The module is a handle, not an API: reach it through decode/3, never by calling it.
Compiling the same name with the same schema is a lookup, not a recompile — the module
carries the schema it was built from, and reuse compares it exactly (a hash gates the
comparison, it does not stand in for it). Compiling it with a different schema returns
:already_compiled rather than swapping the codec under code that is already using it;
force: true replaces it, and is for dev and test.
Compiles are serialised per name with :global.trans/2, so two processes racing on one name
produce one module. That needs no process of its own, which is why Rupa has nothing to start
and nothing in your supervision tree.
Generated codecs and releases
A generated module exists because something called this function, so it is not in your
release's module list and a release upgrade does not carry it. Compile your codecs in your
application's start callback and the new node builds them for itself.
On a live upgrade, force: true uses :code.soft_purge/1: if a process is still running
the old codec, the replacement is refused with :codec_in_use and nothing changes. Rupa
never calls :code.purge/1, so it will not kill a process to load a codec.

  



    

  
    
      
    
    
      compile!(schema, opts \\ [])



        
          
        

    

  


  

      

          @spec compile!(term(), keyword()) :: codec()


      


compile/1, raising Rupa.SchemaError instead of returning errors.
iex> Rupa.compile!(%{}) |> Rupa.decode(%{})
{:ok, %{}}

  



    

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



        
          
        

    

  


  

      

          @spec decode(codec(), term(), keyword()) :: {:ok, term()} | {:error, [Rupa.Error.t()]}


      


Decodes wire data against a codec.
on_error: is :halt by default, which stops at the first error — the cheap case, and the
one most callers want. :collect keeps going and reports every field that failed. Either
way the failure is a list, so there is one shape to match on.
iex> codec = Rupa.compile!(%{a: Rupa.T.integer(), b: Rupa.T.integer()})
iex> {:error, errors} = Rupa.decode(codec, %{"a" => "x"}, on_error: :collect)
iex> Enum.map(errors, &{&1.path, &1.code})
[{[:a], :type}, {[:b], :required}]

iex> codec = Rupa.compile!(%{a: Rupa.T.integer(), b: Rupa.T.integer()})
iex> {:error, errors} = Rupa.decode(codec, %{"a" => "x"})
iex> length(errors)
1

  



    

  
    
      
    
    
      decode!(codec, data, opts \\ [])



        
          
        

    

  


  

      

          @spec decode!(codec(), term(), keyword()) :: term()


      


decode/3, raising Rupa.DecodeError instead of returning errors.
iex> codec = Rupa.compile!(%{name: Rupa.T.string()})
iex> Rupa.decode!(codec, %{"name" => "Ada"})
%{name: "Ada"}

  



    

  
    
      
    
    
      decode_json(codec, text, opts \\ [])



        
          
        

    

  


  

      

          @spec decode_json(codec(), binary(), keyword()) ::
  {:ok, term()} | {:error, [Rupa.Error.t()]}


      


Parses JSON text and decodes it against a codec.
What the name promises and no more: :json.decode/3 builds the term, decode/3 checks and
converts it. Object fields cannot be schema-directed while parsing — a value's key does not
reach :json's callbacks until after that value is built — so there is no one-pass version to
ship here, and Rupa.Json says what it would take. mix run bench/json.exs is the number.
iex> codec = Rupa.compile!(%{name: Rupa.T.string(), tags: Rupa.T.list(Rupa.T.string())})
iex> Rupa.decode_json(codec, ~s({"name": "Ada", "tags": ["a"]}))
{:ok, %{name: "Ada", tags: ["a"]}}
Text that is not JSON is an error like any other, rather than a raise:
iex> {:error, [error]} = Rupa.decode_json(Rupa.compile!(%{}), "{oops")
iex> {error.code, Rupa.Error.message(error)}
{:json, "invalid JSON: unexpected byte 0x6F"}

  



    

  
    
      
    
    
      decode_json!(codec, text, opts \\ [])



        
          
        

    

  


  

      

          @spec decode_json!(codec(), binary(), keyword()) :: term()


      


decode_json/3, raising Rupa.DecodeError instead of returning errors.
iex> Rupa.decode_json!(Rupa.compile!(%{n: Rupa.T.integer()}), ~s({"n": 1}))
%{n: 1}

  



    

  
    
      
    
    
      encode(codec, value, opts \\ [])



        
          
        

    

  


  

      

          @spec encode(codec(), term(), keyword()) :: {:ok, term()} | {:error, [Rupa.Error.t()]}


      


Encodes a decoded value back to wire data.
The inverse of decode/3, and inverse is meant literally: what this produces, decode/3
accepts, and it gives back what you started with. It checks types and formats — the things it
has to look at anyway to turn a DateTime back into a string and an atom back into its wire
value — and does not re-run constraints, which decoding already bought.
iex> codec = Rupa.compile!(%{at: Rupa.T.datetime(), role: Rupa.T.enum([:admin])})
iex> Rupa.encode(codec, %{at: ~U[2026-09-16 10:00:00Z], role: :admin})
{:ok, %{"at" => "2026-09-16T10:00:00Z", "role" => "admin"}}

iex> codec = Rupa.compile!(%{at: Rupa.T.datetime()})
iex> {:error, [error]} = Rupa.encode(codec, %{at: "already a string"})
iex> {error.path, error.code}
{[:at], :format}

  



    

  
    
      
    
    
      encode!(codec, value, opts \\ [])



        
          
        

    

  


  

      

          @spec encode!(codec(), term(), keyword()) :: term()


      


encode/3, raising Rupa.EncodeError instead of returning errors.
iex> codec = Rupa.compile!(%{n: Rupa.T.integer()})
iex> Rupa.encode!(codec, %{n: 1})
%{"n" => 1}

  



    

  
    
      
    
    
      encode_json(codec, value, opts \\ [])



        
          
        

    

  


  

      

          @spec encode_json(codec(), term(), keyword()) ::
  {:ok, iodata()} | {:error, [Rupa.Error.t()]}


      


Encodes a decoded value straight to JSON iodata.
encode/3 followed by a JSON encoder builds a wire map and then walks it. This builds
nothing: the staged program emits the bytes as it walks the value you already have. Wire keys,
enum values and a tagged branch's "type":"circle" were rendered to binaries when the schema
was staged, so what is left is escaping your strings.
The result is iodata, which is what you hand a socket or a Plug.Conn.
IO.iodata_to_binary/1 flattens it if you want a binary.
iex> codec = Rupa.compile!(%{at: Rupa.T.datetime(), n: Rupa.T.integer()})
iex> codec |> Rupa.encode_json!(%{at: ~U[2026-09-16 10:00:00Z], n: 1}) |> to_string()
~s({"at":"2026-09-16T10:00:00Z","n":1})
Fields come out in the schema's own order, which is one visible difference from going through
encode/3 — a map has its own idea of order and the schema's is the more useful one. What it
checks is what encode/3 checks, and the errors are the same errors:
iex> codec = Rupa.compile!(%{n: Rupa.T.integer()})
iex> {:error, [error]} = Rupa.encode_json(codec, %{n: "one"})
iex> {error.path, error.code}
{[:n], :type}
Plus what JSON text itself cannot carry, which a term can: a string that is not UTF-8 is
:invalid_utf8; a map_of key or kept extra with no string form (a tuple, say) is
:unsupported_key, and a kept value with no JSON form :unsupported_value; and two keys that
render to one object name — 1 beside "1", :a beside "a" — are :duplicate_key rather
than an object that carries the name twice. All with the path to the offending key.

  



    

  
    
      
    
    
      encode_json!(codec, value, opts \\ [])



        
          
        

    

  


  

      

          @spec encode_json!(codec(), term(), keyword()) :: iodata()


      


encode_json/3, raising Rupa.EncodeError instead of returning errors.
iex> Rupa.compile!(%{n: Rupa.T.integer()}) |> Rupa.encode_json!(%{n: 1}) |> to_string()
~s({"n":1})
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          @spec explain(codec() | term()) :: String.t()


      


Prints what staging turned the schema into — the thing a macro can never give you.
Takes a codec or a schema.
iex> Rupa.explain(%{tags: Rupa.T.list(Rupa.T.string(min: 1), max: 5)})
~s[object (1 field, unknown: strip)\n  "tags" -> :tags list max=5 of\n    string min=1]

  



  
    
      
    
    
      valid?(codec, data)



        
          
        

    

  


  

      

          @spec valid?(codec(), term()) :: boolean()


      


Whether the data decodes, without you having to look at why.
iex> codec = Rupa.compile!(%{name: Rupa.T.string()})
iex> {Rupa.valid?(codec, %{"name" => "Ada"}), Rupa.valid?(codec, %{})}
{true, false}
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Rupa.Error 
    



      
A structured error: where, what, and the few values the message needs.
Nothing here renders a string until you ask for one. message/1 builds the sentence from
code and meta on demand, so a run that produces no errors never builds a message, and a
run that produces a thousand pays for the ones you actually print.
path locates the offending node. What it is a path through depends on who built the
error: Rupa.Schema.validate/1 returns paths through the schema, where :of is a list's
element, an integer is a tuple position, a string is a tagged branch, and :defs leads into
the definitions. Decoding returns paths through the data.
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        segment()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        message(error)

      


        Renders the error as a sentence.



    


    
      
        new(path, code, meta \\ %{})

      


        Builds an error.



    


    
      
        pointer(error)

      


        The path as an RFC 6901 JSON pointer.
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          @type segment() :: atom() | String.t() | non_neg_integer()
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          @type t() :: %Rupa.Error{code: atom(), meta: map(), path: [segment()]}


      



  


        

      

      
        Functions
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          @spec message(t()) :: String.t()


      


Renders the error as a sentence.
iex> [:name] |> Rupa.Error.new(:unknown_format, %{format: :ssn}) |> Rupa.Error.message()
":ssn is not one of Rupa's built-in formats"

  



    

  
    
      
    
    
      new(path, code, meta \\ %{})



        
          
        

    

  


  

      

          @spec new([segment()], atom(), map()) :: t()


      


Builds an error.
iex> Rupa.Error.new([:age], :unknown_option, %{option: :fmt})
%Rupa.Error{path: [:age], code: :unknown_option, meta: %{option: :fmt}}
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          @spec pointer(t()) :: String.t()


      


The path as an RFC 6901 JSON pointer.
iex> Rupa.Error.pointer(Rupa.Error.new([:addresses, 0, :street], :min))
"/addresses/0/street"

iex> Rupa.Error.pointer(Rupa.Error.new([], :unknown_type))
""
A segment is a field name, an index or a wire key. A map_of key can be any term when the map
came from Elixir rather than from JSON, so a segment with no string of its own -- a tuple, say
-- is written the way inspect/1 writes it, escaped like any other.
iex> Rupa.Error.pointer(Rupa.Error.new([:by, {1, 2}], :type))
"/by/{1, 2}"
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Rupa.Format 
    



      
The built-in formats, and nothing else.
A format is a fixed pair Rupa owns: a decoder from the wire string, and the encoder that
inverts it. There is no way to add one, which is what keeps a schema pure data and keeps every
format expressible as JSON Schema.
Each one means what JSON Schema's format of the same name means, and the official format
corpus is the test of that: test/rupa/format_suite_test.exs runs every string case in it
and allows no disagreement. In practice:
	:date_time, :date and :time are RFC 3339's date-time, full-date and
full-time: four-digit years, two-digit fields, . for a fraction, T and Z in
either case, and an offset on every time. A time decodes to UTC, as a date-time does, and
a leap second (23:59:60, in UTC) decodes to the second before it, because Calendar
has no second 60.
	:duration is RFC 3339 appendix A's grammar: whole numbers, weeks only on their own, and
a year, month and day (or hour, minute and second) nested so that none is skipped between
two that are written. P1Y2D is not a duration; P1Y0M2D is.
	:email is RFC 5321's Mailbox: a dot-atom or a quoted string, then @, then a
hostname or an address literal ([127.0.0.1], [IPv6:::1]). ASCII only.
	:hostname is RFC 1123's, and an xn-- label in it must be an IDNA2008 A-label:
Punycode for a Unicode label in NFC, every code point of which RFC 5892 allows, its
contextual rules included. The Bidi rule (RFC 5893) is the one check not applied.
	:uri needs a scheme and well-formed percent-encoding; :ipv4 and :ipv6 are the
dotted quad and RFC 4291's text form, with no zone id.

Four of them change the value: :date_time, :date, :time and :duration decode to
DateTime, Date, Time and Duration. The other six validate and hand the string back.
encode/2 is the inverse, and inverse is meant literally: whatever encode/2 produces,
decode/2 accepts and returns what you started with. That is why it refuses what the wire
cannot say rather than writing something close: a negative duration, a fraction of a second in
one, a week beside another unit, a year outside 0000–9999. A DateTime in another zone
is written in UTC, which is where decoding it will put it.
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        decode(format, value)

      


        Decodes a string in the named format.



    


    
      
        encode(format, value)

      


        Encodes a decoded value back to its wire string.



    


    
      
        names()

      


        Every format, in the order the documentation lists them.
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          @spec decode(atom(), String.t()) :: {:ok, term()} | :error


      


Decodes a string in the named format.
Returns :error rather than a reason: the caller knows the format and the path, which is
the whole message.
iex> Rupa.Format.decode(:date, "2026-09-16")
{:ok, ~D[2026-09-16]}

iex> Rupa.Format.decode(:time, "08:30:00+07:00")
{:ok, ~T[01:30:00]}

iex> Rupa.Format.decode(:uuid, "not-a-uuid")
:error

  



  
    
      
    
    
      encode(format, value)



        
          
        

    

  


  

      

          @spec encode(atom(), term()) :: {:ok, String.t()} | :error


      


Encodes a decoded value back to its wire string.
Returns :error for a value the format cannot represent — including the wrong type, since
encoding is where a DateTime field finds out it was handed a string.
iex> Rupa.Format.encode(:date, ~D[2026-09-16])
{:ok, "2026-09-16"}

iex> Rupa.Format.encode(:time, ~T[01:30:00])
{:ok, "01:30:00Z"}

iex> Rupa.Format.encode(:date, "2026-09-16")
:error
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          @spec names() :: [atom()]


      


Every format, in the order the documentation lists them.
iex> length(Rupa.Format.names())
10
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StreamData generators built from a schema, for the round-trip property.
Add stream_data to your own deps to use this — Rupa lists it as optional, so it is not
forced on anyone who only wants to decode.
property "encode and decode are inverses" do
  codec = Rupa.compile!(MyApp.Schemas.user())

  check all value <- Rupa.Gen.stream(codec) do
    assert {:ok, wire} = Rupa.encode(codec, value)
    assert {:ok, ^value} = Rupa.decode(codec, wire)
  end
end
What it generates is decoded values — what Rupa.decode/3 returns and Rupa.encode/3
takes — because that is the side the property is stated on. A field carrying default:
is always generated, even though it is optional on the wire: leave it out and decoding
fills it in, and the value that comes back is not the one you started with.
What it refuses
A generator that quietly skips half your schema is worse than one that will not start, so
these raise with the path rather than being ignored:
	pattern: — generating a string from a PCRE is a project of its own
	multiple_of: on a float, or one that is not a whole number on an integer — the
multiples of 0.1 are not representable, so the values it produced would fail the
check they were generated to satisfy
	a bound that nothing satisfies, such as T.integer(gt: 1, lt: 2) or a float interval
with no double in it
	a recursion with no case that stops, such as %{child: T.ref(:root)}, which has no
finite value at all

Untagged unions
An untagged union generates from one of its variants at random, which round-trips only if
the variants are disjoint — if two of them accept the same value, decoding picks the first
and the property will tell you so. That is the cost tag: :none makes you opt into, and
Rupa.T.tagged/3 is the version with nothing to be ambiguous about.
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        A generator of decoded values for a codec, a generated module, or a schema.
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          @spec stream(term()) :: StreamData.t(term())


      


A generator of decoded values for a codec, a generated module, or a schema.
iex> [value] = %{n: Rupa.T.integer(gte: 1, lte: 3)} |> Rupa.Gen.stream() |> Enum.take(1)
iex> value.n in 1..3
true
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Rupa.Json 
    



      
The JSON edge: bytes in through OTP's :json, iodata out from the staged program.
The two directions are not the same problem, and only one of them fuses.
Encoding does. Rupa.encode_json/3 walks the decoded value once and emits iodata, so the
wire map Rupa.encode/3 would have built is never built at all. Wire keys and constant values
are rendered to binaries while the schema is staged, so what is left at run time is escaping
the strings your value actually carries and consing the pieces together.
Decoding does not, and the reason is the callback API rather than anything about Rupa.
:json.decode/3 hands a value's key to object_push only after that value is already built,
so when a nested object starts, nothing in scope says which field it belongs to — and a field
is exactly where a schema differs from a parser. The accumulator threads down through
object_start and array_start, which is enough to direct the root and an array's elements,
and not enough for an object's fields. So Rupa.decode_json/3 is :json.decode/3 followed by
Rupa.decode/3, which is what the name promises and no more. bench/json.exs is the
measurement; a Rupa-owned parser is the way past it, and not in 0.1.0.
Nothing here is public API. Rupa.decode_json/3 and Rupa.encode_json/3 are.
The iodata shape
Both backends build an object or an array as a reversed list of entries, each one carrying its
own leading comma, and the helper that closes the bracket drops the first comma again. That is
how OTP's own encoder does it, and it is why a field costs one cons cell rather than a branch
on whether it is the first.
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JSON Schema draft 2020-12, in both directions.
encode/1 is total: Rupa's vocabulary is a subset of JSON Schema's declarative one, so every
schema that validates has a document. decode/1 is not, and cannot be — JSON Schema says far
more than Rupa does. What it will not do is fail quietly: a keyword Rupa has no answer for is
a named error with the path to it, never a silently dropped constraint.
encode/1 writes what the wire sees
It stages the schema first, so the document describes the document — rename_all:, from:
and keys: are already spent, and the property names are the wire keys rather than the field
names. A field carrying both from: and to: reads one key and writes another, and what the
document describes is the one it reads.
Staging also resolves refs, so a $ref that is not on a cycle is inlined and only genuine
recursion comes back out as $defs and $ref. The document says the same thing either way;
it is just longer.
decode/1 interns nothing
The objects it produces are named with strings, so no property name in a document ever becomes
an atom. That is the whole reason Rupa.Schema grew string field names, and it is what makes
it safe to decode a schema that arrived over the wire. keys: :atom is still there if you
want atoms out of a document you trust.
Two constructs in Rupa's own vocabulary cannot come back this way, because both would have to
intern an atom from the document to exist at all:
	a tagged union — its decoded tag is an atom, so oneOf decodes to nothing
	a recursive ref — $defs names are atoms, so a $ref on a cycle decodes to nothing

Both encode fine; neither decodes. A $ref that is not on a cycle is inlined instead, which
needs no name at all, so ordinary reuse through $defs works.
Where Rupa and JSON Schema disagree
Documented rather than papered over, and measured: the official JSON-Schema-Test-Suite is
vendored under test/fixtures/json-schema-suite/ and every case runs on every build. What
follows is the whole of what it reports.
Rupa is more permissive on three, and encode/1 emits the keyword anyway, so a reader
that follows the spec is stricter than Rupa rather than looser:
	format asserts. JSON Schema makes format an annotation by default; Rupa's formats
validate and several convert. Rupa.Schema.formats/0 is the fixed set.
	pattern is PCRE, not ECMA-262, because it compiles with Erlang's :re.
	minLength and maxLength count grapheme clusters, not code points — what a reader
would count.

Rupa is stricter on one, and it is one decision seen from several angles: a number is
compared by term, not by mathematical value. JSON Schema says 1.0 is an integer, that
{"const": 0} matches 0.0, and that an enum of 1 matches 1.0. On the BEAM those are
different terms, and reconciling them would put a check on every decode in every schema to
serve the documents that write 1.0 and mean 1.
Everything else the suite asks, on the keywords Rupa claims, Rupa answers the way the spec
says. A keyword it does not claim is a skip with a reason, never a quiet pass.

      


      
        Summary


  
    Functions
  


    
      
        decode(document)

      


        Turns a draft 2020-12 document into a schema, or says what it could not.



    


    
      
        decode!(document)

      


        decode/1, raising Rupa.SchemaError instead of returning errors.



    


    
      
        encode(schema)

      


        Turns a schema into a draft 2020-12 document, as a decoded JSON term.



    


    
      
        encode!(schema)

      


        encode/1, raising Rupa.SchemaError instead of returning errors.
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      decode(document)



        
          
        

    

  


  

      

          @spec decode(term()) :: {:ok, Rupa.Schema.t()} | {:error, [Rupa.Error.t()]}


      


Turns a draft 2020-12 document into a schema, or says what it could not.
Takes the document as a decoded term, or as JSON text. The objects it produces are named with
strings, so nothing in the document becomes an atom.
iex> {:ok, schema} = Rupa.JsonSchema.decode(~s({"type": "string", "minLength": 1}))
iex> schema
{:string, [min: 1]}

iex> {:error, [error]} = Rupa.JsonSchema.decode(%{"allOf" => []})
iex> {error.code, error.meta.keyword}
{:unsupported_keyword, "allOf"}
A schema it hands back compiles: what the document says in a way Rupa refuses -- a minLength
above its maxLength, a pattern on a date-time -- is reported here, as the schema error
Rupa.compile/2 would have given, rather than left for the compile to find.
iex> {:error, [error]} = Rupa.JsonSchema.decode(%{"type" => "string", "minLength" => 5, "maxLength" => 2})
iex> error.code
:contradictory_bounds

  



  
    
      
    
    
      decode!(document)



        
          
        

    

  


  

      

          @spec decode!(term()) :: Rupa.Schema.t()


      


decode/1, raising Rupa.SchemaError instead of returning errors.
iex> Rupa.JsonSchema.decode!(%{"type" => "integer", "minimum" => 0})
{:integer, [gte: 0]}

  



  
    
      
    
    
      encode(schema)



        
          
        

    

  


  

      

          @spec encode(term()) :: {:ok, map()} | {:error, [Rupa.Error.t()]}


      


Turns a schema into a draft 2020-12 document, as a decoded JSON term.
The only errors are the schema's own, because staging runs first.
iex> Rupa.JsonSchema.encode!(%{name: Rupa.T.string(min: 1)})
%{
  "$schema" => "https://json-schema.org/draft/2020-12/schema",
  "type" => "object",
  "properties" => %{"name" => %{"type" => "string", "minLength" => 1}},
  "required" => ["name"]
}

  



  
    
      
    
    
      encode!(schema)



        
          
        

    

  


  

      

          @spec encode!(term()) :: map()


      


encode/1, raising Rupa.SchemaError instead of returning errors.
iex> Rupa.JsonSchema.encode!(Rupa.T.boolean())
%{"$schema" => "https://json-schema.org/draft/2020-12/schema", "type" => "boolean"}
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The schema term: what it is, how to check one, and how to rewrite one.
A schema is a tuple, {kind, opts} or {kind, payload, opts}, built by Rupa.T. Nothing
in it is a function, so a schema prints, compares, hashes with :erlang.phash2/1, and
embeds in generated code as a literal. validate/1 is the only thing that judges a schema;
the constructors themselves hand back whatever you gave them.
Present, absent, null
Three states, kept apart on purpose.
	A field is required unless its term is wrapped in Rupa.T.optional/2 or carries
default:. A required key must be present and must not be null.
	Rupa.T.optional/2 says the key may be absent. Absent decodes to the key simply not
being in the map — not to nil.
	Rupa.T.nullable/2 says the value may be JSON null, which decodes to nil. It says
nothing about the key being absent.
	default: fires on absent only. An explicit null is never replaced by a default; it is
either allowed, by nullable, or an error.

So T.optional(T.nullable(T.string())) is the field that may be missing, may be null, and is
otherwise a string — and decoding tells you which of the three you got.
Field names
A field's name is an atom or a string, and an object's names are all of one or all of the
other — mixing them is :mixed_field_names, because it would make the decoded map's shape
depend on which field you were looking at.
Write atoms when you know the fields as you write the code, which is most of the time. Strings
are for an object whose field names you did not choose — one that came out of
Rupa.JsonSchema.decode/1, say — and they are what makes that path total: nothing is interned
from a document that arrived over the wire.
Names on the wire
A field's wire key is a string, and by default it is the name spelled out. Four options move
that apart, all of them settled at compile time.
	rename_all: is an object option — :camelCase, :snake_case or :kebab. It reads
each field name as words and writes them back in that style, both directions, so
%{first_name: ...} with rename_all: :camelCase reads and writes "firstName". It
applies to that object and not to the objects inside it; walk/2 is how you apply one to
a whole tree.
	from: and to: override it for one field: from: is the key the value arrives under,
to: the key it leaves under. Give one and the other follows it, so a field renamed by
hand still round-trips; give both, naming different keys, and you have said that this
field reads an old name and writes a new one — the one way to make Rupa.encode/3 stop
being Rupa.decode/3's inverse, which is exactly what a migration wants. Like default:,
they belong on the field's own term — the node in the object's field map,
Rupa.T.optional/2 included — and anywhere else is :misplaced_rename.
	keys: is the object option for the other side: :atom or :string, deciding the
type of the key the decoded map holds. It changes the key's type, never its name, so it
stays out of the wire's way — and encoding reads back whichever it wrote. It defaults to
the type of the name you wrote, so an atom-named object decodes to atom keys and a
string-named one to string keys, and neither default interns anything.

Renaming never interns an atom from wire data: the atoms are the field names, and they exist
before any data does. keys: :atom on a string-named object is the one place a name becomes
an atom, and it is a name in a schema rather than a key off a document — the same rule every
other atom in a schema already follows. Two fields that land on one wire key are refused at
compile time rather than one of them quietly winning.
Structs
into: on an object names a struct module to decode into. It is an option on the object, not
on the compile, so nesting works: an address three levels down becomes a MyApp.Address the
same way the root becomes a MyApp.User. A module name is an atom, so the schema still
prints, hashes and embeds as a literal; what it adds is a soft dependency on that module,
which Rupa.compile/2 checks — the module must be loaded and must already have every key the
object decodes to, or you get a schema error rather than a surprise at decode time.
mix rupa.gen.struct writes those modules from the schema.
A struct has atom keys and every one of them always, which rules three things out. keys:
must resolve to :atom, so keys: :string is refused and a string-named object needs the
explicit keys: :atom that interning already makes you ask for. unknown: :keep is refused,
because a struct has nowhere to put the keys it would carry. And Rupa.T.optional/2 keeps
working but stops meaning three things: the key is always there, so what decoding leaves
behind for an absent field is that field's defstruct default, and encoding writes that same
value back as absent — which is what keeps the round trip closing. For a struct
mix rupa.gen.struct wrote, that value is nil, so an absent key and an explicit null reach
the same struct and both leave as absent. A struct you wrote yourself may default the field to
something else, and then that something else is what stands for absent, and nil is a value
like any other.
Paths
Errors from validate/1 carry a path through the schema:
	an atom is an object field, or a defs: entry after the :defs segment
	:of is a list's element type or a map_of's value type
	an integer is a position in a tuple or a variant of a union
	a string is a branch of a tagged union, or a field of a string-named object
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    Functions
  


    
      
        formats()

      


        The built-in formats, in the order they are documented.



    


    
      
        normalize(schema)

      


        Puts a schema in canonical form: bare maps become objects, and options are sorted by key.



    


    
      
        validate(schema)

      


        Checks that a term is a well-formed schema, and returns it in canonical form.



    


    
      
        validate!(schema)

      


        validate/1, raising Rupa.SchemaError instead of returning errors.



    


    
      
        walk(schema, fun)

      


        Rewrites every node of a schema, children first.
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          @type name() :: atom()
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          @type opts() :: keyword()
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          @type t() ::
  {:string | :integer | :float | :boolean | :null, opts()}
  | {:literal, term(), opts()}
  | {:enum, [term()], opts()}
  | {:ref, name(), opts()}
  | {:object, %{required(atom() | String.t()) => t()}, opts()}
  | {:list | :map_of | :optional | :nullable, t(), opts()}
  | {:tuple | :union, [t()], opts()}
  | {:tagged, %{required(String.t()) => t()}, opts()}
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          @spec formats() :: [atom()]


      


The built-in formats, in the order they are documented.
iex> :uuid in Rupa.Schema.formats()
true
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          @spec normalize(term()) :: term()


      


Puts a schema in canonical form: bare maps become objects, and options are sorted by key.
Rupa.T does this as it builds, so a term you did not hand-write is already canonical. Two
schemas that mean the same thing are then the same term, which is what makes
:erlang.phash2/1 a usable identity for a compiled codec.
iex> Rupa.Schema.normalize(%{name: {:string, []}})
{:object, %{name: {:string, []}}, []}

iex> Rupa.Schema.normalize({:string, [min: 1, len: 2]})
{:string, [len: 2, min: 1]}
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          @spec validate(term()) :: {:ok, t()} | {:error, [Rupa.Error.t()]}


      


Checks that a term is a well-formed schema, and returns it in canonical form.
This is structure only: that every node is a kind Rupa knows, that its options are ones that
kind takes and hold values of the right shape, that no branch of the tree holds a function,
and that every Rupa.T.ref/2 resolves. It says nothing about whether any data would decode.
Every problem is reported, not just the first.
iex> Rupa.Schema.validate(%{name: {:string, [min: 1]}})
{:ok, {:object, %{name: {:string, [min: 1]}}, []}}

iex> {:error, [error]} = Rupa.Schema.validate({:string, [format: :ssn]})
iex> {error.path, error.code}
{[], :unknown_format}

  



  
    
      
    
    
      validate!(schema)



        
          
        

    

  


  

      

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


      


validate/1, raising Rupa.SchemaError instead of returning errors.
iex> Rupa.Schema.validate!({:boolean, []})
{:boolean, []}
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          @spec walk(t(), (t() -> t())) :: t()


      


Rewrites every node of a schema, children first.
The function is handed each node after its children have been rewritten, and whatever it
returns takes that node's place. Nodes inside defs: are rewritten too.
The schema is normalised first, so the function always sees canonical {kind, ...} nodes: a
bare map arrives as {:object, fields, opts} -- and is descended into -- rather than as the
leaf it would otherwise look like. That is what lets one {:object, _, _} clause restyle every
object in a tree written the idiomatic bare-map way.
iex> schema = %{age: {:integer, []}}
iex> Rupa.Schema.walk(schema, fn
...>   {:integer, opts} -> {:integer, [{:gte, 0} | opts]}
...>   node -> node
...> end)
{:object, %{age: {:integer, [gte: 0]}}, []}
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The constructors. Every one of them returns a plain term.
alias Rupa.T

T.string(min: 1)
#=> {:string, [min: 1]}
There is no macro here and no state anywhere: T.string/1 is a function that builds a
tuple, and you are free to write the tuple yourself. What the constructors add is canonical
form — a bare map becomes an object, and options come back sorted by key, so two spellings
of the same schema are the same term and hash the same under :erlang.phash2/1.
Nothing here checks anything. Rupa.Schema.validate/1 is the judge, and it reports every
problem in the tree at once.
The vocabulary
Scalars carry only options: string/1, integer/1, float/1, boolean/1, null/1.
Everything else carries a payload as well: literal/2, enum/2, object/2, list/2,
map_of/2, tuple/2, optional/2, nullable/2, ref/2, union/2, tagged/3.
Options every kind takes: default:, from:, to:. The rest are per kind and listed on
each function.
Required, optional, nullable
A field is required unless it is wrapped in optional/2 or carries default:. optional/2
is about the key, nullable/2 is about the value, and they compose. See
Rupa.Schema for the whole rule.
Names on the wire
from: and to: rename one field; rename_all: and keys: on object/2 do it wholesale.
All four belong to the object field, not to the type, so they go on the term the object's
field map holds — see Rupa.Schema for the rule and what each one means.
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    Functions
  


    
      
        boolean(opts \\ [])

      


        A boolean.



    


    
      
        date(opts \\ [])

      


        A string in format: :date, which decodes to a Date.



    


    
      
        datetime(opts \\ [])

      


        A string in format: :date_time, RFC 3339's, which decodes to a DateTime in UTC.



    


    
      
        duration(opts \\ [])

      


        A string in format: :duration, which decodes to a Duration.



    


    
      
        email(opts \\ [])

      


        A validated email address, which stays a string.



    


    
      
        enum(values, opts \\ [])

      


        A closed set of values — JSON Schema's enum.



    


    
      
        float(opts \\ [])

      


        A float. Options: gte:, gt:, lte:, lt:, multiple_of:.



    


    
      
        hostname(opts \\ [])

      


        A validated hostname, which stays a string.



    


    
      
        integer(opts \\ [])

      


        An integer. Options: gte:, gt:, lte:, lt:, multiple_of:.



    


    
      
        ipv4(opts \\ [])

      


        A validated IPv4 address, which stays a string.



    


    
      
        ipv6(opts \\ [])

      


        A validated IPv6 address, which stays a string.



    


    
      
        list(of, opts \\ [])

      


        A list of one element type. Options: min:, max:, unique:.



    


    
      
        literal(value, opts \\ [])

      


        One exact value — JSON Schema's const. Strings, atoms, numbers and booleans.



    


    
      
        map_of(of, opts \\ [])

      


        An object of unknown keys and one value type — JSON Schema's additionalProperties.



    


    
      
        merge(left, right)

      


        Merges two objects. The right-hand side wins on both fields and options.



    


    
      
        null(opts \\ [])

      


        JSON null, and nothing else. For "this value may be null", reach for nullable/2.



    


    
      
        nullable(schema, opts \\ [])

      


        The value may be JSON null, which decodes to nil. Says nothing about the key.



    


    
      
        object(fields, opts \\ [])

      


        An object, from a map of field name to schema. Options: rename_all:, unknown:, keys:,
into:, defs:.



    


    
      
        omit(schema, keys)

      


        Drops the named fields of an object.



    


    
      
        optional(schema, opts \\ [])

      


        The key may be absent. Only meaningful on an object field.



    


    
      
        partial(schema)

      


        Makes every field of an object optional, one level deep.



    


    
      
        pick(schema, keys)

      


        Keeps only the named fields of an object.



    


    
      
        ref(name, opts \\ [])

      


        A named reference — JSON Schema's $ref. :root is "#"; any other name resolves against
defs:.



    


    
      
        string(opts \\ [])

      


        A string. Options: min:, max:, len:, pattern:, format:.



    


    
      
        tagged(tag, branches, opts \\ [])

      


        A tagged union — JSON Schema's oneOf with a discriminator.



    


    
      
        time(opts \\ [])

      


        A string in format: :time, RFC 3339's full-time, which decodes to a Time in UTC. The
offset is part of the format: "08:30:00+07:00" decodes to ~T[01:30:00], and "08:30:00"
is an error.



    


    
      
        tuple(members, opts \\ [])

      


        A fixed-length list, one schema per position — JSON Schema's prefixItems.



    


    
      
        union(members, opts \\ [])

      


        An untagged union — JSON Schema's anyOf. Opt in with tag: :none.



    


    
      
        uri(opts \\ [])

      


        A validated URI, which stays a string.



    


    
      
        uuid(opts \\ [])

      


        A validated UUID, which stays a string.
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          @type t() :: Rupa.Schema.t()
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      boolean(opts \\ [])



        
          
        

    

  


  

      

          @spec boolean(keyword()) :: t()


      


A boolean.
iex> Rupa.T.boolean()
{:boolean, []}

  



    

  
    
      
    
    
      date(opts \\ [])



        
          
        

    

  


  

      

          @spec date(keyword()) :: t()


      


A string in format: :date, which decodes to a Date.
iex> Rupa.T.date()
{:string, [format: :date]}

  



    

  
    
      
    
    
      datetime(opts \\ [])



        
          
        

    

  


  

      

          @spec datetime(keyword()) :: t()


      


A string in format: :date_time, RFC 3339's, which decodes to a DateTime in UTC.
iex> Rupa.T.datetime()
{:string, [format: :date_time]}

  



    

  
    
      
    
    
      duration(opts \\ [])



        
          
        

    

  


  

      

          @spec duration(keyword()) :: t()


      


A string in format: :duration, which decodes to a Duration.
iex> Rupa.T.duration()
{:string, [format: :duration]}

  



    

  
    
      
    
    
      email(opts \\ [])



        
          
        

    

  


  

      

          @spec email(keyword()) :: t()


      


A validated email address, which stays a string.
iex> Rupa.T.email()
{:string, [format: :email]}

  



    

  
    
      
    
    
      enum(values, opts \\ [])



        
          
        

    

  


  

      

          @spec enum([term()], keyword()) :: t()


      


A closed set of values — JSON Schema's enum.
iex> Rupa.T.enum([:admin, :member], default: :member)
{:enum, [:admin, :member], [default: :member]}

  



    

  
    
      
    
    
      float(opts \\ [])



        
          
        

    

  


  

      

          @spec float(keyword()) :: t()


      


A float. Options: gte:, gt:, lte:, lt:, multiple_of:.
iex> Rupa.T.float(gt: 0)
{:float, [gt: 0]}

  



    

  
    
      
    
    
      hostname(opts \\ [])



        
          
        

    

  


  

      

          @spec hostname(keyword()) :: t()


      


A validated hostname, which stays a string.
iex> Rupa.T.hostname()
{:string, [format: :hostname]}

  



    

  
    
      
    
    
      integer(opts \\ [])



        
          
        

    

  


  

      

          @spec integer(keyword()) :: t()


      


An integer. Options: gte:, gt:, lte:, lt:, multiple_of:.
iex> Rupa.T.integer(gte: 0, lte: 150)
{:integer, [gte: 0, lte: 150]}

  



    

  
    
      
    
    
      ipv4(opts \\ [])



        
          
        

    

  


  

      

          @spec ipv4(keyword()) :: t()


      


A validated IPv4 address, which stays a string.
iex> Rupa.T.ipv4()
{:string, [format: :ipv4]}

  



    

  
    
      
    
    
      ipv6(opts \\ [])



        
          
        

    

  


  

      

          @spec ipv6(keyword()) :: t()


      


A validated IPv6 address, which stays a string.
iex> Rupa.T.ipv6()
{:string, [format: :ipv6]}

  



    

  
    
      
    
    
      list(of, opts \\ [])



        
          
        

    

  


  

      

          @spec list(term(), keyword()) :: t()


      


A list of one element type. Options: min:, max:, unique:.
unique: is checked on the decoded elements, not the wire: two entries that differ only where
decoding discards — a stripped unknown key, an integer that decodes like a float — count as the
same value, so the decoded list round-trips.
iex> Rupa.T.list(Rupa.T.integer(), max: 5)
{:list, {:integer, []}, [max: 5]}

  



    

  
    
      
    
    
      literal(value, opts \\ [])



        
          
        

    

  


  

      

          @spec literal(term(), keyword()) :: t()


      


One exact value — JSON Schema's const. Strings, atoms, numbers and booleans.
iex> Rupa.T.literal("v2")
{:literal, "v2", []}

  



    

  
    
      
    
    
      map_of(of, opts \\ [])



        
          
        

    

  


  

      

          @spec map_of(term(), keyword()) :: t()


      


An object of unknown keys and one value type — JSON Schema's additionalProperties.
iex> Rupa.T.map_of(Rupa.T.integer())
{:map_of, {:integer, []}, []}

  



  
    
      
    
    
      merge(left, right)



        
          
        

    

  


  

      

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


      


Merges two objects. The right-hand side wins on both fields and options.
defs: entries are merged rather than replaced, and two entries of the same name with
different schemas raise.
iex> Rupa.T.merge(%{a: Rupa.T.string()}, %{b: Rupa.T.integer()})
{:object, %{a: {:string, []}, b: {:integer, []}}, []}

  



    

  
    
      
    
    
      null(opts \\ [])



        
          
        

    

  


  

      

          @spec null(keyword()) :: t()


      


JSON null, and nothing else. For "this value may be null", reach for nullable/2.
iex> Rupa.T.null()
{:null, []}

  



    

  
    
      
    
    
      nullable(schema, opts \\ [])



        
          
        

    

  


  

      

          @spec nullable(term(), keyword()) :: t()


      


The value may be JSON null, which decodes to nil. Says nothing about the key.
iex> Rupa.T.nullable(Rupa.T.string())
{:nullable, {:string, []}, []}

  



    

  
    
      
    
    
      object(fields, opts \\ [])



        
          
        

    

  


  

      

          @spec object(map(), keyword()) :: t()


      


An object, from a map of field name to schema. Options: rename_all:, unknown:, keys:,
into:, defs:.
A bare map is already an object, so object/1 matters only when you want the options.
rename_all: spells every field's wire key in one style, keys: chooses whether the decoded
map is keyed by atoms or strings, and unknown: says what to do with a wire key the schema
does not name — :strip, :error or :keep.
Field names are atoms, or strings for an object whose names you did not choose — see
Rupa.Schema for the rule and for what keys: then defaults to.
into: names a struct module to decode into, and it is an option on this object rather
than on the compile, so an object nested three levels down becomes a struct the same way the
root does. Rupa.Schema has what it cannot hold with, and mix rupa.gen.struct writes the
modules.
iex> Rupa.T.object(%{id: Rupa.T.uuid()}, unknown: :error)
{:object, %{id: {:string, [format: :uuid]}}, [unknown: :error]}

iex> Rupa.T.object(%{"id" => Rupa.T.uuid()})
{:object, %{"id" => {:string, [format: :uuid]}}, []}

iex> Rupa.T.object(%{first_name: Rupa.T.string()}, rename_all: :camelCase)
{:object, %{first_name: {:string, []}}, [rename_all: :camelCase]}

iex> Rupa.T.object(%{name: Rupa.T.string()}, into: URI)
{:object, %{name: {:string, []}}, [into: URI]}

iex> Rupa.T.object(%{name: Rupa.T.string()})
{:object, %{name: {:string, []}}, []}

  



  
    
      
    
    
      omit(schema, keys)



        
          
        

    

  


  

      

          @spec omit(term(), [atom()]) :: t()


      


Drops the named fields of an object.
iex> user = %{id: Rupa.T.uuid(), email: Rupa.T.email()}
iex> Rupa.T.omit(user, [:email])
{:object, %{id: {:string, [format: :uuid]}}, []}

  



    

  
    
      
    
    
      optional(schema, opts \\ [])



        
          
        

    

  


  

      

          @spec optional(term(), keyword()) :: t()


      


The key may be absent. Only meaningful on an object field.
Absent decodes to the key not being there, not to nil. Pair it with default: on the
optional itself to fill the gap instead.
iex> Rupa.T.optional(Rupa.T.string())
{:optional, {:string, []}, []}

  



  
    
      
    
    
      partial(schema)



        
          
        

    

  


  

      

          @spec partial(term()) :: t()


      


Makes every field of an object optional, one level deep.
A field that already carries default: is left alone: it was never required.
iex> Rupa.T.partial(%{name: Rupa.T.string(), age: Rupa.T.integer(default: 0)})
{:object, %{name: {:optional, {:string, []}, []}, age: {:integer, [default: 0]}}, []}

  



  
    
      
    
    
      pick(schema, keys)



        
          
        

    

  


  

      

          @spec pick(term(), [atom()]) :: t()


      


Keeps only the named fields of an object.
These four are honest map work on the field map, so they rewrite the root object: a
ref(:root) anywhere inside now points at the rewritten object, not the original.
iex> user = %{id: Rupa.T.uuid(), name: Rupa.T.string(), email: Rupa.T.email()}
iex> Rupa.T.pick(user, [:id])
{:object, %{id: {:string, [format: :uuid]}}, []}

  



    

  
    
      
    
    
      ref(name, opts \\ [])



        
          
        

    

  


  

      

          @spec ref(atom(), keyword()) :: t()


      


A named reference — JSON Schema's $ref. :root is "#"; any other name resolves against
defs:.
iex> Rupa.T.ref(:root)
{:ref, :root, []}

  



    

  
    
      
    
    
      string(opts \\ [])



        
          
        

    

  


  

      

          @spec string(keyword()) :: t()


      


A string. Options: min:, max:, len:, pattern:, format:.
pattern: is PCRE source in a string, compiled once when the schema is compiled. format:
is one of Rupa.Schema.formats/0. The four formats that decode to a value -- :date_time,
:date, :time, :duration -- re-encode to a canonical spelling the incoming one need not
match, so a length or pattern check cannot hold beside them and is refused at compile time;
the six that hand the string back unchanged take one.
iex> Rupa.T.string(min: 1)
{:string, [min: 1]}

  



    

  
    
      
    
    
      tagged(tag, branches, opts \\ [])



        
          
        

    

  


  

      

          @spec tagged(atom(), map(), keyword()) :: t()


      


A tagged union — JSON Schema's oneOf with a discriminator.
tag is the field holding the branch name. Without content: the branches are internally
tagged, so each one is an object that carries the tag itself; with content: they are
adjacently tagged, serde style, and a branch can be any schema.
Either way it decodes to {tag, value} — {:circle, %{r: 1.0}} — with the tag interned
from the branch name at compile time, so a decoded value is one case away from handled.
iex> Rupa.T.tagged(:type, %{"circle" => %{r: Rupa.T.float()}})
{:tagged, %{"circle" => {:object, %{r: {:float, []}}, []}}, [tag: :type]}

  



    

  
    
      
    
    
      time(opts \\ [])



        
          
        

    

  


  

      

          @spec time(keyword()) :: t()


      


A string in format: :time, RFC 3339's full-time, which decodes to a Time in UTC. The
offset is part of the format: "08:30:00+07:00" decodes to ~T[01:30:00], and "08:30:00"
is an error.
iex> Rupa.T.time()
{:string, [format: :time]}

  



    

  
    
      
    
    
      tuple(members, opts \\ [])



        
          
        

    

  


  

      

          @spec tuple([term()], keyword()) :: t()


      


A fixed-length list, one schema per position — JSON Schema's prefixItems.
iex> Rupa.T.tuple([Rupa.T.float(), Rupa.T.float()])
{:tuple, [{:float, []}, {:float, []}], []}

  



    

  
    
      
    
    
      union(members, opts \\ [])



        
          
        

    

  


  

      

          @spec union([term()], keyword()) :: t()


      


An untagged union — JSON Schema's anyOf. Opt in with tag: :none.
It costs one decode attempt per variant, in the order you wrote them, and the first that
takes the value wins. Nesting multiplies that, so Rupa makes you say you meant it — and warns
when you nest one anyway. tagged/3 is the one that stays flat.
Because the first that fits wins, a variant an earlier one already accepts is never reached:
union([T.float(), T.integer()], tag: :none) decodes every number as a float. Rupa does not
check for that, and on the module backend the compiler may say so in its own words, about a
function in the generated codec rather than about the schema.
Encoding costs one decode too. A decoded value does not record which branch it came from, so to
stay a true inverse the encoder writes each branch in turn and keeps the first whose wire decodes
back to the value — otherwise a branch that merely accepts the value's type could drop a field a
later branch kept. A value no branch round-trips is a :no_variant error, the same as decoding
one nothing accepts.
iex> Rupa.T.union([Rupa.T.integer(), Rupa.T.string()], tag: :none)
{:union, [{:integer, []}, {:string, []}], [tag: :none]}

  



    

  
    
      
    
    
      uri(opts \\ [])



        
          
        

    

  


  

      

          @spec uri(keyword()) :: t()


      


A validated URI, which stays a string.
iex> Rupa.T.uri()
{:string, [format: :uri]}

  



    

  
    
      
    
    
      uuid(opts \\ [])



        
          
        

    

  


  

      

          @spec uuid(keyword()) :: t()


      


A validated UUID, which stays a string.
iex> Rupa.T.uuid()
{:string, [format: :uuid]}

  


        

      


  

  
    
    Rupa.DecodeError - rupa v0.1.0
    
    

    


  
  

    
Rupa.DecodeError exception
    



      
Raised by Rupa.decode!/3 when the data does not match the schema.
Carries every error the decode produced — one, under the default on_error: :halt.
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          @type t() :: %Rupa.DecodeError{__exception__: term(), errors: [Rupa.Error.t()]}


      



  


        

      


  

  
    
    Rupa.EncodeError - rupa v0.1.0
    
    

    


  
  

    
Rupa.EncodeError exception
    



      
Raised by Rupa.encode!/3 when a value does not match the schema it is being encoded against.
Its own exception rather than a shared one, because the two failures mean different things:
a decode error is the outside world being wrong, and an encode error is your own code being
wrong about a value it built.
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          @type t() :: %Rupa.EncodeError{__exception__: term(), errors: [Rupa.Error.t()]}


      



  


        

      


  

  
    
    Rupa.SchemaError - rupa v0.1.0
    
    

    


  
  

    
Rupa.SchemaError exception
    



      
Raised by the bang variants when a schema is not well formed.
Carries every error found, not just the first: a schema is small enough to check completely,
and a list of five problems is worth more than five runs.
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          @type t() :: %Rupa.SchemaError{__exception__: term(), errors: [Rupa.Error.t()]}
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Rupa.Closure 
    



      
The closure backend: Rupa.IR in, a tree of anonymous functions out.
One function per IR node, each closing over everything the node decided at staging time —
the compiled regex, the format's decoder, the wire key, the default. A decode is then a walk
down a tree of calls with no interpretation and no lookups, except at a recursive ref, which
is the one place a table is consulted.
Every decoder has the same shape, (value, ctx) -> {:ok, decoded} | {:error, [Rupa.Error]),
where ctx is {mode, defs}. Paths are built on the way back up: a leaf reports an error
with an empty path and each parent prepends its own segment, so a successful decode allocates
nothing for paths at all.
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    Functions
  


    
      
        build(map)

      


        Builds the root decoder and the table the recursive refs resolve against.



    


    
      
        build_encoder(program)

      


        The same as build/1, and used the same way, in the other direction.



    


    
      
        build_json(program)

      


        The other direction again, straight to JSON iodata rather than to a wire term.
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          @type ctx() :: {:halt | :collect, %{required(atom()) => decoder()}}


      



  



  
    
      
    
    
      decoder()



        
          
        

    

  


  

      

          @type decoder() :: (term(), ctx() -> {:ok, term()} | {:error, [Rupa.Error.t()]})
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          @spec build(Rupa.IR.program()) :: {decoder(), %{required(atom()) => decoder()}}


      


Builds the root decoder and the table the recursive refs resolve against.
Rupa.Codec.new/2 calls this and its two siblings; you reach what they build through
Rupa.decode/3 rather than by holding one:
{:ok, program} = Rupa.Stage.run(%{name: Rupa.T.string()})
{decode, defs} = Rupa.Closure.build(program)
decode.(%{"name" => "Ada"}, {:halt, defs})
#=> {:ok, %{name: "Ada"}}

  



  
    
      
    
    
      build_encoder(program)



        
          
        

    

  


  

      

          @spec build_encoder(Rupa.IR.program()) ::
  {decoder(), %{required(atom()) => decoder()}}


      


The same as build/1, and used the same way, in the other direction.

  



  
    
      
    
    
      build_json(program)



        
          
        

    

  


  

      

          @spec build_json(Rupa.IR.program()) :: {decoder(), %{required(atom()) => decoder()}}


      


The other direction again, straight to JSON iodata rather than to a wire term.
Built and used exactly as build/1 is; what it hands back emits bytes rather than a term.
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Rupa.Codec 
    



      
What Rupa.compile/1 hands back: a staged schema and the decoder built from it.
You do not call the decoder yourself — Rupa.decode/3 does, because the same call has to
work for a codec compiled into a module in M3. What a codec is good for on its own is
Rupa.explain/1, which prints the staged program it carries.
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        new(schema, program)

      


        Builds every direction for a staged program and wraps them together.
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          @type t() :: %Rupa.Codec{
  decode: Rupa.Closure.decoder(),
  defs: %{required(atom()) => Rupa.Closure.decoder()},
  encode: Rupa.Closure.decoder(),
  encode_defs: %{required(atom()) => Rupa.Closure.decoder()},
  json: Rupa.Closure.decoder(),
  json_defs: %{required(atom()) => Rupa.Closure.decoder()},
  program: Rupa.IR.program(),
  schema: term()
}
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          @spec new(term(), Rupa.IR.program()) :: t()


      


Builds every direction for a staged program and wraps them together.
Three trees rather than two since M7: decode, encode to a wire term, and encode straight to
JSON iodata. Rupa.decode_json/3 needs no tree of its own — it parses and then decodes.
Rupa.compile/1 is the way in; this takes the normalised schema and the staged program:
schema = Rupa.Schema.normalize(%{name: Rupa.T.string()})
{:ok, program} = Rupa.Stage.run(schema)
Rupa.Codec.new(schema, program)
#=> #Rupa.Codec<object (1 field, unknown: strip)>
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Rupa.Codegen 
    



      
The module backend: Rupa.IR in, the AST of a module out.
Same IR as Rupa.Closure, so a feature is written once and both backends get it. What
changes is what the work costs. A closure reads its constants out of an environment and
reaches the next node through an indirect call. Generated code has the constants as
literals, calls the next node directly, and tests a scalar field's type and bounds inline —
so the common case, a field that is present and valid, allocates nothing at all and the
{:ok, value} wrapper never gets built.
Three things follow from generating at runtime rather than at build time:
	a compiled pattern regex is embedded as a literal, because the OTP that compiled it is
the OTP about to run it — the version skew that would make that unsafe in a release
cannot happen here
	recursion needs no table: a ref is a direct call to the function generated for that
definition, so the one lookup the closure backend does goes away
	the module is not part of your release. Rupa.compile/2 says what that means.

The generated module is a handle, not an API. Everything reaches it through Rupa.decode/3,
and ctx here is just the mode — :halt or :collect.
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        Which of the three walks generated a function.
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        attribute(message, index)

      


        What a compiler diagnostic about generated code is talking about, in words.



    


    
      
        module(name, program, schema)

      


        Builds the module AST for a staged program, and the index of which walk wrote what.
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          @type direction() :: :decode | :encode | :encode_json


      


Which of the three walks generated a function.
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          @spec attribute(String.t(), %{required(String.t()) => direction()}) :: String.t()


      


What a compiler diagnostic about generated code is talking about, in words.
Which name a message is about is not worth a grammar: the generated names are d0, e7,
jref_node and nothing an ordinary sentence would contain, so the first identifier the index
knows is the one being discussed. A message naming none of them is described in general
rather than guessed at.
iex> {:ok, program} = Rupa.Stage.run(%{name: Rupa.T.string()})
iex> {_ast, index} = Rupa.Codegen.module(MyApp.Codecs.Named, program, %{})
iex> Rupa.Codegen.attribute("this clause of defp e1/2 is never used", index)
"the encoder it generated"

iex> Rupa.Codegen.attribute("something about nothing in particular", %{})
"the codec it generated"

  



  
    
      
    
    
      module(name, program, schema)



        
          
        

    

  


  

      

          @spec module(module(), Rupa.IR.program(), term()) ::
  {Macro.t(), %{required(String.t()) => direction()}}


      


Builds the module AST for a staged program, and the index of which walk wrote what.
The schema is embedded so the module can say what it was built from, and hashed so a repeat
compile under the same name is a lookup rather than a recompile. The index is how
Rupa.compile/2 turns a compiler diagnostic about d17/2 back into a sentence: it names
every function this module generated, so a message can be told from an ordinary word.
Rupa.compile/2 with as: is the way in; this only builds the AST, and compiling it is the
caller's job:
schema = %{name: Rupa.T.string()}
{:ok, program} = Rupa.Stage.run(schema)
{ast, index} = Rupa.Codegen.module(MyApp.Codecs.User, program, schema)
index["d0"]
#=> :decode
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Rupa.Explain 
    



      
Renders a staged program as text, for Rupa.explain/1.
It reads the IR, not the schema and not a backend, so what it prints is what runs whichever
backend you compiled to — and it shows the things the schema only implied: the wire keys, the
order the fields and variants are tried in, which refs were inlined and which survived as
recursion.
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        render(map)

      


        The whole program: the root, then each definition that recursion kept.



    


    
      
        summary(tagged)

      


        One node, in one line, with no children.
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      render(map)



        
          
        

    

  


  

      

          @spec render(Rupa.IR.program()) :: String.t()


      


The whole program: the root, then each definition that recursion kept.
Rupa.explain/1 is the way in; this takes the staged program rather than a schema or a
codec.
iex> {:ok, program} = Rupa.Stage.run(%{name: Rupa.T.string(min: 1)})
iex> Rupa.Explain.render(program)
~s[object (1 field, unknown: strip)\n  "name" -> :name string min=1]

  



  
    
      
    
    
      summary(tagged)



        
          
        

    

  


  

      

          @spec summary(Rupa.IR.t()) :: String.t()


      


One node, in one line, with no children.
iex> Rupa.Explain.summary(%Rupa.IR.Scalar{kind: :string, format: :uuid})
"string format=uuid"
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Rupa.IR 
    



      
The intermediate representation: what the staging pass turns a schema into.
A schema says what you meant. The IR says what the decoder will do, in the order it will do
it, with everything the schema only implied made explicit:
	refs are resolved — a ref that is not on a cycle is replaced by the definition itself,
so the decoder never looks anything up; only genuinely recursive refs stay as nodes, and
those live in a table beside the tree
	an object's fields become an ordered list, each with the wire key it arrives under, the
one it leaves under, the key it takes in the decoded map, whether it is required, and
what it defaults to — so rename_all:, from:, to: and keys: are all spent here
	into: stays a bare module name on the object, checked against that module's
defstruct while staging, so a backend builds the struct without asking anything
	a scalar's constraints become an ordered list of checks
	enum and literal become one lookup table from wire value to decoded value
	a tagged union becomes a table from tag string to branch, with the decoded tag atom
interned here and never from wire data

Nothing here is a runtime artifact: a pattern is still its source string, not a compiled
regex, because the module backend has to embed these nodes in generated code. Compiling the
regex is the backend's job.
Both backends consume this, which is the point: a feature is written once. Rupa.explain/1
prints it, so what you read is what runs, whichever backend you are on.
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        A staged schema: the root node, plus the definitions that recursion needs.
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          @type program() :: %{root: t(), defs: %{required(atom()) => t()}}


      


A staged schema: the root node, plus the definitions that recursion needs.
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          @type t() ::
  Rupa.IR.Scalar.t()
  | Rupa.IR.Const.t()
  | Rupa.IR.Object.t()
  | Rupa.IR.Array.t()
  | Rupa.IR.Fixed.t()
  | Rupa.IR.Dict.t()
  | Rupa.IR.Nullable.t()
  | Rupa.IR.Union.t()
  | Rupa.IR.Tagged.t()
  | Rupa.IR.Ref.t()
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Rupa.Stage 
    



      
The staging pass: schema in, Rupa.IR out.
This is where the work a decoder would otherwise repeat on every call happens once. Refs are
resolved and, unless they are on a cycle, inlined outright. Object fields become an ordered
list carrying their names, whether they are required, and their default. Constraints become
an ordered check list. enum and literal collapse into one lookup table.
Wire names are spent here too: rename_all:, from:, to: and keys: become the three
names a field carries, so no backend ever looks at a case convention and no atom is ever
interned from wire data.
It runs Rupa.Schema.validate/1 first, so a malformed schema never reaches the IR, and it
checks into: against the module it names once the decoded keys are known.
Staging is the one place in Rupa with a side effect, and it is one line: a schema that nests
untagged unions gets an IO.warn/1, because that is the only construct in the vocabulary
whose cost doubles with depth and the only one you can write without meaning to.

      


      
        Summary


  
    Functions
  


    
      
        run(schema, opts \\ [])

      


        Validates a schema and stages it.
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          @spec run(term(), keyword()) :: {:ok, Rupa.IR.program()} | {:error, [Rupa.Error.t()]}


      


Validates a schema and stages it.
structs: :skip leaves into: on the IR without checking that the module it names exists.
That is for mix rupa.gen.struct, which stages a schema in order to write those modules;
everything else wants the default, structs: :check.
iex> {:ok, program} = Rupa.Stage.run(%{name: Rupa.T.string(min: 1)})
iex> program.root
%Rupa.IR.Object{
  fields: [
    %Rupa.IR.Field{
      key: :name,
      from: "name",
      to: "name",
      ir: %Rupa.IR.Scalar{kind: :string, checks: [min: 1], format: nil},
      presence: :required,
      default: :none
    }
  ],
  unknown: :strip
}
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mix rupa.gen.struct 
    



      
Writes the struct modules a schema's into: options name.
$ mix rupa.gen.struct MyApp.Schemas.user
* creating lib/my_app/user.ex
* creating lib/my_app/address.ex

The argument names a zero-arity function in your own project that returns a schema. The task
compiles the project, calls it, stages the schema, and writes one file per into: module it
finds — the root's and every nested one — at the path that module's name conventionally has
under lib/.
What it writes is a defstruct and a @type t, and nothing else: no use, no import of
Rupa, no behaviour. The file is yours from the moment it lands. Re-running the task shows
what a change to the schema would write, and --force is how you take it.
Staging is what makes the keys right. They are the names after rename_all:, from: and
keys: have been spent — the keys Rupa.decode/3 will actually put in the struct — so the
generated module is the one Rupa.compile/2 will accept rather than one that looks close.
Options
	--force — overwrite files that already exist. Without it, they are left alone and
reported.
	--dry-run — print what would be written, and write nothing.

The gap it closes
into: is a soft dependency: Rupa.compile/2 refuses a schema whose struct module is not
loaded, or is missing a key the object decodes to. So the loop is to change the schema, run
this, and commit both.
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