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Sinter
Unified schema definition, validation, and JSON Schema for Elixir
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Sinter is a runtime-first schema library for JSON-shaped data. Schemas are defined once and used for
validation, coercion, and JSON Schema generation. By default, schema fields are string-keyed to avoid
atom leaks and to match JSON wire formats.
Highlights
	String-keyed schema fields by default (safe for untrusted input)
	Nested object schemas with Schema.object/1 and {:object, ...}
	Discriminated unions with full JSON Schema branch fidelity
	Dual JSON Schema drafts (2020-12 default, Draft 7 for providers)
	JSON encode/decode helpers with aliasing and omit/nil handling
	JSV-backed JSON Schema validation

Installation
Add sinter to your list of dependencies in mix.exs:
def deps do
  [
    {:sinter, "~> 0.3.2"}
  ]
end
Quick Start
schema = Sinter.Schema.define([
  {:name, :string, [required: true, min_length: 2]},
  {:age, :integer, [optional: true, gteq: 0]},
  {:profile,
   {:object,
    [
      {:nickname, :string, [optional: true]},
      {:joined_at, :datetime, [optional: true]}
    ]}, [optional: true]}
], strict: true)

{:ok, validated} =
  Sinter.Validator.validate(schema, %{
    "name" => "Ada",
    "age" => "36",
    "profile" => %{"joined_at" => "2024-01-01T12:00:00Z"}
  }, coerce: true)

validated["name"]
# => "Ada"
Schema Definition
Sinter accepts atom or string field names but stores them internally as strings.
# Runtime schema definition
schema = Sinter.Schema.define([
  {:title, :string, [required: true]},
  {:tags, {:array, :string}, [optional: true, min_items: 1]}
])

# Compile-time schema definition (same engine under the hood)
defmodule PostSchema do
  use Sinter.Schema

  use_schema do
    option :title, "Post"
    option :strict, true

    field :title, :string, required: true
    field :tags, {:array, :string}, optional: true, min_items: 1
  end
end
Nested Objects
Use Schema.object/1 (or {:object, field_specs}) to model structured data.
address = Sinter.Schema.object([
  {:street, :string, [required: true]},
  {:zip, :string, [required: true]}
])

schema = Sinter.Schema.define([
  {:name, :string, [required: true]},
  {:address, address, [required: true]}
])
Validation
{:ok, data} = Sinter.Validator.validate(schema, %{
  "name" => "Ada",
  "address" => %{"street" => "Main", "zip" => "12345"}
})
JSON Encode/Decode Helpers
Sinter.JSON combines the transform pipeline with JSON encoding/decoding.
payload = %{
  name: "Ada",
  profile: %{
    nickname: Sinter.NotGiven.omit(),
    joined_at: ~N[2024-01-01 12:00:00]
  }
}

{:ok, json} = Sinter.JSON.encode(payload, formats: %{joined_at: :iso8601})
{:ok, decoded} = Sinter.JSON.decode(json, schema, coerce: true)

# Aliases are applied for outbound payloads
{:ok, json} =
  Sinter.JSON.encode(payload,
    aliases: %{name: "full_name"},
    formats: %{joined_at: :iso8601}
  )
JSON Schema Generation
json_schema = Sinter.JsonSchema.generate(schema)
# Draft 2020-12 by default

openai_schema = Sinter.JsonSchema.for_provider(schema, :openai)
# Draft 7 + recursive strictness for provider expectations

json_schema = Sinter.JsonSchema.generate(schema, draft: :draft7)
:ok = Sinter.JsonSchema.validate_schema(json_schema)
Discriminated Unions
text_chunk =
  Sinter.Schema.define([
    {:type, {:literal, "text"}, [required: true]},
    {:content, :string, [required: true, min_length: 1]}
  ])

image_chunk =
  Sinter.Schema.define([
    {:type, {:literal, "image"}, [required: true]},
    {:url, :string, [required: true]},
    {:alt, :string, [optional: true]}
  ], strict: true)

schema =
  Sinter.Schema.define([
    {:chunk,
     {:discriminated_union,
      [
        discriminator: "type",
        variants: %{
          "text" => text_chunk,
          "image" => image_chunk
        }
      ]}, [required: true]}
  ])

json_schema = Sinter.JsonSchema.generate(schema)
chunk_schema = json_schema["properties"]["chunk"]
Generated discriminated-union schemas preserve each branch's nested properties,
constraints, aliases, defaults, examples, and strictness. Sinter also emits
definition targets for discriminator mappings so the generated schema remains
self-consistent for downstream tooling.
Convenience Helpers
{:ok, 42} = Sinter.validate_type(:integer, "42", coerce: true)
{:ok, "user@example.com"} =
  Sinter.validate_value(:email, :string, "user@example.com", format: ~r/@/)

{:ok, values} =
  Sinter.validate_many([
    {:string, "hello"},
    {:integer, 42},
    {:email, :string, "test@example.com", [format: ~r/@/]}
  ])
Dynamic Schema Creation
examples = [
  %{"name" => "Alice", "age" => 30},
  %{"name" => "Bob", "age" => 25}
]

schema = Sinter.infer_schema(examples)

input_schema = Sinter.Schema.define([{:query, :string, [required: true]}])
output_schema = Sinter.Schema.define([{:answer, :string, [required: true]}])
program_schema = Sinter.merge_schemas([input_schema, output_schema])
Examples
Run everything at once:
examples/run_all.sh

Or run individual scripts from examples/:
	basic_usage.exs
	readme_comprehensive.exs
	json_schema_generation.exs
	advanced_validation.exs
	dspy_integration.exs

License
MIT


  

    Getting Started

Sinter is a runtime-first schema validation library for JSON-shaped data in Elixir.
Schemas are defined once and used for validation, coercion, and JSON Schema generation.
Fields are string-keyed by default to avoid atom leaks when working with external input.
Installation
Add sinter to your list of dependencies in mix.exs:
def deps do
  [
    {:sinter, "~> 0.3.2"}
  ]
end
Then fetch the dependency:
$ mix deps.get

Your First Schema
Schemas are created with Sinter.Schema.define/2. Each field is specified as a
{name, type, options} tuple:
schema = Sinter.Schema.define([
  {:name, :string, [required: true, min_length: 1]},
  {:age, :integer, [optional: true, gt: 0]}
], title: "Person")
Field names can be atoms or strings. Internally, Sinter normalizes all field
names to strings so that input data with string keys (typical of decoded JSON)
is matched without creating atoms at runtime.
For compile-time definitions, use the use Sinter.Schema DSL:
defmodule PersonSchema do
  use Sinter.Schema

  use_schema do
    option :title, "Person"

    field :name, :string, required: true, min_length: 1
    field :age, :integer, optional: true, gt: 0
  end
end

# Access the compiled schema at runtime
PersonSchema.schema()
Validating Data
Pass a schema and a map to Sinter.Validator.validate/3. Keys in the input map
can be atoms or strings:
schema = Sinter.Schema.define([
  {:name, :string, [required: true]},
  {:age, :integer, [optional: true, gt: 0]}
])

# Successful validation
{:ok, validated} = Sinter.Validator.validate(schema, %{"name" => "Alice", "age" => 30})
# => {:ok, %{"name" => "Alice", "age" => 30}}

# Atom keys are also accepted
{:ok, validated} = Sinter.Validator.validate(schema, %{name: "Alice", age: 30})
When validation fails, you receive a list of Sinter.Error structs with the
path, error code, and a human-readable message:
{:error, errors} = Sinter.Validator.validate(schema, %{"age" => -1})

# errors contains:
# [
#   %Sinter.Error{path: ["name"], code: :required, message: "field is required"},
#   %Sinter.Error{path: ["age"], code: :gt, message: "must be greater than 0"}
# ]

# Format errors for display
Sinter.Error.format_errors(errors)
# => "name: field is required\nage: must be greater than 0"
A bang variant, Sinter.Validator.validate!/3, raises Sinter.ValidationError
on failure.
Type Coercion
Real-world input often arrives as strings (query parameters, CSV rows, JSON
decoded with string values). Enable coercion with the coerce: true option
to automatically convert compatible values:
schema = Sinter.Schema.define([
  {:count, :integer, [required: true, gt: 0]}
])

# Without coercion -- "42" is a string, not an integer
{:error, _} = Sinter.Validator.validate(schema, %{"count" => "42"})

# With coercion -- "42" is converted to 42, then validated
{:ok, validated} = Sinter.Validator.validate(schema, %{"count" => "42"}, coerce: true)
# => {:ok, %{"count" => 42}}
Coercion is applied before constraint checks, so the converted value is
validated against the full set of constraints.
Generating JSON Schema
Use Sinter.JsonSchema.generate/2 to produce a standard JSON Schema from any
Sinter schema:
schema = Sinter.Schema.define([
  {:name, :string, [required: true, min_length: 2]},
  {:age, :integer, [optional: true, gt: 0]}
], title: "Person")

json_schema = Sinter.JsonSchema.generate(schema)
# => %{
#   "type" => "object",
#   "title" => "Person",
#   "properties" => %{
#     "name" => %{"type" => "string", "minLength" => 2},
#     "age" => %{"type" => "integer", "exclusiveMinimum" => 0}
#   },
#   "required" => ["name"],
#   "additionalProperties" => true,
#   ...
# }
For LLM provider APIs, generate optimized schemas with the
:optimize_for_provider option:
openai_schema = Sinter.JsonSchema.generate(schema, optimize_for_provider: :openai)
anthropic_schema = Sinter.JsonSchema.generate(schema, optimize_for_provider: :anthropic)
You can also validate a generated JSON Schema against the meta-schema:
:ok = Sinter.JsonSchema.validate_schema(json_schema)
Next Steps
Now that you have the basics, explore these guides for deeper coverage:
	Schema Definition -- field types, nested objects, unions, and constraints
	Validation -- strict mode, batch validation, custom validators, and hooks
	JSON Schema -- drafts, provider optimizations, and reference flattening
	JSON Serialization -- encoding, decoding, and round-trip workflows
	DSPEx Integration -- schema inference, merging, and LLM-oriented validation



  

    Schema Definition

This guide covers how to define, configure, and query schemas in Sinter. Schemas
are the foundation of Sinter's validation system -- they describe the structure,
types, and constraints of your data.
Runtime Schemas
Use Sinter.Schema.define/2 to create schemas at runtime. Each field is specified
as a {name, type, opts} tuple.
schema = Sinter.Schema.define([
  {:name, :string, [required: true, min_length: 2]},
  {:age, :integer, [optional: true, gt: 0]},
  {:active, :boolean, [optional: true, default: true]}
])
The second argument accepts schema-level configuration options:
schema = Sinter.Schema.define(
  [
    {:title, :string, [required: true, min_length: 3, max_length: 100]},
    {:price, :float, [required: true, gt: 0.0]},
    {:category, :string, [required: true, choices: ["electronics", "books"]]}
  ],
  title: "Product Schema",
  description: "Validates product data",
  strict: true
)
Runtime schemas are first-class data structures (Sinter.Schema.t()) that can be
passed around, stored, and composed dynamically. This makes them well suited for
frameworks that build schemas at runtime.
Compile-Time Schemas
For schemas that are known at compile time, use the use Sinter.Schema macro
together with a use_schema block. This produces a module with a schema/0
function that returns a precompiled Sinter.Schema.t().
defmodule UserSchema do
  use Sinter.Schema

  use_schema do
    option :title, "User Schema"
    option :strict, true

    field :name, :string, required: true, min_length: 2
    field :age, :integer, optional: true, gt: 0
    field :active, :boolean, optional: true, default: true
  end
end

# Retrieve the compiled schema
schema = UserSchema.schema()
The field macro accepts the same arguments as a runtime field tuple --
field name, type, opts. The option macro sets schema-level configuration
(:title, :description, :strict, etc.).
field and option calls can be interleaved in any order inside the
use_schema block.
Supported Types
Primitive Types
	Type	Elixir Values
	:string	Binaries ("hello")
	:integer	Integers (42)
	:float	Floats (3.14)
	:boolean	true / false
	:atom	Atoms (:ok)
	:any	Any value (no type check)
	:map	Any map (%{})
	:date	ISO 8601 date string ("2024-01-15")
	:datetime	ISO 8601 datetime string ("2024-01-15T10:30:00Z")
	:uuid	UUID string ("550e8400-e29b-41d4-a716-446655440000")
	:null	nil

Composite Types
Array -- a list where every element matches the inner type:
{:tags, {:array, :string}, [required: true]}
{:matrix, {:array, {:array, :integer}}, [optional: true]}
Union -- a value that matches any one of the listed types:
{:id, {:union, [:string, :integer]}, [required: true]}
Tuple -- a fixed-size tuple with positional types:
{:coordinates, {:tuple, [:float, :float]}, [required: true]}
{:rgb, {:tuple, [:integer, :integer, :integer]}, [required: true]}
Typed map -- a map with constrained key and value types:
{:metadata, {:map, :string, :any}, [optional: true]}
{:scores, {:map, :string, :integer}, [required: true]}
Nullable -- allows nil in addition to the inner type:
{:middle_name, {:nullable, :string}, [optional: true]}
Literal -- matches exactly one value:
{:type, {:literal, "text"}, [required: true]}
{:version, {:literal, 2}, [required: true]}
Discriminated union -- selects a variant schema based on a discriminator
field. Each variant must be a Sinter.Schema.t():
text_schema = Sinter.Schema.define([
  {:type, {:literal, "text"}, [required: true]},
  {:content, :string, [required: true]}
])

image_schema = Sinter.Schema.define([
  {:type, {:literal, "image"}, [required: true]},
  {:data, :string, [required: true]},
  {:format, :string, [required: true, choices: ["png", "jpeg"]]}
])

{:payload,
 {:discriminated_union,
  [
    discriminator: "type",
    variants: %{
      "text" => text_schema,
      "image" => image_schema
    }
  ]}, [required: true]}
The discriminator can be a string or atom key. Sinter looks up the discriminator
value in the input map, finds the matching variant, and validates against that
variant's schema. If the discriminator field is missing or its value does not
match any variant key, validation fails with a descriptive error.
Each variant must define the discriminator field itself, and that field must use
{:literal, value} with a value matching the variant key. Sinter validates this
when the schema is defined, so malformed discriminated unions fail fast instead
of producing ambiguous runtime behavior.
Field Options
Every field accepts the following options as a keyword list:
	Option	Description
	:required	Field must be present. Defaults to true.
	:optional	Field may be omitted. Equivalent to required: false.
	:default	Value used when the field is absent. Implies optional: true.
	:description	Human-readable description (used in generated JSON Schema).
	:example	Example value for documentation purposes.
	:alias	Alternate field name accepted on input and used in JSON Schema output.
	:validate	Custom validator function or list of functions (see below).

You cannot specify both :required and :optional on the same field.
Sinter.Schema.define([
  {:name, :string, [required: true, description: "User's full name", example: "Jane Doe"]},
  {:role, :string, [default: "member", choices: ["admin", "member", "guest"]]},
  {:account_name, :string, [required: true, alias: "accountName"]}
])
Field Aliases
An alias lets you accept input under a different key (e.g., camelCase from JSON)
while keeping a canonical snake_case name internally. During validation, the alias
key takes precedence if both the alias and canonical name are present.
schema = Sinter.Schema.define([
  {:account_name, :string, [required: true, alias: "accountName"]},
  {:user_id, :string, [required: true, alias: "userId"]}
])

# Input uses alias keys
{:ok, result} = Sinter.Validator.validate(schema, %{"accountName" => "Acme", "userId" => "42"})
result["account_name"]  #=> "Acme"
result["user_id"]       #=> "42"
Custom Validators
The :validate option accepts a function (arity 1) or a list of functions. Each
function receives the validated value and must return one of:
	:ok -- value passes; the original value is kept.
	{:ok, new_value} -- value passes; new_value replaces the original.
	{:error, message} -- validation fails with the given message string.

Validators run after type checking and constraint validation. When a list of
validators is given, they execute in order and short-circuit on the first error.
Sinter.Schema.define([
  {:email, :string,
   [
     required: true,
     validate: fn value ->
       if String.contains?(value, "@"),
         do: {:ok, value},
         else: {:error, "must contain @"}
     end
   ]},

  {:code, :string,
   [
     required: true,
     validate: [
       fn v -> if String.length(v) > 0, do: :ok, else: {:error, "cannot be empty"} end,
       fn v -> if String.length(v) <= 10, do: :ok, else: {:error, "too long"} end
     ]
   ]}
])
If a validator raises an exception, the error is caught and wrapped as a
:custom_validation_error.
Constraints
Constraints are specified alongside other field options. They are validated after
the type check passes.
String and Array Length
{:name, :string, [required: true, min_length: 2, max_length: 50]}
{:tags, {:array, :string}, [optional: true, min_items: 1, max_items: 10]}
Numeric Bounds
	Constraint	Meaning
	:gt	Greater than
	:gteq	Greater than or equal to
	:lt	Less than
	:lteq	Less than or equal to

{:age, :integer, [required: true, gteq: 0, lt: 150]}
{:score, :float, [required: true, gt: 0.0, lteq: 100.0]}
Format (Regex)
{:email, :string, [required: true, format: ~r/^[^\s]+@[^\s]+\.[^\s]+$/]}
{:slug, :string, [required: true, format: ~r/^[a-z0-9\-]+$/]}
Choices
{:status, :string, [required: true, choices: ["active", "inactive", "pending"]]}
{:priority, :integer, [required: true, choices: [1, 2, 3]]}
Nested Objects
Use Sinter.Schema.object/1 to build a nested object type from field specs.
It returns an {:object, schema} tuple suitable for use as a field type.
address_type = Sinter.Schema.object([
  {:street, :string, [required: true]},
  {:city, :string, [required: true]},
  {:zip, :string, [required: true, format: ~r/^\d{5}$/]}
])

schema = Sinter.Schema.define([
  {:name, :string, [required: true]},
  {:address, address_type, [required: true]}
])

{:ok, result} = Sinter.Validator.validate(schema, %{
  "name" => "Alice",
  "address" => %{"street" => "123 Main St", "city" => "Springfield", "zip" => "62704"}
})
You can also inline the field specs directly as a list, and Sinter will create
the nested schema automatically:
Sinter.Schema.define([
  {:user,
   {:object,
    [
      {:name, :string, [required: true]},
      {:email, :string, [required: true]}
    ]}, [required: true]}
])
Or pass a prebuilt Sinter.Schema.t():
inner = Sinter.Schema.define([{:value, :integer, [required: true]}])

Sinter.Schema.define([
  {:nested, {:object, inner}, [required: true]}
])
Schema Configuration
Schema-level options are passed as the second argument to Sinter.Schema.define/2
or via option in a use_schema block.
	Option	Type	Default	Description
	:title	String.t()	nil	Schema title (appears in JSON Schema output).
	:description	String.t()	nil	Schema description.
	:strict	boolean()	false	When true, reject data containing fields not defined in the schema.
	:post_validate	(map() -> {:ok, map()} | {:error, String.t()})	nil	Runs after all field validation succeeds.
	:pre_validate	(term() -> term())	nil	Transforms raw input before validation begins.

Strict Mode
By default Sinter ignores extra fields. Enable strict mode to reject them:
schema = Sinter.Schema.define(
  [{:name, :string, [required: true]}],
  strict: true
)

Sinter.Validator.validate(schema, %{"name" => "Alice", "extra" => "oops"})
#=> {:error, [%Sinter.Error{code: :strict, message: "unexpected fields: [\"extra\"]"}]}
Post-Validation Hook
The :post_validate function receives the fully validated data map and can
perform cross-field checks or final transformations. It must return
{:ok, data} or {:error, message}.
schema = Sinter.Schema.define(
  [
    {:password, :string, [required: true, min_length: 8]},
    {:password_confirmation, :string, [required: true]}
  ],
  post_validate: fn data ->
    if data["password"] == data["password_confirmation"] do
      {:ok, data}
    else
      {:error, "Passwords do not match"}
    end
  end
)
Pre-Validation Hook
The :pre_validate function receives the raw input and returns transformed data
that then enters the normal validation pipeline. Use it to normalize keys,
inject computed fields, or strip sensitive data before validation.
schema = Sinter.Schema.define(
  [
    {:full_name, :string, [required: true]},
    {:first_name, :string, [optional: true]},
    {:last_name, :string, [optional: true]}
  ],
  pre_validate: fn data ->
    first = Map.get(data, "first_name", "")
    last = Map.get(data, "last_name", "")
    Map.put(data, "full_name", String.trim("#{first} #{last}"))
  end
)
If the function raises, the error is caught and returned as a
:pre_validate_error.
Querying Schemas
Sinter.Schema provides several functions for inspecting a schema at runtime.
Schema.fields/1
Returns the full map of field name to field definition:
fields = Sinter.Schema.fields(schema)
fields["name"].type      #=> :string
fields["name"].required  #=> true
Schema.required_fields/1 and Schema.optional_fields/1
Return lists of field names:
Sinter.Schema.required_fields(schema)  #=> ["name"]
Sinter.Schema.optional_fields(schema)  #=> ["age", "active"]
Schema.field_types/1
Returns a map of field name to type spec:
Sinter.Schema.field_types(schema)
#=> %{"name" => :string, "age" => :integer, "tags" => {:array, :string}}
Schema.constraints/1
Returns a map of field name to constraint keyword list:
Sinter.Schema.constraints(schema)
#=> %{"name" => [min_length: 2, max_length: 50], "score" => [gt: 0, lteq: 100]}
Fields with no constraints return an empty list.
Schema.field_aliases/1
Returns a map of canonical field names to their aliases. Only fields with an
:alias option are included:
schema = Sinter.Schema.define([
  {:account_name, :string, [alias: "accountName"]},
  {:user_id, :string, [alias: "userId"]},
  {:name, :string, []}
])

Sinter.Schema.field_aliases(schema)
#=> %{"account_name" => "accountName", "user_id" => "userId"}
Schema.info/1
Returns a summary map with counts, configuration, and metadata:
info = Sinter.Schema.info(schema)

info.field_count      #=> 3
info.required_count   #=> 1
info.optional_count   #=> 2
info.field_names      #=> ["name", "age", "active"]
info.title            #=> "User Schema"
info.description      #=> "Validates user data"
info.strict           #=> false
info.has_post_validation #=> false
info.created_at       #=> ~U[2024-01-15 10:30:00Z]


  

    Validation

This guide covers the Sinter validation system, from basic usage through
batch processing and error handling.
Validation Pipeline
Every call to Sinter.Validator.validate/3 runs a 5-step pipeline:
	Input Validation -- Ensures the input is a valid map.
	Required Field Check -- Verifies all required fields are present.
	Field Validation -- Validates each field against its type and constraints.
	Strict Mode Check -- Rejects unknown fields when strict mode is enabled.
	Post Validation -- Runs custom cross-field validation if configured.

The pipeline short-circuits on the first step that produces errors, so later
steps never run against invalid data.
Basic Validation
Use Sinter.Validator.validate/3 to validate a map against a schema. It
returns {:ok, validated_data} on success or {:error, errors} on failure.
schema = Sinter.Schema.define([
  {:name, :string, [required: true, min_length: 2]},
  {:age, :integer, [optional: true, gt: 0]}
])

# Successful validation
{:ok, validated} = Sinter.Validator.validate(schema, %{name: "Alice", age: 30})
# => {:ok, %{"name" => "Alice", "age" => 30}}

# Validation failure -- missing required field
{:error, errors} = Sinter.Validator.validate(schema, %{age: 30})
# errors contains a %Sinter.Error{path: ["name"], code: :required, ...}
Keys in the input map can be atoms or strings. Sinter normalizes all keys to
strings internally.
Bang Variant
Sinter.Validator.validate!/3 returns the validated data directly on success
and raises Sinter.ValidationError on failure.
# Returns the validated map
validated = Sinter.Validator.validate!(schema, %{name: "Alice", age: 30})

# Raises Sinter.ValidationError
try do
  Sinter.Validator.validate!(schema, %{age: -1})
rescue
  e in Sinter.ValidationError ->
    IO.puts(e.message)
    # => "Validation failed with 2 errors:\nname: field is required\nage: must be greater than 0"

    # Access structured errors programmatically
    Enum.each(e.errors, fn error ->
      IO.inspect({error.path, error.code})
    end)
end
Type Coercion
Pass coerce: true to automatically convert compatible types before
validation. Coercion is safe and predictable -- it never raises and only
performs well-defined conversions.
schema = Sinter.Schema.define([
  {:count, :integer, [required: true]},
  {:ratio, :float, [required: true]},
  {:active, :boolean, [required: true]},
  {:label, :string, [required: true]}
])

{:ok, validated} = Sinter.Validator.validate(schema, %{
  count: "42",
  ratio: "3.14",
  active: "true",
  label: :hello
}, coerce: true)

# validated => %{"count" => 42, "ratio" => 3.14, "active" => true, "label" => "hello"}
Supported Coercions
	Target Type	Accepted Source Types
	:string	atom, integer, float, boolean
	:integer	string (parseable, e.g. "42")
	:float	string (parseable), integer
	:boolean	"true" / "false" strings
	:atom	string (must be an existing atom)
	:date	Date struct (converted to ISO 8601 string)
	:datetime	DateTime / NaiveDateTime (to ISO 8601 string)

When coercion fails, you receive a Sinter.Error with code: :coercion:
{:error, [error]} = Sinter.Validator.validate(
  Sinter.Schema.define([{:n, :integer, []}]),
  %{n: "not_a_number"},
  coerce: true
)

error.code    # => :coercion
error.message # => "cannot coerce 'not_a_number' to integer"
Strict Mode
By default, Sinter ignores fields in the input that are not defined in the
schema. Enable strict mode to reject unknown fields.
Strict mode can be set at schema level or per-call:
# Schema-level strict mode
schema = Sinter.Schema.define(
  [{:name, :string, [required: true]}],
  strict: true
)

{:error, [error]} = Sinter.Validator.validate(schema, %{name: "Alice", extra: "field"})
error.code    # => :strict
error.message # => "unexpected fields: [\"extra\"]"

# Per-call strict mode (overrides the schema setting)
schema = Sinter.Schema.define([{:name, :string, [required: true]}])

{:error, _} = Sinter.Validator.validate(schema, %{name: "Alice", extra: 1}, strict: true)
Pre/Post Validation Hooks
Pre-Validation
The pre_validate function transforms raw input data before the validation
pipeline runs. Use it to normalize, rename, or reshape incoming data.
schema = Sinter.Schema.define(
  [
    {:email, :string, [required: true]},
    {:name, :string, [required: true]}
  ],
  pre_validate: fn data ->
    data
    |> Map.update("email", nil, &String.downcase/1)
    |> Map.update("name", nil, &String.trim/1)
  end
)

{:ok, validated} = Sinter.Validator.validate(schema, %{
  email: "Alice@Example.COM",
  name: "  Alice  "
})
# validated["email"] => "alice@example.com"
# validated["name"]  => "Alice"
Post-Validation
The post_validate function runs after all fields pass validation. Use it for
cross-field constraints that cannot be expressed per-field.
The function receives the validated data map and must return
{:ok, data} or {:error, reason}.
schema = Sinter.Schema.define(
  [
    {:password, :string, [required: true, min_length: 8]},
    {:password_confirmation, :string, [required: true]}
  ],
  post_validate: fn data ->
    if data["password"] == data["password_confirmation"] do
      {:ok, data}
    else
      {:error, "password and confirmation do not match"}
    end
  end
)

{:error, [error]} = Sinter.Validator.validate(schema, %{
  password: "secret123",
  password_confirmation: "secret456"
})

error.code    # => :post_validation
error.message # => "password and confirmation do not match"
You can also return a list of Sinter.Error structs for multiple post-validation failures:
post_validate: fn data ->
  errors = []

  errors =
    if data["start_date"] > data["end_date"],
      do: [Sinter.Error.new([:end_date], :range, "must be after start_date") | errors],
      else: errors

  case errors do
    [] -> {:ok, data}
    errs -> {:error, errs}
  end
end
Custom Field Validators
The :validate field option accepts a function or list of functions for
per-field custom validation. Each function receives the field value and must
return :ok, {:ok, value}, {:error, message}, or {:error, %Sinter.Error{}}.
schema = Sinter.Schema.define([
  {:email, :string, [
    required: true,
    validate: fn value ->
      if String.contains?(value, "@"),
        do: :ok,
        else: {:error, "must be a valid email address"}
    end
  ]},
  {:score, :integer, [
    required: true,
    validate: [
      fn value -> if value >= 0, do: :ok, else: {:error, "must be non-negative"} end,
      fn value -> if rem(value, 5) == 0, do: :ok, else: {:error, "must be a multiple of 5"} end
    ]
  ]}
])

{:error, errors} = Sinter.Validator.validate(schema, %{email: "invalid", score: 7})
# Two errors: one for email, one for score (pipeline stops at first failing validator per field)
When multiple validators are provided as a list, they run in order and
short-circuit on the first failure.
Batch Validation
Sinter.Validator.validate_many/3 validates a list of maps against the same
schema. It returns {:ok, validated_list} when all items pass, or
{:error, errors_by_index} with a map from index to errors.
schema = Sinter.Schema.define([
  {:name, :string, [required: true]},
  {:age, :integer, [required: true, gt: 0]}
])

data = [
  %{name: "Alice", age: 30},
  %{name: "Bob", age: 25},
  %{name: "Charlie", age: 35}
]

{:ok, validated} = Sinter.Validator.validate_many(schema, data)
# validated is a list of three validated maps

# When some items fail:
bad_data = [
  %{name: "Alice", age: 30},
  %{name: "", age: -1},
  %{age: 20}
]

{:error, errors_by_index} = Sinter.Validator.validate_many(schema, bad_data)
# errors_by_index is a map: %{1 => [...], 2 => [...]}
# Index 0 (Alice) passed, so it does not appear in the error map
Error paths in batch validation include the item index, so
error.path might look like [1, "name"] for a failure on the second
item's name field.
Stream Validation
Sinter.Validator.validate_stream/3 wraps a stream (or any enumerable) and
validates each element lazily. This is useful for processing large datasets
without loading everything into memory.
schema = Sinter.Schema.define([{:id, :integer, [required: true]}])

results =
  1..1_000_000
  |> Stream.map(&%{id: &1})
  |> Sinter.Validator.validate_stream(schema)
  |> Stream.filter(&match?({:ok, _}, &1))
  |> Stream.map(fn {:ok, data} -> data end)
  |> Enum.take(5)

# => [%{"id" => 1}, %{"id" => 2}, %{"id" => 3}, %{"id" => 4}, %{"id" => 5}]
Note the argument order: the stream is the second argument (after the schema),
matching the validate/3 convention.
Each element in the resulting stream is either {:ok, validated} or
{:error, errors}, so you can partition successes and failures downstream.
Error Handling
All validation errors are represented as Sinter.Error structs with four
fields:
	Field	Type	Description
	path	[atom | String.t | integer]	Path to the offending field
	code	atom	Machine-readable error code
	message	String.t	Human-readable description
	context	map | nil	Optional additional context

Formatting Errors
error = Sinter.Error.new([:user, :email], :format, "invalid email format")

Sinter.Error.format(error)
# => "user.email: invalid email format"

Sinter.Error.format(error, include_path: false)
# => "invalid email format"

Sinter.Error.format(error, path_separator: "/")
# => "user/email: invalid email format"
Grouping Errors
errors = [
  Sinter.Error.new([:name], :required, "field is required"),
  Sinter.Error.new([:name], :min_length, "too short"),
  Sinter.Error.new([:email], :format, "invalid format"),
  Sinter.Error.new([:age], :required, "field is required")
]

# Group by field path
Sinter.Error.group_by_path(errors)
# => %{
#   [:name]  => [%Error{code: :required, ...}, %Error{code: :min_length, ...}],
#   [:email] => [%Error{code: :format, ...}],
#   [:age]   => [%Error{code: :required, ...}]
# }

# Group by error code
Sinter.Error.group_by_code(errors)
# => %{
#   required:   [%Error{path: [:name], ...}, %Error{path: [:age], ...}],
#   min_length: [%Error{path: [:name], ...}],
#   format:     [%Error{path: [:email], ...}]
# }
Serializing Errors
Error.to_map/1 converts an error to a plain map suitable for JSON
serialization:
error = Sinter.Error.new([:user, :email], :format, "invalid email format")

Sinter.Error.to_map(error)
# => %{
#   "path"    => ["user", "email"],
#   "code"    => "format",
#   "message" => "invalid email format"
# }
For a list of errors, use Sinter.Error.to_maps/1.
Convenience Helpers
The top-level Sinter module provides shorthand functions that create
temporary schemas internally, useful for one-off validations.
Sinter.validate_type/3
Validates a single value against a type specification.
{:ok, 42} = Sinter.validate_type(:integer, "42", coerce: true)

{:ok, ["a", "b"]} = Sinter.validate_type({:array, :string}, ["a", "b"])

{:error, [error]} = Sinter.validate_type(:string, 123)
error.code # => :type
Sinter.validate_value/4
Validates a named value with constraints. The field name appears in error
paths.
{:ok, "test@example.com"} = Sinter.validate_value(
  :email, :string, "test@example.com",
  constraints: [format: ~r/@/]
)

{:ok, 95} = Sinter.validate_value(
  :score, :integer, "95",
  coerce: true, constraints: [gteq: 0, lteq: 100]
)
Sinter.validate_many/2
Validates multiple values against different type specifications in a single
call.
{:ok, results} = Sinter.validate_many([
  {:string, "hello"},
  {:integer, 42},
  {:email, :string, "user@example.com", [format: ~r/@/]}
])
# results => ["hello", 42, "user@example.com"]
Sinter.validator_for/2
Creates a reusable validation function for repeated single-value checks.
email_validator = Sinter.validator_for(:string, constraints: [format: ~r/@/])

{:ok, "a@b.com"} = email_validator.("a@b.com")
{:error, _}      = email_validator.("invalid")
Sinter.batch_validator_for/2
Creates a reusable validation function backed by a pre-built schema.
Avoids re-creating the schema on every call.
validate_user = Sinter.batch_validator_for([
  {:name, :string},
  {:age, :integer}
])

{:ok, validated} = validate_user.(%{name: "Alice", age: 30})
{:error, errors} = validate_user.(%{name: 123})


  

    JSON Schema Generation

Sinter can convert its schema definitions into standard JSON Schema documents.
This is useful for integrating with LLM providers, generating API documentation,
and validating data interchange formats.
Basic Generation
Use Sinter.JsonSchema.generate/2 to convert a Sinter schema into a JSON Schema
map. By default, it produces a Draft 2020-12 schema.
schema = Sinter.Schema.define([
  {:name, :string, [required: true, min_length: 2]},
  {:age, :integer, [optional: true, gt: 0]},
  {:tags, {:array, :string}, [optional: true, max_items: 10]}
], title: "User")

json_schema = Sinter.JsonSchema.generate(schema)

# Returns:
# %{
#   "$schema" => "https://json-schema.org/draft/2020-12/schema",
#   "type" => "object",
#   "title" => "User",
#   "properties" => %{
#     "name" => %{"type" => "string", "minLength" => 2},
#     "age" => %{"type" => "integer", "exclusiveMinimum" => 0},
#     "tags" => %{"type" => "array", "items" => %{"type" => "string"}, "maxItems" => 10}
#   },
#   "required" => ["name"],
#   "additionalProperties" => true,
#   "x-sinter-version" => "0.3.2",
#   "x-sinter-field-count" => 3,
#   "x-sinter-created-at" => "2026-03-12T..."
# }
Sinter maps its constraint options to their JSON Schema equivalents automatically:
	Sinter constraint	JSON Schema keyword
	min_length	minLength
	max_length	maxLength
	gt	exclusiveMinimum
	gteq	minimum
	lt	exclusiveMaximum
	lteq	maximum
	min_items	minItems
	max_items	maxItems
	format (Regex)	pattern
	choices	enum

Draft Selection
Sinter supports two JSON Schema drafts. The default is Draft 2020-12; pass the
:draft option to select Draft 7.
schema = Sinter.Schema.define([
  {:name, :string, [required: true]}
])

# Draft 2020-12 (default)
d2020 = Sinter.JsonSchema.generate(schema)
d2020["$schema"]
#=> "https://json-schema.org/draft/2020-12/schema"

# Draft 7
d7 = Sinter.JsonSchema.generate(schema, draft: :draft7)
d7["$schema"]
#=> "http://json-schema.org/draft-07/schema#"
When you use a provider optimization (:openai or :anthropic), the draft
defaults to :draft7 unless you explicitly override it. The :generic provider
keeps the default of :draft2020_12.
Provider Optimizations
Sinter.JsonSchema.for_provider/3 generates a JSON Schema tailored to a
specific LLM provider. It is a convenience wrapper around generate/2 that
sets optimize_for_provider for you.
schema = Sinter.Schema.define([
  {:question, :string, [required: true, description: "The user question"]},
  {:answer, :string, [required: true]},
  {:confidence, :float, [optional: true, gteq: 0.0, lteq: 1.0]}
])
OpenAI (function calling)
openai_schema = Sinter.JsonSchema.for_provider(schema, :openai)
Optimizations applied:
	Sets additionalProperties: false at every object level (required by OpenAI's
strict function calling mode).
	Ensures a required array is always present, even when empty.
	Removes formats that OpenAI does not support well ("date", "time",
"email").
	Simplifies union types (oneOf) with more than three variants down to the
first three, since large unions degrade function calling reliability.
	Defaults to Draft 7.

Anthropic (tool use)
anthropic_schema = Sinter.JsonSchema.for_provider(schema, :anthropic)
Optimizations applied:
	Sets additionalProperties: false at every object level.
	Ensures a required array is always present.
	Removes formats not well-supported by Anthropic ("uri", "uuid").
	Guarantees that every object-typed schema has a properties key, even if it
is an empty map.
	Defaults to Draft 7.

Generic
generic_schema = Sinter.JsonSchema.for_provider(schema, :generic)
No provider-specific transformations are applied. The output is identical to
calling Sinter.JsonSchema.generate/2 directly.
You can also pass additional options as the third argument:
Sinter.JsonSchema.for_provider(schema, :openai,
  include_descriptions: false,
  flatten: true
)
Strict Mode
When strict: true is set -- either on the schema itself or as a generation
option -- additionalProperties: false is applied recursively to every nested
object in the output.
schema = Sinter.Schema.define([
  {:profile, {:object, [
    {:name, :string, [required: true]},
    {:address, {:object, [
      {:city, :string, [required: true]}
    ]}, [required: true]}
  ]}, [required: true]}
])

# Without strict mode
relaxed = Sinter.JsonSchema.generate(schema)
relaxed["additionalProperties"]                                          #=> true
relaxed["properties"]["profile"]["additionalProperties"]                 #=> true
relaxed["properties"]["profile"]["properties"]["address"]["additionalProperties"] #=> true

# With strict mode
strict = Sinter.JsonSchema.generate(schema, strict: true)
strict["additionalProperties"]                                           #=> false
strict["properties"]["profile"]["additionalProperties"]                  #=> false
strict["properties"]["profile"]["properties"]["address"]["additionalProperties"] #=> false
The strict option on generate/2 overrides whatever the schema's own
strict setting is. Provider optimizations for :openai and :anthropic
always apply recursive strictness regardless of this flag.
Options
Sinter.JsonSchema.generate/2 accepts the following options:
	Option	Default	Description
	:draft	:draft2020_12	JSON Schema draft version (:draft2020_12 or :draft7). Provider targets default to :draft7.
	:include_descriptions	true	Whether to include description annotations on fields.
	:flatten	false	Inline all $ref references, producing a self-contained schema.
	:optimize_for_provider	:generic	Apply provider-specific transformations (:openai, :anthropic, or :generic).
	:strict	schema default	Override the schema's strict setting. Applies additionalProperties: false recursively.

Excluding Descriptions
Field descriptions increase token count when schemas are sent to LLM providers.
Disable them to save tokens:
schema = Sinter.Schema.define([
  {:name, :string, [required: true, description: "The user's full name"]}
])

compact = Sinter.JsonSchema.generate(schema, include_descriptions: false)

Map.has_key?(compact["properties"]["name"], "description")
#=> false
Flattening References
The :flatten option resolves all $ref pointers inline, producing a
self-contained document with no external references:
Sinter.JsonSchema.generate(schema, flatten: true)
Schema Validation
Sinter.JsonSchema.validate_schema/2 checks whether a JSON Schema map is
structurally valid by building it with JSV against the appropriate meta-schema.
valid = %{
  "type" => "object",
  "properties" => %{
    "name" => %{"type" => "string"}
  },
  "required" => ["name"]
}

:ok = Sinter.JsonSchema.validate_schema(valid)

invalid = %{
  "type" => "not-a-real-type",
  "minLength" => "should-be-integer"
}

{:error, issues} = Sinter.JsonSchema.validate_schema(invalid)
# issues is a list of error message strings
You can also specify the draft to validate against:
Sinter.JsonSchema.validate_schema(schema_map, draft: :draft7)
Sinter.JsonSchema.validate_schema(schema_map, draft: :draft2020_12)
This is useful as a final check before sending generated schemas to an external
service.
Metadata
Sinter automatically attaches extension metadata to every generated JSON Schema
at the top level:
	Key	Value
	x-sinter-version	The Sinter library version that generated it.
	x-sinter-field-count	Number of fields defined in the source schema.
	x-sinter-created-at	ISO 8601 timestamp of when the schema was created.

schema = Sinter.Schema.define([
  {:a, :string, [required: true]},
  {:b, :integer, [optional: true]}
])

json_schema = Sinter.JsonSchema.generate(schema)

json_schema["x-sinter-version"]     #=> "0.3.2"
json_schema["x-sinter-field-count"] #=> 2
json_schema["x-sinter-created-at"]  #=> "2026-03-12T12:00:00.000000Z"
These keys use the x- extension prefix and are ignored by standard JSON Schema
validators.
Discriminated Unions
Discriminated unions are emitted as oneOf branches with a JSON Schema
discriminator. Each branch keeps the same detail you would get from generating
that variant as a standalone schema: nested object properties, aliases,
constraints, descriptions, defaults, examples, and strict
additionalProperties settings are all preserved.
text_variant = Sinter.Schema.define([
  {:type, {:literal, "text"}, [required: true]},
  {:content, :string, [required: true, min_length: 1]}
])

image_variant = Sinter.Schema.define([
  {:type, {:literal, "image"}, [required: true]},
  {:url, :string, [required: true]},
  {:caption, :string, [optional: true]}
], strict: true)

schema = Sinter.Schema.define([
  {:chunk,
   {:discriminated_union,
    [
      discriminator: "type",
      variants: %{
        "text" => text_variant,
        "image" => image_variant
      }
    ]}, [required: true]}
])

json_schema = Sinter.JsonSchema.generate(schema)
chunk_schema = json_schema["properties"]["chunk"]
The discriminator field is always listed as required for each branch, even if a
variant marks it optional, so generated JSON Schema matches Sinter's runtime
selection logic.
Sinter also emits definition entries for discriminator mappings. In Draft
2020-12 output these live under $defs; in Draft 7 output they live under
definitions.
chunk_schema["discriminator"]["mapping"]
#=> %{
#=>   "image" => "#/$defs/properties__chunk__image",
#=>   "text" => "#/$defs/properties__chunk__text"
#=> }

json_schema["$defs"]["properties__chunk__text"]["properties"]["content"]
#=> %{"minLength" => 1, "type" => "string"}
Field Aliases
When a field has an :alias option, the alias is used as the property name in
the generated JSON Schema instead of the canonical Elixir field name. This lets
you keep idiomatic snake_case names in Elixir while producing camelCase (or any
other convention) in the JSON output.
schema = Sinter.Schema.define([
  {:account_name, :string, [required: true, alias: "accountName"]},
  {:created_at, :datetime, [required: true, alias: "createdAt"]},
  {:is_active, :boolean, [optional: true, alias: "isActive"]}
])

json_schema = Sinter.JsonSchema.generate(schema)

Map.keys(json_schema["properties"])
#=> ["accountName", "createdAt", "isActive"]

json_schema["required"]
#=> ["accountName", "createdAt"]
Aliases affect both the properties map keys and the required array entries.
The canonical field names are still used internally by Sinter.Validator when
validating Elixir data.


  

    JSON Serialization

Sinter provides a complete JSON serialization pipeline through three cooperating
modules: Sinter.JSON for encoding and decoding, Sinter.Transform for
preparing data for serialization, and Sinter.NotGiven for distinguishing
omitted fields from explicit nil values.
Encoding
Sinter.JSON.encode/2 and Sinter.JSON.encode!/2 apply the transform pipeline
to your data, then encode the result to a JSON string via Jason.
data = %{
  account_name: "Acme Corp",
  created_at: ~U[2025-06-15 12:30:00Z],
  deleted_at: nil
}

# Safe version returns {:ok, json} or {:error, reason}
{:ok, json} = Sinter.JSON.encode(data)
# => {:ok, "{\"account_name\":\"Acme Corp\",\"created_at\":\"2025-06-15 12:30:00Z\",\"deleted_at\":null}"}

# Bang version raises on failure
json = Sinter.JSON.encode!(data)
Both functions accept the same options that Sinter.Transform.transform/2
supports -- :aliases, :formats, and :drop_nil?:
json = Sinter.JSON.encode!(data,
  aliases: %{account_name: "accountName", created_at: "createdAt", deleted_at: "deletedAt"},
  formats: %{created_at: :iso8601},
  drop_nil?: true
)
# => "{\"accountName\":\"Acme Corp\",\"createdAt\":\"2025-06-15T12:30:00Z\"}"
Decoding with Validation
Sinter.JSON.decode/3 and Sinter.JSON.decode!/3 decode a JSON string and
then validate the result against a Sinter schema. This combines parsing and
validation into a single step.
schema = Sinter.Schema.define([
  {:name, :string, [required: true, min_length: 1]},
  {:age, :integer, [optional: true, gt: 0]}
])

json = ~s({"name": "Alice", "age": 30})

# Safe version
{:ok, validated} = Sinter.JSON.decode(json, schema)
# => {:ok, %{"name" => "Alice", "age" => 30}}

# Bang version raises Sinter.ValidationError on failure
validated = Sinter.JSON.decode!(json, schema)
When decoding fails -- whether due to malformed JSON or validation errors --
the error tuple contains a list of Sinter.Error structs:
bad_json = ~s({"age": -5})

{:error, errors} = Sinter.JSON.decode(bad_json, schema)

for error <- errors do
  IO.puts(Sinter.Error.format(error))
end
# name: field is required
# age: must be greater than 0
Validation options such as :coerce are passed through to the validator:
json = ~s({"name": "Bob", "age": "25"})

{:ok, validated} = Sinter.JSON.decode(json, schema, coerce: true)
# => {:ok, %{"name" => "Bob", "age" => 25}}
Transform Pipeline
Sinter.Transform.transform/2 converts Elixir data structures into
JSON-friendly maps. It applies a fixed sequence of transformations:
	Key stringification (atom keys become string keys)
	Alias application
	Format application
	NotGiven/Omit sentinel removal
	nil dropping (when enabled)

The function recurses through maps, structs, and lists.
Key Stringification
Atom keys are automatically converted to strings:
Sinter.Transform.transform(%{user_name: "alice", active: true})
# => %{"user_name" => "alice", "active" => true}
Alias Application
The :aliases option maps canonical keys to different output key names.
This is useful for converting between Elixir conventions (snake_case) and
API conventions (camelCase):
data = %{first_name: "Alice", last_name: "Smith"}

Sinter.Transform.transform(data,
  aliases: %{first_name: "firstName", last_name: "lastName"}
)
# => %{"firstName" => "Alice", "lastName" => "Smith"}
Format Application
The :formats option attaches formatters to specific keys. Sinter provides
the built-in :iso8601 formatter for DateTime, NaiveDateTime, and Date
values. You can also supply any unary function:
data = %{
  created_at: ~U[2025-06-15 12:30:00Z],
  starts_on: ~D[2025-07-01],
  score: 0.9537
}

Sinter.Transform.transform(data,
  formats: %{
    created_at: :iso8601,
    starts_on: :iso8601,
    score: &Float.round(&1, 2)
  }
)
# => %{"created_at" => "2025-06-15T12:30:00Z", "starts_on" => "2025-07-01", "score" => 0.95}
NotGiven/Omit Sentinel Removal
Any field whose value is the NotGiven or Omit sentinel is silently removed
from the output. See the NotGiven Sentinels section
below for details.
alias Sinter.NotGiven

data = %{name: "Alice", nickname: NotGiven.value(), temp_token: NotGiven.omit()}

Sinter.Transform.transform(data)
# => %{"name" => "Alice"}
nil Dropping
When :drop_nil? is set to true, keys with nil values are removed:
data = %{name: "Alice", bio: nil, avatar_url: nil}

Sinter.Transform.transform(data, drop_nil?: true)
# => %{"name" => "Alice"}
Schema-Based Aliases
Instead of passing an explicit :aliases map, you can reference a schema
and set :use_aliases to true. The transform will extract aliases defined
on the schema's fields:
schema = Sinter.Schema.define([
  {:account_name, :string, [required: true, alias: "accountName"]},
  {:is_active, :boolean, [optional: true, alias: "isActive"]}
])

data = %{account_name: "Acme", is_active: true}

Sinter.Transform.transform(data, schema: schema, use_aliases: true)
# => %{"accountName" => "Acme", "isActive" => true}
Explicit :aliases are merged on top of schema-derived aliases, so you can
override individual keys when needed.
NotGiven Sentinels
Sinter.NotGiven provides sentinel values for distinguishing between a field
that was intentionally omitted and one that was explicitly set to nil. This
pattern is common in API clients where you need to differentiate "do not send
this field" from "set this field to null."
Creating Sentinels
alias Sinter.NotGiven

# The NotGiven sentinel -- field was not provided
not_given = NotGiven.value()

# The Omit sentinel -- field should be explicitly dropped
omit = NotGiven.omit()
Checking Sentinels
NotGiven.not_given?(NotGiven.value())  # => true
NotGiven.not_given?(nil)               # => false
NotGiven.not_given?("hello")           # => false

NotGiven.omit?(NotGiven.omit())        # => true
NotGiven.omit?(nil)                    # => false
Guard-friendly versions are also available:
import Sinter.NotGiven, only: [is_not_given: 1, is_omit: 1]

case value do
  v when is_not_given(v) -> :skip
  v when is_omit(v) -> :drop
  v -> {:use, v}
end
Coalescing
NotGiven.coalesce/2 replaces sentinel values with a fallback, leaving all
other values untouched:
NotGiven.coalesce(NotGiven.value(), "default")  # => "default"
NotGiven.coalesce(NotGiven.omit(), "default")   # => "default"
NotGiven.coalesce(nil, "default")               # => nil
NotGiven.coalesce("hello", "default")           # => "hello"
Practical Example
A typical use case is building request payloads with optional fields:
alias Sinter.NotGiven

defmodule UserUpdateRequest do
  defstruct name: NotGiven.value(),
            email: NotGiven.value(),
            bio: NotGiven.value()
end

# Caller only wants to update the email
request = %UserUpdateRequest{email: "new@example.com"}

# Transform strips the NotGiven fields automatically
payload = Sinter.Transform.transform(request)
# => %{"email" => "new@example.com"}

# Explicitly setting bio to nil sends null in the payload
request = %UserUpdateRequest{email: "new@example.com", bio: nil}
payload = Sinter.Transform.transform(request)
# => %{"email" => "new@example.com", "bio" => nil}
Field Aliases
Field aliases allow you to decouple the internal (Elixir-side) field name from
the external (JSON-side) field name. Define an alias on a schema field with
the alias: option:
schema = Sinter.Schema.define([
  {:account_name, :string, [required: true, alias: "accountName"]},
  {:created_at, :string, [required: true, alias: "createdAt"]},
  {:is_active, :boolean, [optional: true, alias: "isActive"]}
])
Or using the compile-time DSL:
defmodule AccountSchema do
  use Sinter.Schema

  use_schema do
    field :account_name, :string, required: true, alias: "accountName"
    field :created_at, :string, required: true, alias: "createdAt"
    field :is_active, :boolean, optional: true, alias: "isActive"
  end
end
Aliases affect two areas:
Aliases in Transform and Encoding
When you pass schema: schema, use_aliases: true to Sinter.Transform.transform/2
(or indirectly through Sinter.JSON.encode/2), canonical field names are
replaced by their aliases in the output:
data = %{account_name: "Acme", created_at: "2025-01-15", is_active: true}

Sinter.Transform.transform(data, schema: schema, use_aliases: true)
# => %{"accountName" => "Acme", "createdAt" => "2025-01-15", "isActive" => true}
Aliases in JSON Schema Generation
Sinter.JsonSchema.generate/1 uses alias names as property keys in the
generated JSON Schema, so the schema reflects the wire format:
json_schema = Sinter.JsonSchema.generate(schema)

json_schema["properties"]
# => %{
#   "accountName" => %{"type" => "string"},
#   "createdAt" => %{"type" => "string"},
#   "isActive" => %{"type" => "boolean"}
# }

json_schema["required"]
# => ["accountName", "createdAt"]
Aliases in Validation
During validation, Sinter.Validator.validate/3 accepts data keyed by either
the canonical name or the alias. The alias takes precedence when both are
present:
# Data using alias keys (e.g., decoded from an API response)
api_data = %{"accountName" => "Acme", "createdAt" => "2025-01-15"}

{:ok, validated} = Sinter.Validator.validate(schema, api_data)
# => {:ok, %{"account_name" => "Acme", "created_at" => "2025-01-15"}}
Querying Aliases
You can retrieve the alias map from a schema programmatically:
Sinter.Schema.field_aliases(schema)
# => %{"account_name" => "accountName", "created_at" => "createdAt", "is_active" => "isActive"}


  

    DSPEx Integration

Sinter serves as the schema engine for DSPEx,
the Elixir implementation of DSPy. It handles structured output validation for
LLM programs, providing schema definition, JSON Schema generation tuned for
specific providers, and iterative schema optimization driven by validation
failures.
This guide covers the Sinter.DSPEx module and supporting functions from the
core library that are most relevant to DSPEx workflows.
Creating Signatures
A DSPEx signature declares the input and output fields of a program. Use
Sinter.DSPEx.create_signature/3 to build one from two field lists. Each field
is a {name, type, options} tuple -- the same format used by
Sinter.Schema.define/2. The function tags every field with a
:dspex_field_type metadata value (:input or :output) so downstream
tooling can distinguish them.
signature = Sinter.DSPEx.create_signature(
  # Input fields
  [
    {:question, :string, [required: true]},
    {:context, {:array, :string}, [optional: true]}
  ],
  # Output fields
  [
    {:answer, :string, [required: true, min_length: 1]},
    {:confidence, :float, [required: true, gteq: 0.0, lteq: 1.0]}
  ],
  title: "QA Signature"
)

# The result is a standard Sinter.Schema.t()
fields = Sinter.Schema.fields(signature)
Map.keys(fields)
# => ["question", "context", "answer", "confidence"]
Input and output fields are merged into a single schema. This is intentional --
a DSPEx program validates a complete trace (inputs plus outputs) as one unit.
Validating LLM Output
After the LLM responds, pipe the parsed output through
Sinter.DSPEx.validate_llm_output/4. It runs standard Sinter validation and,
on failure, enriches every error with the original prompt and raw response so
you can inspect what went wrong.
schema = Sinter.DSPEx.create_signature(
  [{:query, :string, [required: true]}],
  [{:answer, :string, [required: true]},
   {:sources, {:array, :string}, [required: true]}]
)

llm_output = %{"answer" => "Elixir is a functional language."}
prompt = "Answer the following question and cite your sources."

case Sinter.DSPEx.validate_llm_output(schema, llm_output, prompt) do
  {:ok, validated} ->
    # Use validated data
    validated

  {:error, errors} ->
    # Each error carries LLM context for debugging
    for error <- errors do
      IO.puts(Sinter.Error.format(error))
      IO.inspect(error.context.prompt)
      IO.inspect(error.context.llm_response)
    end
end
The context map on each Sinter.Error struct contains:
	Key	Value
	:llm_response	The raw map returned by the LLM
	:prompt	The prompt that produced the response

This makes it straightforward to log or replay failures during teleprompter
optimization loops.
Provider Preparation
Sinter.DSPEx.prepare_for_llm/3 converts a Sinter schema into a
provider-ready payload containing the JSON Schema and provider-specific
metadata. Supported providers are :openai and :anthropic.
schema = Sinter.DSPEx.create_signature(
  [{:topic, :string, [required: true]}],
  [{:summary, :string, [required: true]},
   {:key_points, {:array, :string}, [required: true]}],
  title: "Summarizer"
)

# OpenAI
openai = Sinter.DSPEx.prepare_for_llm(schema, :openai)
openai.provider
# => :openai
openai.json_schema["additionalProperties"]
# => false
openai.metadata.function_calling_compatible
# => true
openai.metadata.supports_strict_mode
# => true

# Anthropic
anthropic = Sinter.DSPEx.prepare_for_llm(schema, :anthropic)
anthropic.metadata.tool_use_compatible
# => true
anthropic.metadata.recommended_max_tokens
# => 4096
The returned map has this shape:
%{
  json_schema: %{...},        # Provider-optimized JSON Schema
  provider: :openai,           # Target provider atom
  metadata: %{...},            # Provider-specific hints
  sinter_schema: schema        # Original Sinter.Schema.t() for re-validation
}
You can also call Sinter.JsonSchema.for_provider/3 directly when you only
need the JSON Schema without the metadata wrapper:
json_schema = Sinter.JsonSchema.for_provider(schema, :openai)
Schema Optimization
When an LLM repeatedly fails validation, Sinter.DSPEx.optimize_schema_from_failures/3
analyzes the failure patterns and returns an improved schema along with
human-readable suggestions.
schema = Sinter.DSPEx.create_signature(
  [{:query, :string, [required: true]}],
  [{:answer, :string, [required: true]},
   {:reasoning, :string, [required: true, min_length: 10]}]
)

# Collect outputs that failed validation
failures = [
  %{"answer" => "Yes"},                          # missing reasoning
  %{"answer" => "No", "reasoning" => "Short"},   # reasoning too short
  %{"answer" => "Maybe", "explanation" => "..."}  # wrong field name
]

{:ok, optimized, suggestions} =
  Sinter.DSPEx.optimize_schema_from_failures(schema, failures,
    relaxation_strategy: :moderate,
    add_missing_fields: true
  )

IO.inspect(suggestions)
# => [
#   "Consider making frequently missing fields optional: reasoning",
#   "Consider relaxing constraints for: reasoning",
#   "Consider adding common extra fields as optional: explanation"
# ]
Relaxation Strategies
The :relaxation_strategy option controls how aggressively the optimizer
modifies the schema:
	Strategy	Behavior
	:conservative	No constraint changes. Only add_missing_fields applies.
	:moderate	Makes frequently-missing required fields optional.
	:aggressive	Applies :moderate changes, then removes min_length, max_length, and format constraints on fields with repeated violations.

Adding Missing Fields
When :add_missing_fields is true (the default), fields that appear in at
least 30% of the failure examples but are not in the schema are appended as
optional :any-typed fields. This is useful when the LLM consistently produces
extra keys that should be accepted rather than rejected.
Optimization Loop Example
A typical teleprompter loop feeds failures back iteratively:
defmodule MyOptimizer do
  def run(schema, dataset, max_rounds \\ 3) do
    Enum.reduce_while(1..max_rounds, schema, fn round, current_schema ->
      failures =
        dataset
        |> Enum.map(&call_llm(current_schema, &1))
        |> Enum.filter(&match?({:error, _}, &1))
        |> Enum.map(fn {:error, raw} -> raw end)

      if failures == [] do
        {:halt, current_schema}
      else
        {:ok, improved, suggestions} =
          Sinter.DSPEx.optimize_schema_from_failures(
            current_schema,
            failures,
            relaxation_strategy: :moderate
          )

        IO.puts("Round #{round}: #{length(suggestions)} suggestions")
        {:cont, improved}
      end
    end)
  end
end
Dynamic Schema Creation
Two functions in the top-level Sinter module support schema creation at
runtime, which is critical for DSPEx teleprompters like MIPRO.
Inferring Schemas from Examples
Sinter.infer_schema/2 examines a list of example maps and produces a schema
with inferred types and requirement flags.
examples = [
  %{"question" => "What is Elixir?", "answer" => "A language", "score" => 0.95},
  %{"question" => "What is OTP?", "answer" => "A framework", "score" => 0.88},
  %{"question" => "What is BEAM?", "answer" => "A VM"}
]

schema = Sinter.infer_schema(examples, min_occurrence_ratio: 0.6)

fields = Sinter.Schema.fields(schema)
fields["question"].type     # => :string
fields["question"].required # => true   (appears in 3/3 examples)
fields["score"].type        # => :float
fields["score"].required    # => true   (appears in 2/3 >= 0.6 ratio)
The algorithm:
	Discovers all unique field names across examples.
	Infers the most common Elixir type for each field (:string, :integer,
:float, :boolean, {:array, inner}, :map, etc.).
	Marks fields as required when they appear in at least :min_occurrence_ratio
of the examples (default 0.8).

Merging Schemas
Sinter.merge_schemas/2 combines multiple schemas into one. Later schemas take
precedence when field names conflict.
input_schema = Sinter.Schema.define([
  {:query, :string, [required: true]},
  {:max_tokens, :integer, [optional: true, gt: 0]}
])

output_schema = Sinter.Schema.define([
  {:answer, :string, [required: true]},
  {:confidence, :float, [optional: true, gteq: 0.0, lteq: 1.0]}
])

program_schema = Sinter.merge_schemas([input_schema, output_schema])

fields = Sinter.Schema.fields(program_schema)
Map.keys(fields)
# => ["query", "max_tokens", "answer", "confidence"]
This is equivalent to what create_signature/3 does internally, but
merge_schemas/2 is more general -- it works with any number of schemas and
is useful when composing larger programs from sub-components.
Performance
The Sinter.Performance module provides utilities for profiling validation in
high-throughput DSPEx pipelines.
Benchmarking Validation Throughput
benchmark_validation/3 measures how fast a schema validates a sample dataset.
It runs warmup iterations first, then collects timing statistics.
schema = Sinter.DSPEx.create_signature(
  [{:query, :string, [required: true]}],
  [{:answer, :string, [required: true]},
   {:confidence, :float, [required: true]}]
)

dataset = [
  %{"query" => "Q1", "answer" => "A1", "confidence" => 0.9},
  %{"query" => "Q2", "answer" => "A2", "confidence" => 0.8},
  %{"query" => "Q3", "answer" => "A3", "confidence" => 0.7}
]

stats = Sinter.Performance.benchmark_validation(schema, dataset,
  iterations: 5_000,
  warmup: 500
)

stats.avg_time_microseconds     # Average time per single validation
stats.validations_per_second    # Throughput estimate
stats.total_validations         # iterations * length(dataset)
Analyzing Memory Usage
analyze_memory_usage/2 reports process-level memory before and after
validating a dataset, helping identify schemas that allocate excessively.
mem = Sinter.Performance.analyze_memory_usage(schema, dataset)

mem.memory_used_bytes             # Total bytes allocated during validation
mem.memory_per_validation_bytes   # Bytes per successful validation
mem.successful_validations        # Count of {:ok, _} results
Profiling Schema Complexity
profile_schema_complexity/1 scores individual fields and the schema as a
whole, returning actionable recommendations.
profile = Sinter.Performance.profile_schema_complexity(schema)

profile.field_count                  # Number of fields
profile.total_complexity_score       # Sum of per-field scores
profile.average_field_complexity     # Mean score across fields
profile.complexity_by_field          # %{field_name => score}
profile.optimization_recommendations # List of suggestion strings
Complexity scoring accounts for type depth (arrays, unions, maps), number of
constraints, and whether a field is required. Recommendations flag overly
complex fields, excessive union types, and deeply nested structures.
Practical Tip
Run these utilities during development to establish a baseline, then again after
schema optimization rounds. A typical workflow:
# Before optimization
before = Sinter.Performance.benchmark_validation(original_schema, dataset)

# Optimize
{:ok, optimized, _} =
  Sinter.DSPEx.optimize_schema_from_failures(original_schema, failures)

# After optimization
after = Sinter.Performance.benchmark_validation(optimized, dataset)

IO.puts("Speedup: #{before.avg_time_microseconds / after.avg_time_microseconds}x")


  

    Changelog

All notable changes to this project will be documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
0.3.2 - 2026-07-15
Changed
	Upgraded jsv to 0.21.2, moving the schema stack to Decimal 3.
	Upgraded stream_data to 1.4.0 and refreshed the complete Hex lock graph.

0.3.1 - 2026-04-23
Changed
	Upgraded the direct jsv dependency to 0.18.3.
	Bumped the package and documentation version references to 0.3.1.

0.3.0 - 2026-04-17
Added
	Validator-driven and structural regression suites covering discriminated-union JSON Schema generation, branch invariants, discriminator mappings, and compile-time variant validation.
	Compile-time validation for discriminated unions so every variant must define the discriminator field as a matching :literal.
	A focused discriminated-union JSON Schema example plus refreshed example runners and examples documentation.

Changed
	Upgraded direct dependencies to their latest available releases, including jsv 0.18.1, credo 1.7.18, and castore 1.0.18.
	Bumped the package and documentation version references to 0.3.0.

Fixed
	Discriminated union JSON Schema generation now preserves full branch fidelity instead of collapsing variant fields to bare types.
	Nested object properties, descriptions, aliases, examples, defaults, numeric/string constraints, and strict additionalProperties settings are now retained inside discriminated-union branches.
	Generated discriminator mappings now resolve to concrete definition targets in the emitted schema.
	Generated discriminated-union schemas now require the discriminator field consistently with Sinter's runtime validator.

0.2.0 - 2026-03-12
Added
	Discriminated unions — new :discriminated_union type selects a schema variant based on a discriminator field value, for polymorphic JSON APIs.
	Literal type — new :literal type for exact value matching.
	Field aliases — :alias option on field definitions maps canonical Elixir keys to different external string keys; the validator checks both names and the transform module can output aliased keys.
	Pre-validate hook — schema-level :pre_validate function transforms raw input before standard validation begins.
	Per-field validators — :validate option runs custom functions after type checks for field-level logic and transformation.
	JSON Schema generation now emits oneOf with discriminator mappings and supports property name overrides for aliases.
	New test suites for discriminated unions, field aliases, field validators, and pre-validate hooks.

Changed
	Added comprehensive documentation guides (getting started, schema definition, validation, JSON schema, JSON serialization, DSPEx integration).
	Enhanced ExDoc configuration with grouped extras, module categories, and additional output formatters.
	Upgraded jsv dependency from ~> 0.13.1 to ~> 0.16.0.
	Upgraded nimble_options from ~> 1.0 to ~> 1.1.
	Upgraded ex_doc from ~> 0.34 to ~> 0.40.1.
	Upgraded stream_data from ~> 1.1 to ~> 1.3, mix_test_watch to ~> 1.4, excoveralls to ~> 0.18.5, benchee to ~> 1.5.
	Updated credo, dialyxir, and supporting libraries to latest stable releases.
	Added castore as a test-only dependency for certificate handling.
	Replaced length(list) > 0 with list != [] for O(1) emptiness checks in dspex.ex and performance.ex.
	Moved preferred_cli_env settings into a dedicated cli/0 function in mix.exs following current Elixir best practices.

0.1.0 - 2025-12-27
Added
	String-keyed schema fields and nested object schema DSL (Schema.object/1).
	Built-in format types (:date, :datetime, :uuid, :null, {:nullable, type}).
	JSON encode/decode helpers with transform pipeline (Sinter.JSON, Sinter.Transform, Sinter.NotGiven).
	Example runner examples/run_all.sh and refreshed example suite.

Changed
	Big-bang refactor of core schema/validation architecture per technical design.
	JSON Schema validation now uses jsv 0.13.1 with Draft 2020-12 default and Draft 7 provider support.
	Provider JSON Schema generation applies strictness recursively for nested objects.
	Schema inference avoids atom leaks by defaulting to string keys.

Fixed
	Required/default ordering so defaults apply before required checks.
	validate_many/3 base path ordering.

0.0.2 - 2025-12-27
Changed
	Switched JSON Schema validation to ex_json_schema v0.11.2.
	Updated generated $schema to JSON Schema Draft 7 for validator compatibility.
	Removed custom JSON Schema structural validation helpers in favor of meta-schema validation.

0.0.1 - 2025-07-05
Added
	Initial release of Sinter
	Unified schema definition, validation, and JSON generation for Elixir
	Core features:	Unified schema definition with Sinter.Schema.define/2
	Single validation pipeline with Sinter.Validator.validate/3
	JSON Schema generation with Sinter.JsonSchema.generate/2
	Dynamic schema creation for frameworks like DSPy
	Schema inference from examples
	Schema merging for composition
	Provider-specific JSON Schema optimizations


	Convenience helpers:	validate_type/3 for one-off type validation
	validate_value/4 for single field validation
	validate_many/1 for multiple value validation


	Compile-time macro support with use_schema
	Comprehensive example suite
	Full test coverage
	Documentation and API reference



  

    LICENSE


MIT License

Copyright (c) 2025 NSHkr

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.
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Unified schema definition, validation, and JSON generation for Elixir.
Sinter provides a focused, high-performance schema validation library designed
specifically for dynamic frameworks. It follows the "One True Way" principle:
	One way to define schemas (unified core engine)
	One way to validate data (single validation pipeline)
	One way to generate JSON Schema (unified generator)

Quick Start
# Define a schema
fields = [
  {:name, :string, [required: true]},
  {:age, :integer, [optional: true, gt: 0]}
]
schema = Sinter.Schema.define(fields)

# Validate data
{:ok, validated} = Sinter.Validator.validate(schema, %{
  name: "Alice",
  age: 30
})

# Generate JSON Schema
json_schema = Sinter.JsonSchema.generate(schema)
Dynamic Schema Creation
Sinter supports dynamic schema creation for teleprompters and runtime optimization:
# Infer schema from examples (perfect for MIPRO teleprompter)
examples = [
  %{"name" => "Alice", "age" => 30},
  %{"name" => "Bob", "age" => 25}
]
schema = Sinter.infer_schema(examples)

# Merge schemas for signature composition
input_schema = Sinter.Schema.define([{:query, :string, [required: true]}])
output_schema = Sinter.Schema.define([{:answer, :string, [required: true]}])
program_schema = Sinter.merge_schemas([input_schema, output_schema])
Convenience Helpers
This module provides convenient helper functions for common validation tasks
that internally use the core unified engine.
Design Philosophy
Sinter distills data validation to its pure essence, extracting the essential
power from complex systems while eliminating unnecessary abstraction. It follows
three key principles:
	Validation, Not Transformation - Sinter validates data structure and constraints
but does not perform business logic transformations
	Runtime-First Design - Schemas are data structures that can be created and
modified at runtime, perfect for dynamic frameworks
	Unified Core Engine - All validation flows through a single, well-tested
pipeline for consistency and reliability
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        validate_many(type_value_pairs, opts \\ [])

      


        Validates multiple values efficiently against their respective type specifications.



    


    
      
        validate_type(type_spec, value, opts \\ [])

      


        Validates a single value against a type specification.



    


    
      
        validate_value(field_name, type_spec, value, opts \\ [])

      


        Validates a single named value against a type specification.
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        Creates a reusable validation function for a specific type and constraints.
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          @type schema() :: Sinter.Schema.t()


      



  



  
    
      
    
    
      validation_opts()



        
          
        

    

  


  

      

          @type validation_opts() :: Sinter.Validator.validation_opts()
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          @type validation_result() :: {:ok, term()} | {:error, [Sinter.Error.t()]}
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          @spec batch_validator_for([{atom(), Sinter.Types.type_spec()}], validation_opts()) ::
  (map() ->
     {:ok, map()}
     | {:error,
        [
          Sinter.Error.t()
        ]})


      


Creates a batch validator function for multiple type specifications.
Parameters
	field_specs - List of field specifications or {name, type_spec} tuples
	base_opts - Base validation options

Examples
iex> batch_validator = Sinter.batch_validator_for([
...>   {:name, :string},
...>   {:age, :integer}
...> ])
iex> batch_validator.(%{name: "Alice", age: 30})
{:ok, %{name: "Alice", age: 30}}

  



    

  
    
      
    
    
      infer_schema(examples, opts \\ [])



        
          
        

    

  


  

      

          @spec infer_schema(
  [map()],
  keyword()
) :: Sinter.Schema.t()


      


Creates a schema by analyzing examples to infer field types and requirements.
This function is essential for DSPEx teleprompters like MIPRO that need to
dynamically optimize schemas based on program execution examples.
Parameters
	examples - List of maps representing example data
	opts - Schema creation options

Options
	:title - Schema title
	:description - Schema description
	:strict - Whether to reject unknown fields (default: false)
	:min_occurrence_ratio - Minimum ratio for field to be considered required (default: 0.8)

Returns
	Schema.t() - A schema inferred from the examples

Examples
iex> examples = [
...>   %{"name" => "Alice", "age" => 30},
...>   %{"name" => "Bob", "age" => 25},
...>   %{"name" => "Charlie", "age" => 35}
...> ]
iex> schema = Sinter.infer_schema(examples)
iex> fields = Sinter.Schema.fields(schema)
iex> fields[:name].type
:string
iex> fields[:age].type
:integer
Algorithm
	Field Discovery: Find all unique field names across examples
	Type Inference: Determine the most common type for each field
	Requirement Analysis: Fields present in >= min_occurrence_ratio are required
	Constraint Inference: Infer basic constraints from value patterns
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          @spec merge_schemas(
  [Sinter.Schema.t()],
  keyword()
) :: Sinter.Schema.t()


      


Merges multiple schemas into a single schema.
This is useful for DSPEx signature composition where you need to combine
input and output schemas or merge component signatures.
Parameters
	schemas - List of Schema.t() to merge
	opts - Optional schema configuration overrides

Merge Rules
	Fields: All fields from all schemas are included
	Conflicts: Later schemas override earlier ones for conflicting field definitions
	Configuration: First non-nil configuration value wins, except for :strict where last wins

Examples
iex> input_schema = Sinter.Schema.define([
...>   {:query, :string, [required: true]}
...> ])
iex> output_schema = Sinter.Schema.define([
...>   {:answer, :string, [required: true]},
...>   {:confidence, :float, [optional: true]}
...> ])
iex> merged = Sinter.merge_schemas([input_schema, output_schema])
iex> fields = Sinter.Schema.fields(merged)
iex> Map.keys(fields)
[:query, :answer, :confidence]
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          @spec validate_many(
  [
    {Sinter.Types.type_spec(), term()}
    | {atom(), Sinter.Types.type_spec(), term()}
    | {atom(), Sinter.Types.type_spec(), term(), keyword()}
  ],
  validation_opts()
) :: {:ok, [term()]} | {:error, %{required(integer()) => [Sinter.Error.t()]}}


      


Validates multiple values efficiently against their respective type specifications.
Parameters
	type_value_pairs - List of {type_spec, value} or {field_name, type_spec, value} tuples
	opts - Validation options

Examples
iex> Sinter.validate_many([
...>   {:string, "hello"},
...>   {:integer, 42},
...>   {:email, :string, "test@example.com", [format: ~r/@/]}
...> ])
{:ok, ["hello", 42, "test@example.com"]}

  



    

  
    
      
    
    
      validate_type(type_spec, value, opts \\ [])



        
          
        

    

  


  

      

          @spec validate_type(Sinter.Types.type_spec(), term(), validation_opts()) ::
  validation_result()


      


Validates a single value against a type specification.
This is a convenient helper for one-off type validation that creates a
temporary schema internally and uses the unified validation engine.
Parameters
	type_spec - The type specification to validate against
	value - The value to validate
	opts - Validation options

Options
	:coerce - Enable type coercion (default: false)
	:constraints - Additional constraints to apply

Returns
	{:ok, validated_value} on success
	{:error, errors} on validation failure

Examples
iex> Sinter.validate_type(:integer, "42", coerce: true)
{:ok, 42}

iex> Sinter.validate_type({:array, :string}, ["hello", "world"])
{:ok, ["hello", "world"]}

iex> {:error, [error]} = Sinter.validate_type(:string, 123)
iex> error.code
:type

  



    

  
    
      
    
    
      validate_value(field_name, type_spec, value, opts \\ [])



        
          
        

    

  


  

      

          @spec validate_value(atom(), Sinter.Types.type_spec(), term(), validation_opts()) ::
  validation_result()


      


Validates a single named value against a type specification.
This is a convenient helper for single field validation that creates a
temporary schema internally.
Parameters
	field_name - Name for the field (used in error messages)
	type_spec - The type specification to validate against
	value - The value to validate
	opts - Validation options and constraints

Examples
iex> Sinter.validate_value(:email, :string, "test@example.com",
...>   constraints: [format: ~r/@/])
{:ok, "test@example.com"}

iex> Sinter.validate_value(:score, :integer, "95",
...>   coerce: true, constraints: [gteq: 0, lteq: 100])
{:ok, 95}

  



    

  
    
      
    
    
      validator_for(type_spec, base_opts \\ [])



        
          
        

    

  


  

      

          @spec validator_for(Sinter.Types.type_spec(), validation_opts()) :: (term() ->
                                                                 validation_result())


      


Creates a reusable validation function for a specific type and constraints.
Returns a function that can be used to validate multiple values against
the same specification efficiently.
Parameters
	type_spec - The type specification
	base_opts - Base validation options and constraints

Examples
iex> email_validator = Sinter.validator_for(:string,
...>   constraints: [format: ~r/@/])
iex> email_validator.("test@example.com")
{:ok, "test@example.com"}
iex> {:error, [error]} = email_validator.("invalid")
iex> error.code
:format

  


        

      


  

    
Sinter.Schema 
    



      
Unified schema definition for Sinter.
This module provides the single, canonical way to define data validation schemas
in Sinter. It follows the "One True Way" principle - all schema creation flows
through define/2, whether at runtime or compile-time.
Basic Usage
# Runtime schema definition
schema = Sinter.Schema.define([
  {:name, :string, [required: true, min_length: 2]},
  {:age, :integer, [optional: true, gt: 0]}
])

# Compile-time schema definition
defmodule UserSchema do
  use Sinter.Schema

  use_schema do
    field :name, :string, required: true, min_length: 2
    field :age, :integer, optional: true, gt: 0
  end
end
Field Specifications
Each field is specified as a tuple: {name, type_spec, options}
Supported Options
	:required - Field must be present (default: true)
	:optional - Field may be omitted (default: false)
	:default - Default value if field is missing (implies optional: true)
	:description - Human-readable description
	:example - Example value for documentation

Constraints
	:min_length, :max_length - For strings and arrays
	:gt, :gteq, :lt, :lteq - For numbers
	:format - Regex pattern for strings
	:choices - List of allowed values

Schema Configuration
	:title - Schema title for documentation
	:description - Schema description
	:strict - Reject unknown fields (default: false)
	:post_validate - Custom validation function
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    Functions
  


    
      
        config(schema)

      


        Returns the schema configuration.



    


    
      
        constraints(schema)

      


        Extracts constraint information from schema fields.



    


    
      
        define(field_specs, opts \\ [])

      


        Defines a schema from field specifications.



    


    
      
        field(name, type_spec, opts \\ [])

      


        Defines a field in the schema.



    


    
      
        field_aliases(schema)

      


        Returns a map of canonical field names to their aliases.



    


    
      
        field_types(schema)

      


        Extracts field types from a schema for analysis and introspection.



    


    
      
        fields(schema)

      


        Returns the field definitions map.



    


    
      
        info(schema)

      


        Returns summary information about the schema.



    


    
      
        object(schema_or_fields, opts \\ [])

      


        Builds a nested object schema type from field specifications.



    


    
      
        option(key, value)

      


        Adds an option to the schema being defined.



    


    
      
        optional_fields(schema)

      


        Returns a list of optional field names.



    


    
      
        post_validate_fn(schema)

      


        Returns the post-validation function if defined.



    


    
      
        pre_validate_fn(schema)

      


        Returns the pre-validation function if defined.



    


    
      
        required_fields(schema)

      


        Returns a list of required field names.



    


    
      
        strict?(schema)

      


        Returns true if the schema is in strict mode.



    


    
      
        use_schema(list)

      


        Compile-time schema definition macro.
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      config()



        
          
        

    

  


  

      

          @type config() :: %{
  title: String.t() | nil,
  description: String.t() | nil,
  strict: boolean(),
  post_validate: function() | nil,
  pre_validate: function() | nil
}


      



  



  
    
      
    
    
      field_definition()



        
          
        

    

  


  

      

          @type field_definition() :: %{
  name: String.t(),
  type: Sinter.Types.type_spec(),
  required: boolean(),
  constraints: keyword(),
  description: String.t() | nil,
  example: term() | nil,
  default: term() | nil,
  validate: function() | [function()] | nil,
  alias: String.t() | nil
}


      



  



  
    
      
    
    
      field_spec()



        
          
        

    

  


  

      

          @type field_spec() :: {atom() | String.t(), Sinter.Types.type_spec(), keyword()}


      



  



  
    
      
    
    
      metadata()



        
          
        

    

  


  

      

          @type metadata() :: %{
  created_at: DateTime.t(),
  field_count: non_neg_integer(),
  sinter_version: String.t()
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Sinter.Schema{
  config: config(),
  definition: map(),
  fields: %{required(String.t()) => field_definition()},
  metadata: metadata()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      config(schema)



        
          
        

    

  


  

      

          @spec config(t()) :: config()


      


Returns the schema configuration.
Examples
iex> schema = Sinter.Schema.define([], title: "Test Schema")
iex> config = Sinter.Schema.config(schema)
iex> config.title
"Test Schema"

  



  
    
      
    
    
      constraints(schema)



        
          
        

    

  


  

      

          @spec constraints(t()) :: %{required(String.t()) => keyword()}


      


Extracts constraint information from schema fields.
Returns a map of field names to their constraint lists, useful for
teleprompter analysis and optimization.
Parameters
	schema - A Sinter schema

Returns
	A map of field_name => constraints_list

Examples
iex> schema = Sinter.Schema.define([
...>   {:name, :string, [required: true, min_length: 2, max_length: 50]},
...>   {:score, :integer, [required: true, gt: 0, lteq: 100]}
...> ])
iex> Sinter.Schema.constraints(schema)
%{
  name: [min_length: 2, max_length: 50],
  score: [gt: 0, lteq: 100]
}

  



    

  
    
      
    
    
      define(field_specs, opts \\ [])



        
          
        

    

  


  

      

          @spec define(
  [field_spec()],
  keyword()
) :: t()


      


Defines a schema from field specifications.
This is the unified entry point for all schema creation in Sinter.
Both runtime and compile-time schema definition ultimately use this function.
Parameters
	field_specs - List of field specifications
	opts - Schema configuration options

Options
	:title - Schema title for documentation
	:description - Schema description
	:strict - Reject unknown fields (default: false)
	:post_validate - Custom validation function

Examples
iex> schema = Sinter.Schema.define([
...>   {:name, :string, [required: true, min_length: 2]},
...>   {:age, :integer, [optional: true, gt: 0]}
...> ], title: "User Schema")
iex> schema.config.title
"User Schema"

iex> schema.fields[:name].required
true

  



    

  
    
      
    
    
      field(name, type_spec, opts \\ [])


        (macro)


        
          
        

    

  


  

Defines a field in the schema.
Used within use_schema blocks.
Examples
field :name, :string, required: true, min_length: 2
field :age, :integer, optional: true, gt: 0
field :active, :boolean, optional: true, default: true

  



  
    
      
    
    
      field_aliases(schema)



        
          
        

    

  


  

      

          @spec field_aliases(t()) :: %{required(String.t()) => String.t()}


      


Returns a map of canonical field names to their aliases.
Only includes fields that have aliases defined.
Examples
iex> schema = Sinter.Schema.define([
...>   {:account_name, :string, [alias: "accountName"]},
...>   {:no_alias, :string, []}
...> ])
iex> Sinter.Schema.field_aliases(schema)
%{"account_name" => "accountName"}

  



  
    
      
    
    
      field_types(schema)



        
          
        

    

  


  

      

          @spec field_types(t()) :: %{required(String.t()) => Sinter.Types.type_spec()}


      


Extracts field types from a schema for analysis and introspection.
This is useful for DSPEx teleprompters that need to analyze the structure
of schemas for optimization purposes.
Parameters
	schema - A Sinter schema

Returns
	A map of field_name => type_spec

Examples
iex> schema = Sinter.Schema.define([
...>   {:name, :string, [required: true]},
...>   {:tags, {:array, :string}, [optional: true]}
...> ])
iex> Sinter.Schema.field_types(schema)
%{
  name: :string,
  tags: {:array, :string}
}
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          @spec fields(t()) :: %{required(String.t()) => field_definition()}


      


Returns the field definitions map.
Examples
iex> schema = Sinter.Schema.define([{:name, :string, [required: true]}])
iex> fields = Sinter.Schema.fields(schema)
iex> fields[:name].required
true

  



  
    
      
    
    
      info(schema)



        
          
        

    

  


  

      

          @spec info(t()) :: map()


      


Returns summary information about the schema.
Examples
iex> schema = Sinter.Schema.define([
...>   {:name, :string, [required: true]},
...>   {:age, :integer, [optional: true]}
...> ], title: "User Schema")
iex> info = Sinter.Schema.info(schema)
iex> info.field_count
2
iex> info.title
"User Schema"

  



    

  
    
      
    
    
      object(schema_or_fields, opts \\ [])



        
          
        

    

  


  

      

          @spec object(
  [field_spec()] | t(),
  keyword()
) :: {:object, t()}


      


Builds a nested object schema type from field specifications.
Examples
iex> address = Sinter.Schema.object([{:street, :string, [required: true]}])
iex> schema = Sinter.Schema.define([{:address, address, [required: true]}])

  



  
    
      
    
    
      option(key, value)


        (macro)


        
          
        

    

  


  

Adds an option to the schema being defined.
Used within use_schema blocks.
Examples
option :title, "User Schema"
option :strict, true

  



  
    
      
    
    
      optional_fields(schema)



        
          
        

    

  


  

      

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


      


Returns a list of optional field names.
Examples
iex> schema = Sinter.Schema.define([
...>   {:name, :string, [required: true]},
...>   {:age, :integer, [optional: true]}
...> ])
iex> Sinter.Schema.optional_fields(schema)
[:age]

  



  
    
      
    
    
      post_validate_fn(schema)



        
          
        

    

  


  

      

          @spec post_validate_fn(t()) :: function() | nil


      


Returns the post-validation function if defined.
Examples
iex> post_fn = fn data -> {:ok, data} end
iex> schema = Sinter.Schema.define([], post_validate: post_fn)
iex> Sinter.Schema.post_validate_fn(schema)
#Function<...>

  



  
    
      
    
    
      pre_validate_fn(schema)



        
          
        

    

  


  

      

          @spec pre_validate_fn(t()) :: function() | nil


      


Returns the pre-validation function if defined.
Examples
iex> pre_fn = fn data -> Map.put(data, "extra", "value") end
iex> schema = Sinter.Schema.define([], pre_validate: pre_fn)
iex> Sinter.Schema.pre_validate_fn(schema)
#Function<...>

  



  
    
      
    
    
      required_fields(schema)



        
          
        

    

  


  

      

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


      


Returns a list of required field names.
Examples
iex> schema = Sinter.Schema.define([
...>   {:name, :string, [required: true]},
...>   {:age, :integer, [optional: true]}
...> ])
iex> Sinter.Schema.required_fields(schema)
[:name]

  



  
    
      
    
    
      strict?(schema)



        
          
        

    

  


  

      

          @spec strict?(t()) :: boolean()


      


Returns true if the schema is in strict mode.
Examples
iex> schema = Sinter.Schema.define([], strict: true)
iex> Sinter.Schema.strict?(schema)
true
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        (macro)


        
          
        

    

  


  

Compile-time schema definition macro.
This macro provides a DSL for defining schemas at compile time.
It accumulates field and option definitions and creates a schema
using define/2.
Example
defmodule UserSchema do
  use Sinter.Schema

  use_schema do
    option :title, "User Schema"
    option :strict, true

    field :name, :string, required: true, min_length: 2
    field :age, :integer, optional: true, gt: 0
    field :active, :boolean, optional: true, default: true
  end
end

# The module will have a schema/0 function
UserSchema.schema()

  


        

      


  

    
Sinter.Validator 
    



      
The unified validation engine for Sinter.
This module provides the single validation pipeline that handles all types
of validation in Sinter. It processes schemas created by Sinter.Schema.define/2
and runs a clean, predictable validation process.
Validation Pipeline
	Input Validation - Ensure input is valid format
	Required Field Check - Verify all required fields are present
	Field Validation - Validate each field against its type and constraints
	Strict Mode Check - Reject unknown fields if strict mode enabled
	Post Validation - Run custom cross-field validation if configured

Design Philosophy
The validator focuses purely on validation - it does NOT perform data transformation.
Any data transformation should be explicit in your application code, keeping
your validation logic pure and your transformations visible.
Usage
schema = Sinter.Schema.define([
  {:name, :string, [required: true, min_length: 2]},
  {:age, :integer, [optional: true, gt: 0]}
])

# Basic validation
{:ok, validated} = Sinter.Validator.validate(schema, %{name: "Alice", age: 30})

# With coercion
{:ok, validated} = Sinter.Validator.validate(schema, %{name: "Alice", age: "30"}, coerce: true)

# Batch validation
data_list = [%{name: "Alice", age: 30}, %{name: "Bob", age: 25}]
{:ok, validated_list} = Sinter.Validator.validate_many(schema, data_list)
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        validate(schema, data, opts \\ [])

      


        Validates data against a Sinter schema.



    


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

      


        Validates data against a schema, raising an exception on failure.



    


    
      
        validate_many(schema, data_list, opts \\ [])

      


        Validates multiple data items against the same schema efficiently.



    


    
      
        validate_stream(schema, data_stream, opts \\ [])

      


        Validates a stream of data maps against a schema with memory efficiency.
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          @type validation_opts() :: [
  coerce: boolean(),
  strict: boolean(),
  path: [atom() | String.t() | integer()]
]


      



  



  
    
      
    
    
      validation_result()



        
          
        

    

  


  

      

          @type validation_result() :: {:ok, map()} | {:error, [Sinter.Error.t()]}


      



  


        

      

      
        Functions


        


    

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



        
          
        

    

  


  

      

          @spec validate(Sinter.Schema.t(), map(), validation_opts()) :: validation_result()


      


Validates data against a Sinter schema.
This is the core validation function that all other validation in Sinter
ultimately uses. It implements a clean, predictable pipeline.
Parameters
	schema - A schema created by Sinter.Schema.define/2
	data - The data to validate (must be a map)
	opts - Validation options

Options
	:coerce - Enable type coercion (default: false)
	:strict - Override schema's strict setting
	:path - Base path for error reporting (default: [])

Returns
	{:ok, validated_data} - Validation succeeded
	{:error, errors} - List of validation errors

Examples
iex> schema = Sinter.Schema.define([
...>   {:name, :string, [required: true]},
...>   {:age, :integer, [optional: true, gt: 0]}
...> ])
iex> Sinter.Validator.validate(schema, %{name: "Alice", age: 30})
{:ok, %{name: "Alice", age: 30}}

iex> Sinter.Validator.validate(schema, %{age: 30})
{:error, [%Sinter.Error{path: [:name], code: :required, ...}]}

  



    

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



        
          
        

    

  


  

      

          @spec validate!(Sinter.Schema.t(), map(), validation_opts()) :: map() | no_return()


      


Validates data against a schema, raising an exception on failure.
Examples
iex> validated = Sinter.Validator.validate!(schema, data)
%{name: "Alice", age: 30}

# Raises Sinter.ValidationError on failure

  



    

  
    
      
    
    
      validate_many(schema, data_list, opts \\ [])



        
          
        

    

  


  

      

          @spec validate_many(Sinter.Schema.t(), [map()], validation_opts()) ::
  {:ok, [map()]} | {:error, %{required(integer()) => [Sinter.Error.t()]}}


      


Validates multiple data items against the same schema efficiently.
Parameters
	schema - Schema to validate against
	data_list - List of data maps to validate
	opts - Validation options

Returns
	{:ok, validated_list} if all validations succeed
	{:error, errors_by_index} if any validation fails

Examples
iex> data_list = [
...>   %{name: "Alice", age: 30},
...>   %{name: "Bob", age: 25}
...> ]
iex> Sinter.Validator.validate_many(schema, data_list)
{:ok, [%{name: "Alice", age: 30}, %{name: "Bob", age: 25}]}

  



    

  
    
      
    
    
      validate_stream(schema, data_stream, opts \\ [])



        
          
        

    

  


  

      

          @spec validate_stream(Sinter.Schema.t(), Enumerable.t(), validation_opts()) ::
  Enumerable.t()


      


Validates a stream of data maps against a schema with memory efficiency.
This function is designed for processing large datasets without loading
everything into memory at once. Perfect for DSPEx teleprompter optimization
on large training sets.
Parameters
	schema - A schema created by Sinter.Schema.define/2
	data_stream - An Enumerable of data maps to validate
	opts - Validation options

Returns
	A stream of {:ok, validated_data} or {:error, [Error.t()]} tuples

Examples
iex> schema = Sinter.Schema.define([{:id, :integer, [required: true]}])
iex> data_stream = Stream.map(1..1000, &%{"id" => &1})
iex> results = Sinter.Validator.validate_stream(schema, data_stream)
iex> Enum.take(results, 3)
[
  {:ok, %{id: 1}},
  {:ok, %{id: 2}},
  {:ok, %{id: 3}}
]
Memory Efficiency
This function processes items one at a time and does not accumulate results,
making it suitable for very large datasets that would not fit in memory.

  


        

      


  

    
Sinter.JSON 
    



      
JSON encode/decode helpers with Sinter validation and transforms.
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    Functions
  


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

      


        Decodes JSON and validates against a schema.



    


    
      
        decode!(json, schema, opts \\ [])

      


        Decodes JSON and validates against a schema, raising on failure.



    


    
      
        encode(data, opts \\ [])

      


        Encodes data as JSON after applying the transform pipeline.



    


    
      
        encode!(data, opts \\ [])

      


        Encodes data as JSON and raises on failure.
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          @type decode_opts() :: Sinter.Validator.validation_opts()
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          @type encode_opts() :: [aliases: map(), formats: map(), drop_nil?: boolean()]
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      decode(json, schema, opts \\ [])



        
          
        

    

  


  

      

          @spec decode(String.t(), Sinter.Schema.t(), decode_opts()) ::
  {:ok, map()} | {:error, [Sinter.Error.t()]}


      


Decodes JSON and validates against a schema.

  



    

  
    
      
    
    
      decode!(json, schema, opts \\ [])



        
          
        

    

  


  

      

          @spec decode!(String.t(), Sinter.Schema.t(), decode_opts()) :: map()


      


Decodes JSON and validates against a schema, raising on failure.
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          @spec encode(term(), encode_opts()) :: {:ok, String.t()} | {:error, term()}


      


Encodes data as JSON after applying the transform pipeline.
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          @spec encode!(term(), encode_opts()) :: String.t()


      


Encodes data as JSON and raises on failure.

  


        

      


  

    
Sinter.JsonSchema 
    



      
Unified JSON Schema generation for Sinter.
This module provides the single JSON Schema generation engine that handles
all JSON Schema creation in Sinter. It converts Sinter schemas into standard
JSON Schema format with optional provider-specific optimizations.
Features
	Standard JSON Schema generation
	Provider-specific optimizations (OpenAI, Anthropic, etc.)
	Reference resolution and flattening
	Constraint mapping
	Metadata preservation

Usage
schema = Sinter.Schema.define([
  {:name, :string, [required: true, min_length: 2]},
  {:age, :integer, [optional: true, gt: 0]}
])

# Basic JSON Schema generation
json_schema = Sinter.JsonSchema.generate(schema)

# Provider-specific optimization
openai_schema = Sinter.JsonSchema.generate(schema, optimize_for_provider: :openai)

# For specific providers
anthropic_schema = Sinter.JsonSchema.for_provider(schema, :anthropic)
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        for_provider(schema, provider, additional_opts \\ [])

      


        Generates a JSON Schema optimized for a specific LLM provider.



    


    
      
        generate(schema, opts \\ [])

      


        Generates a JSON Schema from a Sinter schema.



    


    
      
        validate_schema(json_schema, opts \\ [])

      


        Validates a JSON Schema for correctness and compatibility.
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          @type draft() :: :draft2020_12 | :draft7


      



  



  
    
      
    
    
      generation_opts()



        
          
        

    

  


  

      

          @type generation_opts() :: [
  optimize_for_provider: :openai | :anthropic | :generic,
  draft: draft(),
  flatten: boolean(),
  include_descriptions: boolean(),
  strict: boolean()
]
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          @spec for_provider(Sinter.Schema.t(), :openai | :anthropic | :generic, keyword()) ::
  map()


      


Generates a JSON Schema optimized for a specific LLM provider.
This is a convenience function that applies provider-specific optimizations
and returns a schema ready for use with that provider's API.
Examples
iex> openai_schema = Sinter.JsonSchema.for_provider(schema, :openai)
iex> anthropic_schema = Sinter.JsonSchema.for_provider(schema, :anthropic)

  



    

  
    
      
    
    
      generate(schema, opts \\ [])



        
          
        

    

  


  

      

          @spec generate(Sinter.Schema.t(), generation_opts()) :: map()


      


Generates a JSON Schema from a Sinter schema.
This is the core JSON Schema generation function that converts Sinter schemas
into standard JSON Schema format.
Parameters
	schema - A Sinter schema created by Sinter.Schema.define/2
	opts - Generation options

Options
	:optimize_for_provider - Apply provider-specific optimizations	:openai - Optimize for OpenAI function calling
	:anthropic - Optimize for Anthropic tool use
	:generic - Standard JSON Schema (default)


	:flatten - Resolve all references inline (default: false)
	:include_descriptions - Include field descriptions (default: true)
	:strict - Override schema's strict setting for additionalProperties

Returns
	JSON Schema map

Examples
iex> schema = Sinter.Schema.define([
...>   {:name, :string, [required: true, min_length: 2]},
...>   {:age, :integer, [optional: true, gt: 0]}
...> ], title: "User Schema")
iex> Sinter.JsonSchema.generate(schema)
%{
  "type" => "object",
  "title" => "User Schema",
  "properties" => %{
    "name" => %{"type" => "string", "minLength" => 2},
    "age" => %{"type" => "integer", "exclusiveMinimum" => 0}
  },
  "required" => ["name"],
  "additionalProperties" => false
}

# Provider-specific optimization
iex> Sinter.JsonSchema.generate(schema, optimize_for_provider: :openai)
%{
  "type" => "object",
  "properties" => %{...},
  "additionalProperties" => false,
  "required" => ["name"]
}

  



    

  
    
      
    
    
      validate_schema(json_schema, opts \\ [])



        
          
        

    

  


  

      

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


      


Validates a JSON Schema for correctness and compatibility.
Uses JSV to validate against the JSON Schema meta-schema.
Parameters
	json_schema - The JSON Schema to validate
	opts - Validation options

Options
	:draft - Override default meta-schema (:draft2020_12 or :draft7)

Returns
	:ok if schema is valid
	{:error, issues} if problems are found


  


        

      


  

    
Sinter.NotGiven 
    



      
Sentinel values for distinguishing omitted fields from explicit nil.
Mirrors Python's NotGiven/Omit pattern so request payload builders can
drop fields that callers intentionally left out while preserving nil values.

      


      
        Summary


  
    Functions
  


    
      
        coalesce(value, default \\ nil)

      


        Replace sentinel values with the provided fallback.



    


    
      
        is_not_given(value)

      


    


    
      
        is_omit(value)

      


    


    
      
        not_given?(value)

      


        Check if a value is the NotGiven sentinel.



    


    
      
        omit()

      


        Retrieve the omit sentinel used to explicitly drop default values.



    


    
      
        omit?(value)

      


        Check if a value is the omit sentinel.



    


    
      
        value()

      


        Retrieve the NotGiven sentinel.



    





      


      
        Functions


        


    

  
    
      
    
    
      coalesce(value, default \\ nil)



        
          
        

    

  


  

      

          @spec coalesce(term(), term()) :: term()


      


Replace sentinel values with the provided fallback.

  



  
    
      
    
    
      is_not_given(value)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      is_omit(value)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      not_given?(value)



        
          
        

    

  


  

Check if a value is the NotGiven sentinel.

  



  
    
      
    
    
      omit()



        
          
        

    

  


  

      

          @spec omit() :: :__sinter_omit__


      


Retrieve the omit sentinel used to explicitly drop default values.

  



  
    
      
    
    
      omit?(value)



        
          
        

    

  


  

Check if a value is the omit sentinel.

  



  
    
      
    
    
      value()



        
          
        

    

  


  

      

          @spec value() :: :__sinter_not_given__


      


Retrieve the NotGiven sentinel.

  


        

      


  

    
Sinter.Transform 
    



      
Lightweight serialization helpers for request payloads.
	Drops Sinter.NotGiven/Sinter.NotGiven.omit/0 sentinels
	Applies key aliases and simple formatters (e.g., ISO8601 timestamps)
	Recurses through maps, structs, and lists while stringifying keys


      


      
        Summary


  
    Types
  


    
      
        format()

      


    


    
      
        opts()

      


    





  
    Functions
  


    
      
        transform(data, opts \\ [])

      


        Transform a payload into a JSON-friendly map.
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      format()



        
          
        

    

  


  

      

          @type format() :: :iso8601 | (term() -> term())


      



  



  
    
      
    
    
      opts()



        
          
        

    

  


  

      

          @type opts() :: [
  aliases: map(),
  formats: map(),
  drop_nil?: boolean(),
  schema: Sinter.Schema.t() | nil,
  use_aliases: boolean()
]


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      transform(data, opts \\ [])



        
          
        

    

  


  

      

          @spec transform(term(), opts()) :: term()


      


Transform a payload into a JSON-friendly map.
	Keys are stringified and alias mappings are applied
	NotGiven/omit sentinels are removed
	Optional formatters can be attached per key (:iso8601 or a unary function)

Options
	:aliases - Map of canonical keys to alias keys
	:formats - Map of keys to formatters
	:drop_nil? - Whether to drop nil values (default: false)
	:schema - A Sinter.Schema to extract aliases from
	:use_aliases - Whether to use aliases from schema (default: false)


  


        

      


  

    
Sinter.Error 
    



      
Structured error representation for Sinter validation errors.
This module provides a consistent way to represent validation errors
throughout Sinter, including path information for nested data structures
and machine-readable error codes.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        filter_by_code(errors, code)

      


        Filters errors by error code.



    


    
      
        format(error, opts \\ [])

      


        Formats an error into a human-readable string.



    


    
      
        format_errors(errors, opts \\ [])

      


        Formats multiple errors into a readable string.



    


    
      
        group_by_code(errors)

      


        Groups errors by their error code.



    


    
      
        group_by_path(errors)

      


        Groups errors by their path for easier processing.



    


    
      
        new(path, code, message, context \\ nil)

      


        Creates a new validation error.



    


    
      
        summarize(errors)

      


        Summarizes validation errors into a report.



    


    
      
        to_map(error)

      


        Converts an error to a map representation.



    


    
      
        to_maps(errors)

      


        Converts multiple errors to map representations.



    


    
      
        with_context(path, code, message, context)

      


        Creates a new error with additional context information.



    


    
      
        with_llm_context(error, llm_response, prompt)

      


        Adds LLM debugging context to a validation error.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Sinter.Error{
  code: atom(),
  context: map() | nil,
  message: String.t(),
  path: [atom() | String.t() | integer()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      filter_by_code(errors, code)



        
          
        

    

  


  

      

          @spec filter_by_code([t()], atom()) :: [t()]


      


Filters errors by error code.
Examples
iex> errors = [
...>   Sinter.Error.new([:name], :required, "field is required"),
...>   Sinter.Error.new([:age], :type, "expected integer")
...> ]
iex> Sinter.Error.filter_by_code(errors, :required)
[%Sinter.Error{path: [:name], code: :required, ...}]

  



    

  
    
      
    
    
      format(error, opts \\ [])



        
          
        

    

  


  

      

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


      


Formats an error into a human-readable string.
Parameters
	error - The error to format
	opts - Formatting options

Options
	:include_path - Include the path in the formatted message (default: true)
	:path_separator - Separator for path elements (default: ".")

Examples
iex> error = %Sinter.Error{
...>   path: [:user, :email],
...>   code: :format,
...>   message: "invalid email format"
...> }
iex> Sinter.Error.format(error)
"user.email: invalid email format"

iex> Sinter.Error.format(error, include_path: false)
"invalid email format"

  



    

  
    
      
    
    
      format_errors(errors, opts \\ [])



        
          
        

    

  


  

      

          @spec format_errors(
  [t()],
  keyword()
) :: String.t()


      


Formats multiple errors into a readable string.
Examples
iex> errors = [
...>   Sinter.Error.new([:name], :required, "field is required"),
...>   Sinter.Error.new([:age], :type, "expected integer")
...> ]
iex> Sinter.Error.format_errors(errors)
"name: field is required\nage: expected integer"

  



  
    
      
    
    
      group_by_code(errors)



        
          
        

    

  


  

      

          @spec group_by_code([t()]) :: %{required(atom()) => [t()]}


      


Groups errors by their error code.
Examples
iex> errors = [
...>   Sinter.Error.new([:name], :required, "field is required"),
...>   Sinter.Error.new([:email], :required, "field is required"),
...>   Sinter.Error.new([:age], :type, "expected integer")
...> ]
iex> Sinter.Error.group_by_code(errors)
%{
  required: [
    %Sinter.Error{path: [:name], ...},
    %Sinter.Error{path: [:email], ...}
  ],
  type: [
    %Sinter.Error{path: [:age], ...}
  ]
}

  



  
    
      
    
    
      group_by_path(errors)



        
          
        

    

  


  

      

          @spec group_by_path([t()]) :: %{required([atom() | String.t() | integer()]) => [t()]}


      


Groups errors by their path for easier processing.
Examples
iex> errors = [
...>   Sinter.Error.new([:user, :name], :required, "field is required"),
...>   Sinter.Error.new([:user, :name], :min_length, "too short"),
...>   Sinter.Error.new([:user, :email], :format, "invalid format")
...> ]
iex> Sinter.Error.group_by_path(errors)
%{
  [:user, :name] => [
    %Sinter.Error{code: :required, ...},
    %Sinter.Error{code: :min_length, ...}
  ],
  [:user, :email] => [
    %Sinter.Error{code: :format, ...}
  ]
}

  



    

  
    
      
    
    
      new(path, code, message, context \\ nil)



        
          
        

    

  


  

      

          @spec new(
  [atom() | String.t() | integer()] | atom() | String.t(),
  atom(),
  String.t(),
  map() | nil
) :: t()


      


Creates a new validation error.
Parameters
	path - Path to the field that caused the error
	code - Machine-readable error code
	message - Human-readable error message
	context - Optional additional context information

Examples
iex> Sinter.Error.new([:user, :email], :format, "invalid email format")
%Sinter.Error{
  path: [:user, :email],
  code: :format,
  message: "invalid email format",
  context: nil
}

iex> Sinter.Error.new(:name, :required, "field is required")
%Sinter.Error{path: [:name], code: :required, message: "field is required"}

  



  
    
      
    
    
      summarize(errors)



        
          
        

    

  


  

      

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


      


Summarizes validation errors into a report.
Examples
iex> errors = [
...>   Sinter.Error.new([:name], :required, "field is required"),
...>   Sinter.Error.new([:age], :type, "expected integer"),
...>   Sinter.Error.new([:email], :format, "invalid email format")
...> ]
iex> Sinter.Error.summarize(errors)
%{
  total_errors: 3,
  error_codes: [:required, :type, :format],
  affected_paths: [[:name], [:age], [:email]],
  by_code: %{
    required: 1,
    type: 1,
    format: 1
  }
}

  



  
    
      
    
    
      to_map(error)



        
          
        

    

  


  

      

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


      


Converts an error to a map representation.
Useful for JSON serialization or API responses.
Examples
iex> error = Sinter.Error.new([:user, :email], :format, "invalid email format")
iex> Sinter.Error.to_map(error)
%{
  "path" => ["user", "email"],
  "code" => "format",
  "message" => "invalid email format"
}

  



  
    
      
    
    
      to_maps(errors)



        
          
        

    

  


  

      

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


      


Converts multiple errors to map representations.
Examples
iex> errors = [
...>   Sinter.Error.new([:name], :required, "field is required"),
...>   Sinter.Error.new([:age], :type, "expected integer")
...> ]
iex> Sinter.Error.to_maps(errors)
[
  %{"path" => ["name"], "code" => "required", "message" => "field is required"},
  %{"path" => ["age"], "code" => "type", "message" => "expected integer"}
]

  



  
    
      
    
    
      with_context(path, code, message, context)



        
          
        

    

  


  

      

          @spec with_context(
  [atom() | String.t() | integer()] | atom() | String.t(),
  atom(),
  String.t(),
  map()
) :: t()


      


Creates a new error with additional context information.
Examples
iex> context = %{expected: "string", actual: "integer", value: 42}
iex> Sinter.Error.with_context([:age], :type, "expected string", context)
%Sinter.Error{
  path: [:age],
  code: :type,
  message: "expected string",
  context: %{expected: "string", actual: "integer", value: 42}
}

  



  
    
      
    
    
      with_llm_context(error, llm_response, prompt)



        
          
        

    

  


  

      

          @spec with_llm_context(t(), term(), String.t()) :: t()


      


Adds LLM debugging context to a validation error.
This function enhances errors with information about the LLM response and
original prompt, making it easier to debug validation failures in DSPEx
programs.
Parameters
	error - The original validation error
	llm_response - The raw response from the LLM
	prompt - The original prompt sent to the LLM

Returns
	Enhanced error with LLM context information

Examples
iex> error = Sinter.Error.new([:name], :required, "field is required")
iex> llm_response = %{"age" => 30}  # missing name field
iex> prompt = "Generate a user profile with name and age"
iex> enhanced = Sinter.Error.with_llm_context(error, llm_response, prompt)
iex> enhanced.context.llm_response
%{"age" => 30}
iex> enhanced.context.prompt
"Generate a user profile with name and age"

  


        

      


  

    
Sinter.Types 
    



      
Core type system for Sinter validation.
This module defines the type specifications supported by Sinter and provides
the fundamental validation and coercion functions that power the unified
validation engine.
Supported Types
	Primitive Types: :string, :integer, :float, :boolean, :atom, :any, :map
	Array Types: {:array, inner_type}
	Union Types: {:union, [type1, type2, ...]}
	Tuple Types: {:tuple, [type1, type2, ...]}
	Map Types: {:map, key_type, value_type} or :map

Type Validation
The validate/3 function is the core validation engine:
iex> Sinter.Types.validate(:string, "hello", [])
{:ok, "hello"}

iex> Sinter.Types.validate(:integer, "not a number", [])
{:error, [%Sinter.Error{code: :type, ...}]}
Type Coercion
The coerce/2 function provides safe type conversion:
iex> Sinter.Types.coerce(:integer, "42")
{:ok, 42}

iex> Sinter.Types.coerce(:integer, "not a number")
{:error, [%Sinter.Error{code: :coercion, ...}]}
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        composite_type()

      


    


    
      
        constraint()

      


    


    
      
        primitive_type()

      


    


    
      
        type_spec()

      


    





  
    Functions
  


    
      
        coerce(type_spec, value)

      


        Attempts to coerce a value to the specified type.



    


    
      
        to_json_schema(type_spec)

      


        Converts a type specification to JSON Schema format.



    


    
      
        validate(type_spec, value, path \\ [])

      


        Validates a value against a type specification.
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      composite_type()



        
          
        

    

  


  

      

          @type composite_type() ::
  {:array, type_spec()}
  | {:array, type_spec(), keyword()}
  | {:union, [type_spec()]}
  | {:tuple, [type_spec()]}
  | {:map, type_spec(), type_spec()}
  | {:nullable, type_spec()}
  | {:object, Sinter.Schema.t() | [Sinter.Schema.field_spec()]}
  | {:literal, term()}
  | {:discriminated_union, keyword()}


      



  



  
    
      
    
    
      constraint()



        
          
        

    

  


  

      

          @type constraint() ::
  {:min_length, pos_integer()}
  | {:max_length, pos_integer()}
  | {:min_items, non_neg_integer()}
  | {:max_items, pos_integer()}
  | {:gt, number()}
  | {:gteq, number()}
  | {:lt, number()}
  | {:lteq, number()}
  | {:format, Regex.t()}
  | {:choices, [term()]}


      



  



  
    
      
    
    
      primitive_type()



        
          
        

    

  


  

      

          @type primitive_type() ::
  :string
  | :integer
  | :float
  | :boolean
  | :atom
  | :any
  | :map
  | :date
  | :datetime
  | :uuid
  | :null


      



  



  
    
      
    
    
      type_spec()



        
          
        

    

  


  

      

          @type type_spec() :: primitive_type() | composite_type()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      coerce(type_spec, value)



        
          
        

    

  


  

      

          @spec coerce(type_spec(), term()) :: {:ok, term()} | {:error, [Sinter.Error.t()]}


      


Attempts to coerce a value to the specified type.
Coercion is safe and predictable - it never raises exceptions and only
performs well-defined conversions.
Parameters
	type_spec - The target type specification
	value - The value to coerce

Returns
	{:ok, coerced_value} on successful coercion
	{:error, [%Sinter.Error{}]} on coercion failure

Examples
iex> Sinter.Types.coerce(:string, :hello)
{:ok, "hello"}

iex> Sinter.Types.coerce(:integer, "42")
{:ok, 42}

iex> {:error, [error]} = Sinter.Types.coerce(:integer, "not a number")
iex> error.code
:coercion

  



  
    
      
    
    
      to_json_schema(type_spec)



        
          
        

    

  


  

      

          @spec to_json_schema(type_spec()) :: map()


      


Converts a type specification to JSON Schema format.
This function maps Sinter types to their JSON Schema equivalents,
enabling JSON Schema generation for LLM providers.
Examples
iex> Sinter.Types.to_json_schema(:string)
%{"type" => "string"}

iex> Sinter.Types.to_json_schema({:array, :integer})
%{"type" => "array", "items" => %{"type" => "integer"}}

  



    

  
    
      
    
    
      validate(type_spec, value, path \\ [])



        
          
        

    

  


  

      

          @spec validate(type_spec(), term(), [atom() | String.t() | integer()]) ::
  {:ok, term()} | {:error, [Sinter.Error.t()]}


      


Validates a value against a type specification.
This is the core validation function that all other validation ultimately uses.
It checks if a value matches the expected type and satisfies any constraints.
Parameters
	type_spec - The type specification to validate against
	value - The value to validate
	path - The path for error reporting (default: [])

Returns
	{:ok, validated_value} on success
	{:error, [%Sinter.Error{}]} on validation failure

Examples
iex> Sinter.Types.validate(:string, "hello", [])
{:ok, "hello"}

iex> Sinter.Types.validate(:integer, 42, [])
{:ok, 42}

iex> Sinter.Types.validate({:array, :string}, ["a", "b"], [])
{:ok, ["a", "b"]}

iex> {:error, [error]} = Sinter.Types.validate(:string, 123, [])
iex> error.code
:type

  


        

      


  

    
Sinter.ValidationError exception
    



      
Exception raised by validate! functions when validation fails.
This exception contains the validation errors that caused the failure,
allowing the caller to access detailed error information programmatically.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        errors(validation_error)

      


        Gets the validation errors from the exception.



    


    
      
        exception(msg)

      


        Creates a new ValidationError from a list of errors.



    


    
      
        format(validation_error)

      


        Formats the validation error for display.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Sinter.ValidationError{
  __exception__: term(),
  errors: [Sinter.Error.t()],
  message: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      errors(validation_error)



        
          
        

    

  


  

      

          @spec errors(t()) :: [Sinter.Error.t()]


      


Gets the validation errors from the exception.

  



  
    
      
    
    
      exception(msg)



        
          
        

    

  


  

      

          @spec exception(keyword()) :: t()


      


Creates a new ValidationError from a list of errors.
Examples
iex> errors = [Sinter.Error.new([:name], :required, "field is required")]
iex> raise Sinter.ValidationError, errors: errors

  



  
    
      
    
    
      format(validation_error)



        
          
        

    

  


  

      

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


      


Formats the validation error for display.

  


        

      


  

    
Sinter.DSPEx 
    



      
Integration helpers specifically designed for DSPEx framework usage.
This module provides utilities that bridge Sinter's validation capabilities
with DSPEx's dynamic programming and teleprompter optimization needs.

      


      
        Summary


  
    Functions
  


    
      
        create_signature(input_fields, output_fields, opts \\ [])

      


        Creates a signature schema for DSPEx programs.



    


    
      
        optimize_schema_from_failures(original_schema, failure_examples, opts \\ [])

      


        Optimizes a schema based on validation failure patterns.



    


    
      
        prepare_for_llm(schema, provider, opts \\ [])

      


        Prepares a schema for specific LLM provider optimization.



    


    
      
        validate_llm_output(schema, llm_output, original_prompt, opts \\ [])

      


        Validates LLM output and enhances errors with debugging context.
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      create_signature(input_fields, output_fields, opts \\ [])



        
          
        

    

  


  

      

          @spec create_signature([tuple()], [tuple()], keyword()) :: Sinter.Schema.t()


      


Creates a signature schema for DSPEx programs.
A signature defines the input and output structure for a DSPEx program,
combining both into a single schema suitable for validation and optimization.
Parameters
	input_fields - List of input field specifications
	output_fields - List of output field specifications
	opts - Schema options

Returns
	A schema representing the complete program signature

Examples
iex> signature = Sinter.DSPEx.create_signature(
...>   [
...>     {:query, :string, [required: true]},
...>     {:context, {:array, :string}, [optional: true]}
...>   ],
...>   [
...>     {:answer, :string, [required: true]},
...>     {:confidence, :float, [required: true, gteq: 0.0, lteq: 1.0]}
...>   ],
...>   title: "QA Program Signature"
...> )
iex> fields = Sinter.Schema.fields(signature)
iex> Map.keys(fields)
[:query, :context, :answer, :confidence]

  



    

  
    
      
    
    
      optimize_schema_from_failures(original_schema, failure_examples, opts \\ [])



        
          
        

    

  


  

      

          @spec optimize_schema_from_failures(Sinter.Schema.t(), [map()], keyword()) ::
  {:ok, Sinter.Schema.t(), [String.t()]} | {:error, String.t()}


      


Optimizes a schema based on validation failure patterns.
Analyzes common validation failures to suggest schema improvements,
useful for teleprompter optimization loops.
Parameters
	original_schema - The current schema
	failure_examples - List of data that failed validation
	opts - Optimization options

Options
	:relaxation_strategy - How to relax constraints (:conservative, :moderate, :aggressive)
	:add_missing_fields - Whether to add commonly missing fields as optional

Returns
	{:ok, optimized_schema, suggestions} or {:error, reason}


  



    

  
    
      
    
    
      prepare_for_llm(schema, provider, opts \\ [])



        
          
        

    

  


  

      

          @spec prepare_for_llm(Sinter.Schema.t(), atom(), keyword()) :: map()


      


Prepares a schema for specific LLM provider optimization.
Generates both the JSON Schema and metadata needed for optimal
structured output with different LLM providers.
Parameters
	schema - The Sinter schema
	provider - The target LLM provider
	opts - Provider-specific options

Returns
	Map with JSON Schema and provider-specific metadata

Examples
iex> schema = Sinter.Schema.define([{:name, :string, [required: true]}])
iex> result = Sinter.DSPEx.prepare_for_llm(schema, :openai)
iex> result.json_schema["additionalProperties"]
false
iex> result.provider
:openai

  



    

  
    
      
    
    
      validate_llm_output(schema, llm_output, original_prompt, opts \\ [])



        
          
        

    

  


  

      

          @spec validate_llm_output(Sinter.Schema.t(), map(), String.t(), keyword()) ::
  {:ok, map()} | {:error, [Sinter.Error.t()]}


      


Validates LLM output and enhances errors with debugging context.
This is the primary validation function for DSPEx programs, combining
standard validation with LLM-specific error enhancement.
Parameters
	schema - The validation schema
	llm_output - Raw output from LLM
	original_prompt - The prompt sent to the LLM
	opts - Validation options

Returns
	{:ok, validated_data} or {:error, enhanced_errors}

Examples
iex> schema = Sinter.Schema.define([{:name, :string, [required: true]}])
iex> llm_output = %{"age" => 30}  # missing required name
iex> prompt = "Generate a user profile"
iex> {:error, errors} = Sinter.DSPEx.validate_llm_output(schema, llm_output, prompt)
iex> List.first(errors).context.prompt
"Generate a user profile"

  


        

      


  

    
Sinter.Performance 
    



      
Performance monitoring and optimization utilities for Sinter.
This module provides tools for monitoring validation performance and
optimizing schemas for high-throughput scenarios common in DSPEx.

      


      
        Summary


  
    Functions
  


    
      
        analyze_memory_usage(schema, dataset)

      


        Analyzes memory usage during validation.



    


    
      
        benchmark_validation(schema, dataset, opts \\ [])

      


        Benchmarks validation performance for a schema and dataset.



    


    
      
        profile_schema_complexity(schema)

      


        Profiles schema complexity for optimization recommendations.



    





      


      
        Functions


        


  
    
      
    
    
      analyze_memory_usage(schema, dataset)



        
          
        

    

  


  

      

          @spec analyze_memory_usage(Sinter.Schema.t(), [map()]) :: map()


      


Analyzes memory usage during validation.
Useful for optimizing memory consumption in long-running DSPEx programs.
Parameters
	schema - The schema to analyze
	dataset - Sample data for analysis

Returns
	Map with memory usage statistics


  



    

  
    
      
    
    
      benchmark_validation(schema, dataset, opts \\ [])



        
          
        

    

  


  

      

          @spec benchmark_validation(Sinter.Schema.t(), [map()], keyword()) :: map()


      


Benchmarks validation performance for a schema and dataset.
Returns timing information useful for optimizing DSPEx programs.
Parameters
	schema - The schema to benchmark
	dataset - Sample data for benchmarking
	opts - Benchmark options

Options
	:iterations - Number of iterations to run (default: 1000)
	:warmup - Number of warmup iterations (default: 100)

Returns
	Map with timing statistics

Examples
iex> schema = Sinter.Schema.define([{:id, :integer, [required: true]}])
iex> dataset = [%{"id" => 1}, %{"id" => 2}, %{"id" => 3}]
iex> stats = Sinter.Performance.benchmark_validation(schema, dataset)
iex> is_number(stats.avg_time_microseconds)
true

  



  
    
      
    
    
      profile_schema_complexity(schema)



        
          
        

    

  


  

      

          @spec profile_schema_complexity(Sinter.Schema.t()) :: map()


      


Profiles schema complexity for optimization recommendations.
Analyzes a schema to identify potential performance bottlenecks and
suggests optimizations for DSPEx usage.
Parameters
	schema - The schema to profile

Returns
	Map with complexity analysis and optimization suggestions
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