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    Dmn

A DMN 1.6 engine for Elixir that compiles a model. It reads the XML (the six namespaces of 1.1 to 1.6), finds the models it imports, and compiles every element of the decision requirements graph to a prepared, typed FEEL expression (:feel, the package next to this one), once. Evaluating a model means running those expressions in the order given by the plan.
Status: 0.1.0, active development. The TCK report
records compatibility results, runner options and accepted deviations. Remaining engine gaps are in
the backlog. FEEL's type-system assessment
states the result-check and static-rule contracts, their DMN integration regressions, and the
remaining proof-audit work; it does not claim general analyzer soundness.

Installation
Add dmn to your dependencies; it brings feel with it:
def deps do
  [
    {:dmn, "~> 0.1.0"}
  ]
end
Quick start
xml = File.read!("pricing.dmn")

{:ok, model} = Dmn.load(xml)                       # read XML with limits; nothing resolved yet
{:ok, compiled} = Dmn.compile(model)                # every text parsed, typed and prepared, once

{:ok, price, diagnostics} =
  Dmn.evaluate(compiled, "Final Price", %{"List Price" => Decimal.new("125.00"), "Customer Tier" => "gold"})
Values are FEEL values (numbers are Decimals, contexts are maps). Problems with a model are in compiled.diagnostics; problems from a run are in diagnostics, and each diagnostic gives the element, the place within it ([:rule, 3, :input_entry, 2]) and the position in its text. mode: :strict ends a run at the first error.
Call a business knowledge model or a decision service as a function with Dmn.invoke/4; evaluate several decisions at once with Dmn.evaluate_all/4.
The public run APIs accept :mode, :sandbox, :guard, :clock, :entropy and :limits. Mode is :lenient (the default) or :strict. Containment defaults to on; sandbox: false opts out for trusted input. guard: configures the timeout, heap and input/result transfer allowances documented by Feel.Worker; guard: nil is invalid when containment is enabled. Repeated option keys are invalid, including nested guard keys with identical values. Unknown run keys, repeated keys and invalid modes are rejected before selection or worker startup; invalid guard settings are rejected before a worker starts. These errors return {:error, %Dmn.Error{kind: :run, code: :invalid_options}}, so a tiny worker cap cannot replace an option error with a termination error. The shared security model describes the policy.
A business knowledge model whose variable names a functionItem exposes that item's outputTypeRef as its result to calling decisions, including across aliases and imports. Its formal parameters determine the inputs. Without its own result declaration, a service with one output returns that decision's value; several outputs return a context keyed by canonical decision name, and zero outputs return an empty context. A missing or Any result declaration keeps these derived result types. A readable result declaration other than Any controls the final conversion. A function item on the service's own variable contributes its output type; a function-valued output decision keeps its function layer. Recursive results keep exact runtime signatures for calls from decisions. See the callable-type decision.
A service inherits faults from its inputs as well as its encapsulated and output decisions. Supplying an input value does not bypass an invalid input declaration. Strict invocation stops on those faults; lenient invocation reports them. Compile diagnostics keep the original declaration as their owner.
Successful compilation does not establish model validity: semantic errors are retained in compiled.diagnostics, and a run continues past them (lenient) or stops at the first one its decision needs (strict). Invalid options, loading failures and resource limits can instead return {:error, %Dmn.Error{}}. Dmn.validate(compiled) is the gate that refuses a model with any error, whatever is asked of it, and Dmn.compile(model, validate: true) does both. The limits you compile with (feel_limits:) are also the limits of its runs, unless a run is given its own limits:.
Additions to DMN 1.6 are extensions, and there are none by default (Dmn.Extension, DD-28). A model written for DMN 1.1 names the date and time types dateTime, dayTimeDuration and yearMonthDuration; Dmn.compile(model, features: [:dmn_1_1_types]) (or extensions: [:dmn_1_1_types]) reads them as the types of DMN 1.6 (unless the model defines a type of that name), and without it they are undefined types. The DMN TCK runs with it enabled.
The prepared expressions run on FEEL's interpreter backend, which generates no code and loads nothing into the VM, so an untrusted model cannot create modules or atoms. A caller that trusts its models can ask for the faster BEAM backend with Dmn.compile(model, backend: :beam) (DD-41): it compiles each expression to a module, which is never unloaded, and creates atoms that are never freed. Both give the same results (with recursion: true the business knowledge models and decision services stay on the interpreter); a backend: that is neither returns {:error, %Dmn.Error{code: :invalid_options}}. Unlike FEEL's own APIs, which refuse the BEAM backend inside a worker, Dmn.compile/2 accepts it in its default worker, and the modules and atoms it loads stay loaded when the worker ends: the choice, and its constraint, are the caller's.
What it does that a walking evaluator does not
	Typing is FEEL's. The item definitions become types, allowed values and type constraints; a value that does not fit is converted or is null with an error; the analysis narrows according to what the allowed values say, warns about a branch that cannot run, and finds the type of a decision before anything runs.
	A decision table is a node of FEEL's tree, typed by its outputs and run by FEEL on both backends. The questions about it that the types can answer are asked at compile time: rules of a UNIQUE table that share an input, a rule of a FIRST table that is never reached, inputs that no rule takes. Certainty sets retain subsets at numeric/string representation caps, so exhausting a budget cannot establish the former false coverage, overlap or dead-rule proofs. Wildcards use their effective inputValues; explicit entries can match outside those values. Tests that depend on model/local bindings, aliases, dynamic lookup, extensions or indirect calls remain unknown, while independent rules remain checkable. Tables skipped because of their size or missing inputs report :table_not_checked. Individual questions may remain unknown, so silence is not a coverage or disjointness proof. Reported witnesses are not yet universally rechecked against the original entries; see the table-checking contract.
	Recursion is off, and yours to turn on. DMN 1.6 has no recursion (a cycle of requirements is an error, 6.3). Dmn.compile(model, features: [:recursion]) (or recursion: true) runs business knowledge models and decision services that invoke themselves or each other (a fibonacci, a walk over a tree), and guarded recursive item definitions. Each data cycle must cross a context member or list element; alias-only cycles and cycles through function signatures remain errors. Runtime checks validate every finite descendant and its constraints. Static analysis uses conservative upper bounds, so full data validation does not imply general recursive subtyping or precise inference. A requirements cycle with a decision on it remains an error, and runtime function recursion is subject to the configured limits. No model can switch the feature on (DD-22).
	Imports are found by a resolver you give (Dmn.Resolver.map/1, Dmn.Resolver.directory/2), and the elements of an imported model are Import.Name, with the types Import.tName. A relative locationURI is resolved against the document that has it (RFC 3986), so the resolver is given the importer, and Dmn.Resolver.directory/2 resolves that way. A namespace is one document: an import that names it at a location whose document is a different one is an error and is not used, no matter who names it or what the text says, and compiled.imports records which document (its location and the hash of its bytes) each model is.

Repeated evaluation
For repeated evaluation of one decision, prepare its target and dependency plan once. Both backends use the same API:
{:ok, call} = Dmn.prepare_call(compiled, "Final Price", mode: :strict)
{:ok, value, diagnostics} =
  Dmn.run(call, %{"List Price" => Decimal.new("125.00"), "Customer Tier" => "gold"})
prepare_call/3 fixes the options of evaluate/4, including guard: and sandbox: if given. run/2 validates and normalizes fresh inputs and computes fresh results and diagnostics each time. It preserves declared types, limits and the clock of each run; it does not cache results. The call keeps the compiled model, and any BEAM modules must stay loaded while it is used. For several output decisions that share dependencies, evaluate_all/4 runs each dependency once in that evaluation. Preparing a call selects an element; BKM and decision-service function invocation still uses invoke/4. Inside a worker (the default) run/2 selects and admits the request as evaluate/4 does, so the worker gets the part of the model the decision needs; the prepared plan itself is only used with sandbox: false.
Security model
Ordinary Dmn APIs sandbox work by default, sharing Feel.Worker with FEEL. Compiling XML bytes covers parsing, model conversion, import resolution and compilation under one deadline. A loaded Dmn.Model is also accepted. Results are ordinary Dmn.Compiled models that can be reused; each evaluation needs its own protection.
# Give a known large compilation more headroom; evaluation keeps the defaults.
{:ok, compiled} = Dmn.compile(xml, guard: [timeout: 5_000, max_memory: 268_435_456])
Dmn.evaluate(compiled, "Decision", inputs)
Dmn.evaluate_all(compiled, ["Decision"], inputs)
Dmn.invoke(compiled, "Knowledge model", arguments)
The guard options are timeout (default 5,000 ms), max_memory (default 134,217,728 bytes, or 128 MiB), max_input_bytes and max_result_bytes (both default to max_memory). The worker checks captured input and complete result transfers, including diagnostics, and includes shared binaries in the process heap policy at garbage collection. Timeout and transfer failures return %Dmn.Error{kind: :limit} with codes :timeout, :input_too_large or :result_too_large; unexpected sandbox worker termination returns :worker_failed with the operation's error kind. Its Dmn.Error.details.reason records the observed outcome, for example {:exit, :killed}, {:exit, {:controller, :killed}} or {:raised, exception}. A heap-cap kill and an explicit kill can have the same reason, so neither is reliably labelled :memory. Reasons exceeding a 4,096-byte conservative transfer estimate become reason: :omitted, reason_omitted: :too_large. Fatal worker monitor failures are sanitized before they are forwarded to the caller. Their complete error envelope must fit both 4,096 bytes and max_result_bytes; otherwise the reason is omitted. If the omission marker itself cannot fit, the error is :result_too_large. The controller initially receives raw VM exit signals outside the worker heap policy, so trusted callbacks and resolvers must keep exit reasons bounded. The defaults cover loading and compilation as well as evaluation, including the returned model. Large import graphs, tens of thousands of definitions, or type-heavy compilation artifacts can need explicit larger guards. A longer import_timeout or xml_timeout does not extend the outer deadline. Known slow external callbacks, Java startup/restarts or queued sidecar work also need a host-selected deadline that covers their complete call. Raising a guard keeps containment in place; sandbox: false is reserved for trusted calls. Each later evaluation gets its own policy. Timeout and transfer errors keep their distinct limit codes. Use sandbox: false rather than guard: nil to opt out for trusted input. Dmn.load/2, compile/2, evaluate/4, evaluate_all/4, invoke/4 and prepare_call/3 accept these guard options; prepare_call/3 checks them once, and run/2 applies them to every run of the prepared decision. compile/2 accepts XML bytes or a loaded model; bytes include loading in the same deadline. Caller-side selection and transfer-size traversal check that deadline cooperatively. Expiry returns :timeout before evaluation starts, including when the byte allowance would also be exhausted. This cannot preempt a single VM operation or arbitrary non-yielding native code.
Evaluation selects a compact dependency graph, including any recursion groups. This selection is the preflight: it runs in the caller, before the worker starts, and decides what is copied into it. The original model, ASTs, duplicate IR and unused executables stay with the caller. Faults, limits and diagnostic source information are kept for the selected units. Only the requested target names travel with that view; the model-wide name and ambiguity maps stay with the caller. The source of a unit outside the graph is needed only if a run could report a diagnostic whose origin is that unit, which a function made elsewhere or trusted host code can cause. A bounded inspection of executable data, selected inputs and run options decides this: supplied functions (including nested or captured callbacks), host-provided non-ISO Date calendar modules and FEEL extensions that do not declare that they add data only (the data_only? callback of Feel.Extension; feel_java declares it) make an additional source index for units outside the graph, without their executables, travel with the view. A BEAM executable counts as opaque only when its extensions are. This preserves source locations and strict errors; source mapping still happens inside the worker under its deadline, heap and result-transfer policy. No callbacks run during selection. What the compiled expressions contain does not depend on the call, so the compiler records it once on each unit (Dmn.Compiler.Unit.callback_free, DD-44) and the inspection does not walk them again. A unit without the record is walked, so a compiled unit that is edited by hand must have it reset to nil. If the plan selects every current unit, all available source maps are already in the payload: source selection skips capability inspection and the extra index entirely. Already-mapped DMN faults are copied directly into results and do not participate in origin inspection. They still undergo the complete input and result transfer checks. Finite Decimal scalars use a constant-time proof that they contain no callbacks. Malformed or extended Decimal structures still take the bounded walk. Every Decimal, including large integer coefficients and exponents, keeps its complete transfer accounting; selection does no numeric normalization or host callback execution. Selection and execution use one iterative dependency planner in Dmn.Compiled. It preserves target and requirement order, visits shared dependencies once across all targets, and keeps recursion groups together after their external requirements. Selection supplies its existing work budget and deadline: each planner frame, including repeated edges, group members and result emission, consumes a step. On success, its ordered plan travels with the matching compact model in the per-call worker closure and is reused for evaluation or invocation. The plan itself undergoes input transfer checks. Execution still validates options, names, input keys and invocation arguments before using it. No plan is stored on the compiled artifact or accepted through public options. Each call plans its current units, so artifact edits cannot leave a stale plan. Trusted calls and complete-input fallbacks plan during execution. Oversized metadata, exhausted planning or uncertain target spellings fall back to the existing complete, guarded input. Ordering now participates in that same budget, so complex projections can fall back earlier; the fallback still faces the full input transfer check and original deadline. Reusing the plan trades runtime graph traversal for transferring its ordered keys; its timing benefit depends on the model and payload.
Each evaluation or invocation snapshots its clock once. Iteration, FEEL-call and diagnostic counts share one budget across dependencies, all requested targets and final invocation. Prepared calls start with fresh counters and a fresh clock on each execution. Model admission also caps the total number of units before preparing expressions (Dmn.Limits.max_units, default 10,000).
For evaluate/4 and evaluate_all/4, unused large or composite input values can be replaced with nil in the worker payload, but every original key is kept for validation. Small scalars are kept to avoid normalizing thousands of ordinary numeric keys twice; their complete contents still face the transfer check. Invalid unused keys still fail; canonical name collisions and namespaced-input precedence are unchanged. invoke/4 keeps its arguments because the callable's actual parameters are established during execution. Required data, callback captures and complete results still undergo transfer checks. max_input_bytes applies to the selected payload, so omitted unused values need not fit it. Reusing a model avoids compilation; selected source metadata and consumed large inputs still impose transfer costs.
For ordinary models with data inputs, selecting one small decision does not scan or copy metadata from unrelated units. Work depends on the selected graph and supplied input keys and values, rather than total model size. Capability inspection shares the existing selection budget and cooperative deadline, including tuple/map/list continuations. Wide/deep data or shared DAGs can exhaust that budget and fall back to complete guarded input. Functions, non-ISO calendar callbacks and FEEL extensions that are not declared data only can require extra source metadata proportional to the model: about 3 µs per KB of payload, so a model of 1,087 decisions with such an extension sends 414 KB and takes about 1.2 ms a call instead of 39 µs. Uncertain target spellings keep the complete guarded model. Source selection uses the same work/deadline budget, skips already selected units and falls back conservatively when it cannot finish. No policy limits are widened.
What containment costs. A contained call copies the decision's dependency view into a new process and its result back, and checks both. The price is mostly fixed per call plus a part that grows with the copy. To measure selection, input checking and protected/trusted evaluation separately on 1–30,000 independent decisions, run from the root:
MIX_ENV=test mix run apps/dmn/scripts/bench_payload.exs

The script measures empty inputs and 10,000 unused Decimal bindings by default (--bindings 0,10000). It prints selected-unit/name/extra-source counts, admission status, result codes and timings for both sandbox modes. Empty inputs use the default 128 MiB input allowance; binding-map cases use 20 MB to expose unwanted whole-model fallbacks. A rejected call is reported explicitly, rather than compared as if it had evaluated successfully. Compilation/setup is excluded. With empty inputs the script also inspects a 64 KB selection policy; the one-unit request should stay compact at every size.
MIX_ENV=test mix run apps/feel/scripts/bench_sandbox.exs additionally measures full public FEEL preparation and DMN compilation from XML and loaded models. It reports median/max times and result codes over five calls per sandbox mode; these are warmed-module measurements, not cold-VM startup. The heap and transfer defaults are 128 MiB. A proposed one-second deadline was also evaluated: ordinary preparation/compilation benchmarks fit it, but repeated full Java-enabled TCK runs had one or two call timeouts. The default therefore remains five seconds. Hosts can request a shorter deadline for their measured workloads; Java startup and queue waits are part of that allowance.
The figures below are from 19 October 2026: Elixir 1.20.4, OTP 29.1.1, an Apple M1 Pro with ten schedulers, --count 10, median of seven batches, compilation excluded. The machine was not idle (load average about 4), so differences under about 10 % are noise. One constant decision with empty inputs:
	Model decisions	Contained (µs)	sandbox: false (µs)
	1	21.9	3.5
	100	24.3	3.2
	3,000	26.1	5.4
	10,000	35.5	10.2
	30,000	32.1	10.0

Each payload held one unit, one target name and no extra source entries, including under the 64 KB selection policy. With 10,000 unused Decimal bindings and the 20 MB input policy, both modes pay for the binding map itself:
	Model decisions	Contained (ms)	sandbox: false (ms)
	1	38.8	34.8
	100	38.6	34.4
	3,000	39.7	42.2
	10,000	44.7	44.7
	30,000	48.1	50.4

All calls succeeded without fallback or increased selection budgets. Necessary input-key validation and copying still scale with the binding map, and both modes varied with host load. Complete public preparation/compilation measured these median / maximum milliseconds over five individual calls per mode, with ordinary defaults. Every measured call succeeded. XML compilation includes loading; loaded-model setup is excluded:
	Operation	sandbox: false	Contained
	FEEL prepare arithmetic	0.019 / 0.289	0.049 / 0.153
	FEEL prepare 1,100 terms	6.721 / 20.282	9.420 / 9.655
	DMN compile 1 decision, XML	0.082 / 0.282	0.121 / 0.158
	DMN compile 1 decision, model	0.031 / 0.115	0.080 / 0.290
	DMN compile 100 decisions, XML	5.410 / 5.975	6.259 / 6.439
	DMN compile 100 decisions, model	3.046 / 3.801	3.973 / 4.345
	DMN compile 1,000 decisions, XML	51.595 / 53.488	59.829 / 62.221
	DMN compile 1,000 decisions, model	28.911 / 29.426	39.187 / 43.285

Over the whole DMN TCK (apps/tck_eval, 3,493 decision calls, fewer than the 3,511 result nodes because one call can cover several nodes; models compiled with recursion and the Java extension only where a model has a Java function), a contained call on the interpreter takes about 100–130 µs against 67–68 µs with sandbox: false, and loading and compiling the models takes 15–30 % longer, since the compiled model is size-checked and copied back. The BEAM backend is in the same range. The tck_eval report prints both modes as separate rows.
Pass sandbox: false on each trusted call to skip the whole-operation worker and transfer checks. It does not disable FEEL/model limits or leave an already active worker. XML parsing and optional table checks keep their own bounded workers; this flag skips the outer operation boundary. Recursion signature probes inherit the run options as well, so trusted recursive evaluation does not silently start a default worker. Protected recursion remains within its enclosing worker. Recursive members receive their single-signature callee evidence during compilation. Compact payloads keep that evidence and exclude saved preparation data; evaluation does no reanalysis.
{:ok, compiled} = Dmn.compile(xml, sandbox: false)
Dmn.evaluate(compiled, "Decision", inputs, sandbox: false)
Dmn.XML uses :xmerl_sax_parser and rejects a DOCTYPE before parsing. No atoms are created from the document, and Dmn.Limits bounds XML bytes, depth, elements, attributes and names. XML parsing always uses the shared worker because the parser can take quadratic time in one element's attributes. Optional table checks get their own worker when they need a tighter deadline; exhausting a check reports an unfinished analysis rather than a definitive finding. FEEL uses the interpreter unless the caller asks for backend: :beam for models it trusts (DD-41): that choice is accepted in the worker, and the modules and atoms it loads outlive the worker. FEEL keeps its structural, call, iteration and per-value size limits. The FEEL evaluations within one sandbox operation share its worker heap policy and deadline. There is no cumulative allocation quota; trusted evaluation keeps per-value checks but has no aggregate memory protection.
An <import locationURI> is never opened automatically: a host-supplied resolver finds the model. Dmn.Resolver.directory/2 stays below its root and refuses links. Resolvers, extensions and host functions remain trusted capabilities. BEAM process containment cannot undo external effects, contain independent callback processes or interrupt arbitrary non-yielding native code. A heap policy is checked at garbage collection and does not cap total VM memory. The application must bound concurrency, accepted input, retained models and any external runtime it enables. See the shared security architecture and XML and import policies for details.
Documentation
	Document	Topic
	docs/feel-integration.md	DMN-to-FEEL compilation, with diagrams: the virtual source, boxed-expression mapping, node analysis and execution.
	docs/decisions.md	The decisions of this layer (DD-01 …). The decisions of the language are in feel.
	docs/todo.md	What fails on the TCK and what is not done.

Development
mix test                              # in the umbrella root, or here; the DMN TCK runs as part of it
cd ../bdm_tck && mix run scripts/dmn_tck.exs               # the report of the TCK through this engine
cd ../bdm_tck && mix run scripts/dmn_tck.exs --list fail   # the nodes that fail, with what was expected

License
GNU Affero General Public License v3.0 only; the text is LICENSE.


  

    Current DMN design decisions

These records explain the effective choices in the DMN layer. Superseded variants, implementation chronology and old performance figures have been removed; Git history keeps them. FEEL's language/runtime choices are in its decision record. Open work is tracked in the backlog.
Identifiers remain stable citations, with intentional gaps. Update a record and its references when a choice changes; new decisions use the next unused number above the existing identifiers. A recorded mechanism is not a soundness or security proof. FEEL's type-system assessment states the contracts for optimized checks and static tables and the remaining proof audit. They have DMN integration regressions; they are not a general soundness guarantee.
	Compilation and declarations
	XML and imports
	Execution and validation
	Compatibility evidence

Compilation and declarations
DD-01 Compile a model into prepared units and dependency metadata
Each DRG element becomes a unit with prepared FEEL logic, scope, source mapping and diagnostics. The shared planner orders required units per request instead of reparsing expression text. Sandbox preflight and execution reuse the same successful plan with its compact immutable model; no per-target plan cache is stored on the artifact. Business knowledge models evaluate to closures; decision services expose the selected decisions through a function. This keeps a single FEEL implementation for names, types, conversions and execution. Compilation has a cost before the first evaluation, and does not imply a fixed speed advantage on every workload.
DD-25 Boxed expressions use AST nodes with declaration boundaries
The compiler builds FEEL trees directly and maps their virtual-source spans back to model elements. Decision tables keep their own node (FEEL D-175); declarations inside a context, function or service use :declared boundaries (FEEL D-190). Input/output columns and expression values receive all applicable inherited and component constraints, not only one allowed-value list. This avoids text rewriting and preserves runtime policy-specific diagnostics. A boxed conditional, filter, some or every is marked strict about its condition (DD-38).
DD-33 Business knowledge callers use the output of a function item
A business knowledge model's variable can name a function item whose outputTypeRef describes the result. Types.knowledge_type/4 gives callers an arrow from the model's formal parameter types to that result type, resolving aliases and imported type names. Thus a numeric K(10) can participate in K(10) + 1; the caller no longer treats the result as the function item itself.
Only one function layer is unwrapped. A model returning a function declares a function item whose output is that function type. Parameters written in the function item do not replace the model's formal parameters. Older models whose variable names the result type directly keep that meaning. Types.output_declared/3 separately keeps the body's result constraints, including those reached through aliases; a caller's arrow is not a replacement for those checks.
Decision services use Types.service_type/5. One output has its decision variable's type; several outputs form a context with the canonical decision names and each declared output type (zero outputs form an empty context). A function-valued output decision keeps its function layer. The service's own variable describes the function or, for older models, its result directly: a readable declaration other than Any supplies the caller's final result type, after the same conversion the service body enforces. A function item unwraps only that outer service layer, resolving aliases and import frames. Its formal parameter declarations do not replace the service inputs. Output and service constraints remain runtime boundaries; greater caller precision does not justify removing those checks.
DD-34 A decision service reads what its decisions require and reports their texts once
A decision service is one function expression with its decisions inside it (DD-01), but its decisions keep their own units. The service carries the faults of its encapsulated and output decisions: an unresolved or mistyped requirement, a duplicate id or name, an unresolved import, a requirement cycle, and errors in their texts. A strict call therefore ends where a strict evaluation of the decision would. The service also carries the faults of its input data and input decisions, even though their values are supplied by the caller. Repeated references contribute each inherited fault once. Both direct invocation and invocation from a decision stop on these faults in strict mode; lenient runs report them and continue as before.
The compiler reports the text of a decision on the decision. The service omits diagnostics at [:decision, id, :expression | …] and [:decision, id, :variable | …] and does not check those tables again. Input declaration errors belong to the input unit, rather than being reported again for the service parameter; its original fault is inherited. Run diagnostics still name the service and the path through the decision, because the service ran that text.
Inside the service each decision is read with the scope of its own requirements. The inputs and decisions of the service that it does not require are bound to null in a context around its tree (hide/5), since FEEL cannot unbind a name that the enclosing function binds and the input names must remain the parameter names for calls by name. This gives the same value as Dmn.evaluate (null, with the decision's own :unknown_name warning). A requirement on an input or decision that the service neither takes as an input nor contains is a :service_requirement error of the service. Knowledge requirements are exempt, because the service reads the knowledge its decisions require.
Rejected: calling each decision from the context as a function of its requirements. It would give the scope exactly, but costs a call (count, depth, Feel.Limits) for every decision of every call and gives the analysis a function type to see through where it now has the value.
DD-37 External functions are run by an extension that names the kind
A functionDefinition of a kind other than FEEL (Java, PMML, ONNX) is null with :unsupported_function_kind, because DMN 1.6 does not say how it runs. An extension can run a kind with two optional Dmn.Extension callbacks: external_functions/0 maps the functionDefinition kind to the FEEL kind, and feel_extensions/0 names the FEEL extensions the model's expressions are prepared with. A boxed function of such a kind compiles to the FEEL external function (FEEL D-211), its body as the description and its parameters as the argument list; a literal function(...) external {java: ...} takes the same path. dmn names no kind: DmnJava.Extension (apps/dmn_java) runs Java through feel_java.
Dmn.Compiled.feel_extensions keeps the FEEL extensions, because a function resolves what it calls in the extensions of the expression that calls it, and Dmn.invoke/4 prepares the call of a knowledge model itself. The text of a literal expression is parsed without them, so a function name of several words that an extension adds is not read as one name there (backlog).
Compatibility evidence: Dmn.TCK.run(java: true) compiles with DmnJava.Extension and starts a sidecar with the seven java.lang classes of 0076. All 14 of its known failures pass; they are deviations/java.txt, which is checked by a test that is skipped when no java is on the path. literal_001 needed the comparator of the DMN runner (doubles: true) to accept a result truncated (not only rounded) to the digits of the expected number: the TCK has Math.cos(123) truncated to 8 decimals (-0.88796890; rounded, it is -0.88796891). The DMN runner's doubles: true comparator also admits the documented relative tolerance for longer double-computed expectations. The FEEL runner uses its narrower exact-or-rounded comparison. These are test-runner policies, not changes to engine arithmetic; see the TCK report. The spec does not say how a Java double becomes a number (todo.md). The default baseline is unchanged.
DD-38 Each part of a unit knows its box, and boxed conditions are strict
Every part of the virtual source records the boxed expression it came from (Dmn.Compiler.Box: kind, id, label, line, declared type, and the part that must be a boolean). Source.box/2 and Source.find/2 give it for any span, so every node of a unit, parsed from a text or built from a box, can be traced to its box, and a Dmn.Diagnostic carries it as box. A part in no box, such as the wrapper of a decision service, has nil. The box is kept in the source map, not in the nodes' meta, because the analyzer builds new meta for IR nodes.
The compiler marks the nodes of a boxed conditional, filter, some and every as boxed: true, which makes a condition that is neither a boolean nor null give null with an error (FEEL D-212). When FEEL reports that this is certain (details.always), the compiler records it as a compile :error with the box, so Dmn.Compiled.errors/1 lists it and validation refuses the model. The run reports the error from the node as well. It is not a unit fault reported by every run, because the node reports it only when it runs. A condition that can still be a boolean or null is not flagged.
DD-12 A context entry can read an outside value of its own name
DMN boxed contexts can contain a key whose value refers to an outer binding with the same name. The compiler binds that outer value under an internal key so FEEL's context dependency analysis does not turn it into a self-cycle. This transformation is structural, and the source mapping is preserved.
DD-13 Input conversion happens in each unit that reads it
Units use FEEL's enforcing declaration policy. An input is converted and checked where used rather than eagerly converted once for the whole model. This preserves the applicable declaration context and lazy decision dependencies, at the cost of repeated checks. Shared conversion would need a separate contract; it is not merely a missing optimization. The reader's type can differ from the input's type in an importing or invalid model, so trusting a check against another type could invalidate narrowing and check removal. Rechecking can dominate large collections with many readers. A future cache must include the declared type and value identity, and preserve each unit's diagnostic policy.
DD-18 Model type environments retain import qualification
A model sees its own and imported definitions under their proper import names. Additional internal qualified names let referenced definitions resolve across the loaded graph without exposing collisions as user-writable names. Type environments are prepared for model contexts; their duplication across a large import graph remains a memory concern, not a bounded-cost guarantee.
XML and imports
DD-02 XML is untrusted input with explicit parsing boundaries
Use :xmerl_sax_parser, string names and explicit XML limits. Reject declarations that introduce an internal subset or external identifier before they can be read, and reject numeric character references longer than 8 hexadecimal or 10 decimal digits before invoking the parser. Only supported ASCII-compatible encodings pass that screen. Track namespace declarations on elements so the reader resolves names in the element's scope. The parser runs with a deadline because limits on bytes and depth do not bound every parser cost. These are specific defenses, not a claim that every VM failure mode is contained.
DD-35 A namespace URI has a length limit
Dmn.Limits.max_uri_length (1,024 bytes by default) bounds the URI of a namespace declaration, whether default or prefixed; a longer one is a :limit error with the code :uri_too_long. The reader builds the namespace of each element from the parser's character list, so a document holds a copy of the URI for every element in it. The limit on the size of the document bounds the declaration, not those copies. At the defaults the worst case is max_elements times the URI limit, about 200 MB, which is under the default max_memory; a caller that reads untrusted models can lower either.
DD-23 Imports have caller-controlled resolution and document identity
A model's locationURI is data, not authority to open a file or URL. A caller-supplied resolver returns bytes, optionally with the retrieved document's URI. Dmn.load/2 accepts a base_uri for the root; imported models keep the URI their resolver returns. Resolvers receive the importing model, including that base. Imports are read breadth-first with graph-level budgets for reads, bytes and time.
One namespace identifies one document by the SHA-256 hash of its bytes. A location requested by a second importer is resolved and compared even if the location text or returned URI matches an earlier request. Requests by the same importer for the same location are reused; a location-free import accepts the namespace's existing model. Different bytes are an error and that import is not used. The root's bytes participate in the comparison. compiled.imports records location, URI and hash.
The directory resolver resolves relative references against the importer's base with dot-segment normalization and confines paths beneath its root. Links, root escapes, schemes, absolute paths, backslashes, directory-only paths and unsupported bases are rejected. Percent escapes are not decoded. Internal element keys combine namespace, U+0001 and element ID; imported values and types use aliases.
Execution and validation
DD-24 Compilation retains invalid units; validation is the explicit gate
Compilation normally returns a model with diagnostics, including structural errors. A run reports errors of units it needs and can continue in lenient mode; an unused invalid unit does not necessarily affect the requested result. Dmn.validate/1, or validate: true during compilation, rejects a model with any error. A boxed condition that can never be a boolean is such an error (DD-38). Duplicate/ambiguous names do not silently choose one definition. Unknown expression names remain warnings under the current policy, which means validation does not establish that every runtime binding is present.
DD-20 Static table checks have a deadline and can return uncertainty
After preparation, the compiler finds decision-table nodes and asks Feel.Rules about overlap, coverage and unreachable rules. Findings map through virtual-source spans to model locations. Tables above 200 rules or 4,000 input cells, and tables with no inputs, are skipped without a :table_not_checked diagnostic. A spent deadline, memory failure, raised check or mismatched model/prepared dimensions produces that informational diagnostic. Unsupported proof questions may also remain unknown without a diagnostic. Silence is not proof that checking completed or that a table is covered, disjoint or fully reachable. check_tables: false disables the questions. FEEL uses possible-input upper bounds and certain-input lower bounds. Certain numeric bounds keep at most 16 intervals without filling gaps; certain string bounds drop information when the point budget is exhausted. The 17-even-point false overlap and dead-rule examples are DMN regressions, including a check that compilation completed rather than silently skipping table analysis. This repairs the demonstrated cap failure; reported witnesses are not yet universally validated against the original entries, and the broader proof audit remains open.
DD-43 Table proofs follow prepared wildcard identity and preserve scope uncertainty
A wildcard uses its column's inputValues at runtime; an explicit entry can match outside those values. The checker uses the prepared IR to recognize wildcards, including empty or commented text, and ignored inputValues, then asks about the effective test for each cell. Applying column values to explicit entries, or treating a restricted wildcard as unrestricted, can invent dead rules and overlaps or hide real coverage gaps.
Source alone does not keep model or lexical bindings: abs(1) can call a BKM or local function rather than the built-in. The effective prepared test is inspected before reparsing. A cell reading a variable other than ?, a local or dynamic name, or a call an extension may answer is passed to Feel.Rules as :unknown: its possible inputs are the whole column and its certain inputs are empty. Model functions are not evaluated during proofs. Independent cells and rules still support definitive diagnostics; ordinary built-in tests remain checkable. This deliberately sacrifices precision for scope-dependent cells until proofs can consume their resolved bindings directly.
Named types are preserved rather than inferred from the resolved IR. Resolving instance of N replaces N with its descriptor, and folding can erase the predicate entirely. The checker passes the unit's original type definitions to all three Feel.Rules queries through types: map, for both explicit entries and wildcard inputValues. This also preserves aliases, imported types and longest-name parsing: a type named number and false must not become a boolean conjunction. Proof preparation constructs a scope containing only these types, inside the existing worker; value bindings and extension calls keep the conservative treatment above. Regressions compare coverage, FIRST deadness and UNIQUE overlap with execution, and keep real overlap/deadness proofs.
Filter-field reads (:item_field) also depend on their enclosing scope: inside a filter over [{abs: 2}], abs is a field rather than the builtin. Such cells remain :unknown instead of being reparsed with builtin semantics. This includes fields found in outer filter frames. Nested-filter regressions cover explicit entries and wildcard inputValues, false coverage, deadness and overlap diagnostics, and independent proofs from other cells and rules.
Calls through bindings keep meta.from_binding on the resolved builtin, even when analysis replaces an alias with a direct built-in call. For example, a context's abs: floor makes abs(-1) mean floor(-1); reparsing abs(-1) alone would mean something else. These calls stay open. Indirect calls also stay open: built-in function values reached through lists, contexts or conditionals use the runtime extensions, but have no direct-call extension: true marker. Source preparation without those extensions cannot establish the same test. Regressions cover direct extension overloads and dynamic filter-name lookup as well as aliases and indirect calls.
Effective-source and column preparation run inside the table's worker, after the size checks in DD-20. Model/prepared rule and column counts must agree; mismatches fail the check rather than silently truncating zipped rows or cells. Universal witness revalidation and a scope-preserving proof interface remain open.
Rule-source and column preparation run inside the table's worker, after size limits are checked. Model and prepared row/column counts must agree before zipping them; a mismatch or preparation failure yields :table_not_checked, rather than checking a truncated table or escaping the guard.
DD-15 Operations use shared BEAM containment by default
Dmn.compile/2 covers XML loading, imports and compilation under one shared BEAM worker policy; evaluation, invocation and Dmn.run/2 of a prepared call also cover complete runs. Containment is on by default. guard: configures it and sandbox: false skips the outer boundary for trusted calls. Engine call, iteration, depth and per-value limits and import/XML budgets still apply. This is not a complete bound on all VM memory or host effects. See the shared security model. The XML/import policies above still apply; Dmn.Limits and Feel.Worker document enforcement.
FEEL refuses the BEAM backend inside its worker, because the modules and atoms it creates outlive the worker. Dmn.compile(model, backend: :beam) (DD-41) is accepted in the default worker: the DMN compiler prepares its expressions itself, inside its own worker, and the modules and atoms stay in the VM after the worker is gone. Containment of a compile bounds its time and memory, not what it leaves behind, so :beam is for models the caller trusts, and the caller must observe that constraint. Running a model compiled that way is contained like any other.
Containment costs time that grows with what is copied into the worker: the dependency view of the decision, its inputs and the source maps that travel with it (DD-44). A small model costs tens of microseconds per call on top of the call itself; the measurements are in the DMN README.
DD-44 A compiled unit says once whether its expression can bring in an unseen origin
A worker is given a compact view of the model: the units the decision needs, and, only when a run could report a diagnostic whose origin is another unit, the source maps of the others. A function value made in another unit carries that unit's origin, and so can a diagnostic produced by trusted host code (an extension that returns a function, a calendar module, a function the caller supplies). That is a question about the selected expressions and the data, answered by a bounded inspection before the worker starts. Two things made the answer cost more than it had to:
	Any FEEL extension in the model, and any BEAM executable, took the conservative path, so a model of 1,087 decisions with the Java extension enabled sent 414 KB of source maps with each call (about 1.2 ms, against 39 µs for the 2.9 KB it needs). An extension that adds data only says so (the data_only? callback of Feel.Extension, FEEL D-222) and no longer forces it. An extension that does not say so, or says false, keeps it. A BEAM executable is inspected like the interpreter's: generated code calls only Feel.Runtime, the built-in functions and the extensions it was made with, and holds no function value of its own, so it is opaque exactly when its extensions are.
	The inspection walked the expression of every selected unit in every call (about 590 terms for a typical TCK decision). What an expression contains does not depend on the call, so the compiler asks once and keeps the answer in Dmn.Compiler.Unit.callback_free: true skips the walk, false ends the inspection, nil means the unit was not looked at and is walked as before. The flag is an optimization of an inspection that is still there, and whoever changes expression on a compiled unit must reset it to nil; a stale true would hide the source of a function that came from elsewhere in the diagnostics of a worker run (values are not affected).

The declaration is asked once, at compilation, where the extensions run inside the compile's worker, and recorded (Dmn.Compiled.feel_data_only; the prepared set of a unit records it too). The preflight runs in the caller before a worker exists, so it reads the records and never calls an extension. The compiler walks only what a worker is given of an expression (executable, linked_peers, extensions), not its syntax tree, IR or scope, which a model with thousands of item definitions carries in every unit.
The preflight reads the clock when it starts and then every 64 steps, instead of at every step (about 600 reads per call). A step is constant work and runs no host code, so expiry is seen within microseconds; the transfer walk already checks every 256 steps.
Not done: keeping the compiled model where the worker can read it without copying (:persistent_term, ETS) would remove the copy, and a reusable worker would remove the spawn. Neither has been measured. Persistent terms make an update a global collection, and a shared worker changes the isolation of calls from each other, so both would be design changes to FEEL D-221.
DD-36 The entry points return error values for what a caller gives them
evaluate/4, evaluate_all/4, invoke/4 and compile/2 take what a caller got from outside (a JSON body decoded to [], a query string for guard), so a bad argument gives an error value rather than an exception. A name that is not a string, or consists only of what FEEL calls white space, is :unknown_decision; inputs that are not a map of names, and names that are not a proper list, are :invalid_inputs; options that are not a keyword list, and a guard: that is not a valid Feel.Worker policy, are :invalid_options, with the kind of the phase (:run, :compile). The compiled model or the model is the caller's own value, and a function clause stays its error.
Feel.Worker.run/2 checks its policy before starting work. Unknown or repeated keys, a deadline outside the timer range, a memory cap below the smallest heap, and invalid transfer allowances return {:error, {:invalid_options, message}}. Run wrappers validate unknown or repeated top-level keys and invalid modes before starting selection or a worker. This preserves :invalid_options even with a tiny worker allowance. An unknown key is refused because a typo of timeout must not silently keep the default and lose the bound the caller meant. Dmn.XML and the table checks call it with Dmn.Limits, so a limit the VM cannot honor is an error of the read, or an unchecked table, rather than an exception in the caller.
The private call/5 of Dmn.Run keeps the code of the error of FEEL, :strict for the strict mode only, so a business knowledge model or a decision service that passes Feel.Limits is :limit_exceeded, as the same decision is under evaluate/4. fuzz_test.exs replaces each argument of the four functions by 25 terms and holds them to "nothing raises".
DD-26 Compiled FEEL limits are the defaults of its runs
The feel_limits: supplied at compilation are kept in the compiled model. Evaluation uses them unless the caller supplies a replacement limits:. These limits apply to FEEL units; they are not a single aggregate budget for the entire model or all invocations in an evaluation.
DD-22 Recursion is caller-selected for knowledge functions and guarded data
features: [:recursion] permits recursive business knowledge models and decision services. The compiler forms strongly connected knowledge groups and uses FEEL links to construct calls. A cycle involving a decision remains an error; a model cannot enable recursion itself. Linked calls currently use the interpreter and its runtime limits. Member closures are made once per run (FEEL D-200), and body diagnostics carry their unit's origin (FEEL D-201).
The same explicit option enables guarded recursive item definitions (recursive: :guarded in FEEL). A finite declaration graph keeps back references. Each cycle must consume a context member or a list element, and cannot cross a function signature. Runtime membership, declared binding/parameter and result checks visit the full finite value, including descendants never read by the expression. Component constraints and inherited constraints use graph paths and apply at every occurrence, with concrete failing paths. Existing boundary conversions and null exemptions remain in effect; this does not add conversions inside context fields. Ordinary function items may refer to recursive data.
Cycle validation uses graph components and an unguarded-edge subgraph rather than enumerating paths. Analysis projects the graph to a finite structural upper approximation, cutting repeated names and widening when a shared 256-node projection budget is exhausted. Runtime membership has no such cutoff. That approximation is not evidence that a recursive target is satisfied: recursive result checks stay, instance of cannot be proved true from the projection, else branches do not subtract it, and function domains use a conservative lower bound in contravariant positions. Type relations terminate and may refuse to prove conformance between differently written recursive declarations. Default cycle rejection is unchanged. Alias-only cycles and cycles through function signatures are explicit compile errors; complete recursive subtyping and inference remain outside this implementation.
An imported callable keeps its defining model's recursive result descriptor. The caller's import frame may rename its references and include unrelated definitions; FEEL compares the reachable graphs under a consistent one-to-one renaming. Constructors, constraints and sharing must agree, so valid imported BKM and service calls keep their contracts without treating a structural projection as equivalent to a recursive declaration.
Recursive parameter and result bounds describe values after boundary conversion. Function specialization discards operand shapes and origins that conversion can invalidate. Enforced recursive BKM results keep their exact declaration in runtime function metadata, so a decision can bind and call a BKM with the declared function item. Recursive collection heads, including aliases, receive ordinary singleton wrapping and element allowed-value checks.
A service also enforces its derived recursive result when its own variable does not establish that boundary. The generated function thereby keeps the same exact runtime result signature exposed to callers, for one output and for recursive members of a multi-output context. Individual output constraints remain with their original decisions; the derived boundary adds no duplicate constraints.
DD-29 Caller-selected additions share the features: option
Dmn.Features.resolve/1 accepts engine features such as :recursion and registered extension names or modules. No model can enable them. Invalid entries fail compilation as :invalid_options, naming the offending option. Direct compiler use normalizes the same configuration and raises on invalid options.
The legacy recursion: and extensions: spellings remain additive aliases: any spelling that enables a feature enables it; recursion: false does not override features: [:recursion]. Defaults enable no features. An extension may name FEEL extensions to prepare the model's expressions with (DD-37); features are not otherwise forwarded, and runtime evaluation uses the compiled units/groups without needing the original feature list.
DD-39 The configuration of load/2 and compile/2 is checked where it is given
DD-36 left what a caller configures to raise: Dmn.load(xml, %{}) was a function clause error, limits: [bogus: 1] a KeyError from struct!/2 and limits: [max_depth: -1] an ArgumentError (in load/2, Dmn.XML.parse/2 and compile/2), and feel_limits: :x was accepted and compiled with a deprecation warning. Configuration often comes from a file or the environment, so the same contract holds: Dmn.load/2 with options that are not a keyword list, limits: that are neither nil, a Dmn.Limits nor a keyword list of its fields (with values that are positive integers), and feel_limits: of compile/2 that is not a Feel.Limits are {:error, %Dmn.Error{code: :invalid_options}} with the option in details.option; nothing is read or compiled for them. The kind is :model for load/2 and Dmn.XML.parse/2, which share the check, and :compile for compile/2. Dmn.Limits.validate/1 is the check and gives the reason; Dmn.Limits.new/1 is built on it and raises ArgumentError for an unknown field too, as its documentation says (it was KeyError). A Feel.Limits is checked field by field at the public DMN boundary, including a struct made by hand: every limit must be a non-negative integer or :infinity. Dmn.Compiler.compile/2 called directly still raises for options that are none of these (DD-29).
DD-41 The caller may choose the BEAM backend, and the interpreter stays the default
Dmn.compile/2 prepared every expression for the interpreter backend of FEEL and said so in a comment: the BEAM backend loads a module for each expression and creates atoms that are never freed, which an untrusted model must not be able to do. The choice was made in the engine and the caller could not make it, and backend: :beam was accepted and ignored. A caller that trusts its models can want the faster backend, and a comparison of the engine with others (apps/tck_eval) has to be able to say which one it ran. So compile/2 takes backend: :interpreter | :beam, :interpreter by default; as with the limits and the features, the choice is the caller's and nothing in a model can make it. A backend that is neither returns {:error, %Dmn.Error{kind: :compile, code: :invalid_options}} with details.option: :backend, before anything is compiled (DD-39). Dmn.Compiler.compile/2 called directly reads the same option. Both backends give the same results (Feel.Backend); the constraint that :beam is for trusted models is the caller's to observe, and the option's documentation states it. With recursion: true (DD-22) a business knowledge model that has logic and a decision service can invoke itself, and they stay on the interpreter whatever is asked: the links of a recursion group are made of the IR that the interpreter walks (Feel.Recursion), and whether a unit reads itself is known only when its logic is prepared, so they are prepared for the interpreter from the start, and no budget of generated code (max_generated_statements) can end them. The rest of the model keeps the backend that was asked for.
DD-42 Repeated decision calls may retain their target, plan and options
Dmn.prepare_call/3 resolves a decision name, builds its dependency plan and fixes the options of evaluate/4, once. Dmn.run/2 executes that Dmn.PreparedCall with fresh input validation and a fresh run state, through the same executor as evaluate/4. Values, diagnostics, recursion links and clocks are not cached. Containment applies to each execution as to evaluate/4: sandbox: and guard: are checked when the call is prepared. Inside a worker (the default) the request is selected and admitted as evaluate/4 selects it, so the worker is given the part of the model the decision needs and the prepared plan is not copied; the plan is used when the run is not in a worker (sandbox: false, or already inside one). The value keeps its compiled model and refers to its existing prepared expressions; it generates no code and owns no module lifecycle. Changing a model, decision or options requires a new call. This prepares element evaluation, not the invocation of a BKM or decision service as a function. The direct benchmark in apps/tck_eval compares the ordinary and prepared APIs without transport and input/result conversion in the execution timer.
DD-45 Admission and execution enforce their boundary contracts
Public load, compile and run options reject unknown and repeated keys before model work or callbacks. Both compile overloads validate limits and feel_limits before XML parsing or worker transfer admission. Nested input namespace keys must contain two names, and inputs whose canonical names collide are rejected before a winner can depend on map representation. Confirmed unresolved global names fail validate/1 and validate: true, including unreachable branches; strict execution rejects them in selected units. Lenient execution keeps warning-and-null semantics. Dynamic filter fields remain local lookups, and are not unresolved global names.
Each evaluation, prepared-call execution and invocation snapshots the clock once. A prepared call keeps its configuration, not a clock instant. Input and target validation precedes that snapshot, so rejected requests cannot invoke the clock callback or have their errors masked by it. FEEL counters share one budget across the entire execution, including the final invocation, while max_units caps the imported graph before preparation. This is not a complete preparation-time budget. Large tables and tables with no inputs that the static checker cannot inspect emit :table_not_checked information rather than silently implying coverage.
Default shared worker containment includes referenced binaries at collections and bounds input and result transfers within the operation's deadline. Its heap policy can overshoot between collections; it does not reserve OS memory or contain independent processes, code, ETS or ports. The remaining resource audit and type/proof assurance work remains in the backlogs; these regressions do not establish formal soundness.
Compatibility evidence
DD-27 Values and error flags have separate baselines
The TCK runner compiles whole models and compares result nodes. Value baselines and individually accepted error-flag mismatches are distinct, so a formerly exact node cannot silently lose its flag agreement. Long decimal expectations from double-based references use the runner's documented relative-tolerance rule rather than demanding decimal128 equality with an imprecise reference.
--update rewrites the value baseline and accepted flag-mismatch list; both require review. Known failures and intentional option deviations remain explicit. The TCK report is the single dated snapshot of counts, corpus revision and runner options. Passing this corpus is compatibility evidence, not a soundness proof or an exhaustive test of DMN 1.6.
DD-28 Legacy temporal type names require an extension
features: [:dmn_1_1_types] adds dateTime, dayTimeDuration and yearMonthDuration as aliases without overriding types the model defines. The library enables no extension by default. The default DMN TCK runner explicitly enables these aliases; its configuration must therefore be stated with its results. Automatic selection from a model namespace is not implemented.


  

    How dmn uses FEEL

dmn is a layer above FEEL. It owns the model (the XML, the graph of decisions, the boxed expressions) and FEEL owns what an expression means: how names are found, how values are typed and converted, what the operators do, how a run is bounded. The two meet in a few places. This page says where, what each side hands to the other, and how a node that FEEL did not have (a decision table, a value with a declared type) was added to FEEL so that the rest of it, the analyzer, the optimizer and both backends, treats it as it does the nodes it always had.
Read it before changing either side of the seam, or before adding a boxed expression that FEEL has no node for.
The current DMN decisions explain this layer's choices. The FEEL decisions cover AST preparation (D-174), table nodes (D-175), declaration boundaries (D-190) and linked recursion (D-188). The README covers the public API; the XML and import policies describe model loading and resolution before FEEL preparation.
[image: The path from a DMN model to a prepared FEEL expression, in six steps, with the calls that cross between dmn and feel]
The numbers in the figure are the steps of this page. (The figures are SVG: click one to open it at full size.) Steps 2 to 4 are done once per unit, a unit being one element of the decision requirements graph (a decision, a business knowledge model, a decision service); the plan of a model says which units a unit reads.
What crosses the seam
	FEEL gives	Used by	For
	Feel.ItemDefinitions (new/1,2, scope/2, variable/2)	Dmn.Compiler.Types, Dmn.Compiler	the item definitions of a model as FEEL types, every constraint of a type as a list (variable/2, D-190), and the typed scope of a unit
	Feel.Scope (new/1, put_name/3, fetch_name/2)	Dmn.Compiler, Dmn.Compiler.Env	the names a unit may read, each with its declared type
	Feel.parse/2 with :scope, :scope_index, :entry	Dmn.Compiler.Fragment	the syntax tree of each text of the model
	Feel.Syntax.ScopeIndex	Dmn.Compiler.Env	what the parser needs of a scope, made once and added to a name at a time (D-177)
	Feel.AST (the nodes) and Feel.AST.shift/2	Dmn.Compiler.Expression, .Table, .Tree, .Fragment	the tree of a unit, built from nodes and from parsed fragments
	Feel.prepare_ast/3	Dmn.Compiler, Dmn.Run.invoke/4	analysis, typing, optimization and compilation of a tree that was not parsed (D-174)
	{:decision_table, …} and {:declared, …}	Dmn.Compiler.Table, .Expression	the two nodes that FEEL gained for a layer above it (D-175, D-190); a declared value is held to every constraint of its type (D-190)
	Feel.Expression.unoptimized_ir/1, Feel.warnings/1	Dmn.Compiler.Checks, Dmn.Compiler	the IR with its types, and what was found while preparing
	Feel.Rules (overlaps/3, dead/3, coverage/3)	Dmn.Compiler.Checks	questions about a table, asked before it runs
	Feel.run/3	Dmn.Run	the run of a prepared expression, with Feel.Limits, :mode, the clock
	Feel.Recursion.link/1, run/3	Dmn.Run	the units of a recursion group, each run with links to the others it reads (the :recursion feature, DD-22, DD-29, D-188)
	Feel.run/3 :origin, Feel.Value.Function.with_origin/2, Feel.Diagnostic.origin	Dmn.Run	which text the span of a diagnostic is a range of, when a run is of more than one: the key of the unit that is run, which a function written in it keeps wherever it is called (D-201)
	Feel.ItemDefinitions.new/2 with recursive: :guarded	Dmn.Compiler	finite graphs for guarded recursive data, with complete finite-value membership and descendant constraint checks when the recursion feature is enabled (D-189)
	Feel.Type.Conversion, step :function_signature	the types dmn declares	a built-in with several signatures, given where a function type is declared, becomes the function of the signature that fits (D-197)

The table lists the main semantic interfaces. dmn also uses Feel.Worker and its bounded preflight utilities for containment and compact input selection. No function of FEEL depends on dmn.
Why a tree and not text
DMN 1.6 says that boxed expressions "can be mapped to FEEL text" (10.2.2). The obvious engine does that: it writes the FEEL of a context, a function, a table, and parses it. That loses what the model knows. A name has to be escaped. A diagnostic points into text that nobody wrote. A table of hundreds of cells is one long string, parsed again for every evaluation. And a decision table has no FEEL: a UNIQUE table with two matching rules is null with an error that names the rules, a PRIORITY table orders by the position of an output among the output values, and the outputs of a rule that does not count are not computed. Written as FEEL these need helper functions, lose the type of the result, and report errors that belong to the helpers (this was tried, and is why D-175 exists).
So dmn builds the tree itself, from the nodes of Feel.AST and from the parses of the texts that the model does contain, and gives it to Feel.prepare_ast/3. The meaning of every part stays FEEL's.
A unit, end to end
A model with one input and one decision table:
<inputData id="customer" name="Customer type"><variable name="Customer type" typeRef="string"/></inputData>
<decision id="discount" name="Discount">
  <variable name="Discount" typeRef="number"/>
  <informationRequirement><requiredInput href="#customer"/></informationRequirement>
  <decisionTable id="t1" hitPolicy="UNIQUE">
    <input id="i1"><inputExpression typeRef="string"><text>Customer type</text></inputExpression>
      <inputValues><text>"Gold", "Silver", "Bronze"</text></inputValues></input>
    <output id="o1" typeRef="number"/>
    <rule id="r1"><inputEntry><text>"Gold"</text></inputEntry><outputEntry><text>0.2</text></outputEntry></rule>
    <rule id="r2"><inputEntry><text>"Silver", "Bronze"</text></inputEntry><outputEntry><text>0.1</text></outputEntry></rule>
  </decisionTable>
</decision>
Dmn.compile/2 makes one unit for the decision Discount. Its prepared expression has this IR (Feel.Expression.unoptimized_ir/1, abridged; the types are what the analyzer found):
{:conform, type: number in {0.1, 0.2}, or null}                        result_type: number   (the variable of the decision)
└─ {:conform_bindings, :enforce, [{"Customer type", {1, 14}, :string}], …}   the scope: the input is read as a string
   └─ {:decision_table, span {0, 0}, :unique, nil, inputs, rules, outputs}   the node dmn built
        inputs   [{ {:var, "Customer type"},  {:unary_tests, [? = "Gold", ? = "Silver", ? = "Bronze"]} }]
        rules    [{"r1", [{:unary_tests, :positive, [? = "Gold"]}],               [{:conform, {:const, 0.2}, :number}]},
                  {"r2", [{:unary_tests, :positive, [? = "Silver", ? = "Bronze"]}], [{:conform, {:const, 0.1}, :number}]}]
        outputs  [{nil, nil, nil}]                                              (no name, no order, no default)
Four things in it came from dmn: the type to convert the result to, the typed scope that turned the read of Customer type into a conversion, the table node, and the declared column: <output typeRef="number"/> makes each output entry a declared value, which is the :conform around it (DD-25). Everything else is what FEEL makes of the parts: ? in an entry is the value of its column, typed string, so an entry is a test of a string. The source of the unit is its texts, one after another (next section). Running it:
Dmn.evaluate(compiled, "Discount", %{"Customer type" => "Silver"})    #=> {:ok, Decimal.new("0.1"), []}
Dmn.evaluate(compiled, "Discount", %{"Customer type" => "Platinum"})  #=> {:ok, nil, []}
The second is null because no rule counts and there is no default (DMN 1.6, clause 8 and 10.3.2.10). This should not come as a surprise: compile/2 already reported it, with an input that triggers it, as the :incomplete_table diagnostic of the decision (see "Step 5").
Step 1: the types
Dmn.Compiler.Types hands the item definitions of a model, and of the models it imports under the names of the imports, to Feel.ItemDefinitions.new/2 as plain data, with default cycle rejection or recursive: :guarded when the caller enables recursion. From them, Feel.ItemDefinitions.scope/2 makes the Feel.Scope of a unit: each name it reads (an input, a decision) with its declared type, allowed values and type constraints. A business knowledge model or a decision service it invokes is in the scope as a function type. The model is the only source of those types, and dmn has no typing of its own: what a typeRef means, what an implicit conversion is and how a value that does not fit becomes null with an error are FEEL's (DMN 1.6, 10.3.2.9; D-138). The following declarations determine what dmn hands over:
	Every constraint of a type. A type can have its own allowed values, those of its components, a type constraint, a second list. FEEL checked a declared value against one list of allowed values, so {age: 200} satisfied a tPerson whose age is [0..150]. Types.result/2 and declared/2 now hand over the list that Feel.ItemDefinitions.variable/2 gives, and a declared value is held to all of it (D-190, DD-25).
	What a function gives. A function item names its result type with outputTypeRef. FEEL's arrow keeps the type but not its constraints, so Types.function_outputs/1 and output_declared/3 recover the named result's constraints for the body (DD-25).
	What a caller sees (DD-33). A business knowledge model uses Types.knowledge_type/4: its formal parameters determine the inputs, and a function-typed variable contributes the function item's output as the result. For functionItem outputTypeRef="number", a numeric K(10) therefore has a numeric result, rather than a function result. Aliases and imports use the same rule; parameters in the function item do not override the model's formal parameters. A higher-order model names a function item whose output is another function type. A decision service uses Types.service_type/5: one output keeps its decision variable's type, including a function-valued output; several outputs form a context keyed by decision name, and no outputs form an empty context. The service's own variable can declare the final result, unwrapping only its outer function-item layer. A result other than Any controls the caller type after conversion; service input declarations determine parameters. The generated service body enforces a derived recursive result too, so its runtime signature agrees with the declaration used by calling decisions. Individual output constraints stay with their decisions.
	A built-in where a function type is declared (D-197, TCK 0092 #014). A parameter, a name or a result declared function<number> -> number and given abs, which is made of signatures that differ in their types (a number, a duration), was refused: an overload is not an instance of one of its arrows (D-171, D-171), and making it one would be unsound, since a function type holds for any arguments and abs(duration) gives a duration. So instance of and the analysis are as they were, and the value is converted: Feel.Type.Conversion has a last step, :function_signature, that gives it the function of the one signature that fits, and the call converts its arguments to the parameter types as a call of a function written in FEEL does.
	A type that refers to itself is an error by default. The :recursion feature enables guarded data graphs: every cycle crosses a context member or list element, and no cycle crosses a function signature. Membership and component constraints visit all finite descendants, with ordinary null exemptions and no implicit conversions inside fields. Analysis uses a bounded upper projection; it cannot treat inclusion in that projection as proof of membership or unchanged conversion. Alias-only and function-type cycles remain errors. The legacy FEEL recursive: :any mode is approximate and is not what the DMN feature uses (D-189, DD-22).
	What the caller switches on. Dmn.compile(model, features: [:recursion, :dmn_1_1_types]) (DD-29) is the one option for what DMN 1.6 does not have: each is off unless the caller asks, none can be requested by a model, and each adds what was an error before. :recursion is the engine's own (Step 6); the others are extensions (Dmn.Extension, DD-28). The first of them appends the names that DMN 1.1 gave the date and time types (dateTime, dayTimeDuration, yearMonthDuration) to the item definitions, only where the model defines no type of that name, so that every place that reads a typeRef sees them and none has to map them. recursion: true and extensions: [...] still mean what they meant, and add to features:. The engine is DMN 1.6 unless the caller asks for more.

[image: Four places where the types of a model enter FEEL: the variable of a decision, the scope, a declared value inside the tree, and function parameters]
The four places are the rows of the figure. The first, second and fourth use options and a scope that prepare/2 always had. The third needed a node ({:declared, …}, below), because a decision's result was the only value that FEEL could convert and verify against a declaration, and a boxed context has an entry with a typeRef in the middle of an expression, and so does the output column of a decision table.
Step 2: parsing the texts
Every text of a model is parsed alone, where it stands, by Dmn.Compiler.Fragment:
Feel.parse(text, scope: env.scope, scope_index: env.index, entry: :expression | :unary_tests, limits: env.limits)
	:entry is :expression for a literal expression, an input expression and an output entry, and :unary_tests for an input entry and for the input values of a column. A table's entries are not expressions. The output values of a column are read as a list expression ("High", "Low" is ["High", "Low"]), since they are the order of the priority policies.
	:scope is what lets the parser read a name of several words. Customer type is one name only because it is in the scope, and the parser matches the longest name that the tokens make. The scope has the names of the unit's requirements, and, inside a boxed expression, the names that the expressions around bind: the entries of a context, the parameters of a function, the variable of a loop (Dmn.Compiler.Env.bind/2). Those are not typed here. The analyzer finds them again from the tree, with their types.
	:scope_index exists for large scopes. The parser takes the names of a scope, lexes each to count its tokens, and builds a set, for every text. That is negligible for one expression but quadratic in the size for a context of 4,000 entries, each a text parsed against a scope that grows. Feel.Syntax.ScopeIndex.new/2 does it once, put_name/2 adds a name in time proportional to its tokens, and Feel.parse/2 reads from the index instead of from the scope (D-177). A parse that is given no index behaves as before.
	What cannot be parsed is not an error of the model. It is a diagnostic of the element, with the place in it, and the fragment is null (an expression) or tests that nothing satisfies (an input entry: a rule with an entry that cannot be read never matches), in line with DMN 1.6, where an expression that cannot be evaluated gives null (7.3.8). The unit is prepared all the same.

Step 3: building the tree
The virtual source
FEEL reports where it found a problem as a byte range of one text (Feel.Diagnostic, a span). A unit has many texts, and syntax that has none. So a unit is prepared from a virtual source: the texts one after another, a newline after each, with the tree of each parse moved to where its text is (Feel.AST.shift/2), and a source map from a range of the source to a place in the model (Dmn.Compiler.Source).
[image: The texts of a decision table, the glue parts of its nodes, the virtual source they make, and the source map that takes the span of a diagnostic back to a rule and an entry]
	A text is added with its origin, {element, path}, where the path is a place in the element: [:expression, :rule, 1, :output_entry, 1]. Source.add/3 returns where it starts, which is the offset of shift/2.
	A node of the tree that stands for a boxed expression has no text. It gets a glue part: one byte of its own, an empty text and a newline, and the zero-width span at its start. A diagnostic on it is found in that part, so it has a place in the model like any other. The table has one, and so has the :declared node around each output entry (the two g parts of the figure), with the path of the entry it declares.
	prepare_ast/3 is given the concatenation as its source. It does not read it, only keeps it, and the spans of the diagnostics are ranges of it. Source.find/2 turns a span into {element, path, offset, box} by a search over the parts (locate/2 and box/2 are its halves), and Dmn.Diagnostic.from_feel/4 turns a FEEL diagnostic into a diagnostic of the model. This holds for the diagnostics of preparation and for those of a run.

What a boxed expression becomes
The tree is built directly, as the analyzer wants it: a name is its list of tokens, a key is a string, and nothing is escaped.
	Boxed expression	Tree
	literal expression	the parse of its text
	any expression with a typeRef	{:declared, …} around it
	context	{:context, …}. The entry with no variable is the result, selected from the context under a key that no text can write
	function definition (FEEL)	{:function, …} with the parameters typed by their typeRef
	invocation	{:call, …} with the arguments by name
	relation, list	a list of contexts, a list
	conditional, filter, for, some, every	{:if, …}, {:filter, …}, {:for, …}, {:quantified, …}; the first, second and the quantifiers are marked boxed: true (FEEL D-212, DD-38)
	decision table	{:decision_table, …} (a node of FEEL's own tree), each output entry and default output entry a {:declared, …} of its column (DD-25)
	decision service	function(inputs) { decisions…, result }.result, each decision a declared value that reads what it requires and no other input or decision of the service (DMN 1.6, 10.4); the decisions report their own texts and their faults are the service's (DD-34)
	business knowledge model	a {:function, …} that is run once to give a closure, so calls, conversions and limits are FEEL's

Two things are done on the way, and both are about names:
	The names that the compiler adds (the key of a context's result, the aliases of a service's outputs, the parameters of an invoke) begin with U+0001. XML 1.0 does not allow it in a document and the lexer of FEEL does not read it as part of a name, so no name, id or text of a model can be one, or collide with one (Dmn.Compiler.Tree.internal/1).
	An entry that reads the name of its own key. {context01: context01} is a cycle in FEEL. In a boxed context it is the decision called context01 (TCK 1146, 0085; DD-12). Dmn.Compiler.Expression binds the outside value to another key of a context around it, and Dmn.Compiler.Rename renames the reads of the entry to that key. Every context of the tree has a span of its own, because Feel.Analysis.References finds the entries of a context by it.

The two nodes FEEL gained
Both are in Feel.AST and have no text: a layer above FEEL builds them, and the parser never does. A node is trusted to be well formed (a node that is not one, or a name that is not a list of tokens, raises); what is not trusted is meaning, which the analyzer checks as it does for a parsed tree.
{:decision_table, meta, policy, aggregation, inputs, rules, outputs}
	Part	Is
	policy	:unique, :first, :any, :priority, :output_order, :rule_order or :collect
	aggregation	nil, or :sum, :count, :min, :max for a :collect table of one output
	inputs	the columns: {expression, input_values}, the input expression and the unary tests that its values are expected to satisfy (nil for none)
	rules	{id, entries, results}: the id for messages, one entry for each input ({:unary_tests, …}, or nil for -) and one output entry (an expression; for a column that declares a type, a {:declared, …} around it) for each output
	outputs	{name, order, default}: the name (nil for the one output of a table that has one), the output values as a list expression (the order of :priority and :output_order), and the default output entry

It is a node and not a translation (D-175) because its meaning is partly FEEL's, and the rest is not FEEL at all. The entries are unary tests of the input of their column, the outputs are expressions, and what the analysis knows of them gives the type of the table: those are FEEL's. Which rules count, which hit policy chooses among them, and that the outputs of the others are never computed belong to Feel.Runtime.DecisionTable.
{:declared, meta, expression, type, allowed_values}
The value of an expression that something declares a type and allowed values for, as a decision declares them for its result. dmn builds it where it knows the declaration: the value of an entry of a boxed context, of a decision inside a decision service, the body of a function, and any boxed expression that has a typeRef, and each output entry of a decision table whose column declares a type. The value is converted to the type (a list of one element is its element for a type that is not a list, a value is a list of itself for a list type), and is null with an error when it does not conform or does not satisfy the allowed values (DMN 1.6, 10.3.2.9). type is a Feel.Type.t() whose names are those of the scope, and allowed_values is the source of a list of unary tests, or, since D-190, the list of every constraint of a declared type: each one for the value or, down its steps (a key of a context, :each for the elements of a list), for a member of it. All of them have to hold, and the first one that rejects the value makes it null with the error that says where. A value that is null, and a member that is not there, are exempt.
Step 4: preparing
Feel.prepare_ast(tree, source, options) takes the options of prepare/2 except :entry and :dialect, which are those of a tree: an expression, and :feel. dmn gives it scope:, limits:, and, for a decision, result_type: and result_allowed_values:, the declaration of its variable (the type, and every constraint of it). The shared preparation pipeline (feel/preparation.ex) analyzes, optimizes and compiles the tree as it does a parsed one. It records conservative binding dependencies before optimization, including declaration checks and returned closures. Recursive groups receive complete peer evidence during compilation, so their compact runtime expressions do not need saved ASTs or preparation options. The semantic diagrams below omit the outer shared-worker boundary; public compilation includes every stage under the same deadline and heap policy.
How the analyzer learns a node
For the analyzer, a new node is a clause of analyze_clause (a private function) in Feel.Analysis.Analyzer.
[image: The analyzer clauses for a declared value and for a decision table, and the type of a table by hit policy]
:declared reuses existing code. The result of a whole expression is converted and verified when the scope or the options declare one (verify_result/3, D-138). The clause analyzes the expression, then runs verify_result/3 with the declaration of the node in place of the declaration of the expression. The nodes it makes are the :conform and :allowed that the optimizer, both backends and the audit already handle. Since D-190 the declaration may be a list of constraints: each is an :allowed node around the one before, and one that is for a member of the value (a component of a context, the elements of a list) has meta.path, the steps down to it. That is the one thing that the backends learned for it (Feel.Runtime.AllowedValues.verify_member/7, a clause of Walk.value_of/3 and of Emitter.expression/2). And since D-190 the type of an :allowed node has null in it unless its tests are certainly satisfied, since a value that a constraint rejects is null to whatever reads it afterwards.
:decision_table is analyzed in an order that the types need:
	Feel.Analysis.Tables.validate/6 checks the shape: a known policy and aggregation, an aggregation only for a :collect table of one output, named outputs when there are several, and in every rule one entry for each input and one output entry for each output. A node that is not a valid table is the error :invalid_decision_table at the span of the node, whoever built it.
	The input expressions are analyzed first, because their types are the types of the columns.
	The input values of the columns are analyzed next (analyze_table/5): tests of a member of the column's type, like the entries. A - is satisfied by the input values of its column, if it has some, so a rule with a - there says what they say.
	Each rule is analyzed as a unit (analyze_rule/3), because what its entries say of the inputs holds in its outputs (D-195). A test is analyzed in the context of a member of its column's type, the way the tests of in are: ? has the type of the column, so > 18 in a number column is a test of a number, and a test that no value can satisfy is reported. Then the entries become facts about the input expressions, as the condition of an if does for its branches: a positive entry is input in tests, not(…) is its outcome false (D-194), and a - is the input values of its column; the facts of the columns are met, and the outputs of the rule are analyzed in the context that has them (rule_context/4, refine/3). So in age >= 18 → age - 18 the age of the output is a number from 18, whichever hit policy the table has, since an output is computed only for a rule that matched. The default outputs and the output values are not under a rule and are analyzed in the context around. A rule whose outputs read no name, which is true of nearly every table, makes no facts. What the parts read, and what they report, is merged into the result of the node, and the errors of the entries and of the outputs of a rule are found together.
	refill/2 puts the answers back where the parts came from (an absent part stays absent).
	Feel.Analysis.Tables.result_type/5 makes the type of the table from the policy and the types of the outputs of all the rules and defaults. null is always in it: a table is null when no rule counts and there is no default, and when its hit policy breaks.

The result is an IR node of the same shape, with the type in its metadata. Other traversals of the tree (Feel.Analysis.References, the quoted names, Feel.AST.shift/2) do not need a clause for it: they walk any tuple whose second element is a metadata map with a :span, which is why the node has that shape.
The optimizer and the backends
[image: The optimizer, the two backends and the shared runtime of a decision table]
	The optimizer (Feel.Optimizer) rewrites the parts of the table and never folds it: the entries are tests of inputs that are read when it runs.
	The interpreter (Walk.value_of/3) evaluates the input expressions in order, then gives the runtime a function for each part: an entry is fn input, env -> … end that evaluates its tests with the input bound as ?, and an output is fn env -> … end.
	The BEAM emitter (Emitter.expression/2) emits the same funs as abstract format (entry_function/2, outside_function/2) and a call of DecisionTable.run/5. It puts no semantics into the generated code, as it does for every operator.
	The runtime (Feel.Runtime.DecisionTable.run/5) is where the hit policies are implemented, once, for both. Because the entries and outputs are functions, the entries of a rule after the first one that is not satisfied are not run, and the outputs of the rules that do not count never are. An error (several rules of a UNIQUE table, different outputs of ANY, an output that is not among the output values of a priority table) is null for the table with a diagnostic that names the rules, at the span of the node, and ends a run in mode: :strict.

test/feel_decision_table_test.exs runs every policy on both backends, which must give the same value and the same diagnostics. dmn runs on the interpreter unless the caller asks for the BEAM backend with Dmn.compile(model, backend: :beam) (DD-41); that one creates modules and atoms that are never freed and is for models that the caller trusts.
Step 5: questions about a table
The input entries of a table are unary tests, and the input of a column has the type that the analysis gave its expression, so a rule is a set of inputs and the questions about a table are questions about sets. Dmn.Compiler.Checks asks Feel.Rules after the unit is prepared:
	It reads Feel.Expression.unoptimized_ir/1 and finds the :decision_table nodes, wherever they are.
	Each node's span goes through the source map to a place in the model, and the place to the table of the model that it came from.
	The columns are the types of the inputs without null (a null input matches no rule). A bound containing only null falls back to non-null Any for checking. These are abstract column domains; a witness need not be reachable through the rest of the decision model. Prepared wildcard entries use the column's inputValues when present; explicit entries use their own test, unconstrained by inputValues. Wildcard identity comes from the prepared IR, so empty or commented wildcards and ignored column values agree with runtime behavior. Each query receives the unit's named type definitions through types: map, preserving aliases, imported types and multiword type parsing even when analysis resolved or folded away instance of. Tests that read model or local bindings, filter fields, dynamic names, extension calls or indirect calls remain open (:unknown cells in Feel.Rules), since reparsing their source without those bindings can resolve a different function. Their possible inputs are the whole column and their certain inputs are empty. A call lowered from a builtin alias keeps its binding provenance, so the original spelling cannot be reinterpreted as a different builtin. Indirect calls stay open even without a direct extension marker, since builtin function values use the runtime extensions. This keeps independent proofs available without evaluating model functions (DD-43). For example, with column inputValues of 1, a wildcard row accepts only 1, while an explicit 2 row still accepts 2. The second row is not dead under FIRST, and the two rows are disjoint under UNIQUE. Treating - as unrestricted would give the wrong proofs.
	Feel.Rules.overlaps/3 (an overlap in a UNIQUE table is a warning), dead/3 (a rule a FIRST table never reaches is a warning) and coverage/3 (an input no rule takes, in a table with no default, is an info) answer proved, refuted with an input that shows it or unknown, and the compiler turns definitive verdicts into diagnostics. Certainty uses lower bounds: numeric caps keep intervals without filling gaps, and string caps discard information. The certain-set contract are regressions, including UNIQUE and FIRST tables evaluated at a gap in the first rule. Unsupported questions can remain unknown; universal witness revalidation is still open work.

A table of more than 200 rules or 4,000 cells (rules times inputs) is not asked: the number of rule pairs is the square of the first, and each cell is prepared for each question. Source and column preparation happen inside the table's worker (its deadline and memory policy), after these size limits. Mismatched model and prepared row/column counts fail the check with :table_not_checked, rather than silently truncating it. Tables skipped for size or having no inputs also report :table_not_checked; unsupported questions can remain unknown. Absence of warnings or :table_not_checked does not establish that every question ran or had a definitive answer. check_tables: false turns the questions off (DD-20).
Standalone Feel.Rules calls accept named type definitions through the optional :types map, but do not receive value bindings or extensions. A caller must supply the original named types, each effective test, and an explicit :unknown cell when its other dependencies cannot be preserved. Passing original text that resolves differently outside the model is not a valid way to reuse the DMN checker's proof assumptions.
Step 6: running, and the way back
Dmn.Run runs the units a request needs, in the order of the plan, each once. For a unit it binds the values of the units it reads under their names and calls Feel.run(expression, bindings, options), with the caller's :mode, :clock, :entropy and :limits, and the key of the unit as the :origin. The values of the data are converted and verified where they are read, by the scope's declarations (DD-13), so no unit relies on another's check.
The public run APIs accept :mode, :sandbox, :guard, :clock, :entropy and :limits. Mode is :lenient (the default) or :strict. Containment defaults to on; sandbox: false opts out for trusted input. guard: configures the timeout, heap and input/result transfer allowances documented by Feel.Worker; guard: nil is invalid when containment is enabled. Repeated option keys are invalid, including nested guard keys with identical values. Unknown run keys, repeated keys and invalid modes are rejected before selection or worker startup; invalid guard settings are rejected before a worker starts. These errors return {:error, %Dmn.Error{kind: :run, code: :invalid_options}}, so a tiny worker cap cannot replace an option error with a termination error. The shared security model describes the policy.
Recursive groups keep single-signature callee evidence in their compiled expressions. Installing links during evaluation reuses that preparation; it does not analyze or optimize the model again.
What FEEL reports comes back through the source map. A diagnostic of a run has a span of the unit's source, Source.locate/2 finds the element and the place in it, and the Dmn.Diagnostic says rule 1, output entry 1 of the decision "Discount" and keeps FEEL's diagnostic. :strict mode stops at the first error and returns {:error, %Dmn.Error{kind: :run, code: :strict}} (DMN 1.6, 7.3.8).
A span is a range of one text, and a run can involve more than one: a business knowledge model that a decision calls, and each member of a recursion group, run their own text inside another's, so a span of the member's text, put in the caller's map, landed in the caller at whatever part has that range. So a diagnostic says which text its span is in (D-201): it has an origin (Feel.Diagnostic.origin, a term of the host's, nil for the text of the expression that was run unless the host gave the run an origin). Dmn.Run runs each unit with its key as the origin, and a function written in it, a business knowledge model or a decision service among them, keeps it wherever it is called, as does a function that a function with another origin writes. Feel.Recursion gives the members of a group theirs, the environment carries the origin while the body runs (Env.within/3), and Dmn.Run places a diagnostic by the source of the unit whose key is its origin; so the feel of a Dmn.Diagnostic has the key of its unit and not nil. An origin that is not the key of a unit of the model is not read, and nothing in a text of FEEL can set one.
Dmn.Run.invoke/4, calling a business knowledge model or a service as a function, builds a tree of its own: a call of the closure by name or by position, with the arguments as values bound under U+0001 names, prepared with prepare_ast/3 and a source of "".
Limits. The limits that a model is compiled with (feel_limits:) are kept by the compiled model and are the limits of its runs (Dmn.Compiled.feel_limits, DD-26); :limits given to a run replace them.
Recursion. DMN 1.6 has none (the requirements are acyclic, 6.3), so by default a cycle is :cyclic_requirements, and a business knowledge model or service that invokes itself by name (its own name is not in its scope) is :recursion_not_enabled. With the :recursion feature (Dmn.compile(model, features: [:recursion]), DD-22 and DD-29; recursion: true still works), business knowledge models and decision services that invoke themselves or each other run, and no node was added to FEEL for it. A group is the strongly connected set of those units, or a unit whose prepared logic reads its own name. Compilation establishes their single-signature callee evidence. The shared Dmn.Compiled planner orders the group after its external requirements; sandbox preflight carries that plan into execution with its matching compact model. Trusted calls and guarded fallbacks plan inside the run. Dmn.Run runs the members together and gives each the links to the members it reads, whereas other units are given values. A link (Feel.Recursion.link/1 and run/3, D-188) is a function that makes the member's closure at the first call in a run and keeps it in the environment of the run (Env.links, D-200), so a function value that is returned from a run relies on no shared cache with an independent lifetime. Feel.Limits bounds call count and depth; the sandbox deadline also bounds a complete recursive invocation. A cycle with a decision on it stays an error, since data cannot be derived from itself.
The feature also selects guarded item-definition graphs, independently of whether a knowledge function recurses. Those graphs keep full runtime membership and constraint checks; only their static projection is bounded. See Step 1 and DD-22 for the data-cycle restrictions.
What is not trusted
The XML, its imports, and the FEEL in them are written by someone else (DD-02). At this seam that means:
	every text is prepared with the interpreter backend (unless the caller who trusts its models asks for backend: :beam, DD-41, which generates modules and atoms that are never freed) and Feel.Limits, which bounds selected construction and runtime work. Dmn.compile/2 includes XML loading, imports and compilation under one Feel.Worker policy; the evaluation and invocation entry points cover complete runs. Containment defaults to on; sandbox: false opts out for trusted input. Deadlines, bounded transfers and process heap policies complement engine limits; they do not bound total VM memory or arbitrary host effects (DD-15). See the shared security model;
	a tree is trusted to be well formed, and it is dmn that builds it. A model cannot create a node, because every node is made from the model's data by the code that maps it, and the names that the compiler adds are not names a model can write;
	a model that is wrong (a text that cannot be read, a name that is not in scope, a table with a missing entry) is compiled all the same, with diagnostics, and a fault of the element is an error of every run of it (DD-24). An error that is about an element (an unresolved requirement, two elements of one name, a type that is not defined) is a fault of its unit, so a strict run ends on it, and Dmn.validate/1, or validate: true for Dmn.compile/2, is the gate that refuses a model with any error (DD-24).

Adding a node
A boxed expression that FEEL has no node for (or a node that a future layer would build) goes through the same places as the two above. In apps/feel:
	lib/feel/ast.ex: the node in the table, its shape in Feel.AST.t/0, and a section that says what it means. Keep the shape {kind, %{span: …}, parts…}, so that the generic traversals keep working.
	lib/feel/analysis/analyzer.ex: a clause of analyze_clause/2. It analyzes the parts with the context they need (for the entries of a table, the member context of the column), merges what the parts found, makes the type, and reports a wrong shape at the span of the node. A new check of shape can live in its own module, as Feel.Analysis.Tables does.
	lib/feel/ir.ex: the IR node in the table and in the type, if the analyzer makes a new one. If it can be expressed in the nodes that exist, as :declared is, there is no more to do after this step.
	lib/feel/optimizer.ex: a clause that rewrites the parts, and a decision whether the node may be folded.
	Both backends: lib/feel/backend/interpreter/walk.ex (value_of/3) and lib/feel/backend/beam/emitter.ex (expression/2). Put the semantics in a module of lib/feel/runtime/ that both call (Feel.Runtime.DecisionTable), and bump the generated-code cache stamp (Feel.Runtime.abi/0) when changing calls emitted against that contract.
	Tests: both backends give the same value and diagnostics; Feel.Paranoid over the node (no value outside its type, the optimizer changes nothing); a wrong shape is an :analysis error.
	docs/decisions.md: an entry (D-nnn) with the problem, the decision, and what is open.

In apps/dmn, Dmn.Compiler.Expression (or its own module, as Dmn.Compiler.Table) builds the node from the model, with the glue span of its part (Fragment.glue/3), and registers what the checks need to find it again (state.tables).
Open implementation work is tracked in the FEEL backlog and DMN backlog.


  

    To do

Open work and deliberately unsupported behavior. decisions.md records the effective design choices. Current type-system and compiler priorities are in the FEEL assessments; the items here concern the DMN layer.
The TCK nodes that fail
The authoritative node lists are known failures, flag mismatches, and the baseline. Run mix run scripts/dmn_tck.exs in apps/bdm_tck for fresh counts. The remaining categories include:
	[ ] External functions (0076, 14 nodes). They fail by default and pass with the opt-in DmnJava.Extension (DD-37; all 14 pass, literal_001 only through a comparator tolerance for a TCK value truncated to 8 decimals). Not done: instance methods and constructors, the kinds PMML and ONNX, a precompiled class instead of the source that is compiled at start, parallel calls per sidecar, and FEEL extensions when parsing a literal expression (such as a function whose name has several words).
	[ ] Research 0076 literal_001 and flag it upstream. The TCK expects Math.cos(123) as -0.88796890, the value truncated to 8 decimals (not rounded, which would give -0.88796891), and Value.same?/3 accepts a truncated result under doubles: true to get around it. DMN 1.6 gives no rule for it: Table 47 maps number to BigDecimal only, §10.3.2.13.3 says results are converted "when possible", and A4-27 of the spec notes calls the precision of a Java double implementation-defined. To do: see how the other TCK runners compare it (a tolerance, or a failure), then open an issue on dmn-tck/tck asking for the full double or a stated tolerance; drop the truncation tolerance if the TCK changes.

Resource limits and API boundaries
The completed loader and guard repairs are recorded in DD-23, and the error values for the entry points and their options in DD-36 and DD-39. Remaining work:
	[ ] Reduce preparation and evaluation costs within the existing containment policy. Loading, compilation and complete evaluations already use shared workers by default (DD-15): five seconds, 128 MiB heap and bounded transfers. FEEL's per-unit limits still apply; there is no general step quota. The preflight clock, the walk over every selected expression and the source maps of data-only extensions are done (DD-44); a contained TCK call costs about 60 µs more than a trusted one on the interpreter (128 µs against 68 µs) and about 40 µs more on the BEAM backend (106 µs against 69 µs). What is left is measured in apps/tck_eval and bench_payload.exs: copying the dependency view and checking its size (about 3 µs per KB), spawning a process for each call, and copying the compiled model back out of the worker on load (15–30 % of a load). Neither keeping the model where the worker can read it without copying (:persistent_term or ETS) nor a reusable worker has been tried; both change how calls are isolated from each other and need a design of their own. Profile repeated type environments and required large inputs before adding another limit or planning layer. Applications still own concurrency and artifact retention.
	[ ] Decide whether Dmn.compile(model, backend: :beam) should require sandbox: false. FEEL's APIs refuse the BEAM backend in a worker because the modules and atoms it makes outlive the worker (FEEL D-221); DMN's compiler asks for the backend itself inside its own worker, so DD-41 is accepted there. Either the DMN option stays the caller's trust decision (as now documented), or it adopts FEEL's rule, and the TCK harness's ours-beam row would then pass sandbox: false for the compile.
	[ ] The types of each model include the item definitions of every model it reaches. A set of 64 models that import one another has 64 sets of types, each with the definitions of all the others, so memory grows with the number of models times the item definitions of the graph (max_import_bytes bounds the second factor, not the product).
	[ ] Every element holds a copy of its namespace URI (DD-35). max_uri_length bounds the size of a copy, so the worst case is max_elements copies. Sharing one binary among the elements of a declaration would make the URI cost only once, at the price of looking up the prefix in scope for each element; this is unnecessary while the limit holds.

Validation and imports
	[ ] Preserve resolved scope in additional table proofs (DD-43). Scope-dependent entries currently remain unknown rather than acquiring different builtin meanings when reparsed. Recover precision only through an interface that retains model/local bindings and extension semantics; keep wildcard/inputValues handling aligned with prepared IR. Universal revalidation of reported witnesses against original entries and input domains is also open work.

What recursion leaves (DD-22)
	[ ] More precise recursive analysis and relations. Guarded recursive data declarations now retain finite graphs and check all finite descendants and component constraints at runtime. Static analysis uses a finite structural upper bound and keeps checks whose recursive target is not proved. Complete recursive subtyping/equivalence remains open; graph-projected functions and complete-callee paths can retain broad recursive call bounds. Alias-only cycles and cycles through function signatures are intentional compile errors, not incomplete descendant validation. Extend the independent finite-tree oracle pool to generated mutual graphs and larger declaration families before broadening proof rules. FEEL's explicit legacy recursive: :any remains an approximate opt-in; DMN's recursion feature uses guarded validation instead (DD-22).

What the engine does not do yet
	[ ] A persisted Dmn.Compiled format. Dmn.compile/2 prepares for the interpreter, or for the BEAM backend when the caller chooses backend: :beam (DD-41), and returns an ordinary in-memory artifact, not a supported serialization format; a BEAM-compiled model also refers to modules loaded in this VM only. Cross-release persistence needs an explicit representation and invalidation contract; regenerate models on upgrade.
	[ ] Expression languages other than FEEL (https://www.omg.org/spec/DMN/uninterpreted/20140801, PMML, XPath) are a diagnostic.
	[ ] A decision service that uses decisions of another model. A service is made up only of decisions from its own model.
	[ ] Parse multi-word FEEL extension names in literal expressions. DMN extensions already provide feel_extensions/0, and the compiler forwards those to FEEL preparation (DD-37). Fragment parsing does not receive them yet, so an added multi-word function name is not grouped as one name there. Keep extension selection under host control.

Compatibility and maintenance
	[ ] Automatic selection of legacy type aliases. DD-28 implements the three DMN 1.1 temporal names through features: [:dmn_1_1_types]. Decide whether a model's namespace should select that extension automatically; keep caller-selected behavior explicit.

Intentional boundaries are not pending features: cycles through decisions remain errors, input conversion occurs where a value is read (DD-13), and descriptive/diagram elements do not affect evaluation.


  

    
Dmn 
    



      
A DMN engine built on the FEEL library.
FEEL stays a separate package (:feel). This application reads a model (load/2), compiles it
to prepared FEEL expressions (Dmn.Compiler) and evaluates the required units (Dmn.Run).
A model is untrusted input here, and so is every model it imports: see Dmn.XML and Dmn.Limits.
Public operations use Feel.Worker by default. guard: configures the policy;
sandbox: false skips the outer worker for trusted input, keeping model and FEEL
limits, XML parsing guards and optional table-check guards.

      


      
        Summary


  
    Functions
  


    
      
        compile(input, options \\ [])

      


        Compiles a model (Dmn.Compiler): every text of it is parsed, every name resolved and every expression typed and prepared, once.
Accepts XML bytes or a loaded Dmn.Model; bytes include loading in the same worker deadline.
Containment is on by default. guard: configures it and sandbox: false opts out for trusted input.
What is wrong with the model is in the diagnostics of the result, and the model is compiled all the same, unless validate: true is
given, which refuses a model that has an error (validate/1). extensions: switches on additions to DMN 1.6 (Dmn.Extension), such as
the names of DMN 1.1 for the date and time types; a name or module that is not an extension is :invalid_options.



    


    
      
        evaluate(compiled, name, inputs \\ %{}, options \\ [])

      


        Evaluates the decision called name with the inputs, in a compiled model: {:ok, value, diagnostics}.



    


    
      
        evaluate_all(compiled, names, inputs \\ %{}, options \\ [])

      


        Evaluates several decisions at once, with the inputs, in a compiled model: the Dmn.Result, which has the value of each and
the diagnostics of everything that ran. A decision that more than one of them needs is run once.



    


    
      
        invoke(compiled, name, arguments, options \\ [])

      


        Calls a business knowledge model or a decision service of a compiled model as a function (Dmn.Run.invoke/4): the arguments are a
map of the names of the parameters to values, or a list in the order of the parameters. {:ok, value, diagnostics}.



    


    
      
        load(xml, options \\ [])

      


        Reads a DMN model from the bytes of an XML document.



    


    
      
        load!(xml, options \\ [])

      


        Like load/2, and raises the Dmn.Error.



    


    
      
        prepare_call(compiled, name, options \\ [])

      


        Prepares repeated evaluation of one decision: resolves its name and dependency plan once, with fixed run options.



    


    
      
        run(call, inputs \\ %{})

      


        Evaluates a prepared decision with fresh inputs: {:ok, value, diagnostics} or {:error, Dmn.Error.t()}.



    


    
      
        validate(compiled)

      


        Whether a compiled model is valid: :ok if the compile found no error in it, and {:error, %Dmn.Error{kind: :model, code: :invalid_model}} with the errors (details.diagnostics) if it did.



    





      


      
        Functions


        


    

  
    
      
    
    
      compile(input, options \\ [])



        
          
        

    

  


  

      

          @spec compile(binary() | Dmn.Model.t(), keyword()) ::
  {:ok, Dmn.Compiled.t()} | {:error, Dmn.Error.t()}


      


Compiles a model (Dmn.Compiler): every text of it is parsed, every name resolved and every expression typed and prepared, once.
Accepts XML bytes or a loaded Dmn.Model; bytes include loading in the same worker deadline.
Containment is on by default. guard: configures it and sandbox: false opts out for trusted input.
What is wrong with the model is in the diagnostics of the result, and the model is compiled all the same, unless validate: true is
given, which refuses a model that has an error (validate/1). extensions: switches on additions to DMN 1.6 (Dmn.Extension), such as
the names of DMN 1.1 for the date and time types; a name or module that is not an extension is :invalid_options.
features: switches on what DMN 1.6 does not have (Dmn.Features, DD-29): :recursion, which lets a business knowledge model or a
decision service invoke itself or one that invokes it, and enables guarded recursive item definitions
with complete finite-value checks (DD-22). Other features are the additions of Dmn.Extension, such as the names of DMN 1.1 for
the date and time types, by name or as modules. Only the caller can say so. A name that is no feature is :invalid_options. The
spellings recursion: true and extensions: [...] are the same, and add to it.
The options are those of Dmn.Compiler.compile/2 (:resolver, :limits, :feel_limits, :check_tables, :backend, and the features above), and
guard: (Feel.Worker: deadline, memory and transfer limits). Options that are not a keyword list, and a guard: that is not
a valid worker policy, are {:error, %Dmn.Error{kind: :compile, code: :invalid_options}}, as for
evaluate/4 with kind: :run: nothing raises for them (DD-36). So are limits: that are neither a Dmn.Limits nor a keyword list of
its fields, and feel_limits: that is not a Feel.Limits (DD-39), with the option in details.option.
iex> xml = ~s(<definitions xmlns="https://www.omg.org/spec/DMN/20240513/MODEL/" name="m" namespace="urn:m"><decision id="d" name="Double"><variable name="Double" typeRef="number"/><informationRequirement><requiredInput href="#i"/></informationRequirement><literalExpression><text>Amount * 2</text></literalExpression></decision><inputData id="i" name="Amount"><variable name="Amount" typeRef="number"/></inputData></definitions>)
iex> {:ok, model} = Dmn.load(xml)
iex> {:ok, compiled} = Dmn.compile(model)
iex> {:ok, value, []} = Dmn.evaluate(compiled, "Double", %{"Amount" => Decimal.new(21)})
iex> Decimal.equal?(value, 42)
true

  



    

    

  
    
      
    
    
      evaluate(compiled, name, inputs \\ %{}, options \\ [])



        
          
        

    

  


  

      

          @spec evaluate(Dmn.Compiled.t(), String.t(), map(), keyword()) ::
  {:ok, Feel.Value.t(), [Dmn.Diagnostic.t()]} | {:error, Dmn.Error.t()}


      


Evaluates the decision called name with the inputs, in a compiled model: {:ok, value, diagnostics}.
Dmn.Run says what the inputs are and what an error is. Options: :mode (:lenient or :strict), the options of a run of
FEEL (:clock, :entropy, :limits), and guard: (Feel.Worker: deadline, memory and transfer limits). What a caller got from
outside can be given as it is, and nothing raises (DD-36): a name that is not a string is :unknown_decision, inputs that are not a
map of names are :invalid_inputs, and options that are not a keyword list, a mode that is none, and a guard: that is not a
valid worker policy are :invalid_options, all with kind: :run.
Options also accept sandbox: false for trusted input. Unknown keys, repeated keys and invalid
modes are rejected before selection or worker startup. Guard policy keys must be unique too.

  



    

    

  
    
      
    
    
      evaluate_all(compiled, names, inputs \\ %{}, options \\ [])



        
          
        

    

  


  

      

          @spec evaluate_all(Dmn.Compiled.t(), [String.t()], map(), keyword()) ::
  {:ok, Dmn.Result.t()} | {:error, Dmn.Error.t()}


      


Evaluates several decisions at once, with the inputs, in a compiled model: the Dmn.Result, which has the value of each and
the diagnostics of everything that ran. A decision that more than one of them needs is run once.
Takes the options of evaluate/4, and nothing raises for them or for what a caller got from outside: names that are not a list, and
inputs that are not a map, are :invalid_inputs, and a name in the list that is not a string is :unknown_decision (DD-36).

  



    

  
    
      
    
    
      invoke(compiled, name, arguments, options \\ [])



        
          
        

    

  


  

      

          @spec invoke(Dmn.Compiled.t(), String.t(), map() | list(), keyword()) ::
  {:ok, Feel.Value.t(), [Dmn.Diagnostic.t()]} | {:error, Dmn.Error.t()}


      


Calls a business knowledge model or a decision service of a compiled model as a function (Dmn.Run.invoke/4): the arguments are a
map of the names of the parameters to values, or a list in the order of the parameters. {:ok, value, diagnostics}.
A service returns its single output value, a context keyed by canonical decision names for several
outputs, or an empty context for no outputs. A missing or Any service result declaration keeps
the result type derived from its output decisions. A readable non-Any declaration controls the
final conversion; a function item on the service variable contributes its output type, while a
function-valued output decision keeps its function layer. Output and service constraints are enforced
at their respective boundaries, including recursive descendant constraints when recursion is enabled.
A service inherits faults from its input data, input decisions, encapsulated decisions and output
decisions. These are reported even when the caller supplies the inputs: strict mode stops on a fault,
and lenient mode reports it and continues. The same contracts apply when a decision calls the service.
Takes guard: as evaluate/4 does. What is not a function that can be called (a decision, a knowledge model with no logic, an external
one), a name that is not a string (:unknown_decision), arguments of another shape and options that are not what they should be are an
error value (:not_a_function, :invalid_arguments, :invalid_options) and not an exception.
A call that ends on a limit of FEEL is that error (:limit_exceeded, with details.kind: :limit), as a run of a decision is; :strict
is the code of an error in the :strict mode, and of that only (DD-36).

  



    

  
    
      
    
    
      load(xml, options \\ [])



        
          
        

    

  


  

      

          @spec load(binary(), keyword()) :: {:ok, Dmn.Model.t()} | {:error, Dmn.Error.t()}


      


Reads a DMN model from the bytes of an XML document.
The model is data, as the document says it: nothing is resolved or compiled yet. Options: :limits, a Dmn.Limits.t/0 or the
fields of one to replace; and :base_uri, the URI the document was read from (Dmn.Model has it as base_uri), which a resolver
that resolves a relative locationURI of its imports against the document that has them needs (Dmn.Resolver). It is not read
from the document and is not opened. Unknown and repeated option keys are rejected. Options that are not a keyword list, a :base_uri that is not a string, and :limits that are
neither a Dmn.Limits nor a keyword list of its fields (positive integers) are {:error, %Dmn.Error{kind: :model, code: :invalid_options}}: nothing raises for them (DD-39).
iex> xml = ~s(<definitions xmlns="https://www.omg.org/spec/DMN/20240513/MODEL/" name="m" namespace="urn:m"><inputData id="i" name="x"/></definitions>)
iex> {:ok, model} = Dmn.load(xml)
iex> Enum.map(model.input_data, & &1.name)
["x"]
iex> {:error, %Dmn.Error{code: :doctype_not_allowed}} = Dmn.load(~s(<!DOCTYPE a [<!ENTITY x "y">]><a/>))

  



    

  
    
      
    
    
      load!(xml, options \\ [])



        
          
        

    

  


  

      

          @spec load!(binary(), keyword()) :: Dmn.Model.t()


      


Like load/2, and raises the Dmn.Error.

  



    

  
    
      
    
    
      prepare_call(compiled, name, options \\ [])



        
          
        

    

  


  

      

          @spec prepare_call(Dmn.Compiled.t(), String.t(), keyword()) ::
  {:ok, Dmn.PreparedCall.t()} | {:error, Dmn.Error.t()}


      


Prepares repeated evaluation of one decision: resolves its name and dependency plan once, with fixed run options.
Takes the options of evaluate/4, including :sandbox and :guard, which every run then applies. Unknown or ambiguous
names and invalid mode, sandbox or guard options are errors at preparation. Inputs are supplied to run/2, which returns the same value and diagnostics as evaluate/4.
Input validation, declared types, limits, diagnostics and the clock of each run still apply. A supplied clock function
is called at execution, not preparation. This selects existing compiled expressions; it does not generate more code.
Prepare a new call to change the decision, model or options. This evaluates an element; use invoke/4 to invoke a BKM
or decision service as a function.
{:ok, call} = Dmn.prepare_call(compiled, "Double", mode: :strict)
{:ok, value, diagnostics} = Dmn.run(call, %{"Amount" => Decimal.new(21)})

  



    

  
    
      
    
    
      run(call, inputs \\ %{})



        
          
        

    

  


  

      

          @spec run(Dmn.PreparedCall.t(), map()) ::
  {:ok, Feel.Value.t(), [Dmn.Diagnostic.t()]} | {:error, Dmn.Error.t()}


      


Evaluates a prepared decision with fresh inputs: {:ok, value, diagnostics} or {:error, Dmn.Error.t()}.
Input names are validated and normalized on every call, and intermediate values and diagnostics are never shared between
runs. Inside a worker (the default, Feel.Worker) the request is selected and admitted as evaluate/4 does it, so the
worker is given the part of the model the decision needs and not the prepared plan; with sandbox: false (or inside a
worker that is running already) the plan from prepare_call/3 is used and no decision lookup or planning is repeated.
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          @spec validate(Dmn.Compiled.t()) :: :ok | {:error, Dmn.Error.t()}


      


Whether a compiled model is valid: :ok if the compile found no error in it, and {:error, %Dmn.Error{kind: :model, code: :invalid_model}} with the errors (details.diagnostics) if it did.
compile/2 normally retains model defects as diagnostics, as DMN has an element that cannot be evaluated be null (7.3.8), and a run
of such a model goes on. Invalid caller options, resource limits, and validate: true can instead refuse compilation. So a compile that succeeded, and a run that did not end in :strict mode, do not say that the model is
valid: an element that no decision asked for is not run, and a run in lenient mode goes on. A caller that wants a model that is
valid asks this once, or gives validate: true to compile/2. Confirmed unresolved names also refuse a model,
including names in unreachable branches. Other warnings and infos do not.
iex> xml = ~s(<definitions xmlns="https://www.omg.org/spec/DMN/20240513/MODEL/" name="m" namespace="urn:m"><decision id="d" name="D"><variable name="D"/><informationRequirement><requiredInput href="#nope"/></informationRequirement><literalExpression><text>1</text></literalExpression></decision></definitions>)
iex> {:ok, model} = Dmn.load(xml)
iex> {:ok, compiled} = Dmn.compile(model)
iex> {:error, %Dmn.Error{code: :invalid_model, details: %{count: 1}}} = Dmn.validate(compiled)
iex> {:error, %Dmn.Error{code: :invalid_model}} = Dmn.compile(model, validate: true)

  


        

      


  

    
Dmn.Compiled 
    



      
A compiled model: what Dmn.compile/2 makes of a Dmn.Model, and what Dmn.evaluate/4 runs.
It holds a unit for each DRG element (Dmn.Compiler.Unit): the prepared FEEL expression of a decision, or of a business knowledge model,
with its scope, source map and dependency metadata. The ordered plan is computed per request,
not stored on the reusable model. Sandbox preflight can pass its successful plan to execution
with the matching compact model; trusted calls and conservative fallbacks plan during execution.
Evaluating a decision runs each required unit once, without reanalyzing its prepared logic.
Dmn.invoke/4 separately prepares a small call wrapper for the supplied arguments.
	Field	Is
	model	the Dmn.Model it was made from
	sources	internal extra diagnostic origins for compact worker views with opaque callbacks; nil in ordinary models
	units	the units by key
	names	the canonical names of the decisions, business knowledge models and decision services, to their keys
	ambiguous	the canonical names that more than one element of the model has, to the keys of those elements: they are not in names, and a call by one is an error (:ambiguous_name)
	imports	which document each imported model is, by namespace: %{location: where it was asked for, sha256: the hash of its bytes} (Dmn.Imports)
	groups	the recursion groups, by the key that names each (Dmn.Compiler.Unit.group), to the keys of their members: none unless Dmn.compile/2 was told recursion: true
	diagnostics	what the compiler found without data, Dmn.Diagnostics
	feel_extensions	the extensions of FEEL that the expressions were prepared with (Dmn.Extension.feel_extensions/0), which a call of a knowledge model from outside (Dmn.invoke/4) is prepared with too: a function resolves what it calls in the extensions of the expression that calls it
	feel_data_only	whether every one of those extensions declared that it adds data only (the data_only? callback of Feel.Extension), asked once at compilation, where the extensions are protected, so that a call in a worker does not run extension code before its worker starts
	feel_limits	the Feel.Limits the expressions were prepared within (:feel_limits of Dmn.compile/2), which a run keeps to unless it is given :limits of its own


      


      
        Summary
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        key()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        errors(compiled)

      


        The diagnostics of the compile that are errors: what is wrong with the model whatever the data. A model with none can still have
warnings and infos; Dmn.validate/1 is the gate that asks.



    


    
      
        plan(compiled, key)

      


        The keys of the units that running the element key needs, in the order to run them, it last.



    


    
      
        plan_all(compiled, keys)

      


        The combined dependency plan of several targets, visiting shared dependencies once.



    


    
      
        validation_errors(compiled)

      


        Errors that prevent admitting a model. Unresolved names are errors at this boundary,
even though lenient evaluation retains FEEL's warning-and-null behavior.
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      key()



        
          
        

    

  


  

      

          @type key() :: {Dmn.Compiler.Unit.kind(), String.t()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Dmn.Compiled{
  ambiguous: %{optional(String.t()) => [key()]},
  diagnostics: [Dmn.Diagnostic.t()],
  feel_data_only: boolean(),
  feel_extensions: [atom()],
  feel_limits: Feel.Limits.t(),
  groups: %{optional(key()) => [key(), ...]},
  imports: %{optional(String.t()) => Dmn.Imports.identity()},
  model: Dmn.Model.t() | nil,
  names: %{optional(String.t()) => key()},
  sources:
    %{optional(key()) => {Dmn.Compiler.Source.finished(), String.t()}} | nil,
  units: %{optional(key()) => Dmn.Compiler.Unit.t()}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      errors(compiled)



        
          
        

    

  


  

      

          @spec errors(t()) :: [Dmn.Diagnostic.t()]


      


The diagnostics of the compile that are errors: what is wrong with the model whatever the data. A model with none can still have
warnings and infos; Dmn.validate/1 is the gate that asks.

  



  
    
      
    
    
      plan(compiled, key)



        
          
        

    

  


  

      

          @spec plan(t(), key()) :: [key()]


      


The keys of the units that running the element key needs, in the order to run them, it last.
A unit needs the units it reads. The requirements of a model are acyclic, which the compiler checked: a unit in a cycle has
no expression and reads nothing, so the walk ends. The exception is a recursion group, units of knowledge that read each
other (Dmn.compile/2 with recursion: true): they are run together, after every unit that any of them reads outside the
group, since each is run with links to the others and not with their values (Feel.Recursion).

  



  
    
      
    
    
      plan_all(compiled, keys)



        
          
        

    

  


  

      

          @spec plan_all(t(), [key()]) :: [key()]


      


The combined dependency plan of several targets, visiting shared dependencies once.

  



  
    
      
    
    
      validation_errors(compiled)



        
          
        

    

  


  

      

          @spec validation_errors(t()) :: [Dmn.Diagnostic.t()]


      


Errors that prevent admitting a model. Unresolved names are errors at this boundary,
even though lenient evaluation retains FEEL's warning-and-null behavior.
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Compiles a Dmn.Model to a Dmn.Compiled: a prepared FEEL expression for each element of the decision requirements graph, and the
plan that says what each reads.
Everything that does not depend on the data is done here, once:
	The models. The models that the first one imports are read through the resolver of the caller (Dmn.Imports,
Dmn.Resolver); their elements are elements of the same graph. An element of an imported model is called Import.Name by the
model that imports it, and its types are Import.tName.
	The types. The item definitions of a model, and those of the models it imports under the names of the imports, become a
Feel.ItemDefinitions (Dmn.Compiler.Types). The declared type of a variable is FEEL's type, with its allowed values and its
type constraints. By default recursive item references are errors. With features: [:recursion],
guarded data cycles retain finite graphs: every cycle must cross a context member or list element,
and none may cross a function signature. Runtime validation checks complete finite values;
analysis uses conservative upper bounds (DD-22).
	The graph. The elements are indexed by their id (and the namespace of their model, for those of an import), the
requirements are resolved to the elements they name, and a cycle is an error (DMN 1.6, 6.3: the requirements are acyclic): the
elements on it have no logic. Unless the caller asks for recursion: true (DD-22): then business knowledge models and decision
services that read themselves or each other are recursion groups, which are compiled as any unit is and run with links to
one another (Feel.Recursion); a cycle that has a decision on it is still an error.
	The units. Each decision, business knowledge model and decision service has a scope (Feel.Scope): the input data and
decisions it requires, each of its declared type and allowed values, and the functions it invokes, each as the function type
it has. Its boxed expression is mapped to the syntax tree of FEEL (Dmn.Compiler.Expression, and Dmn.Compiler.Table for
a decision table), and Feel.prepare_ast/3 analyzes it, types it with that scope, and compiles it for the backend (the interpreter unless backend: says otherwise). The
declared type of a decision's variable, and its allowed values, are how its result is converted and verified.

A decision is never run here, and nothing is evaluated: a text that cannot be read, a name that is not in scope and a table
with an entry that cannot be satisfied are diagnostics of the element (Dmn.Diagnostic), and the model is compiled all the same,
as DMN has an expression that cannot be evaluated give null (7.3.8). Dmn.Compiled.diagnostics has all of them.

      


      
        Summary


  
    Functions
  


    
      
        compile(root, options \\ [])

      


        Compiles a model.



    





      


      
        Functions


        


    

  
    
      
    
    
      compile(root, options \\ [])



        
          
        

    

  


  

      

          @spec compile(Dmn.Model.t(), keyword()) ::
  {:ok, Dmn.Compiled.t()} | {:error, Dmn.Error.t()}


      


Compiles a model.
Options:
	:resolver: how the models that it imports are found (Dmn.Resolver). None by default, and then an import is a diagnostic.
	:limits: the Dmn.Limits that the imported models are read within.
	:feel_limits: the Feel.Limits that the expressions are prepared and run within (Feel.Limits.default/0 by default). The
compiled model keeps them (Dmn.Compiled.feel_limits), and a run keeps to them unless it is given :limits of its own, which
replace them (Dmn.Run).
	:check_tables: whether the decision tables are asked what their types say of them (Dmn.Compiler.Checks); true by default.
	:backend: what the prepared expressions run on (Feel.Backend): :interpreter (the default), which generates no code and loads
nothing into the VM, or :beam, which compiles each expression to a module and is faster. The BEAM backend loads modules and
mints atoms that are never freed, so it is for models that are trusted (DD-41). Both give the same results. With
recursion: true the business knowledge models that have logic, and the decision services, stay on the interpreter, whatever is
asked, since they can invoke themselves.
	:features: what the caller switches on (Dmn.Features, DD-29): :recursion, and the extensions (Dmn.Extension) by name or
module. None by default. The two options below are the spellings that came first, and add to it.
	:recursion: whether a business knowledge model or a decision service may invoke itself, and may be invoked by what it
invokes (DD-22). false by default, and then a requirement that goes round in a circle is an error and an element that
invokes itself by name has a :recursion_not_enabled error as well as the unknown-name diagnostic.
It also enables guarded recursive item definitions, validating complete finite data and constraints.
Alias-only cycles and cycles through function signatures remain errors. Only the caller can say
true: nothing in a model switches it on. A decision on a requirements cycle is an error either way.
	:extensions: the additions to DMN 1.6 to compile with (Dmn.Extension), names or modules. None by default. An extension that
gives type names (:dmn_1_1_types) adds them as item definitions of the model, after its own and those of the models it imports,
so a type that the model defines has the name.
An extension that runs external functions (Dmn.Extension.external_functions/0) has the functionDefinition of that kind compiled to
the external function of FEEL, and the expressions of the model are prepared with the extensions of FEEL it brings.

Returns {:error, error} when the graph exceeds Dmn.Limits.max_units. Otherwise
{:ok, compiled}: what is wrong with the model is in the diagnostics (Dmn.Compiled.errors/1), and an error of an element
is also an error of its unit, which a run says and which ends a strict run. Dmn.validate/1 is the question whether there is any.

  


        

      


  

    
Dmn.Compiler.Box 
    



      
The boxed expression that a part of a unit came from: what the source map (Dmn.Compiler.Source) knows of a range of the
virtual source besides the element and the place in it.
Every node of the tree of a unit has a span, and the span is in a part of the source, so every node, whether it was parsed from
a text or built from the syntax of a box, can be asked for its box (Dmn.Compiler.Source.box/2). A part that is in no box (the
declaration of a variable, the wrapper of a unit) has none.
	Field	Is
	kind	:literal_expression, :decision_table, :context, :function, :invocation, :relation, :list, :conditional, :filter, :for, :some or :every
	id, label, line	those of the box in the model (nil where the model has none)
	type_ref	the type the box declares for its value
	boolean_part	the part of the box that DMN 1.6 says MUST resolve to a boolean (10.2.1.8 to 10.2.1.10): :if of a conditional, :match of a filter, :satisfies of some and every, and nil for the others

boolean_part is what the specification asks of the box, and the compiler holds the box to it: the node a box makes is marked
boxed: true (Dmn.Compiler.Tree.boxed/1), and a condition that is a value other than a boolean and null is null with an error
for the whole node (D-212 of feel, as the TCK has it: 1150 #003, 1151 #004 and #005, 1153 #006). The source map says which box a
part is in, and the flag in the node is what the passes of feel, which cannot ask the map, read.
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        kind()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        of(expression)

      


        The box of a boxed expression of the model, or nil for nil.
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          @type kind() ::
  :literal_expression
  | :decision_table
  | :context
  | :function
  | :invocation
  | :relation
  | :list
  | :conditional
  | :filter
  | :for
  | :some
  | :every


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Dmn.Compiler.Box{
  boolean_part: :if | :match | :satisfies | nil,
  id: String.t() | nil,
  kind: kind(),
  label: String.t() | nil,
  line: pos_integer() | nil,
  type_ref: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      of(expression)



        
          
        

    

  


  

      

          @spec of(Dmn.Model.Expressions.t() | nil) :: t() | nil


      


The box of a boxed expression of the model, or nil for nil.
iex> box = Dmn.Compiler.Box.of(%Dmn.Model.Expressions.Iterator{kind: :some, id: "q1"})
iex> {box.kind, box.id, box.boolean_part}
{:some, "q1", :satisfies}

  


        

      


  

    
Dmn.Compiler.Checks 
    



      
What the types of FEEL can say of a decision table before it runs (Feel.Rules).
The input entries of a table are unary tests, and the input of a column has the type the analysis gives its expression, so a rule is a
set of inputs and the questions about a table are about sets: does a pair of rules share an input, is a rule never reached, does the
table take every input. Each answer of Feel.Rules is proved, refuted with an input that shows it, or unknown, and only
what is shown is said:
	Code	Severity	When
	:overlapping_rules	warning	two rules of a UNIQUE table that an input matches both of (the table is null with an error for it)
	:dead_rule	warning	a rule of a FIRST table that the rules before it take every input of
	:incomplete_table	info	a table with no default output that an input matches no rule of (the table is null for it)
	:table_not_checked	info	a check ran out of time or memory, raised, or found mismatched model/prepared table dimensions

The input that shows it is in the details as input, by the name input 1, input 2, … of the column. The questions are asked of a
table of at most 200 rules and 4,000 cells (rules times inputs), since the pairs of rules are the square of the first and each cell is
prepared for each question; a table of more is not asked.
Size skips and tables with no inputs produce a :table_not_checked diagnostic.
Individual proof questions can still be unknown; absence of a warning is not a proof.
The time is not bounded by the size of a table (100 rules of ranges and not(…) with 4 inputs took 38 s), so the questions about a
table are asked in a process that is ended at a deadline (Feel.Worker), and there is a deadline for all the tables of a compile
(table_check_timeout and checks_timeout of Dmn.Limits). A table that passed one is an info (:table_not_checked), and
says nothing of its rules.
The columns, rules and policy are those of the model; the types come from the prepared expression, in which a decision table is a
node whose span is the glue of the table (Dmn.Compiler.Source), and whose place in the model is its path.
Prepared wildcard entries use the column's effective inputValues; explicit entries use their own
tests. Source preparation retains the unit's named type definitions, including aliases and qualified
names, even when analysis has resolved or folded away an instance of reference. Proofs exclude null from column types, matching the table's null-input behavior.
A bound containing only null falls back to non-null Any. Questions concern these abstract
column domains, not reachability through upstream decisions or concrete host bindings.
A test that depends on model/local bindings, filter fields, dynamic lookup, extension calls or indirect calls is
passed as :unknown: possible inputs are the whole column and certain inputs are empty. Resolved
builtin aliases retain their binding provenance. Independent cells and rules can still prove facts;
model functions are not invoked for proof construction (DD-43).
Effective-source and column preparation run inside the same deadline/memory guard as the queries,
after the size checks. Reported witnesses are not universally revalidated against original entries.
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        budget()

      


        How long the questions may take: table milliseconds for each table, until deadline (in System.monotonic_time(:millisecond)) for
all of them, within max_memory bytes.
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        tables(expression, tables, source, owner, budget, types \\ %{})

      


        The diagnostics for the decision tables of an expression. tables are the tables the compiler made nodes of, by their path.
types must contain the named type definitions from the scope used to prepare the expression.
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          @type budget() :: %{
  table: pos_integer(),
  deadline: integer(),
  max_memory: pos_integer()
}


      


How long the questions may take: table milliseconds for each table, until deadline (in System.monotonic_time(:millisecond)) for
all of them, within max_memory bytes.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      tables(expression, tables, source, owner, budget, types \\ %{})



        
          
        

    

  


  

      

          @spec tables(
  Feel.Expression.t(),
  %{optional([term()]) => Dmn.Model.DecisionTable.t()},
  Dmn.Compiler.Source.finished(),
  String.t(),
  budget(),
  %{optional(String.t()) => Feel.Type.t()}
) :: [Dmn.Diagnostic.t()]


      


The diagnostics for the decision tables of an expression. tables are the tables the compiler made nodes of, by their path.
types must contain the named type definitions from the scope used to prepare the expression.

  


        

      


  

    
Dmn.Compiler.Env 
    



      
What the compiler knows while it builds the syntax tree of one unit: the model, the types of its item definitions, and the names
that are in scope where it is.
scope is the Feel.Scope of the unit, the names it may read from outside with their declared types: the input data and
decisions it requires, the functions it invokes. parse_scope is that and the names that the boxed expressions around the
fragment bind (the entries of a context, the parameters of a function, the variable of a loop), which is what the parser of FEEL
needs to read a name of several words (Feel.parse/2). The analyzer finds the second kind itself, from the tree.
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        t()

      


    





  
    Functions
  


    
      
        bind(env, names)

      


        The environment inside an expression that binds names: they are names for the parser, and are not typed (the analyzer types
them from the tree).



    


    
      
        new(model, definitions, scope, element, options \\ [])

      


        The environment of the unit of element, with the scope of its requirements.
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          @type t() :: %Dmn.Compiler.Env{
  definitions: Feel.ItemDefinitions.t(),
  element: String.t(),
  external: %{optional(atom()) => String.t()},
  function_outputs: %{optional(String.t()) => String.t()},
  index: Feel.Syntax.ScopeIndex.t(),
  language: String.t() | nil,
  limits: Feel.Limits.t() | nil,
  model: Dmn.Model.t(),
  parse_scope: Feel.Scope.t(),
  scope: Feel.Scope.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      bind(env, names)



        
          
        

    

  


  

      

          @spec bind(t(), [String.t()]) :: t()


      


The environment inside an expression that binds names: they are names for the parser, and are not typed (the analyzer types
them from the tree).

  



    

  
    
      
    
    
      new(model, definitions, scope, element, options \\ [])



        
          
        

    

  


  

      

          @spec new(
  Dmn.Model.t(),
  Feel.ItemDefinitions.t(),
  Feel.Scope.t(),
  String.t(),
  keyword()
) :: t()


      


The environment of the unit of element, with the scope of its requirements.
Options: :limits, :external (the kinds of external function that the extensions run, Dmn.Extension.external_functions/1), :function_outputs (the type each function item names for its output, Dmn.Compiler.Types.function_outputs/1), and :base_index, the index (Feel.Syntax.ScopeIndex) of a scope that has the types of the scope and no
name. The names of a unit are added to it, and the types, which are the size of the item definitions of the model, are not made
again for each unit.

  


        

      


  

    
Dmn.Compiler.Expression 
    



      
Maps a boxed expression to a syntax tree of FEEL (DMN 1.6, 10.2.2: boxed expressions "can be mapped to FEEL text").
	Boxed expression	Tree
	literal expression	the parse of its text
	context	a context; the entry with no variable is the result, selected from the context under a key that no text can write
	function definition	function(parameters) body, the parameters typed by their typeRef
	invocation	a call of the function by the names of its parameters
	relation	a list of contexts, one for each row
	list, conditional, filter	[…], if … then … else …, source[match]
	for, some, every	for v in source return body, some v in source satisfies test, every …
	decision table	Dmn.Compiler.Table

Each fragment of text is parsed where it stands, with the names in scope there: the names of the unit, and those that the
boxed expressions around it bind. A part that is missing (an else that is not there, a binding with no formula) is null.
The tree is built as the analyzer wants it, and not as text would be written: a name is its tokens, a key is a string, and
the glue has the zero-width span of its part of the model (Dmn.Compiler.Source).

      


      
        Summary


  
    Functions
  


    
      
        compile(expression, env, state, path)

      


        The tree of an expression, with the state, at path in the element of the environment. nil is null.



    


    
      
        declared(tree, type_ref, env, state, path)

      


        The tree of a value that the model declares a type for (Feel.AST, "Declared values"): converted to the type and verified
against its allowed values. Unchanged for no type; a type that FEEL cannot read is a diagnostic, and the value is not converted.



    


    
      
        type_expression(span, type_ref, definitions)

      


        The type expression of a typeRef, or nil for no type. A typeRef is read as a type expression (number!,
list<Employee>) with the item definitions as the names that exist; every node of it has the span of the element. A text
that is not one stays a type name, which FEEL then says is unknown.
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      compile(expression, env, state, path)



        
          
        

    

  


  

      

          @spec compile(
  Dmn.Model.Expressions.t() | nil,
  Dmn.Compiler.Env.t(),
  Dmn.Compiler.Fragment.state(),
  Dmn.Compiler.Fragment.origin_path()
) :: {Feel.AST.expression(), Dmn.Compiler.Fragment.state()}


      


The tree of an expression, with the state, at path in the element of the environment. nil is null.

  



  
    
      
    
    
      declared(tree, type_ref, env, state, path)



        
          
        

    

  


  

      

          @spec declared(
  Feel.AST.expression(),
  String.t() | nil,
  Dmn.Compiler.Env.t(),
  Dmn.Compiler.Fragment.state(),
  Dmn.Compiler.Fragment.origin_path()
) :: {Feel.AST.expression(), Dmn.Compiler.Fragment.state()}


      


The tree of a value that the model declares a type for (Feel.AST, "Declared values"): converted to the type and verified
against its allowed values. Unchanged for no type; a type that FEEL cannot read is a diagnostic, and the value is not converted.

  



  
    
      
    
    
      type_expression(span, type_ref, definitions)



        
          
        

    

  


  

      

          @spec type_expression(
  Feel.Diagnostic.span(),
  String.t() | nil,
  Feel.ItemDefinitions.t()
) ::
  Feel.AST.type_expression() | nil


      


The type expression of a typeRef, or nil for no type. A typeRef is read as a type expression (number!,
list<Employee>) with the item definitions as the names that exist; every node of it has the span of the element. A text
that is not one stays a type name, which FEEL then says is unknown.

  


        

      


  

    
Dmn.Compiler.Fragment 
    



      
A text of the model, parsed as FEEL and put in the source of the unit.
The text is added to the virtual source (Dmn.Compiler.Source) with its origin, parsed with the names that are in scope where it
stands, and its tree is moved to where its text is. What cannot be parsed is not an error of the whole model: it is a diagnostic of
the element it is in, and the fragment is null (an expression) or a rule that never matches (an input entry), as DMN has an
expression that cannot be evaluated give null (7.3.8).
The state that is threaded through the compiler is a map with the :source, the :issues found so far, and the :box that is
being compiled (Dmn.Compiler.Box, nil outside a box): every part put in the source, a text or glue, is put with it, and so is
every issue.
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    Types
  


    
      
        origin_path()

      


    


    
      
        state()

      


    





  
    Functions
  


    
      
        expression(text, language, env, state, path)

      


        The tree of the text as an expression. An empty text, or none, is null; a text that is not FEEL, or cannot be parsed, is null
and a diagnostic.



    


    
      
        glue(state, env, path)

      


        The zero-width span of the part of the model at path, for the nodes of the tree that stand for it and have no text.



    


    
      
        issue(state, severity, code, message, env, path, fields \\ [])

      


        Records a diagnostic of the element, at a place in it.



    


    
      
        new_state()

      


        The state of a unit that has compiled nothing.



    


    
      
        unary_tests(text, language, env, state, path)

      


        The tree of the text as a list of unary tests: {:ok, tree, state}, {:empty, state} for no text (a test that any value
satisfies), {:error, state} for a text that cannot be read.
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          @type origin_path() :: [term()]


      



  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: %{
  source: Dmn.Compiler.Source.t(),
  issues: [Dmn.Diagnostic.t()],
  box: Dmn.Compiler.Box.t() | nil,
  tables: %{optional(origin_path()) => Dmn.Model.DecisionTable.t()}
}
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      expression(text, language, env, state, path)



        
          
        

    

  


  

      

          @spec expression(
  String.t() | nil,
  String.t() | nil,
  Dmn.Compiler.Env.t(),
  state(),
  origin_path()
) ::
  {Feel.AST.expression(), state()}


      


The tree of the text as an expression. An empty text, or none, is null; a text that is not FEEL, or cannot be parsed, is null
and a diagnostic.

  



  
    
      
    
    
      glue(state, env, path)



        
          
        

    

  


  

      

          @spec glue(state(), Dmn.Compiler.Env.t(), origin_path()) ::
  {Feel.Diagnostic.span(), state()}


      


The zero-width span of the part of the model at path, for the nodes of the tree that stand for it and have no text.

  



    

  
    
      
    
    
      issue(state, severity, code, message, env, path, fields \\ [])



        
          
        

    

  


  

      

          @spec issue(
  state(),
  Feel.Diagnostic.severity(),
  atom(),
  String.t(),
  Dmn.Compiler.Env.t(),
  origin_path(),
  keyword()
) :: state()


      


Records a diagnostic of the element, at a place in it.

  



  
    
      
    
    
      new_state()



        
          
        

    

  


  

      

          @spec new_state() :: state()


      


The state of a unit that has compiled nothing.

  



  
    
      
    
    
      unary_tests(text, language, env, state, path)



        
          
        

    

  


  

      

          @spec unary_tests(
  String.t() | nil,
  String.t() | nil,
  Dmn.Compiler.Env.t(),
  state(),
  origin_path()
) ::
  {:ok, Feel.AST.unary_tests(), state()} | {:empty, state()} | {:error, state()}


      


The tree of the text as a list of unary tests: {:ok, tree, state}, {:empty, state} for no text (a test that any value
satisfies), {:error, state} for a text that cannot be read.

  


        

      


  

    
Dmn.Compiler.Rename 
    



      
Renames the reads of a name in a syntax tree of FEEL, where the tree reads it from outside.
An entry of a boxed context can have the name of something outside the context, and read it: context01: context01, or
copied: context put(context01, "a", 2) in a context that has an entry context01. In a FEEL context the key is a name for all the
entries, so the entry would read itself. The compiler renames the reads of the entry to a name that the context around it binds
to the outer value (Dmn.Compiler.Expression).
A read is a name that is not bound again inside the tree: the keys of a context in it, the parameters of a function, the
iterators of a for (and partial in its body), some and every (in the part they scope), and item in the brackets of a
filter bind names. The tree says where, in the function scopes of Feel.Analysis.References (not part of its public
interface), which Feel.Analysis.References.to/2 reads the same way, so that the reads that are renamed are the reads that it
counts. The names of the parameters of a call by name, and
the parts of a path, are not reads.
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        reads?(tree, name)

      


        Whether the tree reads the canonical name name from outside.



    


    
      
        rename(tree, from, tokens)

      


        The tree with the reads of the canonical name from read as tokens.
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          @spec reads?(Feel.AST.t(), Feel.Name.t()) :: boolean()


      


Whether the tree reads the canonical name name from outside.

  



  
    
      
    
    
      rename(tree, from, tokens)



        
          
        

    

  


  

      

          @spec rename(Feel.AST.t(), Feel.Name.t(), [String.t(), ...]) :: Feel.AST.t()


      


The tree with the reads of the canonical name from read as tokens.
iex> {:ok, tree} = Feel.parse("a + b + (function(a) a)(1)", scope: Feel.Scope.new(%{"a" => :number, "b" => :number}))
iex> renamed = Dmn.Compiler.Rename.rename(tree, "a", ["outer", "a"])
iex> Feel.Analysis.References.to(renamed, MapSet.new(["a", "b", "outer a"])) |> Enum.sort()
["b", "outer a"]

  


        

      


  

    
Dmn.Compiler.Source 
    



      
The text that a unit is prepared from, and where each part of it came from.
FEEL reports where it found a problem as a byte range of a text (Feel.Diagnostic). A unit of a model is made of many texts (the
literal expression of a decision, the input entries of a rule, an output entry) and of syntax that stands for a boxed
expression and has no text. So the unit is prepared from a virtual source, the texts one after another, with the trees
of their parses moved to where they are (Feel.AST.shift/2), and a source map from a range of it to the part of the model
it is from.
Every part takes at least one byte (a newline follows its text), so the glue of a boxed expression, which has no text, has
a place of its own too: a node of it is given the zero-width range at that place and a diagnostic on it is found in that part.
An origin is {element, path}: element is the id of the element of the model (or its name, if it has none) and path the
place in it, a list such as [:rule, 3, :input_entry, 2]. A part also has the box it is in (Dmn.Compiler.Box, nil for a
part that is in none), which box/2 gives for a range, so every node of a tree can be asked which boxed expression it came
from, whether it was parsed from a text or built from the syntax of a box.

      


      
        Summary


  
    Types
  


    
      
        finished()

      


        A finished source: the text, and the parts in order, as a tuple that locate/2 searches.



    


    
      
        origin()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        add(source, text, origin, box \\ nil)

      


        Appends a text that came from origin. Returns where it starts, and the source.



    


    
      
        box(finished, span)

      


        The boxed expression that a range of the text came from, by where it starts: nil for a range outside the source and for a
part that is in no box.



    


    
      
        find(arg1, arg2)

      


        Where a range of the text came from, by where it starts: the element, the place in it, how far into the text of that part
it starts, and the box (nil for a part in none). nil for a range outside the text. One search, for what needs more than
one of them; locate/2 and box/2 are its parts.



    


    
      
        finish(source)

      


        The text, and the parts in a form that can be searched.



    


    
      
        glue(source, origin, box \\ nil)

      


        Appends a part that has no text, for the syntax that stands for a boxed expression. Returns the zero-width range that its
nodes are given.



    


    
      
        locate(finished, span)

      


        The origin of a range of the text, by where it starts, or nil for a range outside it.



    


    
      
        new()

      


        An empty source.



    





      


      
        Types


        


  
    
      
    
    
      finished()



        
          
        

    

  


  

      

          @type finished() :: %{text: String.t(), parts: tuple()}


      


A finished source: the text, and the parts in order, as a tuple that locate/2 searches.

  



  
    
      
    
    
      origin()



        
          
        

    

  


  

      

          @type origin() :: {String.t(), [term()]}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Dmn.Compiler.Source{
  parts: [
    {non_neg_integer(), non_neg_integer(), origin(), Dmn.Compiler.Box.t() | nil}
  ],
  size: non_neg_integer(),
  text: iodata()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      add(source, text, origin, box \\ nil)



        
          
        

    

  


  

      

          @spec add(t(), String.t(), origin(), Dmn.Compiler.Box.t() | nil) ::
  {non_neg_integer(), t()}


      


Appends a text that came from origin. Returns where it starts, and the source.
iex> {first, source} = Dmn.Compiler.Source.add(Dmn.Compiler.Source.new(), "a + 1", {"d1", [:expression]})
iex> {second, source} = Dmn.Compiler.Source.add(source, "b", {"d2", [:expression]})
iex> {first, second}
{0, 6}
iex> Dmn.Compiler.Source.finish(source).text
"a + 1\nb\n"

  



  
    
      
    
    
      box(finished, span)



        
          
        

    

  


  

      

          @spec box(finished(), Feel.Diagnostic.span() | nil) :: Dmn.Compiler.Box.t() | nil


      


The boxed expression that a range of the text came from, by where it starts: nil for a range outside the source and for a
part that is in no box.
iex> box = %Dmn.Compiler.Box{kind: :filter, id: "f1", boolean_part: :match}
iex> {span, source} = Dmn.Compiler.Source.glue(Dmn.Compiler.Source.new(), {"d1", [:expression]}, box)
iex> finished = Dmn.Compiler.Source.finish(source)
iex> Dmn.Compiler.Source.box(finished, span).kind
:filter
iex> Dmn.Compiler.Source.box(finished, nil)
nil

  



  
    
      
    
    
      find(arg1, arg2)



        
          
        

    

  


  

      

          @spec find(finished(), Feel.Diagnostic.span() | nil) ::
  {String.t(), [term()], non_neg_integer(), Dmn.Compiler.Box.t() | nil} | nil


      


Where a range of the text came from, by where it starts: the element, the place in it, how far into the text of that part
it starts, and the box (nil for a part in none). nil for a range outside the text. One search, for what needs more than
one of them; locate/2 and box/2 are its parts.
iex> box = %Dmn.Compiler.Box{kind: :list}
iex> {span, source} = Dmn.Compiler.Source.glue(Dmn.Compiler.Source.new(), {"d1", [:expression]}, box)
iex> {element, path, offset, found} = Dmn.Compiler.Source.find(Dmn.Compiler.Source.finish(source), span)
iex> {element, path, offset, found.kind}
{"d1", [:expression], 0, :list}

  



  
    
      
    
    
      finish(source)



        
          
        

    

  


  

      

          @spec finish(t()) :: finished()


      


The text, and the parts in a form that can be searched.

  



    

  
    
      
    
    
      glue(source, origin, box \\ nil)



        
          
        

    

  


  

      

          @spec glue(t(), origin(), Dmn.Compiler.Box.t() | nil) :: {Feel.Diagnostic.span(), t()}


      


Appends a part that has no text, for the syntax that stands for a boxed expression. Returns the zero-width range that its
nodes are given.
iex> {span, _source} = Dmn.Compiler.Source.glue(Dmn.Compiler.Source.new(), {"t1", [:table]})
iex> span
{0, 0}

  



  
    
      
    
    
      locate(finished, span)



        
          
        

    

  


  

      

          @spec locate(finished(), Feel.Diagnostic.span() | nil) ::
  {String.t(), [term()], non_neg_integer()} | nil


      


The origin of a range of the text, by where it starts, or nil for a range outside it.
iex> {_, source} = Dmn.Compiler.Source.add(Dmn.Compiler.Source.new(), "a + 1", {"d1", [:expression]})
iex> {_, source} = Dmn.Compiler.Source.add(source, "b", {"d2", [:expression]})
iex> finished = Dmn.Compiler.Source.finish(source)
iex> {Dmn.Compiler.Source.locate(finished, {2, 3}), Dmn.Compiler.Source.locate(finished, {6, 7})}
{{"d1", [:expression], 2}, {"d2", [:expression], 0}}

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


An empty source.

  


        

      


  

    
Dmn.Compiler.Table 
    



      
Maps a decision table to its node of FEEL's syntax tree (DMN 1.6, clause 8; Feel.AST, "Decision tables").
The node is the table as the model has it: the hit policy and the aggregation, the input expressions with the input values of
their columns, the rules with an entry for each input and an output for each output, and for each output its name, its
output values and its default. What the entries and outputs say is FEEL, parsed as the text it is. The rest is
Feel.Runtime.DecisionTable (what a hit policy is) and the analyzer (the type of a table, and what is wrong with its entries),
which are FEEL's own, so a table is typed, optimized and run on both backends as an expression is.
	Of the model	In the node
	hitPolicy, aggregation	the policy :unique … :collect, and :sum, :count, :min, :max or nil
	an input clause	{expression, input_values}; the input values are unary tests
	a rule	{id, entries, results}; an entry is unary tests, or nil for - and for no text
	an output clause	{name, order, default}; the name is nil for a table of one output; the order is the output values read as a list

A text that cannot be read is a diagnostic of the table, and: for an expression null, for an input entry tests that nothing
satisfies (a rule with an entry that cannot be read never matches), for input values and output values none.
What an output clause declares. The typeRef of an output clause is the type of what the column gives, and its output
values are the values it may give (DMN 1.6, 8.2). Each output entry of a rule, and the default output entry, is a declared value of
the column ({:declared, …}, Feel.AST): converted to the type, held to all the constraints of the type (Dmn.Compiler.Types), and
to the output values, and null with an error when it is not. It is the entries that are held to them, and not what the table
makes of them: a COLLECT aggregation (a sum, say) is not one of the output values. For the policies PRIORITY and OUTPUT ORDER
the output values say the order (the third element of the output in the node), which Feel.Runtime.DecisionTable also holds the
outputs of the rules to, so they are not a constraint of those entries too. The default output entry is not a rule's output and is
not in that order, so the run does not look at it, and it is held to the output values for every policy: it is one of them
(DMN 1.6, 8.2.12, where it is underlined in the list of output values). A type that FEEL cannot read is an error of the table, and
the column is not converted.

      


      
        Summary


  
    Functions
  


    
      
        compile(table, env, state, path)

      


        The node for a decision table, with the state, at path in the element of the environment.



    





      


      
        Functions


        


  
    
      
    
    
      compile(table, env, state, path)



        
          
        

    

  


  

      

          @spec compile(
  Dmn.Model.DecisionTable.t(),
  Dmn.Compiler.Env.t(),
  Dmn.Compiler.Fragment.state(),
  Dmn.Compiler.Fragment.origin_path()
) :: {Feel.AST.expression(), Dmn.Compiler.Fragment.state()}


      


The node for a decision table, with the state, at path in the element of the environment.

  


        

      


  

    
Dmn.Compiler.Tree 
    



      
The nodes of Feel.AST that the compiler builds, so that the code that maps a boxed expression says what it maps to and not how
a tuple is made.
Every node is given a span, the zero-width one of the part of the model it stands for (Dmn.Compiler.Source.glue/2). A name is
a list of tokens (Feel.AST), and the tokens of a name of the model are made here (tokens/1) so that they join to the
canonical name that the scope of the unit has.

      


      
        Summary


  
    Types
  


    
      
        span()

      


    





  
    Functions
  


    
      
        at(span, source, index)

      


        source[index], a filter that the analyzer finds to be an index when it is a number.



    


    
      
        boxed(node)

      


        The node as the node of a boxed expression whose condition has to be a boolean (DMN 1.6, 10.2.1.8 to 10.2.1.10): an if, a
filter, a some or an every that is null with an error for a condition that is a value other than a boolean (meta.boxed,
Feel.Runtime.Boxed, D-212). null is taken as false, as it is in the text.



    


    
      
        call(span, function, arguments)

      


        A call of a function by name, with its arguments by position.



    


    
      
        canonical(name)

      


        The canonical form of a name of the model: what the scope of a unit and the keys of a context call it.



    


    
      
        context(span, entries)

      


        A context with the entries {name, expression}, in order. The keys are strings, so any name of a model can be one.



    


    
      
        for_in(span, variable, domain, body)

      


    


    
      
        function(span, parameters, body)

      


    


    
      
        if_then_else(span, condition, then, otherwise)

      


    


    
      
        internal(label)

      


        A name that the compiler makes for itself (the key of the result of a context, an alias of an outside value): it begins with
U+0001, a character that XML 1.0 does not allow in a document, so no name, id or text of a model can be, or begin with, one, and no text of FEEL
can write it (the lexer does not read it as a part of a name).



    


    
      
        list(span, items)

      


    


    
      
        meta(span)

      


    


    
      
        name(span, name)

      


    


    
      
        null(span)

      


    


    
      
        quantified(span, kind, variable, domain, test)

      


    


    
      
        select(span, source, key)

      


        The value of one entry of a context: source.key.



    


    
      
        tokens(name)

      


        The tokens of a name, as the lexer of FEEL would split it: the words, and each of the symbols that a name may have as a token
of its own. Feel.Name.join/1 of them is the canonical form of the name.



    


    
      
        type_name(span, name)

      


        A type by its name: a built-in type or the name of an item definition of the model.



    





      


      
        Types


        


  
    
      
    
    
      span()



        
          
        

    

  


  

      

          @type span() :: Feel.Diagnostic.span()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      at(span, source, index)



        
          
        

    

  


  

      

          @spec at(span(), Feel.AST.expression(), Feel.AST.expression()) ::
  Feel.AST.expression()


      


source[index], a filter that the analyzer finds to be an index when it is a number.

  



  
    
      
    
    
      boxed(node)



        
          
        

    

  


  

      

          @spec boxed(Feel.AST.expression()) :: Feel.AST.expression()


      


The node as the node of a boxed expression whose condition has to be a boolean (DMN 1.6, 10.2.1.8 to 10.2.1.10): an if, a
filter, a some or an every that is null with an error for a condition that is a value other than a boolean (meta.boxed,
Feel.Runtime.Boxed, D-212). null is taken as false, as it is in the text.
iex> node = Dmn.Compiler.Tree.if_then_else({0, 0}, Dmn.Compiler.Tree.null({0, 0}), Dmn.Compiler.Tree.null({0, 0}), Dmn.Compiler.Tree.null({0, 0}))
iex> {:if, %{boxed: true}, _, _, _} = Dmn.Compiler.Tree.boxed(node)

  



  
    
      
    
    
      call(span, function, arguments)



        
          
        

    

  


  

      

          @spec call(span(), String.t(), [Feel.AST.expression()]) :: Feel.AST.expression()


      


A call of a function by name, with its arguments by position.

  



  
    
      
    
    
      canonical(name)



        
          
        

    

  


  

      

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


      


The canonical form of a name of the model: what the scope of a unit and the keys of a context call it.

  



  
    
      
    
    
      context(span, entries)



        
          
        

    

  


  

      

          @spec context(span(), [{String.t(), Feel.AST.expression()}]) :: Feel.AST.expression()


      


A context with the entries {name, expression}, in order. The keys are strings, so any name of a model can be one.

  



  
    
      
    
    
      for_in(span, variable, domain, body)



        
          
        

    

  


  

      

          @spec for_in(span(), String.t(), Feel.AST.expression(), Feel.AST.expression()) ::
  Feel.AST.expression()


      



  



  
    
      
    
    
      function(span, parameters, body)



        
          
        

    

  


  

      

          @spec function(
  span(),
  [{String.t(), Feel.AST.type_expression() | nil}],
  Feel.AST.expression()
) ::
  Feel.AST.expression()


      



  



  
    
      
    
    
      if_then_else(span, condition, then, otherwise)



        
          
        

    

  


  

      

          @spec if_then_else(
  span(),
  Feel.AST.expression(),
  Feel.AST.expression(),
  Feel.AST.expression()
) ::
  Feel.AST.expression()


      



  



  
    
      
    
    
      internal(label)



        
          
        

    

  


  

      

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


      


A name that the compiler makes for itself (the key of the result of a context, an alias of an outside value): it begins with
U+0001, a character that XML 1.0 does not allow in a document, so no name, id or text of a model can be, or begin with, one, and no text of FEEL
can write it (the lexer does not read it as a part of a name).
iex> Dmn.Compiler.Tree.internal("result")
"
  
    
    Dmn.Compiler.Types - dmn v0.1.0
    
    

    


  
  

    
Dmn.Compiler.Types 
    



      
The types of a model, as FEEL has them: the item definitions read into a Feel.ItemDefinitions (DMN 1.6, 7.3.3), and from them
the type, the allowed values and the type constraints of every variable (Feel.ItemDefinitions.scope/2).
dmn has no typing of its own. What a typeRef means, what an implicit conversion is, and how a value that is not of its type is
made null with an error, are FEEL's (DMN 1.6, 10.3.2.9); this module only hands it the definitions as data.

      


      
        Summary


  
    Types
  


    
      
        constraints()

      


        What a value of a declared type has to satisfy, as the node of FEEL for a declared value (Feel.AST) takes it: nil for nothing,
the source of a list of unary tests for the allowed values of the value itself (the common case, and all that a typeRef of a
built-in type or of a plain item definition with allowedValues has), or the list of every constraint of the type
(Feel.ItemDefinitions.constraint/0): the allowed values and the type constraint of the type, of the type it refers to, and of
its components, each down to the member it is for.



    


    
      
        frame()

      


        How the types of a model are written in the view of another one: the prefix that its own item definitions get (the name of the
import and a dot, nothing for an import with no name), and what its imports are called in that view, each as the model writes
the name of the import and a dot, and the prefix that the viewer gives the types of the model it names. nil for the model
that looks, whose types are as they are.



    


    
      
        view()

      


        What a model sees of the models it imports: the models to read the item definitions of, each with the frame its types are written in,
and the frames by {namespace, prefix} (the model and the prefix of an import), for the types of the elements read from them.



    





  
    Functions
  


    
      
        aliases(definitions, arg2, aliases)

      


        The item definitions for the type names that the extensions give (Dmn.Extension.type_aliases/1), as data for
Feel.ItemDefinitions.new/1, to follow the definitions of the models of the view.



    


    
      
        declared(definitions, type_ref)

      


        What a typeRef declares, as the node of FEEL's syntax tree for a declared value takes it (Feel.AST): {type, constraints},
nil for no type, {:unread, problems} for one that FEEL cannot read. As for result/2, every constraint of the type is kept.



    


    
      
        definitions(model, frame \\ nil)

      


        The item definitions of a model as data for Feel.ItemDefinitions.new/1, and the names that were given twice (the first definition
of a name is the one that stands).



    


    
      
        function_outputs(data)

      


        The outputTypeRef of each item definition that is a function type, by the name of the definition, from the data that
definitions/2 gave (Feel.ItemDefinitions.new/1 takes the same list). A definition that is the name of another (it has a
typeRef and nothing else but its constraints, and is not a collection) is that type, so it has the output of the
function type at the end of the chain of names; a chain that goes round in a circle has none.



    


    
      
        function_type(definitions, parameters, variable, frame \\ nil)

      


        A function type from formal parameters and a variable's declared type as the result, in the caller's type frame.
Decision services use service_type/5 for their final result. Business knowledge models use knowledge_type/4
to interpret a function item on their own variable. A type that cannot be read is Any.



    


    
      
        knowledge_type(definitions, parameters, variable, frame \\ nil)

      


        function_type/4 of a business knowledge model, whose variable is the type of the function (output_declared/3): when it is a function
item (DMN 1.6, 7.3.3) the result is its outputTypeRef, and the parameters stay the formal parameters of the model. The variable of a
decision service describes its own function too; its output decisions are separately kept as value types by service_type/5.



    


    
      
        name(name)

      


        The canonical name of an element of the model, as the scope of FEEL has it.



    


    
      
        output_declared(definitions, type_ref, function_outputs \\ %{})

      


        What the variable of a business knowledge model or a decision service declares for what the function gives (declared/2, for the
result). The variable of an invocable is the type of the function: an item definition with a functionItem (DMN 1.6, 7.3.3),
whose outputTypeRef is the type of the result. A model that gives the type of the result directly (typeRef="number") is read so too.



    


    
      
        qualify(type_ref, arg2)

      


        A type reference as the viewer writes it, given the frame of the model that wrote it: the prefix of the model before a type of
its own, the viewer's prefix for the model that a type is of through an import of the model. A built-in type, no type, and the
type of the model that looks (nil) are as they are.



    


    
      
        result(definitions, arg2)

      


        The declared type of the value of a variable and what it has to satisfy, for the result of a decision: {type, constraints},
with nil for no type and no constraints. A type that FEEL cannot read is {:unread, problems}.



    


    
      
        service_type(definitions, parameters, outputs, variable, frame \\ nil)

      


        A service's result after its output decisions and its own declaration have been enforced.
Several outputs form a context by decision name. The service variable describes the function;
only that declaration unwraps a function layer, preserving function-valued output decisions.



    


    
      
        view(viewer, models)

      


        What model sees of the models it imports (and that they import), each of them once (models are by namespace).



    





      


      
        Types


        


  
    
      
    
    
      constraints()



        
          
        

    

  


  

      

          @type constraints() :: String.t() | [Feel.ItemDefinitions.constraint()] | nil


      


What a value of a declared type has to satisfy, as the node of FEEL for a declared value (Feel.AST) takes it: nil for nothing,
the source of a list of unary tests for the allowed values of the value itself (the common case, and all that a typeRef of a
built-in type or of a plain item definition with allowedValues has), or the list of every constraint of the type
(Feel.ItemDefinitions.constraint/0): the allowed values and the type constraint of the type, of the type it refers to, and of
its components, each down to the member it is for.

  



  
    
      
    
    
      frame()



        
          
        

    

  


  

      

          @type frame() :: %{prefix: String.t(), imports: [{String.t(), String.t()}]} | nil


      


How the types of a model are written in the view of another one: the prefix that its own item definitions get (the name of the
import and a dot, nothing for an import with no name), and what its imports are called in that view, each as the model writes
the name of the import and a dot, and the prefix that the viewer gives the types of the model it names. nil for the model
that looks, whose types are as they are.

  



  
    
      
    
    
      view()



        
          
        

    

  


  

      

          @type view() :: %{
  copies: [{Dmn.Model.t(), frame()}],
  frames: %{optional({String.t(), String.t()}) => frame()}
}


      


What a model sees of the models it imports: the models to read the item definitions of, each with the frame its types are written in,
and the frames by {namespace, prefix} (the model and the prefix of an import), for the types of the elements read from them.

  


        

      

      
        Functions


        


  
    
      
    
    
      aliases(definitions, arg2, aliases)



        
          
        

    

  


  

      

          @spec aliases([Feel.ItemDefinitions.definition()], view(), %{
  optional(String.t()) => String.t()
}) :: [
  Feel.ItemDefinitions.definition()
]


      


The item definitions for the type names that the extensions give (Dmn.Extension.type_aliases/1), as data for
Feel.ItemDefinitions.new/1, to follow the definitions of the models of the view.
A name is added for every place that the types of a model of the view are written: with the import Imp the name dateTime is Imp.dateTime
too, since a typeRef of an imported model is written as the viewer has it (qualify/2). It is added where no definition has the
name, so a model that defines dateTime has its own type, and the first of the models that share a prefix to define it has it.
iex> view = %{copies: [{nil, nil}, {nil, %{prefix: "Imp.", imports: []}}], frames: %{}}
iex> Dmn.Compiler.Types.aliases([%{name: "Imp.dateTime", type_ref: "string"}], view, %{"dateTime" => "date and time"})
[%{name: "dateTime", type_ref: "date and time"}]

  



  
    
      
    
    
      declared(definitions, type_ref)



        
          
        

    

  


  

      

          @spec declared(Feel.ItemDefinitions.t(), String.t() | nil) ::
  {Feel.Type.t(), constraints()} | nil | {:unread, list()}


      


What a typeRef declares, as the node of FEEL's syntax tree for a declared value takes it (Feel.AST): {type, constraints},
nil for no type, {:unread, problems} for one that FEEL cannot read. As for result/2, every constraint of the type is kept.

  



    

  
    
      
    
    
      definitions(model, frame \\ nil)



        
          
        

    

  


  

      

          @spec definitions(Dmn.Model.t(), frame()) ::
  {[Feel.ItemDefinitions.definition()], [String.t()]}


      


The item definitions of a model as data for Feel.ItemDefinitions.new/1, and the names that were given twice (the first definition
of a name is the one that stands).
With the frame of a model that is imported (view/2) the definitions are written as the viewer has them: with a prefix of
"Imp." the definition tPerson is Imp.tPerson, and a type it names (tAddress) is Imp.tAddress.

  



  
    
      
    
    
      function_outputs(data)



        
          
        

    

  


  

      

          @spec function_outputs([Feel.ItemDefinitions.definition()]) :: %{
  optional(String.t()) => String.t()
}


      


The outputTypeRef of each item definition that is a function type, by the name of the definition, from the data that
definitions/2 gave (Feel.ItemDefinitions.new/1 takes the same list). A definition that is the name of another (it has a
typeRef and nothing else but its constraints, and is not a collection) is that type, so it has the output of the
function type at the end of the chain of names; a chain that goes round in a circle has none.
iex> data = [
...>   %{name: "F", function: %{output: "tAge", parameters: []}},
...>   %{name: "Alias", type_ref: "F"},
...>   %{name: "AliasOfAlias", type_ref: "Alias"},
...>   %{name: "Loop", type_ref: "Loop"},
...>   %{name: "tAge", type_ref: "number"}
...> ]
iex> Dmn.Compiler.Types.function_outputs(data)
%{"F" => "tAge", "Alias" => "tAge", "AliasOfAlias" => "tAge"}

  



    

  
    
      
    
    
      function_type(definitions, parameters, variable, frame \\ nil)



        
          
        

    

  


  

      

          @spec function_type(
  Feel.ItemDefinitions.t(),
  [Dmn.Model.InformationItem.t()],
  Dmn.Model.InformationItem.t() | nil,
  frame()
) :: Feel.Type.t()


      


A function type from formal parameters and a variable's declared type as the result, in the caller's type frame.
Decision services use service_type/5 for their final result. Business knowledge models use knowledge_type/4
to interpret a function item on their own variable. A type that cannot be read is Any.

  



    

  
    
      
    
    
      knowledge_type(definitions, parameters, variable, frame \\ nil)



        
          
        

    

  


  

      

          @spec knowledge_type(
  Feel.ItemDefinitions.t(),
  [Dmn.Model.InformationItem.t()],
  Dmn.Model.InformationItem.t() | nil,
  frame()
) :: Feel.Type.t()


      


function_type/4 of a business knowledge model, whose variable is the type of the function (output_declared/3): when it is a function
item (DMN 1.6, 7.3.3) the result is its outputTypeRef, and the parameters stay the formal parameters of the model. The variable of a
decision service describes its own function too; its output decisions are separately kept as value types by service_type/5.

  



  
    
      
    
    
      name(name)



        
          
        

    

  


  

      

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


      


The canonical name of an element of the model, as the scope of FEEL has it.

  



    

  
    
      
    
    
      output_declared(definitions, type_ref, function_outputs \\ %{})



        
          
        

    

  


  

      

          @spec output_declared(Feel.ItemDefinitions.t(), String.t() | nil, %{
  optional(String.t()) => String.t()
}) ::
  {Feel.Type.t(), constraints()} | nil | {:unread, list()}


      


What the variable of a business knowledge model or a decision service declares for what the function gives (declared/2, for the
result). The variable of an invocable is the type of the function: an item definition with a functionItem (DMN 1.6, 7.3.3),
whose outputTypeRef is the type of the result. A model that gives the type of the result directly (typeRef="number") is read so too.
FEEL's function type has the type of the output and none of its constraints, so function_outputs (function_outputs/1) says
which type each function item names, and the result is held to the constraints of that type as a declared value is.

  



  
    
      
    
    
      qualify(type_ref, arg2)



        
          
        

    

  


  

      

          @spec qualify(String.t() | nil, frame()) :: String.t() | nil


      


A type reference as the viewer writes it, given the frame of the model that wrote it: the prefix of the model before a type of
its own, the viewer's prefix for the model that a type is of through an import of the model. A built-in type, no type, and the
type of the model that looks (nil) are as they are.
iex> frame = %{prefix: "Imp.", imports: [{"Other.", "Other."}]}
iex> Dmn.Compiler.Types.qualify("tPerson", frame)
"Imp.tPerson"
iex> Dmn.Compiler.Types.qualify("Other.tAddress", frame)
"Other.tAddress"
iex> Dmn.Compiler.Types.qualify("number", frame)
"number"
iex> Dmn.Compiler.Types.qualify("list<number!>", frame)
"list<number!>"
iex> Dmn.Compiler.Types.qualify("tPerson", nil)
"tPerson"
iex> Dmn.Compiler.Types.qualify(nil, frame)
nil

  



  
    
      
    
    
      result(definitions, arg2)



        
          
        

    

  


  

      

          @spec result(Feel.ItemDefinitions.t(), Dmn.Model.InformationItem.t() | nil) ::
  {Feel.Type.t() | nil, constraints()} | {:unread, list()}


      


The declared type of the value of a variable and what it has to satisfy, for the result of a decision: {type, constraints},
with nil for no type and no constraints. A type that FEEL cannot read is {:unread, problems}.
All the constraints of the type are kept (D-161 of feel): the allowed values of a component, the type constraint, a collection's
allowed values for its elements, a second list of allowed values. The result of an expression is verified against all of them, and
none is left out.

  



    

  
    
      
    
    
      service_type(definitions, parameters, outputs, variable, frame \\ nil)



        
          
        

    

  


  

      

          @spec service_type(
  Feel.ItemDefinitions.t(),
  [Dmn.Model.InformationItem.t()],
  [Dmn.Model.Decision.t()],
  Dmn.Model.InformationItem.t() | nil,
  frame()
) :: Feel.Type.t()


      


A service's result after its output decisions and its own declaration have been enforced.
Several outputs form a context by decision name. The service variable describes the function;
only that declaration unwraps a function layer, preserving function-valued output decisions.

  



  
    
      
    
    
      view(viewer, models)



        
          
        

    

  


  

      

          @spec view(Dmn.Model.t(), %{optional(String.t()) => Dmn.Model.t()}) :: view()


      


What model sees of the models it imports (and that they import), each of them once (models are by namespace).
The item definitions of a model that is imported are those of the importing model under the name of the import: with the
import Imp, the definition tPerson is Imp.tPerson, and a type that it names (tAddress) is Imp.tAddress, since that is what
the importing model calls it. A model that model does not import but a model it imports does is not named by model (DMN 1.6,
6.3.3: an import is explicit), but its types are needed for the types of the model that names it, so they are read once, under a
prefix that no model can write (U+0001, the namespace and U+0001, as the other names that the compiler makes), and a type that
an imported model names through an import of its own is that, whichever way it was reached.
Under the path of imports instead, a model that is reached by two paths is read twice: two models of two imports each, 15 levels deep,
are 32,768 copies of one definition (79 s). An import with no name is read where the model that has it is, since the types of the
model are written without a prefix.
copies are in the order of the reading, model itself first.

  


        

      


  

  
    
    Dmn.Compiler.Unit - dmn v0.1.0
    
    

    


  
  

    
Dmn.Compiler.Unit 
    



      
The unit of a DRG element: what is prepared of it, and what it reads.
	Field	Is
	key	{kind, id}, or the name if the element has no id
	kind	:decision, :input, :knowledge (a business knowledge model) or :service (a decision service)
	name	the name of the element, as the model has it
	id	the id of the element, or its name, and, for an element of an imported model, the namespace of the model and U+0001 before it, which no id or name in a document can have, so that no element can take the key of another
	namespace	the namespace of the model the element is in
	expression	the prepared Feel.Expression, or nil for an element that has none (an input) or whose logic could not be prepared
	source	the virtual source of the expression and its parts (Dmn.Compiler.Source)
	reads	{canonical name, key} of the units whose values the expression reads, bound under that name when it runs. Those that are in the unit's group are bound to links instead (Feel.Recursion)
	group	the key of the recursion group the unit is in (the first of the keys that Dmn.Compiled.groups has for it), or nil: knowledge units that read each other, or themselves, when Dmn.compile/2 was told recursion: true
	diagnostics	what was found when it was prepared, Dmn.Diagnostics
	faults	the errors among them that make the value wrong, whatever the data: a text that could not be read and is null in the expression. Every run of the unit reports them
	strict_faults	confirmed unresolved-name diagnostics, including those inherited by a service from its decisions. Only strict runs reject these; lenient runs keep FEEL's warning behavior
	callback_free	true if what a worker is given of expression (its executable, linked peers and extensions, not its syntax tree, IR or scope) holds no function value, host callback or generated code that could bring a text of another element into a run, false if it may, nil if that was not looked at. Set once by the compiler (DD-44) so that a run in a worker need not walk the expression again; whoever changes expression sets it to nil

An input has no expression: its value is the one the caller gives, and is converted and verified in the units that read it.
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      kind()



        
          
        

    

  


  

      

          @type kind() :: :decision | :input | :knowledge | :service


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Dmn.Compiler.Unit{
  callback_free: boolean() | nil,
  diagnostics: [Dmn.Diagnostic.t()],
  expression: Feel.Expression.t() | nil,
  faults: [Dmn.Diagnostic.t()],
  group: {kind(), String.t()} | nil,
  id: String.t(),
  key: {kind(), String.t()},
  kind: kind(),
  name: String.t(),
  namespace: String.t() | nil,
  reads: [{String.t(), {kind(), String.t()}}],
  source: Dmn.Compiler.Source.finished() | nil,
  strict_faults: [Dmn.Diagnostic.t()]
}


      



  


        

      


  

  
    
    Dmn.Diagnostic - dmn v0.1.0
    
    

    


  
  

    
Dmn.Diagnostic 
    



      
A report about a model: something found when it was compiled, or when it ran.
It is a Feel.Diagnostic put in its place in the model. FEEL says where in a text it found the problem; the compiler knows which
text that is, and the diagnostic says which element of the model (element, its id, or its name if it has none), where in it
(path, such as [:rule, 3, :input_entry, 2]) and where in the text (span, a byte range of the text of that part).
	Field	Is
	severity, code, message, hint, details	as for Feel.Diagnostic; code is also one of the compiler's (:unresolved_reference, :cyclic_requirements, :recursion_not_enabled, …)
	element	the id (or the name) of the element of the model, nil for the model itself
	path	where in the element
	span	the byte range in the text of that part, nil when the problem is the part and not a place in it
	box	the boxed expression it is in (Dmn.Compiler.Box: its kind, id and label), nil when it is in none
	phase	:compile for what was found without data, :run for what a run reported
	feel	the Feel.Diagnostic it was made from, if it was
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        t()

      


    





  
    Functions
  


    
      
        from_feel(feel, source, owner, phase)

      


        A diagnostic of FEEL, put in its place in the model by the source map of the unit that FEEL ran or prepared.



    


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

      


        Makes a diagnostic.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Dmn.Diagnostic{
  box: Dmn.Compiler.Box.t() | nil,
  code: atom(),
  details: map(),
  element: String.t() | nil,
  feel: Feel.Diagnostic.t() | nil,
  hint: String.t() | nil,
  message: String.t(),
  path: [term()],
  phase: :compile | :run,
  severity: Feel.Diagnostic.severity(),
  span: Feel.Diagnostic.span() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_feel(feel, source, owner, phase)



        
          
        

    

  


  

      

          @spec from_feel(
  Feel.Diagnostic.t(),
  Dmn.Compiler.Source.finished(),
  String.t() | nil,
  :compile | :run
) :: t()


      


A diagnostic of FEEL, put in its place in the model by the source map of the unit that FEEL ran or prepared.
owner is the element of the unit, for a diagnostic that is in the glue of the unit and not in the text of a part (a span the
map does not know).

  



    

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



        
          
        

    

  


  

      

          @spec new(Feel.Diagnostic.severity(), atom(), String.t(), keyword()) :: t()


      


Makes a diagnostic.
iex> diagnostic = Dmn.Diagnostic.new(:error, :unresolved_reference, "no element has the id d9", element: "d1")
iex> {diagnostic.severity, diagnostic.code, diagnostic.element, diagnostic.phase}
{:error, :unresolved_reference, "d1", :compile}

  


        

      


  

  
    
    Dmn.Execution - dmn v0.1.0
    
    

    


  
  

    
Dmn.Execution 
    



      
The preflight of a DMN call: what Dmn.evaluate/4, evaluate_all/4, invoke/4 and run/2 copy into their worker.
Internal: not a supported API.
prepare/6 runs in the caller before the worker starts, under the budget and deadline of Feel.Worker.Preflight
(the internal run_prepared entry point of Feel.Worker). It resolves the requested names, orders the units they need with the planner of
Dmn.Compiled, keeps those units in the compact form a worker needs (executable, reads, groups, faults and options, not the
source text, syntax tree, IR or diagnostics), keeps every input key and the values the decision reads, and decides whether
the source maps of the other units must travel too. It returns the closure that the worker runs; anything it cannot decide
within its budget makes it return the original, complete request instead, so a fallback costs time and skips no check.
The source maps of other units travel only when a run could report a diagnostic whose origin is another unit: a function
supplied by the caller, a custom calendar, an extension that is not declared data only (Dmn.Compiled.feel_data_only,
recorded at compilation), or a unit whose expression holds such a thing. callback_free?/1 answers the last once, at
compilation, for what a worker is given of an expression (Dmn.Compiler.Unit.callback_free); a unit without the answer is
inspected here. No extension code is called here.
See the preflight and DD-44 in the
decisions of dmn.

      


      
        Summary


  
    Functions
  


    
      
        prepare(compiled, names, inputs, options, operation, context)
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      prepare(compiled, names, inputs, options, operation, context)



        
          
        

    

  


  

      

          @spec prepare(Dmn.Compiled.t(), list(), term(), keyword(), :evaluate | :invoke, map()) ::
  (-> term()) | {:error, :timeout}


      



  


        

      


  

  
    
    Dmn.Extension - dmn v0.1.0
    
    

    


  
  

    
Dmn.Extension behaviour
    



      
A set of additions to DMN 1.6 that a caller switches on when it compiles a model (DD-28), as Feel.Extension is for FEEL (D-81 of feel).
DMN 1.6 defines what a model means, and the models that exist were written for other versions and other engines. An extension is a
module that says what it adds, and the compiler asks the extensions that are on at the few places where it decides. Nothing in the
compiler names an extension.
Dmn.compile(model, extensions: [:dmn_1_1_types])
The option takes names (registry/0) and modules that implement this behaviour. It is [] by default, and then the engine is DMN 1.6
and nothing else. The extensions are those of the compile: they are not a property of a run, and the compiled model does not hold them.
A name that is not one, a module that is not an extension, and two extensions that give one name two meanings are
{:error, %Dmn.Error{kind: :compile, code: :invalid_options}}, as the options of a run are.
What an extension can do
An extension adds: it never changes what a model that is valid without it means. What it adds was an error before (a typeRef
that names no type), and a name that the model defines itself is the model's, whatever an extension says of it. The DMN TCK is run
with the extensions of Dmn.TCK on, and a node that is exact without them must stay exact.
	Callback	Adds
	type_aliases/0	names of types that stand for another type, such as the names that DMN 1.1 gave the date and time types
	feel_extensions/0	the Feel.Extensions that the expressions of the model are prepared with
	external_functions/0	the kinds of external function that the extension runs (:java), each with the kind of FEEL ("java") that it is run as

External functions
A functionDefinition of a kind other than FEEL (kind="Java") describes a function that something outside the model runs, and DMN 1.6
does not say how. The engine does not run one: the function is null and an :unsupported_function_kind error. An extension that
names the kind in external_functions/0 has it read as the external function of FEEL of that kind, with the body of the definition
for the description, and the function of FEEL extension that runs that kind (Feel.Analysis.External, D-211 of feel) is the one
that feel_extensions/0 brings. dmn does not know any kind: dmn_java is the one that runs Java.

      


      
        Summary


  
    Callbacks
  


    
      
        external_functions()

      


        The kinds of external function that the extension runs: the kind of a functionDefinition (:java, :pmml, :onnx) to the kind
that the function is in FEEL, the key of function(...) external {kind: ...} ("java"). A function of such a kind is compiled to
the external function of FEEL, which the extensions of FEEL that the extension brings have to run (feel_extensions/0).



    


    
      
        feel_extensions()

      


        The extensions of FEEL that the expressions of the model are prepared with (Feel.Extension: names or modules). Those of all the
extensions that are on are given together.



    


    
      
        name()

      


        The name of the extension, for the messages about it.



    


    
      
        type_aliases()

      


        Type names that stand for a type of FEEL: the name that is written in a typeRef, to the name of the type it stands for
(Feel.Type.builtin/1). A model that defines an item definition of a name is not asked: its definition is the type.



    





  
    Functions
  


    
      
        external_functions(modules)

      


        The external function kinds that the extensions that are on run: the kind of the functionDefinition to the kind in FEEL. A later
extension wins for a kind that two give.



    


    
      
        feel_extensions(modules)

      


        The extensions of FEEL that the extensions that are on bring, each once, in the order given.



    


    
      
        registry()

      


        The extensions that extensions: knows by name, each with the module it stands for.



    


    
      
        resolve(extensions, registry \\ registry())

      


        The modules for a list of names and modules, each once, in the order given. The names are those of registry/0, or of the map
given as the second argument.



    


    
      
        type_aliases(modules)

      


        The type aliases of the extensions that are on, from the name to the type it stands for. resolve/1 has seen that no two give one
name two types.
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      external_functions()


        (optional)


        
          
        

    

  


  

      

          @callback external_functions() :: %{optional(:java | :pmml | :onnx) => String.t()}


      


The kinds of external function that the extension runs: the kind of a functionDefinition (:java, :pmml, :onnx) to the kind
that the function is in FEEL, the key of function(...) external {kind: ...} ("java"). A function of such a kind is compiled to
the external function of FEEL, which the extensions of FEEL that the extension brings have to run (feel_extensions/0).

  



  
    
      
    
    
      feel_extensions()


        (optional)


        
          
        

    

  


  

      

          @callback feel_extensions() :: [atom()]


      


The extensions of FEEL that the expressions of the model are prepared with (Feel.Extension: names or modules). Those of all the
extensions that are on are given together.

  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @callback name() :: atom()


      


The name of the extension, for the messages about it.

  



  
    
      
    
    
      type_aliases()


        (optional)


        
          
        

    

  


  

      

          @callback type_aliases() :: %{required(String.t()) => String.t()}


      


Type names that stand for a type of FEEL: the name that is written in a typeRef, to the name of the type it stands for
(Feel.Type.builtin/1). A model that defines an item definition of a name is not asked: its definition is the type.

  


        

      

      
        Functions


        


  
    
      
    
    
      external_functions(modules)



        
          
        

    

  


  

      

          @spec external_functions([module()]) :: %{optional(atom()) => String.t()}


      


The external function kinds that the extensions that are on run: the kind of the functionDefinition to the kind in FEEL. A later
extension wins for a kind that two give.

  



  
    
      
    
    
      feel_extensions(modules)



        
          
        

    

  


  

      

          @spec feel_extensions([module()]) :: [atom()]


      


The extensions of FEEL that the extensions that are on bring, each once, in the order given.

  



  
    
      
    
    
      registry()



        
          
        

    

  


  

      

          @spec registry() :: %{optional(atom()) => module()}


      


The extensions that extensions: knows by name, each with the module it stands for.
iex> Dmn.Extension.registry()
%{dmn_1_1_types: Dmn.Extension.Dmn11Types}

  



    

  
    
      
    
    
      resolve(extensions, registry \\ registry())



        
          
        

    

  


  

      

          @spec resolve(term(), %{optional(atom()) => module()}) ::
  {:ok, [module()]} | {:error, String.t()}


      


The modules for a list of names and modules, each once, in the order given. The names are those of registry/0, or of the map
given as the second argument.
iex> Dmn.Extension.resolve([:dmn_1_1_types, Dmn.Extension.Dmn11Types])
{:ok, [Dmn.Extension.Dmn11Types]}
iex> {:error, message} = Dmn.Extension.resolve([:nope])
iex> message =~ ":nope"
true

  



  
    
      
    
    
      type_aliases(modules)



        
          
        

    

  


  

      

          @spec type_aliases([module()]) :: %{optional(String.t()) => String.t()}


      


The type aliases of the extensions that are on, from the name to the type it stands for. resolve/1 has seen that no two give one
name two types.

  


        

      


  

  
    
    Dmn.Extension.Dmn11Types - dmn v0.1.0
    
    

    


  
  

    
Dmn.Extension.Dmn11Types 
    



      
The names that DMN 1.1 gave the date and time types (:dmn_1_1_types): dateTime is date and time, dayTimeDuration is
days and time duration and yearMonthDuration is years and months duration. DMN 1.2 renamed them to what FEEL calls them, and
feel knows only those; the models of the DMN TCK of that time (0007, 0036) still write the old ones.
With the extension on, a typeRef of one of the names reads as the type, wherever a typeRef is read (an input, a decision, a
business knowledge model, a column of a table, a parameter of a function, an item definition, the models that are imported too). A
model that defines an item definition of the name gets its own type: dateTime can be a record there (DD-28).
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Dmn.Features 
    



      
What a caller switches on when it compiles a model, as one option: features: (DD-29).
Dmn.compile(model, features: [:recursion, :dmn_1_1_types])
A feature is a name or a module, and there are two kinds. :recursion is the engine's own: business knowledge models and decision
services may invoke themselves or one another, and guarded recursive item definitions retain full
finite-value membership and descendant constraint checks (DD-22). Data cycles must cross a context
member or list element and cannot cross a function signature. Analysis remains approximate;
recursive: :any is a separate legacy FEEL mode, not the behavior of this feature.
The others are the extensions of Dmn.Extension (DD-28), by their names
(Dmn.Extension.registry/0) or as modules that implement the behaviour. All of them are off unless the caller says so, and nothing in a
model can say so: the features are the caller's, as the limits are.
The two options that came first still work, and mean the same:
	Spelling	Is
	recursion: true	features: [:recursion]. Only true turns it on, as before: false, "yes" and 1 leave it off
	extensions: [...]	the extensions in features:, with the same names and modules and the same errors

The spellings add to one another: a feature that any of them names is on, and recursion: false does not turn off a features:
that has :recursion. A name that is no feature, a module that is no extension, two extensions that give one name two meanings, and a
features: that is not a list are {:error, %Dmn.Error{kind: :compile, code: :invalid_options}} of Dmn.compile/2, with the option that
has it in details.option; Dmn.Compiler.compile/2 called directly raises ArgumentError.
iex> Dmn.Features.resolve(features: [:recursion, :dmn_1_1_types])
{:ok, %{recursion: true, extensions: [Dmn.Extension.Dmn11Types]}}
iex> Dmn.Features.resolve(recursion: true, extensions: [:dmn_1_1_types]) == Dmn.Features.resolve(features: [:recursion, :dmn_1_1_types])
true
iex> Dmn.Features.resolve([])
{:ok, %{recursion: false, extensions: []}}
iex> {:error, _message, :features} = Dmn.Features.resolve(features: [:nope])

      


      
        Summary


  
    Types
  


    
      
        t()

      


        What the compiler is given: whether knowledge/data recursion is enabled, and the selected extensions.



    





  
    Functions
  


    
      
        engine()

      


        The features that are the engine's own, and not extensions.



    


    
      
        normalize!(options)

      


        The options of a compile with :recursion and :extensions set from the features and :features taken out, so that what
reads them reads two keys. The options as they are if they are already so.



    


    
      
        resolve(options)

      


        What the options of a compile switch on: {:ok, features}, or {:error, message, option} with the option (:features or
:extensions) that is wrong. See the module documentation.
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      t()



        
          
        

    

  


  

      

          @type t() :: %{recursion: boolean(), extensions: [module()]}


      


What the compiler is given: whether knowledge/data recursion is enabled, and the selected extensions.

  


        

      

      
        Functions


        


  
    
      
    
    
      engine()



        
          
        

    

  


  

      

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


      


The features that are the engine's own, and not extensions.

  



  
    
      
    
    
      normalize!(options)



        
          
        

    

  


  

      

          @spec normalize!(keyword()) :: keyword()


      


The options of a compile with :recursion and :extensions set from the features and :features taken out, so that what
reads them reads two keys. The options as they are if they are already so.
Raises ArgumentError for a feature that is wrong, as Dmn.Compiler.compile/2 does; Dmn.compile/2 has already refused it.

  



  
    
      
    
    
      resolve(options)



        
          
        

    

  


  

      

          @spec resolve(keyword()) :: {:ok, t()} | {:error, String.t(), :features | :extensions}


      


What the options of a compile switch on: {:ok, features}, or {:error, message, option} with the option (:features or
:extensions) that is wrong. See the module documentation.
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Dmn.Imports 
    



      
Reads the models that a model imports, all of them, through the resolver the caller gave (Dmn.Resolver).
Each import that is a DMN model (importType is a namespace of the model, DMN 1.6, 6.3.3) is resolved, and the bytes are read with
Dmn.load/2, under the same limits as the first model, so an imported model is as untrusted as the one that names it. Then its own
imports are read, to the depth max_import_depth, and no more than max_models models in all. The namespace of a model has to be
the one the import says, since the namespace is what its elements are referred to by.
The order. The imports are read breadth first: those of the root before those of the models they bring. A namespace is read once,
and the first import of it decides which document is the model of that namespace, so it is the root that decides what its own lib
is, and not a model that it imports and that names lib at another location.
The identity of a model. The elements of a model are referred to by its namespace, so there is one model for a namespace in a
compile, and a locationURI is only a hint that the resolver turns into a document. It is a URI reference (DMN 1.6, 13.3.2), and a
relative one is resolved against the URI of the document that has it: two models in two directories that both name lib.dmn can mean
two files, so the same text does not make the same document, and the resolver is given the importer to tell them apart
(Dmn.Model.base_uri is where the resolver said the importer was read from, Dmn.Resolver). Two imports of a namespace are the same
model if the documents are the same bytes, and are a conflict (:import_conflict, an error) if they are not: the later import is not
used, as if the model could not be had, and the model that has it gets nothing in its place (what it reads from it is
:unresolved_import, and its types are not defined). An import that names no location accepts the model that the namespace has. Every
import that names one is asked for and compared (within the budget below) unless this importer asked for that location before. The
first model is a model of its namespace like the others when it was loaded from bytes (Dmn.load/2 keeps their hash as
Dmn.Model.sha256): a model that imports it back, at a location, is given it if that is the same bytes, and a conflict if it is
not. A first model that was not loaded has no bytes to tell by, and an import of its namespace is accepted.
Which document each model is (the text it was first asked for by, the URI the resolver said it is at, if it did, and the SHA-256 of
its bytes) is in the result, and Dmn.Compiled.imports has it, for a caller who wants to pin the models it
uses (the first model is not an import, and is not in it).
The budget of the whole graph. One document is limited by Dmn.Limits (bytes, depth, elements), and the graph of imports as a
whole has a budget of its own, since a root can name tens of thousands of imports and every one that fails would otherwise cost a
read: max_import_reads documents asked for (whatever comes of them), max_import_bytes bytes in all, and import_timeout of
time, which a document is read within what is left of it. An import that passes one is a diagnostic (:import_limit) and is not
read. A document is asked for once for each model that names it and each location (or each namespace, for an import with no
location), whether or not it could be read, so the same import that fails twice is not paid for twice.
What cannot be had is a diagnostic of the importing model (:import_not_resolved, :import_invalid, :import_namespace_mismatch,
:import_conflict, :import_limit), and the model is compiled without it. An import that is not a DMN model (a schema, a PMML file) is not read, and is
said to be so (:import_not_dmn, an info).
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        Which document a model is: the text of the locationURI it was first asked for by (nil if the import named no location), the URI
the resolver said it is at (nil if the resolver did not say), and the SHA-256 of its bytes.
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        The models by namespace, the first one included, the diagnostics, and the identity of each model that was read.
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          @type identity() :: %{
  location: String.t() | nil,
  uri: String.t() | nil,
  sha256: String.t()
}


      


Which document a model is: the text of the locationURI it was first asked for by (nil if the import named no location), the URI
the resolver said it is at (nil if the resolver did not say), and the SHA-256 of its bytes.
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          @spec load(Dmn.Model.t(), Dmn.Resolver.t() | nil, Dmn.Limits.t()) ::
  {%{optional(String.t()) => Dmn.Model.t()}, [Dmn.Diagnostic.t()],
   %{optional(String.t()) => identity()}}


      


The models by namespace, the first one included, the diagnostics, and the identity of each model that was read.
resolver is a Dmn.Resolver.t/0 or nil: with none, every import is a diagnostic. In the models, a model has no import that
was refused as a conflict, and a model that was read has the base_uri the resolver said.
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The bounds that dmn keeps on a model that comes from outside.
A model is untrusted input, and so are the models it imports. Passing a bound is an error value of the kind :limit
(Dmn.Error), never a crash. So is a limits: option that is none of nil, a t/0 or a keyword list of its fields (validate/1, DD-39). The defaults are generous for a model that a person wrote (the largest in the TCK is a few
hundred kB) and small for one made to hurt; a caller that reads models it trusts can raise them, and one that reads models of
anyone should lower them to what its models need.
Reading the XML (Dmn.XML)
	Field	Default	Bounds
	max_bytes	5,000,000	the size of one document
	max_depth	100	how deep the elements nest
	max_elements	200,000	the elements in one document
	max_attributes	100	the attributes of one element, and its namespace declarations
	max_name_length	256	the length of the name of an element or an attribute, and of a prefix
	max_uri_length	1,024	the length of a namespace URI; every element that is in it holds a copy of it
	xml_timeout	5,000	milliseconds that reading one document may take (Feel.Worker)
	max_memory	1,000,000,000	bytes that the process reading it may grow to

The SAX parser takes time quadratic in the attributes of one element, and has no bound of its own. The count is checked when
the parser reports the element, which is after the work; xml_timeout and max_memory are what stop a document made to
waste it.
These document limits do not widen an enclosing guard: policy. Ordinary Dmn.load/2 and
Dmn.compile/2 default to a 128 MiB heap and a five-second deadline for the complete operation,
including its input/result transfers. The XML worker inherits tighter enclosing allowances.
Imports (Dmn.Resolver)
	Field	Default	Bounds
	max_units	10,000	input data, decisions, knowledge models and services in the whole graph
	max_models	64	the models of one compile, the root and all it imports
	max_import_depth	16	the imports in a chain
	max_import_reads	256	the documents that the resolver is asked for, whatever comes of them (an import that fails is a read too)
	max_import_bytes	20,000,000	the bytes of all the documents that the imports bring, the ones that cannot be read included
	import_timeout	30,000	milliseconds that reading all the imports may take; a document is read with what is left of it as its xml_timeout

The checks of the decision tables (Dmn.Compiler.Checks)
	Field	Default	Bounds
	table_check_timeout	1,000	milliseconds that the questions about one table (overlap, never reached, complete) may take
	checks_timeout	10,000	milliseconds that the questions about all the tables of one compile may take

The number of rules and of cells of a table that is asked about is limited (200 and 4,000), and the time is not bounded by that:
100 rules of ranges and not(…) with 4 inputs took 38 s to answer and 6 ms to compile without. The questions are asked in a
process that is ended at the deadline, and a table that passed it is said to be unchecked (:table_not_checked, an info),
which is not an answer to the questions.
The limits of one document, times the models, are more than a compile should spend (max_models times max_bytes is 320 MB of
text), and a root can hold tens of thousands of imports that all fail: so the whole graph of imports has a budget of its own. A
document is asked for once for each model and location (Dmn.Imports), so the same import that fails twice is not read twice.
The resolver itself is the caller's, and its time is only counted, not cut: guard: on Dmn.compile/2 is what ends it.
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        from_option(limits)

      


        Returns the limits that Dmn functions take as an option: a t/0, or the fields to replace. Raises as new/1 does; validate/1 does not.



    


    
      
        new(fields \\ [])

      


        The default limits, with any field replaced.



    


    
      
        validate(limits)

      


        The limits that a caller passed as an option (limits: of Dmn.load/2 and Dmn.compile/2), or why they are none: nil, a t/0
or a keyword list of its fields, with every value a positive integer. Nothing raises for what the caller passed (DD-39).
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          @type t() :: %Dmn.Limits{
  checks_timeout: pos_integer(),
  import_timeout: pos_integer(),
  max_attributes: pos_integer(),
  max_bytes: pos_integer(),
  max_depth: pos_integer(),
  max_elements: pos_integer(),
  max_import_bytes: pos_integer(),
  max_import_depth: pos_integer(),
  max_import_reads: pos_integer(),
  max_memory: pos_integer(),
  max_models: pos_integer(),
  max_name_length: pos_integer(),
  max_units: pos_integer(),
  max_uri_length: pos_integer(),
  table_check_timeout: pos_integer(),
  xml_timeout: pos_integer()
}
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          @spec from_option(t() | keyword() | nil) :: t()


      


Returns the limits that Dmn functions take as an option: a t/0, or the fields to replace. Raises as new/1 does; validate/1 does not.
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          @spec new(keyword()) :: t()


      


The default limits, with any field replaced.
iex> Dmn.Limits.new(max_depth: 10).max_depth
10
Raises ArgumentError for a field that is not one of the limits, or a value that is not a positive integer.
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          @spec validate(term()) :: {:ok, t()} | {:error, String.t()}


      


The limits that a caller passed as an option (limits: of Dmn.load/2 and Dmn.compile/2), or why they are none: nil, a t/0
or a keyword list of its fields, with every value a positive integer. Nothing raises for what the caller passed (DD-39).
iex> {:ok, %Dmn.Limits{max_depth: 10}} = Dmn.Limits.validate(max_depth: 10)
iex> {:error, _message} = Dmn.Limits.validate(max_depth: -1)
iex> {:error, _message} = Dmn.Limits.validate(:x)
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A DMN model as data: the Definitions of DMN 1.6 (clause 6.3.2), read from an XML document by Dmn.Reader.
The structs follow the metamodel of the specification, and each field is the attribute or the association of the same name in
snake_case. They hold what the document says and nothing is decided yet: no name is resolved, no FEEL is read, no
reference is followed. That is Dmn.Compiler. A struct that came from an element has its id and the line of the document.
	the DRG elements are in lists by kind, each in document order: decisions, input_data,
business_knowledge_models, decision_services, knowledge_sources;
	the expressions of a decision are the structs of Dmn.Model.Expressions and Dmn.Model.DecisionTable;
	a reference (href="#id", href="namespace#id") is a Dmn.Model.Reference.t/0.

	Field	Is
	version	:dmn_1_1 to :dmn_1_6, from the namespace of the document
	namespace	the namespace of the definitions, which the elements of the model are in for the other models
	expression_language, type_language	the URIs of the defaults of the model (nil for FEEL)
	imports	the Dmn.Model.Imports
	item_definitions	the Dmn.Model.ItemDefinitions
	base_uri	where the document was read from, which a relative locationURI of its imports is resolved against (DMN 1.6, 13.3.2; RFC 3986); nil if that is not known. Not in the document: Dmn.load/2 takes it as an option, and Dmn.Imports sets it for the models it reads, from what the resolver says
	sha256	the SHA-256 of the bytes the model was loaded from (lowercase hex, digest/1), or nil for a model that was not loaded from bytes. Not in the document: Dmn.load/2 sets it, and it is what Dmn.Imports tells the first model by when a model it imports names the namespace of the first one
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        The SHA-256 of the bytes of a document, in lowercase hex: how a model is told from another one with the same namespace.
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        The DRG elements of every kind, in the order of the kinds above and the document within a kind.
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          @type t() :: %Dmn.Model{
  base_uri: String.t() | nil,
  business_knowledge_models: [Dmn.Model.BusinessKnowledgeModel.t()],
  decision_services: [Dmn.Model.DecisionService.t()],
  decisions: [Dmn.Model.Decision.t()],
  exporter: String.t() | nil,
  exporter_version: String.t() | nil,
  expression_language: String.t() | nil,
  id: String.t() | nil,
  imports: [Dmn.Model.Import.t()],
  input_data: [Dmn.Model.InputData.t()],
  item_definitions: [Dmn.Model.ItemDefinition.t()],
  knowledge_sources: [Dmn.Model.KnowledgeSource.t()],
  label: String.t() | nil,
  line: pos_integer() | nil,
  name: String.t(),
  namespace: String.t(),
  sha256: String.t() | nil,
  type_language: String.t() | nil,
  version: version()
}
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          @type version() :: :dmn_1_1 | :dmn_1_2 | :dmn_1_3 | :dmn_1_4 | :dmn_1_5 | :dmn_1_6
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          @spec digest(binary()) :: String.t()


      


The SHA-256 of the bytes of a document, in lowercase hex: how a model is told from another one with the same namespace.
iex> Dmn.Model.digest("")
"e3b0c44298fc1c149afbf4c8996fb92427ae41e4649b934ca495991b7852b855"
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          @spec drg_elements(t()) :: [
  Dmn.Model.Decision.t()
  | Dmn.Model.InputData.t()
  | Dmn.Model.BusinessKnowledgeModel.t()
  | Dmn.Model.DecisionService.t()
  | Dmn.Model.KnowledgeSource.t()
]


      


The DRG elements of every kind, in the order of the kinds above and the document within a kind.
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Dmn.Model.BusinessKnowledgeModel 
    



      
A businessKnowledgeModel (DMN 1.6, 6.3.9): a function, encapsulated_logic (a Dmn.Model.Expressions.FunctionDefinition),
that decisions and other models invoke by the name of its variable.
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          @type t() :: %Dmn.Model.BusinessKnowledgeModel{
  encapsulated_logic: Dmn.Model.Expressions.FunctionDefinition.t() | nil,
  id: String.t() | nil,
  label: String.t() | nil,
  line: pos_integer() | nil,
  name: String.t(),
  requirements: [Dmn.Model.Requirement.t()],
  variable: Dmn.Model.InformationItem.t() | nil
}
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Dmn.Model.Decision 
    



      
A decision (DMN 1.6, 6.3.7): its variable (the name and the type of its value), the requirements it has, and its
decision logic, expression, which is any boxed expression or nil for none.
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          @type t() :: %Dmn.Model.Decision{
  allowed_answers: String.t() | nil,
  expression: Dmn.Model.Expressions.t() | nil,
  id: String.t() | nil,
  label: String.t() | nil,
  line: pos_integer() | nil,
  name: String.t(),
  question: String.t() | nil,
  requirements: [Dmn.Model.Requirement.t()],
  variable: Dmn.Model.InformationItem.t() | nil
}
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A decisionService (DMN 1.6, 6.3.10): a function whose parameters are input_data and input_decisions, and whose result
is that of the output_decisions, which may be computed from the encapsulated_decisions. The lists are references.
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          @type t() :: %Dmn.Model.DecisionService{
  encapsulated_decisions: [Dmn.Model.Reference.t()],
  id: String.t() | nil,
  input_data: [Dmn.Model.Reference.t()],
  input_decisions: [Dmn.Model.Reference.t()],
  label: String.t() | nil,
  line: pos_integer() | nil,
  name: String.t(),
  output_decisions: [Dmn.Model.Reference.t()],
  variable: Dmn.Model.InformationItem.t() | nil
}
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A decisionTable (DMN 1.6, clause 8.3).
	Field	Is
	hit_policy	:unique (the default), :first, :priority, :any, :collect, :rule_order, :output_order
	aggregation	for :collect: :sum, :count, :min, :max, or nil for the list
	inputs	the Dmn.Model.DecisionTable.Inputs
	outputs	the Dmn.Model.DecisionTable.Outputs, one or more
	annotations	the names of the annotation columns, which are not part of the logic
	rules	the Dmn.Model.DecisionTable.Rules, in order (the order is the meaning for :first and :rule_order)
	output_label	the label of the output, usually the name of the decision
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          @type hit_policy() ::
  :unique | :first | :priority | :any | :collect | :rule_order | :output_order
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          @type t() :: %Dmn.Model.DecisionTable{
  aggregation: :sum | :count | :min | :max | nil,
  annotations: [String.t()],
  hit_policy: hit_policy(),
  id: String.t() | nil,
  inputs: [Dmn.Model.DecisionTable.Input.t()],
  label: String.t() | nil,
  line: pos_integer() | nil,
  output_label: String.t() | nil,
  outputs: [Dmn.Model.DecisionTable.Output.t()],
  preferred_orientation: String.t(),
  rules: [Dmn.Model.DecisionTable.Rule.t()],
  type_ref: String.t() | nil
}
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An input clause: expression is the input expression (a Dmn.Model.Expressions.LiteralExpression, with its own
type_ref), and input_values are the Dmn.Model.UnaryTests that the values of the input are expected to satisfy.
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          @type t() :: %Dmn.Model.DecisionTable.Input{
  expression: Dmn.Model.Expressions.LiteralExpression.t() | nil,
  id: String.t() | nil,
  input_values: Dmn.Model.UnaryTests.t() | nil,
  label: String.t() | nil,
  line: pos_integer() | nil
}
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An output clause: name (none for the one output of a table that has one), type_ref, output_values (the allowed outputs,
and their order for the priority policies) and default_output_entry (a literal expression).
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          @type t() :: %Dmn.Model.DecisionTable.Output{
  default_output_entry: Dmn.Model.Expressions.LiteralExpression.t() | nil,
  id: String.t() | nil,
  label: String.t() | nil,
  line: pos_integer() | nil,
  name: String.t() | nil,
  output_values: Dmn.Model.UnaryTests.t() | nil,
  type_ref: String.t() | nil
}
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A rule: input_entries (Dmn.Model.UnaryTests, one for each input), output_entries (Dmn.Model.Expressions.LiteralExpression,
one for each output) and annotation_entries (texts).
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          @type t() :: %Dmn.Model.DecisionTable.Rule{
  annotation_entries: [String.t()],
  id: String.t() | nil,
  input_entries: [Dmn.Model.UnaryTests.t()],
  label: String.t() | nil,
  line: pos_integer() | nil,
  output_entries: [Dmn.Model.Expressions.LiteralExpression.t()]
}
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The boxed expressions of DMN 1.6 (clauses 7.3, 8.3 and 10.5): the decision logic of a decision, the encapsulated logic of a
business knowledge model, and what is inside them.
	Struct	XML	Is
	LiteralExpression	literalExpression	the text of an expression, FEEL if the language is that
	Context	context	entries with a variable, and perhaps a last one with none: the result
	FunctionDefinition	functionDefinition	function(parameters) body
	Invocation	invocation	a call of a function by the names of its parameters
	Relation	relation	a table of values, a list of contexts
	ListExpression	list	the list of its items
	Conditional	conditional	if, then, else
	Filter	filter	in[match]
	Iterator	for, some, every	for and the quantifiers
	Dmn.Model.DecisionTable	decisionTable	rules

Every one has id, label, line, and type_ref, the declared type of its value (nil for none).
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        The names of the XML elements that are an expression.
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          @type t() ::
  Dmn.Model.Expressions.LiteralExpression.t()
  | Dmn.Model.Expressions.Context.t()
  | Dmn.Model.Expressions.FunctionDefinition.t()
  | Dmn.Model.Expressions.Invocation.t()
  | Dmn.Model.Expressions.Relation.t()
  | Dmn.Model.Expressions.ListExpression.t()
  | Dmn.Model.Expressions.Conditional.t()
  | Dmn.Model.Expressions.Filter.t()
  | Dmn.Model.Expressions.Iterator.t()
  | Dmn.Model.DecisionTable.t()
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          @spec element_names() :: [String.t()]


      


The names of the XML elements that are an expression.
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A binding of an invocation: the parameter of the called function, and expression, its value.
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          @type t() :: %Dmn.Model.Expressions.Binding{
  expression: Dmn.Model.Expressions.t() | nil,
  parameter: Dmn.Model.InformationItem.t()
}
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A conditional: condition (if), then, otherwise (else), each an expression or nil.
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          @type t() :: %Dmn.Model.Expressions.Conditional{
  condition: Dmn.Model.Expressions.t() | nil,
  id: String.t() | nil,
  label: String.t() | nil,
  line: pos_integer() | nil,
  otherwise: Dmn.Model.Expressions.t() | nil,
  then: Dmn.Model.Expressions.t() | nil,
  type_ref: String.t() | nil
}
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A context: its entries, in the order of the document.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Dmn.Model.Expressions.Context{
  entries: [Dmn.Model.Expressions.ContextEntry.t()],
  id: String.t() | nil,
  label: String.t() | nil,
  line: pos_integer() | nil,
  type_ref: String.t() | nil
}
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A contextEntry: the variable it binds, and value, the expression of it. The entry of a context that has no variable is
the result of the context (DMN 1.6, 10.2.1.4).
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        Types
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          @type t() :: %Dmn.Model.Expressions.ContextEntry{
  id: String.t() | nil,
  line: pos_integer() | nil,
  value: Dmn.Model.Expressions.t() | nil,
  variable: Dmn.Model.InformationItem.t() | nil
}
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Dmn.Model.Expressions.Filter 
    



      
A filter: the list source (in) and the expression match that selects its items.
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          @type t() :: %Dmn.Model.Expressions.Filter{
  id: String.t() | nil,
  label: String.t() | nil,
  line: pos_integer() | nil,
  match: Dmn.Model.Expressions.t() | nil,
  source: Dmn.Model.Expressions.t() | nil,
  type_ref: String.t() | nil
}
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Dmn.Model.Expressions.FunctionDefinition 
    



      
A functionDefinition: parameters (the formalParameters) and body. kind is :feel, or the kind of an external
function (:java, :pmml, :onnx), which the engine does not run.
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          @type t() :: %Dmn.Model.Expressions.FunctionDefinition{
  body: Dmn.Model.Expressions.t() | nil,
  id: String.t() | nil,
  kind: :feel | :java | :pmml | :onnx,
  label: String.t() | nil,
  line: pos_integer() | nil,
  parameters: [Dmn.Model.InformationItem.t()],
  type_ref: String.t() | nil
}
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Dmn.Model.Expressions.Invocation 
    



      
An invocation: function is the expression of the called function (a literal expression with the name of a business knowledge
model, a decision service or a function in scope), and bindings bind its parameters by name.
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          @type t() :: %Dmn.Model.Expressions.Invocation{
  bindings: [Dmn.Model.Expressions.Binding.t()],
  function: Dmn.Model.Expressions.t() | nil,
  id: String.t() | nil,
  label: String.t() | nil,
  line: pos_integer() | nil,
  type_ref: String.t() | nil
}
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Dmn.Model.Expressions.Iterator 
    



      
A for, some or every (kind): variable is the iteratorVariable, source the expression of in (and
source_type_ref its typeRef), and body the expression of return (for for) or satisfies (for the quantifiers).
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          @type t() :: %Dmn.Model.Expressions.Iterator{
  body: Dmn.Model.Expressions.t() | nil,
  id: String.t() | nil,
  kind: :for | :some | :every,
  label: String.t() | nil,
  line: pos_integer() | nil,
  source: Dmn.Model.Expressions.t() | nil,
  source_type_ref: String.t() | nil,
  type_ref: String.t() | nil,
  variable: String.t() | nil
}
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Dmn.Model.Expressions.ListExpression 
    



      
A list: its items, expressions, in order.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Dmn.Model.Expressions.ListExpression{
  id: String.t() | nil,
  items: [Dmn.Model.Expressions.t()],
  label: String.t() | nil,
  line: pos_integer() | nil,
  type_ref: String.t() | nil
}
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Dmn.Model.Expressions.LiteralExpression 
    



      
A literalExpression: text is the text of the expression, nil for none. expression_language is the URI the element
names (nil for that of the model). imported_values is the importedValues element when the text is not there, which
the engine does not read.
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          @type t() :: %Dmn.Model.Expressions.LiteralExpression{
  expression_language: String.t() | nil,
  id: String.t() | nil,
  imported_values: Dmn.XML.Element.t() | nil,
  label: String.t() | nil,
  line: pos_integer() | nil,
  text: String.t() | nil,
  type_ref: String.t() | nil
}
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Dmn.Model.Expressions.Relation 
    



      
A relation: its columns (Dmn.Model.InformationItem) and its rows, each the list of the values of the columns.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Dmn.Model.Expressions.Relation{
  columns: [Dmn.Model.InformationItem.t()],
  id: String.t() | nil,
  label: String.t() | nil,
  line: pos_integer() | nil,
  rows: [Dmn.Model.Expressions.ListExpression.t()],
  type_ref: String.t() | nil
}
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Dmn.Model.FunctionItem 
    



      
A functionItem (DMN 1.6, 7.3.3): the type of a function, in an item definition. output_type_ref is the type of the result,
and parameters are the Dmn.Model.InformationItems that the function takes.
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        t()
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      t()



        
          
        

    

  


  

      

          @type t() :: %Dmn.Model.FunctionItem{
  id: String.t() | nil,
  line: pos_integer() | nil,
  output_type_ref: String.t() | nil,
  parameters: [Dmn.Model.InformationItem.t()]
}
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Dmn.Model.Import 
    



      
An import (DMN 1.6, 6.3.3): the model with namespace is available under name. location_uri is a hint for a
Dmn.Resolver and is never opened by itself. It is a URI reference (RFC 3986): a relative one is resolved against the base_uri of the
model that has the import, which is what the resolver is given the importer for. An empty name imports into the default namespace
of the importing model.
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          @type t() :: %Dmn.Model.Import{
  id: String.t() | nil,
  import_type: String.t(),
  label: String.t() | nil,
  line: pos_integer() | nil,
  location_uri: String.t() | nil,
  name: String.t(),
  namespace: String.t()
}
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Dmn.Model.InformationItem 
    



      
An InformationItem (DMN 1.6, 7.3.4): a name with a type. It is the variable of a decision, an input data and a business
knowledge model, a parameter of a function, a column of a relation. type_ref is the name of a built-in type or of an item
definition, as Dmn.Reader normalized it (Dmn.Reader says how), or nil for no type, which is Any.
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          @type t() :: %Dmn.Model.InformationItem{
  id: String.t() | nil,
  label: String.t() | nil,
  line: pos_integer() | nil,
  name: String.t(),
  type_ref: String.t() | nil
}
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Dmn.Model.InputData 
    



      
An inputData (DMN 1.6, 6.3.11): a named input of the model, with its variable.
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          @type t() :: %Dmn.Model.InputData{
  id: String.t() | nil,
  label: String.t() | nil,
  line: pos_integer() | nil,
  name: String.t(),
  variable: Dmn.Model.InformationItem.t() | nil
}
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Dmn.Model.ItemDefinition 
    



      
An itemDefinition (DMN 1.6, 7.3.3): a type of the model. It has one of a type_ref (a built-in type or another item
definition), components (a context of them), and a function_item; or none of them, which is Any. allowed_values and
type_constraint are Dmn.Model.UnaryTests, and is_collection makes it a list of the type.
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          @type t() :: %Dmn.Model.ItemDefinition{
  allowed_values: Dmn.Model.UnaryTests.t() | nil,
  components: [t()],
  function_item: Dmn.Model.FunctionItem.t() | nil,
  id: String.t() | nil,
  is_collection: boolean(),
  label: String.t() | nil,
  line: pos_integer() | nil,
  name: String.t(),
  type_constraint: Dmn.Model.UnaryTests.t() | nil,
  type_language: String.t() | nil,
  type_ref: String.t() | nil
}
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Dmn.Model.KnowledgeSource 
    



      
A knowledgeSource (DMN 1.6, 6.3.12): documentation of where a decision gets its authority. It has no logic.
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          @type t() :: %Dmn.Model.KnowledgeSource{
  id: String.t() | nil,
  label: String.t() | nil,
  line: pos_integer() | nil,
  location_uri: String.t() | nil,
  name: String.t(),
  requirements: [Dmn.Model.Requirement.t()],
  type: String.t() | nil
}
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Dmn.Model.Reference 
    



      
A reference to an element: href="#id" is an element of the same model, href="namespace#id" one of the model with that
namespace, which a model imports (DMN 1.6, 6.3.3). An id is an xsd:ID, which has no #, and a namespace may have one
(https://example.org/m#v2), so the id is what follows the last #.
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        Reads the value of an href. nil for one that names nothing.
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          @type t() :: %Dmn.Model.Reference{id: String.t(), namespace: String.t() | nil}
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          @spec parse(String.t()) :: t() | nil


      


Reads the value of an href. nil for one that names nothing.
iex> Dmn.Model.Reference.parse("#_a1")
%Dmn.Model.Reference{namespace: nil, id: "_a1"}
iex> Dmn.Model.Reference.parse("https://example.org/m#_b2")
%Dmn.Model.Reference{namespace: "https://example.org/m", id: "_b2"}
iex> Dmn.Model.Reference.parse("https://example.org/m#v2#_b2")
%Dmn.Model.Reference{namespace: "https://example.org/m#v2", id: "_b2"}
iex> Dmn.Model.Reference.parse("no-fragment")
nil
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Dmn.Model.Requirement 
    



      
An information, knowledge or authority requirement (DMN 1.6, 6.3.13 to 6.3.15): element is the reference to what is
required, and kind says what kind of requirement it is.
	kind	XML	Required
	:decision	informationRequirement/requiredDecision	a decision, whose value is an input
	:input	informationRequirement/requiredInput	an input data
	:knowledge	knowledgeRequirement/requiredKnowledge	a business knowledge model or a decision service, which is invoked
	:authority_decision, :authority_input, :authority_authority	authorityRequirement/…	a source of authority, which the engine does not use
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          @type kind() ::
  :decision
  | :input
  | :knowledge
  | :authority_decision
  | :authority_input
  | :authority_authority


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Dmn.Model.Requirement{
  element: Dmn.Model.Reference.t(),
  id: String.t() | nil,
  kind: kind(),
  line: pos_integer() | nil
}
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Dmn.Model.UnaryTests 
    



      
A UnaryTests (DMN 1.6, 7.3.2): the text of a list of unary tests, such as the allowedValues of an item definition or an
inputEntry of a rule. expression_language is nil for that of the model.
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          @type t() :: %Dmn.Model.UnaryTests{
  expression_language: String.t() | nil,
  id: String.t() | nil,
  line: pos_integer() | nil,
  text: String.t()
}
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Dmn.PreparedCall 
    



      
A decision selected from a compiled model by Dmn.prepare_call/3, run with Dmn.run/2.
Holds the model, the resolved target and dependency plan, and fixed run options. It contains no input values or
results: each run starts afresh. It retains references to the compiled expressions, including any loaded BEAM modules;
those modules must remain loaded for the lifetime of the call. Treat this value as opaque.
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          @type t() :: %Dmn.PreparedCall{
  compiled: Dmn.Compiled.t(),
  feel_options: keyword(),
  mode: :lenient | :strict,
  name: String.t(),
  options: keyword(),
  plan: [Dmn.Compiled.key()],
  targets: [{String.t(), Dmn.Compiled.key()}]
}
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Dmn.Reader 
    



      
Reads a DMN model from the element tree of Dmn.XML into Dmn.Model structs.
The reader knows the schema (DMN 1.6, clause 13, and the schemas of 1.1 to 1.5, which are the same elements in other
namespaces) and checks what a schema would: the document is a definitions in a namespace of DMN, the elements it needs are
there, an attribute that has a fixed set of values has one of them. It stops at the first element that breaks the schema
and returns an error that names it, with its id and its line (Dmn.Error, kind :model). What it does not do is anything
that needs more than one element: it follows no reference, resolves no name, and reads no FEEL.
It reads only what is in the namespace of the document's definitions. Elements of other vocabularies (the extensionElements,
the diagram interchange DMNDI) are not read, and an attribute of another namespace is not either.
Type references
A typeRef is a string, and a string can have a prefix that the document declares: feel:string, tns:tPerson. The
reader resolves it where the prefixes are in scope, to the name that FEEL and the compiler use:
	a name of the FEEL namespace is the built-in type, feel:string is string;
	a name of the namespace of the document is the item definition, tns:tPerson is tPerson;
	a name of the namespace of an import is Import.tPerson (just tPerson when the import has no name);
	a name with no prefix, or with one that is not declared, is as it is written.

Expression languages
expression_language of a literal expression or of unary tests is nil for the language of the model, which is FEEL unless
the definitions say otherwise. Dmn.Compiler decides what it can compile.
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    Functions
  


    
      
        feel_language?(uri)

      


        Whether a URI names FEEL (or S-FEEL, which has the same one), as the expressionLanguage of the model or of an expression:
the URI of the FEEL of a version of DMN (.../DMN/20240513/FEEL/), or the one of DMN 1.1 (.../FEEL/20140401).



    


    
      
        read(root)

      


        Reads the root element of a document as a model.



    


    
      
        version(namespace)

      


        The version of DMN that a namespace of the model belongs to, or nil for a namespace that is not one.



    





      


      
        Functions


        


  
    
      
    
    
      feel_language?(uri)



        
          
        

    

  


  

      

          @spec feel_language?(String.t()) :: boolean()


      


Whether a URI names FEEL (or S-FEEL, which has the same one), as the expressionLanguage of the model or of an expression:
the URI of the FEEL of a version of DMN (.../DMN/20240513/FEEL/), or the one of DMN 1.1 (.../FEEL/20140401).
iex> Dmn.Reader.feel_language?("https://www.omg.org/spec/DMN/20240513/FEEL/")
true
iex> Dmn.Reader.feel_language?("http://www.omg.org/spec/FEEL/20140401")
true
iex> Dmn.Reader.feel_language?("http://www.omg.org/spec/DMN/uninterpreted/20140801")
false

  



  
    
      
    
    
      read(root)



        
          
        

    

  


  

      

          @spec read(Dmn.XML.Element.t()) :: {:ok, Dmn.Model.t()} | {:error, Dmn.Error.t()}


      


Reads the root element of a document as a model.
iex> {:ok, root} = Dmn.XML.parse(~s(<definitions xmlns="https://www.omg.org/spec/DMN/20240513/MODEL/" name="m" namespace="urn:m"/>))
iex> {:ok, model} = Dmn.Reader.read(root)
iex> {model.name, model.namespace, model.version}
{"m", "urn:m", :dmn_1_6}
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          @spec version(String.t() | nil) :: Dmn.Model.version() | nil


      


The version of DMN that a namespace of the model belongs to, or nil for a namespace that is not one.
iex> Dmn.Reader.version("https://www.omg.org/spec/DMN/20230324/MODEL/")
:dmn_1_5
iex> Dmn.Reader.version("http://www.omg.org/spec/DMN/20151101/dmn.xsd")
:dmn_1_1
iex> Dmn.Reader.version("urn:other")
nil
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Dmn.Resolver 
    



      
How the models that a model imports are found.
An <import locationURI="…"> is a hint. It is text from a model that nobody vouches for, and dmn never opens it by itself:
not as a path (../../../etc/passwd, an absolute path, a link that leaves a directory), and not as a URL. The caller says where
models come from by giving a resolver, and there is none by default, so a model that has imports and is compiled without one has
diagnostics for them.
A resolver is a function of the import and the model that has it, that returns the bytes of the imported model (they are read with
Dmn.XML as any model is, with the same limits):
resolver = fn %Dmn.Model.Import{namespace: namespace}, _importer -> Map.fetch(my_models, namespace) end
map/1 and directory/2 make the usual ones. A resolver that reads files, or the network, is the caller's, and has to keep to
what the caller allows; directory/2 is one that does.
Relative locations. A locationURI is a URI reference (RFC 3986), and a relative one is resolved against the base URI of the
document that has it, normally the URI it was retrieved from (DMN 1.6, 13.3.2). So the same text in two models can be two documents,
and what a resolver does with a location depends on the importer. A resolver that wants to say where a document is returns
{:ok, bytes, uri} instead of {:ok, bytes}: uri is a string for that document (what it was retrieved from, in the resolver's
own terms: the path below its root for directory/2), the same document always has the same one, and it is the base_uri of the
model that was read, which the resolver is given in importer.base_uri when that model has imports of its own. The importer of the
first model is the one the caller loaded, and has the base_uri that Dmn.load/2 was given (nil by default, which a resolver takes
for the place its documents are rooted at). A resolver that gives no uri is asked the same, with a base_uri of nil for every
importer, and can tell importers apart by what it likes of the model (its namespace, say).
Whatever the resolver says, the models are the same document when their bytes are, not when their uris are (Dmn.Imports): two
imports of one namespace that come to other bytes are :import_conflict, and the uri is only recorded with the model, in
Dmn.Compiled.imports. It is not in a diagnostic, which says what the importing model wrote and nothing of what is behind the resolver.
The imports are limited in number and in depth (Dmn.Limits: max_models, max_import_depth), and an import that cannot be had,
is not a model, or is a model of another namespace than it says is a diagnostic of the importing model and not an
exception.
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    Functions
  


    
      
        directory(root, options \\ [])

      


        A resolver that reads the files of a directory, and nothing outside it.



    


    
      
        map(models)

      


        A resolver from a map of namespaces to the bytes of the model that has that namespace, or of locations to bytes. A model is looked
up by its locationURI first, then by its namespace.
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          @type t() :: (Dmn.Model.Import.t(), Dmn.Model.t() ->
          {:ok, binary()}
          | {:ok, binary(), uri :: String.t()}
          | {:error, term()})


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      directory(root, options \\ [])



        
          
        

    

  


  

      

          @spec directory(Path.t(), keyword()) :: t()


      


A resolver that reads the files of a directory, and nothing outside it.
The locationURI of an import is a path below root, and a relative one is resolved against the document that has it as RFC 3986 says
(5.2): the importer is read from sub/a.dmn (its base_uri), so lib.dmn is sub/lib.dmn and ../lib.dmn is lib.dmn. The first
model is read from the root itself unless Dmn.load/2 was given the base_uri it was read from, below the root. The file is
returned with the path that is below root as its URI ({:ok, bytes, "sub/lib.dmn"}: dot segments are removed, and the same file is
always the same string).
It is refused ({:error, :outside_root}) if the result goes up out of the root (../lib.dmn from a model at the root), is absolute, is a
URL (it has a scheme), starts with ~, has a backslash, names a file through a link (any component, the file itself included, that is
a symbolic link), or names something that is not a regular file, or that has a second name (a hard link inside the root to a file
outside it is a file outside it as well). A file that is larger than max_bytes (Dmn.Limits) is not read ({:error, :too_large}).
An import with no locationURI is not found.
Options: :limits.
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          @spec map(%{optional(String.t()) => binary()}) :: t()


      


A resolver from a map of namespaces to the bytes of the model that has that namespace, or of locations to bytes. A model is looked
up by its locationURI first, then by its namespace.
iex> resolver = Dmn.Resolver.map(%{"urn:b" => "<definitions/>"})
iex> resolver.(%Dmn.Model.Import{name: "b", namespace: "urn:b", import_type: "x"}, %Dmn.Model{name: "a", namespace: "urn:a"})
{:ok, "<definitions/>"}
iex> resolver.(%Dmn.Model.Import{name: "c", namespace: "urn:c", import_type: "x"}, %Dmn.Model{name: "a", namespace: "urn:a"})
{:error, :not_found}
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What Dmn.evaluate_all/4 gives: the values of the decisions that were asked for, and the diagnostics of every element that was run.
	Field	Is
	values	the value of each decision asked for, by the name it was asked for by
	diagnostics	the Dmn.Diagnostics of the run, in the order the elements ran, each with the element and the place in it; the errors of an element that could not be compiled are here too
	ran	the keys of the elements that were run, in order


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        diagnostics(result, element)

      


        The diagnostics of an element, by its key.
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          @type t() :: %Dmn.Result{
  diagnostics: [Dmn.Diagnostic.t()],
  ran: [Dmn.Compiled.key()],
  values: %{optional(String.t()) => Feel.Value.t()}
}
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          @spec diagnostics(t(), String.t()) :: [Dmn.Diagnostic.t()]


      


The diagnostics of an element, by its key.
iex> result = %Dmn.Result{diagnostics: [Dmn.Diagnostic.new(:error, :x, "x", element: "d1"), Dmn.Diagnostic.new(:info, :y, "y", element: "d2")]}
iex> Enum.map(Dmn.Result.diagnostics(result, "d1"), & &1.code)
[:x]
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Runs a compiled model.
The units that the decisions asked for need are run in the order of the plan (Dmn.Compiled.plan/2), each once: a unit gets the
values of the units it reads as the bindings of its prepared expression, and gives its value to the units that read it. Nothing is
parsed, resolved or typed here.
The inputs
The inputs are a map of the names of the input data to their values (or {namespace, name}, for the input data of a model that is
imported), which are FEEL values (Feel.Value): numbers are Decimals,
contexts are maps. An input that is not given is null. A value that does not fit the declared type or the allowed values of its
input data is converted, or is null with an error, in every unit that reads it, as the declarations of FEEL say (D-138).
Errors
An error of an element (a type mismatch, a division by zero, a table that is broken) makes its value null and is a
diagnostic, and the run goes on: DMN 1.6, 7.3.8, calls this :lenient. With mode: :strict the first error ends the run, and the
result is {:error, %Dmn.Error{kind: :run, code: :strict}} with the diagnostic in its details. An element that could not be compiled
(a text that does not parse, a cycle) is null with its errors, in both.
What is wrong with an element whatever the data (a requirement that names nothing, a name or an id that another element has, a type
it declares that is not defined) is a fault of its unit: every run of a model that needs the element says it as a diagnostic, and a
strict run ends on it. A run does not look at the elements it does not need, and does not say that a model is valid: that is
Dmn.validate/1.
Recursion
The units of a recursion group (Dmn.Compiled.groups, Dmn.compile/2 with recursion: true) are run with links to the members they
read instead of their values (Feel.Recursion): each is run when the plan reaches it, the links are made once for the group,
and a call through one is a call of FEEL in the run it is made in, so Feel.Limits ends a recursion that does not end.
Options
:mode (:lenient or :strict), and, for the runs of FEEL, :clock, :entropy, :limits (Feel.Limits). A run keeps to the
limits that the model was compiled with (:feel_limits of Dmn.compile/2) unless it is given :limits, which take their place.
Only these keys and :mode are accepted by this internal execution module. Mode defaults to :lenient.
The public Dmn.evaluate/4, Dmn.evaluate_all/4, Dmn.run/2 and Dmn.invoke/4 wrappers validate and consume
:sandbox and :guard, then apply the shared Feel.Worker boundary. Calling this module directly
does not start a worker. Unknown keys, repeated keys, malformed keyword lists and invalid modes
return a run error with code :invalid_options.
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        Runs the decisions called names, with the inputs.



    


    
      
        invoke(compiled, name, arguments, options \\ [])

      


        Calls a business knowledge model or a decision service of the model, as a function (DMN 1.6, 10.4): the arguments are a map of the
names of the parameters to values, or a list of values in the order of the parameters.
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          @spec evaluate(Dmn.Compiled.t(), [String.t()], map(), keyword()) ::
  {:ok, Dmn.Result.t()} | {:error, Dmn.Error.t()}


      


Runs the decisions called names, with the inputs.
Returns the Dmn.Result, or an error of the kind :run: a name that is not a decision, a business knowledge model or a decision
service of the model (a string, that is: anything else is none), or one that more than one element has (:unknown_decision,
:ambiguous_name), names that are not a list, inputs that are not a map, or options that are not what they should be
(:invalid_inputs, :invalid_options), or a run that ended in strict mode. Nothing raises for what the arguments are (DD-36), whether
a caller built them or got them from outside.
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          @spec invoke(Dmn.Compiled.t(), String.t(), map() | list(), keyword()) ::
  {:ok, Dmn.Result.t()} | {:error, Dmn.Error.t()}


      


Calls a business knowledge model or a decision service of the model, as a function (DMN 1.6, 10.4): the arguments are a map of the
names of the parameters to values, or a list of values in the order of the parameters.
A map may have names that are not parameters (the inputs of a test, say): they are left out. The function value is made by running
the elements it needs, as for a decision, and the call is a call of FEEL, so the arguments are converted to the types of the
parameters, a missing argument is null, and the depth of calls is limited. Returns the Dmn.Result (with the value of the call
under name).
Nothing raises for the model or the arguments: an element that is not a function (a decision, a business knowledge model that has
no logic, or an external one that cannot be run) is an error :not_a_function, a name that is not a string is :unknown_decision, and
arguments that are neither a map of names nor a list are :invalid_arguments.
An error of the call is the code of the error of FEEL (:limit_exceeded for a limit of Feel.Limits, as a decision that passes it
has), or :feel_error where it has none, with details.kind the kind of it; :strict is that of an error in the :strict mode (DD-36).
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Reads an XML document that nobody vouches for.
A DMN model is a file from outside, and it names other files to import. boxic reads them with :xmerl_scan, which makes an
atom for every name of an element and an attribute (6,000 names make 6,000 atoms, which is measured), so a document with
enough different names ends the VM: an atom is never freed, and the table is full at about a million. Whether it also expands
entities (a few lines of <!ENTITY> make gigabytes, and an external entity reads a file or a URL) depends on the version of
OTP and on the options it is called with, and a reader of untrusted documents should depend on neither. This reader is for
the opposite case.
	:xmerl_sax_parser, never :xmerl_scan. The SAX parser makes no atoms from the document (the names are lists of
characters, which this module makes into strings), and builds no tree of its own.
	No DOCTYPE that declares or refers to anything. A document type declaration is where entities are declared (and where
an external DTD is named, and attributes get defaults), so one that has an internal subset or an external identifier is an
error (:doctype_not_allowed) the moment the parser reports it, before it reads what is inside. A bare <!DOCTYPE name>
declares nothing, and the parser does not report it. The five predefined entities and character references are read as
XML says. No external entity or external DTD is ever read.
	Limits (Dmn.Limits): the size of the document before anything is read, then the depth, the number of elements, the
attributes of an element and the length of a name or of a namespace URI as the events come. A document that passes one is an error of the
kind :limit.
	A process that can be killed (Feel.Worker). The SAX parser takes time quadratic in the attributes of one element
and cannot be stopped, so the document is read in a process with a deadline and a cap on its memory.
	A limit on numeric character references. A character is written with up to 7 decimal digits or 6 hex digits (U+10FFFF is
&#x10FFFF;), and a reference of more than 10 decimal or 8 hex digits is an error (:character_reference_too_large),
found in the bytes before the parser is called. That look is at bytes that are ASCII, so a document that has a NUL byte,
which is how UTF-16 and UTF-32 write ASCII, is an error too (:unsupported_encoding).
	UTF-8, with or without a byte order mark, or an encoding that has ASCII for its bytes and that the XML declaration names
(ISO-8859-1). Not UTF-16 or UTF-32. A name with a prefix that is not declared is an error.

The result is a tree of Dmn.XML.Element: names are strings, the namespaces are resolved, and the text and the attributes
are strings. Comments and processing instructions are dropped, a CDATA section is text. An element keeps the prefixes that it
declares itself and not those in scope at it: the tree is sent from the process that reads it to the caller, a message does not
keep sharing, and a map of every prefix in scope on each of 300 leaves of a deep document is 367 MB for a document of 168 kB.
A reader that needs a prefix (Dmn.Reader, for a typeRef) walks down with the scope (Dmn.XML.Element.enter/2).
This reads XML and not DMN. It does not know the schema; Dmn.Reader does.
iex> {:ok, root} = Dmn.XML.parse(~s(<a xmlns="urn:x"><b id="1">text</b></a>))
iex> {root.namespace, root.name, hd(root.children).attributes, hd(root.children).text}
{"urn:x", "a", %{"id" => "1"}, "text"}
iex> {:error, error} = Dmn.XML.parse(~s(<!DOCTYPE a [<!ENTITY x "y">]><a>&x;</a>))
iex> error.code
:doctype_not_allowed
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          @spec parse(binary(), keyword()) ::
  {:ok, Dmn.XML.Element.t()} | {:error, Dmn.Error.t()}


      


Reads a document.
Options: :limits, a Dmn.Limits.t/0 or the fields of one to replace; limits that are neither, or have a value that is not a positive
integer, are {:error, %Dmn.Error{kind: :model, code: :invalid_options}} (DD-39), as for Dmn.load/2.
Returns the root element, or an error of the kind :xml (the document is not well formed, or it has a DOCTYPE, or a name
has a prefix that is not declared, or it is in UTF-16 or UTF-32, or has a numeric character reference of more digits than a
character has) or :limit. Nothing raises for the document.
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Dmn.XML.Element 
    



      
An element of an XML document, as Dmn.XML reads it.
Names are strings and nothing is an atom: the document is not trusted, and an atom is never freed. The namespace of the
element and of its attributes is resolved, so the reader of the model asks for {namespace, "decision"} and not for a
prefix.
	Field	Is
	namespace	the URI of the namespace of the element, nil for none
	name	the local name
	attributes	the attributes that have no namespace, by name
	qualified	the attributes that have one, by {namespace, name} (xsi:type, and the attributes of other vocabularies)
	namespaces	the prefixes that the element declares itself, by prefix ("" for the default namespace); those in scope at it are the ones of its ancestors too (enter/2, resolve/2)
	children	the child elements, in order
	text	the character data directly inside the element, in one string: white space only when the element has child elements and nothing else
	line	the line of the start tag
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        scope()

      


        The prefixes in scope at an element: the declarations of the element and of each of its ancestors, the innermost first. An element
has only its own (namespaces), so a deep document costs what it declares and not what is in scope at each of its leaves.
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        attribute(element, name)

      


        The value of an attribute that has no namespace, or nil.



    


    
      
        children(element, namespace, name)

      


        The child elements with this local name and namespace.



    


    
      
        enter(scope, element)

      


        The scope at an element, given the scope at its parent: its own declarations go in front of those of its ancestors.



    


    
      
        resolve(scope, qualified_name)

      


        Resolves a name with a prefix ("feel:string") to {namespace, local name}, with the prefixes in scope. A name with no prefix is
in the default namespace, if there is one. :error for a prefix that is not declared.



    


    
      
        root_scope()

      


        The scope before the root element: the xml prefix, which is always declared.
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          @type scope() :: [%{optional(String.t()) => String.t()}]


      


The prefixes in scope at an element: the declarations of the element and of each of its ancestors, the innermost first. An element
has only its own (namespaces), so a deep document costs what it declares and not what is in scope at each of its leaves.
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          @type t() :: %Dmn.XML.Element{
  attributes: %{optional(String.t()) => String.t()},
  children: [t()],
  line: pos_integer() | nil,
  name: String.t(),
  namespace: String.t() | nil,
  namespaces: %{optional(String.t()) => String.t()},
  qualified: %{optional({String.t(), String.t()}) => String.t()},
  text: String.t()
}
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          @spec attribute(t(), String.t()) :: String.t() | nil


      


The value of an attribute that has no namespace, or nil.
iex> Dmn.XML.Element.attribute(%Dmn.XML.Element{name: "a", attributes: %{"id" => "x"}}, "id")
"x"
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          @spec children(t(), String.t() | nil, String.t()) :: [t()]


      


The child elements with this local name and namespace.
iex> element = %Dmn.XML.Element{name: "a", children: [%Dmn.XML.Element{name: "b", namespace: "urn:x"}, %Dmn.XML.Element{name: "c"}]}
iex> Enum.map(Dmn.XML.Element.children(element, "urn:x", "b"), & &1.name)
["b"]
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          @spec enter(scope(), t()) :: scope()


      


The scope at an element, given the scope at its parent: its own declarations go in front of those of its ancestors.
iex> parent = Dmn.XML.Element.root_scope()
iex> child = %Dmn.XML.Element{name: "a", namespaces: %{"p" => "urn:p"}}
iex> Dmn.XML.Element.enter(parent, child)
[%{"p" => "urn:p"}, %{"xml" => "http://www.w3.org/XML/1998/namespace"}]
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          @spec resolve(scope(), String.t()) :: {:ok, {String.t() | nil, String.t()}} | :error


      


Resolves a name with a prefix ("feel:string") to {namespace, local name}, with the prefixes in scope. A name with no prefix is
in the default namespace, if there is one. :error for a prefix that is not declared.
iex> scope = Dmn.XML.Element.enter([%{"q" => "urn:outer", "p" => "urn:old"}], %Dmn.XML.Element{name: "a", namespaces: %{"p" => "urn:p", "" => "urn:d"}})
iex> {Dmn.XML.Element.resolve(scope, "p:x"), Dmn.XML.Element.resolve(scope, "y"), Dmn.XML.Element.resolve(scope, "q:z"), Dmn.XML.Element.resolve(scope, "r:z")}
{{:ok, {"urn:p", "x"}}, {:ok, {"urn:d", "y"}}, {:ok, {"urn:outer", "z"}}, :error}
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          @spec root_scope() :: scope()


      


The scope before the root element: the xml prefix, which is always declared.
iex> Dmn.XML.Element.root_scope()
[%{"xml" => "http://www.w3.org/XML/1998/namespace"}]
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What is wrong with a model, as a value.
Nothing in dmn raises for the input it is given: a document that is not XML, a model that breaks the schema, an
import that cannot be found, an expression that does not parse, all come back as {:error, %Dmn.Error{}}. It is an exception
too, so Dmn.load!/2 and the like can raise it.
	Field	Is
	kind	:xml (the bytes are not a usable XML document), :model (the document is not a DMN model), :import (an import cannot be had), :compile (the model cannot be compiled), :run (a run cannot be done, or ended in :strict mode), :limit (a bound of Dmn.Limits is passed)
	code	an atom that says what, for a program to match on
	message	the text, for a person
	element	the id of the element of the model that it is about, if it has one
	line	the line of the document, for :xml and :model
	details	whatever else is known (the name, the limit, the value)
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        new(kind, code, message, fields \\ [])

      


        Makes an error.
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          @type kind() :: :xml | :model | :import | :compile | :run | :limit
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          @type t() :: %Dmn.Error{
  __exception__: term(),
  code: atom(),
  details: map(),
  element: String.t() | nil,
  kind: kind(),
  line: pos_integer() | nil,
  message: String.t()
}
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          @spec new(kind(), atom(), String.t(), keyword()) :: t()


      


Makes an error.
iex> error = Dmn.Error.new(:xml, :doctype_not_allowed, "a DOCTYPE is not read", line: 1)
iex> {error.kind, error.code, error.line}
{:xml, :doctype_not_allowed, 1}
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