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    Changelog

Unreleased
2.8.4 - 2026-09-13
Fixed
	Project effect inference now avoids repeated compiled-module and provenance lookups, and batches dependency BEAM analysis by module, restoring large-project check performance.

2.8.3 - 2026-08-31
Added
	Reach.Effects.classify_with_provenance/2 reports each effect classification's source, confidence, contributing plugin, and explicit reason for unknown results; mix reach.map --effects summarizes those sources and reports unresolved call arity, kind, and reason.

Fixed
	Effect inference now resolves unqualified project calls, default-argument wrappers, function references, and unique macro-injected aliases against their owning module, and runs to a complete fixed point without sharing classifications between unrelated same-named functions.
	Dependency functions can now derive medium-confidence effects from BEAM code when plugins, built-ins, and typespecs provide no result.
	Function captures are treated as pure values until an eager higher-order operation executes them, preventing stored or lazy callbacks from inheriting effects prematurely.
	Phoenix PubSub, Task.Supervisor, Mint, controller, and HEEx semantics now classify effects at the framework-plugin boundary instead of relying on broad generic heuristics.
	mix reach.map --effects now summarizes runtime function bodies instead of counting compile-time types and module DSL declarations as application calls.
	Unquoted expressions and pure HEEx event attributes now flow into their generated output, preventing dead-code false positives without treating synthetic event calls as effectful.
	Smell evidence now handles functions without module metadata instead of crashing during analysis.
	Same-entity representation analysis no longer treats Enum and Stream mapping callbacks as presentation boundaries that hide valid findings.
	Call-graph and data-flow reports now preserve deterministic module, file, function, source-line, and source-HTML attribution across multi-module source files.
	Module fan-in and fan-out metrics now use the same dependency graph as coupling analysis.
	Erlang analysis now preserves function ownership, remote function-reference metadata, and stable project-wide node IDs; module attributes stay out of function-owned data flow, and generated logical source locations receive meaningful fallback labels.
	Project parsing now allocates deterministic per-file node ranges and serializes Erlang preprocessing, preventing graph, effect, and report output from changing between identical runs.
	Installed Hex packages now include the compiled JavaScript and CSS required for self-contained offline HTML reports.

2.8.2 - 2026-07-26
Breaking changes
	Check baselines now record their analysis scope. Existing unscoped baselines must be regenerated before reuse, and baselines are rejected under a different Mix environment or source-root set, preventing silent local/CI suppression drift. (#33)

Added
	mix reach.check now reports its Mix environment, source roots, and analyzed file count; checks: [source_paths: [...]] and --path provide an environment-independent source scope.
	A built-in Gettext plugin recognizes locale setters and use Gettext declarations, preventing false-positive dead-code findings.

Fixed
	Plugin effect classifications now take precedence over generic typespec inference, allowing dependency-specific semantics to override data-return heuristics.

2.8.1 - 2026-07-20
Changed
	Smell checks now reuse project-scoped function, value-predecessor, map-contract, and macro-fact indexes; parsed ASTs and precompiled patterns are shared across checks, and per-file pattern scans run concurrently while preserving deterministic finding order.
	One-shot CLI smell analysis now releases per-module dependence graphs after constructing the merged project graph, substantially reducing peak memory use without changing library defaults.
	Smell profiling now supports the current normalized pattern metadata, including safety classifications.

Fixed
	Project-scoped analysis caches now invalidate when graph or node state changes and remain isolated across projects.
	Module suppression lookup now uses source spans instead of rescanning every project node for each finding, including correct handling of nested modules.

2.8.0 - 2026-07-20
Added
	mix reach.trace --pattern regex-on-structured traces structured file contents into regex and regex-based string parsing, including a conservative fallback for structure-shaped regex literals.
	mix reach.check --candidates now reports concentrated module-level forwarding as advisory review_facade candidates, with boundary, behaviour, macro-use, compatibility, and documentation guards.
	Exact project Type-I clone families now produce advisory consolidate_clone candidates with a deterministic canonical implementation and explicit behavior-preservation proof steps.
	Smell analysis now detects private multi-clause domain parsers that silently coerce unsupported input to an accepted constant, while excluding serializers and presentation mappings.
	Changed-code analysis now reports strict field, fetch, and map-pattern access replaced by lenient Map.get, including malformed map-literal callers when available.
	Changed-code analysis now classifies moved dual-key/default-drift evidence and exact whole-function clones as displaced when occurrence counts do not improve.
	Changed-code analysis now inventories added and removed source suppressions and raises risk for additions without reasons, while project maps expose total and reasonless suppression counts.
	Smell analysis now detects decoded external fixed-shape payloads crossing storage or process boundaries without explicit normalization.
	Fixed-shape decoded-boundary evidence now produces advisory contract-normalization candidates with draft structs/schemas and graph-backed blast radii.
	Implicit map-contract candidates now include a source-backed canonical construction site, a draft struct/type/schema, and a graph-computed blast radius.
	Smell analysis now detects incompatible success return structures across function clauses and branches while retaining nested same-tag protocol layers as evidence.
	Smell analysis now reports proven nil-capable parameters that reach strict uses without a dominating non-nil guard.
	Smell analysis now identifies cross-module bare maps that duplicate an existing canonical struct entity while excluding projections and boundary representations.
	Smell analysis now reports consumed domain parameters receiving divergent fixed map shapes, while changed-code checks flag entropy increases.
	Map-contract analysis now detects broad parameter/callback contracts, conflicting defaults, undeclared schema access, atom/string fallback contracts, false-collapsing lookups, key normalization hazards, and empty map constructors.
	Plugin and project-configured DSL ranges now suppress generic findings where macros reinterpret ordinary Elixir syntax.
	Evidence providers now share an explicit provider behaviour and normalized capability-bypass metadata; optional ExDNA dependency scanning can produce advisory reuse_dependency candidates from exact project-to-dependency clones without compiling dependency code.
	Smell JSON now classifies remediation as equivalent, conditional, or review_only, allowing agents to distinguish proven replacements from advisory review leads.

Fixed
	Mechanical collection checks no longer recommend behavior-changing rewrites for mapped extrema/first values, recursive flattening, character digits, arbitrary enumerables, negative slicing, sort ties, or callback-order-changing pipeline fusion.
	Mechanical equivalence tests now use strict equality, mixed numeric tie cases, and explicit counterexamples that prove the gate can reject unsafe replacements.
	Default-drift checks now require one direct map/key contract, schema checks distinguish direct validated values from nested or revalidated data, and decoded-boundary promotion excludes sandbox payloads and transient wire envelopes.
	Broad callback map contracts now require a shared shape across multiple implementations; one specialized implementation remains evidence even when it reads many keys.
	Nested same-tag return structures now remain return-contract evidence instead of being treated as duplicate wrappers without proof that their protocol layers are equivalent.
	Total-function laundering now keeps explicit default normalizers as evidence and promotes only typed domain values that have no explicit parser clause.
	Empty-map and key-normalization checks now coalesce equivalent findings from the same source line or normalization operation while retaining all conversion-site evidence.
	Default-drift and schema-contract findings now choose locations, keys, and evidence deterministically instead of depending on project-node map traversal order.
	Broad-map contract findings now require strict access on the declared parameter, reject derived, mixed, or nested-pattern map origins and multi-shape dispatch, and identify the exact broad parameter; dual-key findings now group repeated literal fallbacks from distinct expression sites by function and map origin while one-off or single-chain compatibility helpers remain evidence and boolean cases coalesce with false-collapse findings.
	Nil-parameter analysis now models dominating normalization, with rebinding, conditional and collection paths, exact default-wrapper argument slots, dynamic receivers, and ordered multi-clause dispatch; smell promotion keeps companion-constrained and private recursive paths as evidence.
	Return-shape divergence now requires a closed @spec mismatch, an asymmetric raw error wrapper, or a tagged nil/empty edge case, keeping intentional optional payloads, parser/callback tuples, and declared unions as evidence.
	Same-entity representation analysis now excludes source map patterns, manually encoded structs, adapter and presentation boundaries, nested projections, and maps normalized by direct or consistently struct-building callers.
	Parameter-shape entropy now excludes defensively consumed optional fields, literal companion-argument dispatch, guarded map/struct dispatch, and function-head map patterns that are not exact runtime shapes.
	Clone analysis cache keys now distinguish projects with identical node-id ranges, preventing evidence from leaking between parse snapshots.
	Changed-code checks no longer expand diff ranges line by line or repeatedly rebuild project function indexes, preventing severe slowdowns on large pull requests.
	Effect and risk values now remain typed atoms through domain and text-rendering layers; only JSON serialization converts them to strings.
	Changed-code output now reports assessment confidence and line/file coverage separately from function risk, including deleted-only and otherwise unassessed changes.
	The false-success smell check no longer crashes on calls qualified through __MODULE__ or other aliases containing non-atom AST segments (#23).
	Module coupling now attributes dependencies to the owning module when multiple modules share one source file.

2.7.5 - 2026-06-12
Changed
	Suppressed optional Makeup integration warnings when compiling Reach without syntax-highlighting dependencies installed.

2.7.4 - 2026-06-12
Fixed
	Target resolution now returns nil for unsupported non-string targets instead of crashing, so module-only context requests fail gracefully.

2.7.3 - 2026-06-12
Fixed
	HEEx lowering now handles atom-named component attributes emitted by Phoenix metadata, fixing CodeMap.reflect/1 crashes on generated Phoenix layouts.

2.7.2 - 2026-06-10
Changed
	Smell check performance — mix reach.check --smells now avoids expensive registry discovery over non-smell Reach modules, skips redundant validation for Reach-owned plugin smell checks, and shares source file discovery across source smell runners while preserving existing smell results.
	Dependency refresh — updated ExDNA, ExDoc, QuickBEAM, Volt, and transitive frontend tooling to current releases.
	Clone evidence tuning — Reach clone-analysis configuration now forwards ExDNA options for occurrences, Type-II/III matching, pipe normalization, macro/attribute exclusions, path ignores, parser timeouts, and source suppressions.
	Clone source safety — ExDNA-backed clone evidence now ignores non-Elixir source files contributed by plugin frontends.
	Volt build config — asset builds now use Volt's config-backed build settings while keeping stable reach output names.

2.7.1 - 2026-05-23
Changed
	Smell suppressions — mix reach.check --smells now supports config-level path/module ignores plus Credo-style # reach:disable-next-line and # reach:disable-for-this-file comments for local suppressions.
	Non-Elixir source safety — source-backed and file-backed smell checks now skip non-Elixir module files contributed by plugin frontends instead of parsing or inspecting them as Elixir source.

2.7.0 - 2026-05-23
Changed
	Bare rescue smell — added a generic smell check for rescue _ -> and rescue error -> clauses that should narrow the rescued exception set.
	LiveView mount Repo smell — added a Phoenix plugin smell for direct Repo work in mount/3 without a connected?/1 guard or async LiveView loading.
	Internal rescue handling — replaced avoidable exception-driven control flow in Reach's own analyzers with explicit checks and narrower error paths.
	Corpus-tuned smell signal — reduced noisy Enum.count/1, direct Enum.map_join/3, public defdelegate, public forwarder, and one-off dual-key findings after reviewing Hex corpus output.
	False-success error handling smell — added a generic check for check/lint/validate-style functions that convert {:error, _} into success-like values such as [] or :ok.
	ExUnit plugin — added an ExUnit plugin smell for async: true test modules that mutate global application, system, or persistent-term state.
	ETS partial-key match smell — added a check for wildcard ETS matches over tuple keys that can return arbitrary stale/versioned rows.
	Macro fact foundation — added Reach.MacroFact as the source-first representation for macro/DSL declarations, with plugin refinement for Phoenix, Ecto, and Ash declarations without generic framework allowlists.
	Macro-aware dead-code filtering — dead-code checks now use high-confidence macro facts to avoid reporting framework DSL declarations such as Phoenix attr, slot, router scopes, and routes as unused results.
	Macro-aware behaviour candidates — behaviour-candidate checks now use macro facts that explain framework callback surfaces, including local use MyAppWeb, :live_view and :live_component macro aliases, suppressing LiveView-style callback groups without hardcoded framework allowlists in the generic smell.
	Project-scoped effect classification — effect inference and effect-based summaries now use the project/plugin configuration instead of reusing unscoped local-function cache entries across plugin sets.
	Project query isolation — target/function query indexes no longer reuse process-local state across projects analyzed in the same VM.
	Plugin-aware dead-code graphing — dead-code checks now pass configured plugins into graph construction, not only macro fact collection.
	Atom-safe Phoenix route facts — Phoenix route macro facts now keep controller/live-view targets as source-level strings instead of creating module atoms from source aliases.
	Strict CLI option parsing — canonical command option parsing now raises on unknown switches instead of silently ignoring typos.
	Removed legacy Mix task shims — removed the old pre-2.x task modules entirely; use the five canonical commands (reach.map, reach.inspect, reach.trace, reach.check, reach.otp).
	Architecture check performance — mix reach.check --arch now uses source-only project loading and avoids full system-dependence graph construction for architecture policy checks.
	Changed-code check performance — mix reach.check --changed now returns immediately for empty diffs instead of loading and analyzing the whole project first.
	Plugin-owned framework policy — framework callback/effect-boundary semantics now live behind plugin callbacks instead of generic analysis modules.
	Target-project plugin inference — path scans now infer built-in plugins from nearby mix.exs dependencies and source markers without executing the target project, with each plugin owning its own inference hints.
	Plugin-aware AST entrypoint — Reach.ast_to_graph/2 now applies configured plugin AST lowering, matching source parsing behavior.
	Macro fact scanner project scope — scripts/macro_fact_scan.exs now scans explicit files and lib/test directories at project scope so local macro aliases are resolved during real-project scans.

2.6.1
Changed
	Check text rendering — normalized mix reach.check text section spacing through shared check rendering helpers and architecture policy guards.

Fixed
	Map-shaped locations in text output — smell and OTP text renderers now format %{file:, line:} and %{file:, start_line:} locations instead of crashing while JSON output continues to use structured data.

2.6.0
New
	LiveView/HEEx lowering — added an optional LiveView plugin that recognizes ~H and .heex templates, lowers HEEx control flow (if/case, :if, :for) into Reach's Elixir IR with template source labels/spans, and hides LiveView rendering helper edges from graph presentation. The plugin uses LiveView's parser when available and falls back to the stable TagEngine path for current 1.1.x projects.
	LiveView semantic edges — LiveView analysis now connects JS.push/push_event calls to handle_event/3, assign writes to HEEx assign reads, parser-lowered component attr values to component calls, and stream writes to @streams.* reads. Static phx-* event attrs are modeled by the parser-backed HEEx lowerer when available.
	Architecture layer ergonomics — .reach.exs now validates unknown layer references, supports allowlist-style dependency policy, dependency exceptions, optional layer coverage checks, and layer-cycle violations with concrete call-edge witnesses.

Changed
	Evidence provider namespace — moved clone analysis under Reach.Evidence.CloneAnalysis and introduced Reach.Evidence as the namespace for reusable facts consumed by smells, checks, and refactoring candidates.
	Jason plugin smell — added an evidence-backed smell check for hand-rolled JSON sanitizers, encoders, and simple Jason.Encoder implementations that should use Jason protocol support directly.
	Standard library bypass smell — added conservative Path/URI checks for hand-written basename, extension, URL, and query-string splitting, plus higher-context Enum.map→flatten, order-safe reduce/reverse Enum.flat_map, paired Map.has_key?/Map.put update, Map.update!, and reduce-based Enum.frequencies heuristics.
	Map contract evidence — added Reach.Evidence.MapContract as a reusable evidence provider for maps that are created with a fixed shape, returned from local functions, and then read/updated as implicit contracts.
	Map contract candidates — mix reach.check --candidates now reports advisory struct, boundary, or typed-map contract candidates when repeated implicit map contracts appear in project source.
	Poison plugin rename — split the Poison effect classifier into Reach.Plugins.Poison now that Jason has its own plugin.
	Evidence corpus scanner — added scripts/evidence_corpus_scan.exs for focused Jason, standard-library bypass, and map-contract evidence scans across repositories, backed by lightweight family/0 and kinds/0 evidence provider metadata.
	Plugin evidence refinement — added a generic refine_evidence/2 plugin hook so dependency plugins can annotate reusable evidence without owning smell or candidate policy; Jason now classifies maps passed to Jason.encode/1,2 or Jason.encode!/1,2 as external payload contracts.
	Corpus-tuned evidence — tightened evidence scanning after reviewing Hex corpus hits, including safe handling for dynamic aliases and avoiding Enum.flat_map/2 suggestions for reduce callbacks shaped like acc ++ [expr].
	CLI JSON boundary — moved JSON output normalization into Reach.CLI.JSON and removed the old jsonify helper from formatting code.
	Self architecture policy — tightened Reach's own .reach.exs with layer coverage, removed-namespace guards, and extra call-boundary rules that keep CLI/Mix orchestration out of evidence, smell, frontend, plugin, and visualization modules.
	Architecture hardening docs — added a configuration recipe showing how to combine layer coverage, dependency rules, call bans, removed-source guards, exceptions, and baselines for stricter architecture enforcement.

Fixed
	Root task help — mix reach --help now prints usage information instead of generating the default HTML report.
	Protocol and macro-heavy visualizations — Elixir frontend now attaches defimpl/defprotocol functions and nested modules to their real module names, including multi-part nested defmodule names, and treats quoted macro-generated definitions as data while preserving unquote references. This removes bogus (top-level) graph buckets and repeated garbage nodes in reports for macro-heavy projects.
	Redundant computation false positives — stateful IR counter calls are no longer reported as duplicate pure computations during Reach's own strict smell checks.

2.5.0
New
	Trivial delegate smell check — added conservative detection for pass-through defdelegate calls and hand-written same-argument forwarding functions, including alias, Erlang module, and static generated delegate targets while allowing documented facades, behaviour adapters, semantic aliases, and ambiguous local calls.
	Conversion idiom smell checks — added conservative checks for identity float arithmetic and one-shot List.to_tuple/1 + elem/2 access.

Fixed
	Phoenix/Ecto dead-code false positives — --dead-code no longer reports compile-time DSL macros such as Phoenix.Component.attr/3, slot/3, Phoenix router macros, Ecto schema fields, or migration table/column declarations as unused results.
	Corpus scan robustness — scripts/smell_corpus_scan.exs now reports per-repository exits as scan errors instead of aborting the whole corpus run, and selected-kind filtering handles source smell metadata.
	Pipe-shaped macro heads — the Elixir frontend no longer crashes on unusual macro heads that use |> as a user-defined operator pattern.

2.4.0
New
	Framework smell checks — added plugin-provided Phoenix, Ecto, and Oban smell checks for LiveView lifecycle mistakes, Ecto query pitfalls, unsafe SQL interpolation, money-like :float fields, and Oban argument shape issues.
	Security/source smell checks — added checks for unsafe dynamic atom creation, unsafe :erlang.binary_to_term/1, missing @external_resource declarations, and conservative Ecto query pinning/cross-join issues.
	Custom/plugin smell infrastructure — projects can provide custom smell modules via .reach.exs, and framework plugins can register smell checks through Reach.Plugin.smell_checks/0.
	Smell corpus tooling — added scripts/smell_corpus_scan.exs for repeatable scans across external repositories with plugin and kind filters.
	Smell profiling tooling — added scripts/profile_smells.exs for per-check, per-pattern, and per-query profiling against the current project or an external repo.

Changed
	Source smell DSL rename — source-level smell checks now use Reach.Smell.Check.Source instead of Reach.Smell.Check.Pattern. The unified smell/4 DSL also supports AST callback rules with mode: :ast for hot source-shape checks that need custom matching.
	Pattern smell performance — source smell checks infer source prefilters from ExAST selectors, share prefilter normalization through Reach.Smell.PatternConfig, and route combined pattern/AST callback rules through Reach.Smell.SourceRunner.
	Smell performance — optimized pattern scanning, source AST caching, CLI command tests, architecture policy tests, and the IdiomMismatch smell check to reduce repeated full-project/file traversals.
	Pattern smell consolidation — consolidated hot ExAST selectors for boolean case and boolean Map.put/3 tracking; the boolean case smell now uses the unified source DSL's AST callback mode.

Fixed
	Plugin smell discovery — plugin smell modules are no longer accidentally auto-discovered as generic built-ins; plugin checks run only through plugin registration.
	Real-world false positives — narrowed noisy Phoenix raw HTML, LiveView assign_new, and Oban argument checks based on scans of open-source Elixir projects.
	Pattern prefilter safety — inferred prefilters ignore ExAST predicate internals so DSL-style selectors such as Ecto field(name, :float) are not skipped incorrectly.

2.3.5
New
	Strict smell gates — mix reach.check --smells --strict now fails when non-baseline smell findings are present. Projects can also enable this with smells: [strict: true] in .reach.exs.
	Check baselines — mix reach.check supports --baseline PATH, --write-baseline PATH, and checks: [baseline: PATH] to suppress known architecture/smell findings while failing on new ones.

Changed
	Combined checks — mix reach.check --arch --smells now runs all requested check modes and shares one project analysis where possible.
	Dogfooding — Reach now runs strict smell checking against itself in CI with tuned smell thresholds and an explicit baseline file.

Fixed
	Optional JavaScript support — compiling Reach without QuickBEAM no longer emits warnings about the unavailable JavaScript frontend.
	Self-smells — fixed actionable smell findings in Reach's own code and prevented pattern smell declarations from flagging themselves.

2.3.4
Fixed
	Docs publishing — mix docs and mix hex.publish docs now run in the :docs Mix environment, avoiding dev-only dependency self-conflicts during Hex docs publishing.

2.3.3
New
	Semantic idiom smells — detects double map lookups, sentinel Map.get/3 defaults, length-based list indexing, invalid integer Keyword keys, and missing Logger imports.
	More collection idioms — detects sort-then-reverse, sort-then-index, and Enum.take_while/2 followed by counting.

Changed
	Dependencies — refreshed Hex dependencies, including Volt 0.10.x.

Fixed
	Smell false positives — tightened keyword-default and Logger detection based on Hex package scans.
	Nested Mix tests — run the ProgramFacts stress script under MIX_ENV=test to avoid dev-only dependency self-conflicts.

2.3.2
New
	Case-on-boolean — flags case expr do true -> ...; false -> ... end when the subject is a comparison or boolean operator. Uses ExAST capture guards to avoid false positives on sentinel pattern matches.
	Case to match? — flags case _ do pat -> true; _ -> false end; suggests match?/2.
	Needless bool — flags if cond, do: true, else: false and the inverse.
	Manual max/min — flags if a > b, do: a, else: b using ExAST repeated-variable matching; suggests Kernel.max/2 or Kernel.min/2.
	@doc false on defp — flags redundant @doc false before private functions.
	Sort then negative take — flags Enum.sort |> Enum.take(-n); suggests Enum.sort(:desc) |> Enum.take(n).
	Cond two-clause — flags cond do ... true -> ... end with exactly two clauses; suggests if/else.
	Unless/else — flags unless ... else ...; suggests if with positive case first.
	Redundant assignment — flags result = expr; result where the binding is immediately returned.
	Redundant nil default — flags Keyword.get(_, _, nil) and Map.get(_, _, nil).
	Split then head — flags String.split(s, sep) |> hd/List.first; suggests parts: 2.
	Filter then first — flags Enum.filter |> List.first/hd; suggests Enum.find/2.
	Map.new / MapSet.new — flags Enum.map |> Enum.into(%{}), Enum.into(_, %{}), Enum.into(_, MapSet.new()), Enum.map |> Enum.concat.

Fixed
	++ in reduce false positives — the check now verifies that an operand of ++ actually references the reduce accumulator variable.
	Dogfooding — fixed all actionable smell findings in Reach's own code across 15 files.
	CI — mix ci now runs reach.check --arch --smells.
	Credo overlap documented in README.

Changed
	ex_ast bumped to ~> 0.11.2.

2.3.1
New
	Case-on-boolean detection — flags case expr do true -> ...; false -> ... end when the subject is a comparison or boolean operator. Uses ExAST capture guards to avoid false positives on sentinel pattern matches like case func() do false -> ... end.
	Cond two-clause detection — flags cond do ... true -> ... end with exactly two clauses; suggests if/else.
	Unless/else detection — flags unless ... else ...; suggests if with the positive case first.
	Redundant assignment — flags result = expr; result where the binding is immediately returned.
	Manual max/min — flags if a > b, do: a, else: b using ExAST repeated-variable matching; suggests Kernel.max/2 or Kernel.min/2.
	@doc false on defp — flags redundant @doc false before private functions (uses ExAST 0.11.2 wildcard function name matching).
	Sort then negative take — flags Enum.sort |> Enum.take(-n); suggests Enum.sort(:desc) |> Enum.take(n).

Fixed
	++ in reduce false positives — the check now verifies that an operand of ++ actually references the reduce accumulator variable. Previously any ++ inside a reduce callback was flagged, including one-shot concats of two derived lists. Eliminates 17 false positives across the top 200 Hex packages.
	Dogfooding — ran reach.check --smells against Reach's own codebase and fixed all actionable findings across 15 files.
	CI — mix ci now runs reach.check --arch --smells (was --arch only).

Changed
	ex_ast bumped to ~> 0.11.2 for wildcard function name matching in def/defp patterns.

2.3.0
New
	Repeated traversal detection — flags the same variable traversed by 2+ different Enum functions (e.g. Enum.max(list) + Enum.min(list) + Enum.count(list)); suggests combining into a single Enum.reduce/3.
	Nested enum detection — flags Enum.member?/2 nested inside another Enum traversal of the same variable (O(n²)); suggests precomputing a MapSet.
	Multiple Enum.at detection — flags 3+ Enum.at/2 calls on the same variable with literal indices; suggests pattern matching.
	Append in recursion — flags ++ [item] in recursive tail calls (O(n²)); suggests prepend with [item | acc] and Enum.reverse/1 in the base case.

	Piped Regex.replace — flags text |> Regex.replace(~r/.../, "") where the pipe injects the string as the regex argument; suggests String.replace/3. Uses the new ExAST piped() predicate to avoid false positives on direct Regex.replace/3 calls.
	More Map.keys/values patterns — Map.keys |> Enum.join, Map.keys |> Enum.uniq (redundant), Map.keys/values |> Enum.count/length (use map_size/1), Map.keys |> Enum.member? (use Map.has_key?/2), Map.values |> Enum.sum/max/min/join.
	More pipeline waste — List.foldr/3, Enum.min_by/max_by/dedup_by with identity function, Enum.filter |> Enum.filter, Enum.map |> Enum.flat_map/List.flatten, Enum.sort/2 |> Enum.reverse, Enum.with_index |> Enum.reduce, redundant Enum.map_join empty separator.
	More collection idioms — Integer.to_string |> String.graphemes (use Integer.digits), length(String.split) - 1 (Python count idiom), Enum.at(list, -1) (use List.last/1).
	Parser warning suppression — Code.string_to_quoted calls now pass emit_warnings: false so reparsing dependency source files no longer emits tokenizer/parser warnings.

Changed
	ex_ast bumped to ~> 0.11.1 for the piped() selector predicate.

Fixed
	Smell false positives — IR-based checks (repeated traversal, multiple Enum.at) now scope per-clause to avoid false positives from multi-clause functions. Corpus-tested against 200 top Hex packages: 0 crashes, 0 false positives.

2.2.0
New
	Length comparisons — flags length(list) == 0, 0 == length(list), and length(list) > 0; suggests list pattern matching, == [], or != [].
	Identity Enum.uniq_by/2 — flags Enum.uniq_by(collection, fn x -> x end); suggests Enum.uniq/1.
	Identity Enum.sort_by/2 — flags Enum.sort_by(collection, fn x -> x end); suggests Enum.sort/1.
	length/1 in guards — flags small literal comparisons in guards; suggests list pattern matching.

Fixed
	Regression coverage for bare literal with clauses — keeps valid clauses such as true in with blocks from regressing.
	CI — refactored the length-in-guard check to satisfy strict Credo nesting rules.

2.1.0
New
	Enum.at/2 inside loop — flags O(n) indexed access inside loops (O(n²) total).
	List.delete_at/2 inside loop — same O(n²) concern.
	Enum.count/1 without predicate — suggests length/1 (avoids protocol dispatch).
	Map.put with variable key and boolean value — suggests MapSet for membership tracking (excludes atom/string keys to avoid struct field false positives).
	Map.values → Enum.all?/any?/find/filter/map — iterate the map directly as {key, value} pairs.
	Enum.map → Enum.max/min/sum — allocates intermediate list; use *_by or reduce.
	List.foldl/3 — non-idiomatic; use Enum.reduce/3.
	String.graphemes → Enum.reverse → Enum.join — use String.reverse/1.
	Redundant negated guard — flags when x != y immediately after when x == y on the same variables.
	Destructure then reconstruct — flags [a, b, c] pattern where the body rebuilds the same list.

Fixed
	Frontend crash on import Mod, only: :macros — atom values (:macros, :functions) are now handled correctly instead of crashing with Enumerable not implemented for Atom.
	Frontend crash on macro-generated AST — bare atoms in with clause lists, non-list else clauses, and non-list handler clauses no longer crash the parser.
	CI compatibility — full mix ci runs on Elixir 1.19 only; 1.18 runs compile + tests (formatter output differs between versions).

2.0.1
Fixed
	ex_ast dependency — ex_ast is now a regular dependency instead of only: [:dev, :test]. Pattern smell checks import ExAST at compile time, so the previous declaration made Reach uninstallable from Hex. (Fixes #14)

Improved
	Smell false positive reduction — narrowed loop antipatterns to accumulator loops and recursive operands, excluded compile-time constructs and formatting functions from redundant computation, removed debatable patterns (chained String.replace, Enum.take with negative count, sequential Enum.filter). Validated on 19 Hex packages: 63% fewer findings, all remaining verified as true positives.
	Module documentation — all public modules now have @moduledoc descriptions.

2.0.0
Breaking changes
	Canonical CLI surface - Reach now centers on the new dotted command model:	mix reach.map
	mix reach.inspect TARGET
	mix reach.trace
	mix reach.check
	mix reach.otp


	Legacy tasks removed - old task names now fail fast with exact migration instructions instead of running analysis:	mix reach.modules → mix reach.map --modules
	mix reach.coupling → mix reach.map --coupling
	mix reach.hotspots → mix reach.map --hotspots
	mix reach.depth → mix reach.map --depth
	mix reach.effects → mix reach.map --effects
	mix reach.boundaries → mix reach.map --boundaries
	mix reach.xref → mix reach.map --data
	mix reach.deps TARGET → mix reach.inspect TARGET --deps
	mix reach.impact TARGET → mix reach.inspect TARGET --impact
	mix reach.slice TARGET → mix reach.trace TARGET
	mix reach.flow ... → mix reach.trace ...
	mix reach.dead_code → mix reach.check --dead-code
	mix reach.smell → mix reach.check --smells
	mix reach.graph TARGET → mix reach.inspect TARGET --graph
	mix reach.concurrency → mix reach.otp --concurrency


	JSON envelopes changed - canonical commands now expose canonical command fields. Some delegated analysis payloads also include tool to identify the internal analysis implementation.
	Optional boxart dependency bumped - graph rendering now requires {:boxart, "~> 0.3.3"} to pick up Unicode-safe syntax highlighting.

New
	mix reach.map - project bird's-eye view with modules, hotspots, coupling/cycles, effects, boundaries, control depth, and data-flow summaries.
	mix reach.inspect TARGET - consolidated target view for context, dependencies, impact, data, graph rendering, slicing, advisory refactoring candidates, and --why relationship explanations.
	mix reach.trace - canonical entrypoint for taint flow, variable tracing, backward slicing, forward slicing, and slice graphs.
	mix reach.check - structural checks for architecture policy, changed-code risk, dead code, smells, and advisory candidates.
	.reach.exs architecture policy with:	layers
	deps[:forbidden]
	source[:forbidden_modules]
	source[:forbidden_files]
	calls[:forbidden]
	effects[:allowed]
	boundaries[:public]
	boundaries[:internal]
	boundaries[:internal_callers]
	risk[:changed]
	candidates[:thresholds]
	candidates[:limits]
	smells[:fixed_shape_map]
	tests[:hints]


	Architecture violations for forbidden dependencies, forbidden modules/files, exact layer cycle components, effect policy, public API boundaries, internal boundaries, and config errors.
	Changed-risk reports with changed files, changed functions, aggregate risk, risk reasons, caller impact counts, public API touches, and suggested tests.
	Graph-backed advisory refactoring candidates:	introduce_boundary
	isolate_effects
	extract_pure_region
	break_cycle


	Candidate metadata - candidates include confidence, actionability, proof, and cycle representative_calls so agents do not treat graph facts as automatic edits.
	Umbrella source scanning - Mix project analysis now includes apps/*/lib/**/*.ex and apps/*/src/**/*.erl.
	Project dogfood policy - Reach now ships a root .reach.exs and runs mix reach.check --arch in CI.

Improved
	Canonical implementation structure - legacy Mix task modules are removed shims; reusable logic moved into Reach.CLI.Analyses.* modules used by canonical commands.
	Canonical JSON consistency - canonical commands keep canonical command values even when using shared internal analyses.
	Graph rendering reliability - Reach now relies on boxart v0.3.3 for Unicode-safe syntax highlighting and no longer sanitizes source snippets locally.
	Text output polish - default text output is capped and formatted for readability on large projects, with --limit N and --all expansion controls for reach.trace and reach.inspect --context.
	Large graph UX - reach.inspect FILE:LINE --graph uses a targeted single-file load and summarizes very large CFGs instead of flooding the terminal with huge Boxart output.
	Taint tracing performance - reach.trace --from ... --to ... computes reachable sinks per source instead of recomputing reachability for every source/sink pair. The Plausible validation case dropped from ~130s to ~3s.
	ProgramFacts integration - Reach now uses generated Elixir projects from program_facts ~> 0.2.0 in test/dev validation for call paths, layouts, data flow, branches, richer syntax fixtures, effects, architecture policies, and advisory candidates.
	Compiler diagnostics - BEAM frontend compilation now passes return_diagnostics: true and restores compiler debug-info options safely.
	Effect policy precision - :module_def and :function_def classify as pure, so pure-only effect policies do not need to whitelist :unknown just for wrapper nodes.
	Public API policy precision - public API checks now use the configured public API namespace instead of only the first top-level module segment.
	Candidate precision - expected callback/effect-boundary shapes are suppressed for effect-isolation candidates, :unknown and :exception no longer inflate mixed-effect candidates, and cycles prefer minimal representative evidence.
	Changed deletion handling - deletion-only hunks are no longer attributed to a synthetic current-file line.
	Inspect data returns - reach.inspect --data now summarizes clause final expressions rather than direct clause nodes.
	Loose map contract detection - reach.check --smells now flags same-variable atom/string key fallback patterns such as metadata["id"] || metadata[:id], a common sign that a map should be normalized once or replaced with a struct/explicit contract. Smell checks are now structured as individual checks behind a small behaviour.
	Repeated map shape detection - reach.check --smells flags repeated atom-key map literals with the same shape as possible struct/contract candidates.
	Clone-backed structural consistency - optional clone analysis evidence now enriches smell checks so Reach can flag return-contract drift, side-effect ordering drift, map-contract drift, validation drift, and higher-confidence behaviour candidates across similar code.
	Plugin-owned framework semantics - framework-specific trace presets, behaviour labels, and visualization edge filtering now live behind plugin callbacks instead of generic trace/map/visualization modules.
	Changed clone-family warnings - mix reach.check --changed now reports similar cloned sibling functions so partial fixes are easier to spot and test.
	Stronger ProgramFacts fuzzing - oracle validation now covers all generated policies at boundary sizes, metamorphic transform sequences that preserve declared facts, feedback-directed samples across canonical and target-based JSON commands, visualization block invariants, clone-backed smell checks, and a replayable stress script with saved failure corpora.
	Behaviour candidate detection - reach.check --smells flags groups of modules exposing the same public callback set as possible behaviour extraction candidates.
	Compile-time vs runtime config detection - reach.check --smells flags Application.get_env/fetch_env captured in module attributes and Application.compile_env used inside runtime functions.
	ExAST-backed pattern smell DSL — use Reach.Smell.PatternCheck with smell ~p[...] macro for declarative source-pattern detection. Pipes, operators, function calls, and module attributes all work with the ~p sigil. Guarded patterns use from(~p[...]) |> where(...). Pattern checks share a zipper cache across modules.
	Collection and idiom smells — reach.check --smells now detects Enum.reverse |> hd, Enum.reverse ++ tail, inspect |> String.starts_with?, chained String.replace, Map.keys |> Enum.map, List.to_tuple |> elem, redundant Enum.join(""), negative Enum.take, String.graphemes |> length, String.length == 1, Integer.to_string |> String.to_charlist, and anonymous fn applied with .() in pipes.
	Pipeline waste smells — detects Enum.reverse |> Enum.reverse, Enum.filter |> Enum.count, Enum.map |> Enum.count, Enum.filter |> Enum.filter, Enum.sort |> Enum.take/reverse/at, Enum.drop |> Enum.take, Enum.take_while |> count/length, and Enum.map |> Enum.join.
	Loop antipattern smells — ++ inside loop (O(n²)), <> inside loop (O(n²)), manual min/max/sum reduce, and manual frequency counting with Map.update.
	Idiom mismatch smells — guard equality where pattern match suffices, Map.update then Map.get/fetch on same variable.

Documentation
	Added the configuration guide for .reach.exs policy configuration.
	Added examples/reach.exs as a starting architecture policy.

Validation
	Full CI passes: format, JS checks, Credo strict, ExDNA, architecture policy, Dialyzer, and ExUnit.
	Canonical command validation passed across 20 real codebases and every canonical submode, including graph modes and removed-command behavior.

1.8.0
New
	gen_statem support - mix reach.otp detects and analyzes gen_statem
state machines with both callback modes:
	:state_functions - states extracted from public arity-3 functions
(e.g. def connected(:cast, ..., data)) with return value validation
	:handle_event_function - states extracted from handle_event/4
clause patterns, with module attribute resolution (@state :active)
	Extracts initial state(s), state transition graph, and event types
per state (cast, call, info, internal, timeout)
	Tested against Redix, Postgrex, and Livebook


	Dead GenServer reply detection - finds GenServer.call sites where
the reply value is discarded. These calls could use GenServer.cast
instead, or the handler could return a cheaper reply. Deduplicates
findings from multi-clause function expansion.

	Cross-process coupling analysis - detects hidden data dependencies
across process boundaries:
	Builds per-module effect summaries (ETS tables read/written, process
dictionary keys, send targets)
	At GenServer.call/cast sites, flags when caller and callee share
ETS tables or process dictionary keys
	Reports conflict type: callee_writes or callee_reads_caller_write


	Supervision tree extraction - mix reach.otp finds
Supervisor.start_link(children, opts) calls, resolves children variable
references to their list definitions, and extracts child module names
from __aliases__ AST nodes.


Improved
	Smell detection false positives fixed - pattern cons operator (|),
string interpolation to_string, and unrelated Enum.map/List.first
pairs no longer produce false findings. Eager pattern detection now
requires actual data flow connection, not just line proximity. Same-line
pipes sort by column for correct pairing.

	OTP analysis performance - precompute shared all_nodes across
sub-analyses, replace O(n2) find_enclosing_module with O(1) index
lookup. ~1000× speedup on the OTP-specific analysis for large codebases.

	Refactored OTP analysis into submodules - GenServer, GenStatem,
Coupling, DeadReply, CrossProcess under Reach.OTP.*.

	Self-healing - ran Reach on itself, fixed 9 redundant computations
and 1 dead code finding in its own source.


1.7.0
New
	JavaScript frontend - parse JS/TS source files into Reach IR via
QuickBEAM bytecode disassembly. Handles function definitions, variables,
closures, binary/unary operators, method calls, object literals, control
flow, and async/await. TypeScript is stripped via OXC, ES module syntax
(export/import) is removed via OXC AST patching. Only available when
:quickbeam is installed ({:quickbeam, "~> 0.10", optional: true}).

	QuickBEAM plugin - cross-language analysis for Elixir + JavaScript
projects using QuickBEAM. Detects QuickBEAM.eval(rt, "js source") calls
with string literals, parses the embedded JS, and injects function nodes
into the graph. Creates three edge types:
	:js_eval - Elixir eval call → JS function definitions
	{:js_call, name} - QuickBEAM.call(rt, "name") → JS named function
	{:beam_call, name} - JS Beam.call("handler") → Elixir handler fn
registered via QuickBEAM.start(handlers: %{...})

Also classifies effects for QuickBEAM API (eval/call → :io,
compile → :read, set_global → :write), OXC (parse/postwalk →
:pure, transform/bundle → :io), and Vize (→ :io).
Auto-detected when :quickbeam is loaded.

	Plugin API: analyze_embedded/2 - new optional callback that returns
{[Node.t()], [edge_spec()]}, allowing plugins to inject IR nodes from
embedded code (JS strings, SQL queries, etc.) and connect them to the
host graph with cross-language edges.


Improved
	Dead code - near-zero false positives - verified across Phoenix, Ecto,
Oban, QuickBEAM, and Elixir stdlib (395 files). Remaining findings are all
true positives.
	Compiler directives (import, alias, use, @spec, @type,
defstruct, \\, <<>>, when) no longer flagged
	Type annotations inside @spec/@type bodies no longer flagged
	Variables captured by closures (e.g. in Enum.reduce callbacks) tracked
correctly via structural composite propagation through :fn and :guard
	with clause value expressions alive (both <- patterns and bare
assignments like conn = put_in(...) inside with blocks)
	receive after-timeout expressions alive
	case/cond subject expressions alive without making branch bodies
alive (preserves dead code detection inside branches)
	Struct pattern variable bindings (%module{} = expr) tracked
	unquote/unquote_splicing variables inside quote blocks treated as
references, not pattern definitions
	{:ok, _} tuple return types in specs no longer infer :pure
	Inferred-type purity requires concrete data types, rejects bare
%{dynamic: :term} from NIF modules
	Modules without typespecs no longer fall back to inferred-type purity


	PDG containment edges - added :case, :fn, :receive, :try, and
:guard to @value_types in DataDependence, so backward_slice can
traverse into control-flow constructs via graph edges instead of
heuristic tree walks.

	File I/O effect classification - File.read/stat/exists? → :read,
File.write/cp/rm/mkdir → :write (previously all :io).
Erlang :file module similarly split.

	Smell detection - Enum.map(rows, &List.first/1) no longer flagged as
the "Enum.map → List.first" anti-pattern. The detector now checks whether
List.first is a mapper callback (descendant of Enum.map) vs a pipeline
step. Field accesses and compiler directives excluded from redundant
computation detection.

	OTP analysis - catch-all handler clauses (_msg / bare variable) now
respected in unmatched-message detection.


Fixed
	with body translation - split_with_clauses returned opts as
[[do: body]] (list wrapping a keyword list), causing Keyword.get to
return nil. The entire with do...end body was silently lost in all
with blocks. Fixed by flattening opts. Pre-existing bug.

	with bare expressions - bare assignments inside with blocks
(e.g. conn = put_in(...)) now preserved as with_clause nodes instead
of being dropped by split_with_clauses.

	Code and Module in @impure_modules - Code.ensure_loaded,
Module.create etc. no longer inferred as pure.

	:lists.foreach in @effectful_in_pure_modules - Erlang's
:lists.foreach/2 classified as :io (like Enum.each/2).

	:case and :fn classified as :pure - these are control flow
constructs, not side effects. Previously classified as :unknown.


1.6.0
Improved
	Unified target format - reach.slice, reach.impact, reach.deps,
and reach.graph all accept both Module.function/arity and file:line
formats. Previously reach.slice only accepted file:line, and
reach.impact/reach.deps only accepted Module.function/arity.

	100-500x faster function resolution - indexed lookups replace linear
scans of all IR nodes. On a 4k-function codebase: 10ms/call → 11-83μs/call.

	Default argument awareness - find_function matches functions called
with fewer arguments than their definition (e.g. foo/1 resolves to
def foo(a, b \\ nil)).


Fixed
	Function resolution - correctly resolve functions when module name
casing differs from the source (e.g. QuickBEAM.Runtime vs
Quickbeam.Runtime). Also handles projects where IR nodes store modules
as nil by falling back to file path matching.

	False positive elimination - module-qualified lookups no longer fall
back to unrelated functions when the target module isn't found.
Verified zero false positives across 14 real codebases (22k+ functions).


Internal
	Added ex_dna to mix ci and eliminated all 9 pre-existing code clones.
	Suppressed optional boxart undefined-module warnings via
@compile {:no_warn_undefined, ...}.

1.5.1
New
	Ash Framework plugin - effect classification and graph edges for the
Ash ecosystem. Covers Ash core CRUD (Ash.create/read/update/destroy and
bulk variants), Ash.Changeset, Ash.Query, Ash.ActionInput,
AshPhoenix.Form, Ash.Notifier, resource DSL macros, and
AshStateMachine DSL. Adds changeset-to-CRUD, query-to-read, form-to-submit,
ActionInput-to-run_action flow edges, cross-module dispatch edges for
change/validate/prepare callback modules, and code_interface
define-to-action resolution. Auto-detected when the target project
depends on ash.

Fixed
	Compilation without boxart - reach now compiles and runs correctly
without boxart installed. Struct literals (%State{}, %PieChart{}) that
expanded at compile time have been replaced with runtime struct!/2 calls.
Graph commands raise a clear error when invoked without boxart (closes #9).

1.5.0
New
	7 analysis commands for codebase-level insights:	mix reach.coupling - module-level coupling metrics (afferent/efferent
coupling, Martin's instability metric, circular dependency detection).
--graph renders the module dependency graph via boxart. --orphans
shows unreferenced modules.
	mix reach.hotspots - functions ranked by complexity × caller count,
with clause breakdown for multi-clause dispatchers.
	mix reach.depth - functions ranked by dominator tree depth (control
flow nesting). --graph renders the CFG of the deepest function.
	mix reach.effects - effect classification distribution across the
codebase and top unclassified calls. --graph renders a pie chart.
	mix reach.xref - cross-function data flow via the system dependence
graph (parameter, return, state, and call edges between functions).
	mix reach.boundaries - functions with multiple distinct side effects
(read+write, write+send, etc.). --min sets the threshold.
	mix reach.concurrency - Task.async/await pairing, process monitors,
spawn/link chains, and supervisor topology.


	Plugin classify_effect/1 callback - plugins can now teach the
effect classifier about framework-specific calls. Implemented for all
8 built-in plugins (Phoenix, Ecto, Oban, GenStage, Jido, OpenTelemetry,
JSON).
	Positional path filter on all analysis commands - scope output to
specific files or directories (e.g. mix reach.hotspots lib/my_app/).
	Elixir 1.19+ inferred type classification - reads ExCk BEAM chunk
for compiler-inferred type signatures. Functions returning data types
are classified as :pure. Gracefully disabled on older Elixir versions.

Improved
Fixed
	Function resolution - correctly resolve functions when module name
casing differs from the source (e.g. QuickBEAM.Runtime vs
Quickbeam.Runtime). Also handles projects where IR nodes store modules
as nil by falling back to file path matching.

	Alias resolution - alias Plausible.Ingestion.Event then
Event.build() now correctly resolves to Plausible.Ingestion.Event.
Handles simple aliases, :as aliases, and multi-alias {} syntax.
Scoped per module - aliases don't leak across defmodule boundaries.

	Import resolution - import Ecto.Query then bare from(...) now
resolves to Ecto.Query.from. Handles :only and :except options.
Gracefully skips unloaded modules.

	Field access detection - socket.assigns, conn.params, state.count
are recognized as field access (kind: :field_access) instead of
remote calls with a fake module name. Classified as :pure.

	Compile-time noise filtering - @doc, @spec, @type, use,
import, alias, require, ::, __aliases__, typespec names, and
binary syntax are classified as :pure instead of :unknown.

	Local function effect inference - fixed-point iteration over function
bodies infers effects from callees. Propagates across module boundaries
via module-qualified cache keys.

	Expanded pure modules - Access, Calendar, Date, DateTime,
NaiveDateTime, Time.

	Reclassified stdlib functions:
	Kernel.to_string and other builtins classified correctly when module
is explicit.
	Enum.each → :io (was :unknown).
	Application.get_env, System.get_env → :read.
	System.monotonic_time, Mix.env → :read.
	GenServer.start_link, Supervisor.start_link → :io.
	Supervisor.child_spec → :pure.
	:atomics/:counters → :read/:write (was :nif).
	:persistent_term → :read/:write (was :nif).
	:no_return and :string recognized as pure return types in specs.


	Plugin effect classification:
	Phoenix: route helpers, assign, push_event, attr, slot,
sigil_H, router DSL → :pure.
	Ecto: query DSL → :pure, Repo reads → :read, writes → :write,
changeset/schema macros → :pure.
	Oban: Oban.insert → :write, start_link/drain_queue → :io.
	GenStage: call/cast → :send, Broadway.Message → :pure.
	Jido: updated to v2 API. Signal dispatch → :send, directives →
:io/:send, Thread → :pure, memory → :read/:write.
	OpenTelemetry: Tracer spans → :io, context → :read/:write,
:telemetry.execute → :io.
	JSON: all Jason/Poison functions → :pure.


	Boxart integration:
	reach.otp --graph uses Boxart.Render.StateDiagram for GenServer
state machines.
	reach.effects --graph uses Boxart.Render.PieChart for effect
distribution.
	Upgraded boxart to 0.3.2.


	Clause breakdown in reach.hotspots and reach.depth - multi-clause
functions show dispatch labels (e.g. "53 clauses: save, delete, ...").

	Shared helpers - clause_labels/1 and
Format.threshold_color/3 extracted from duplicated code.

	Unknown call ratio dropped from ~89% to ~11% across real codebases
(tested on Plausible, Livebook, Tymeslot, OpenPace, Beacon, Ecto, Oban).


Performance
	~30% faster project analysis (Plausible 466 files: 2.7s → 1.9s).
	Reach.Graph.merge/1 - direct map merge instead of per-edge
Graph.add_edges loop.
	HigherOrder.add_edges - moved pure_call? typespec check from hot
path to one-time catalog build.
	Eliminated redundant IR.all_nodes traversals in SDG build and effect
inference.
	Stored func_def directly in PDG map, avoiding linear scan in
build_external_sdg_map.

1.4.1
Fixed
	mix reach.modules, mix reach.impact, and mix reach.slice crash with
BadBooleanError when --graph is not passed (closes #6).

1.4.0
New
	Terminal graph rendering via optional boxart dependency:	mix reach.graph Mod.fun/arity - control flow graph with syntax-highlighted
source code and line numbers in each node
	mix reach.graph Mod.fun/arity --call-graph - callee tree as mindmap
	mix reach.deps Mod.fun/arity --graph - callee tree visualization
	mix reach.impact Mod.fun/arity --graph - caller tree visualization
	mix reach.modules --graph - module dependency graph (internal only)
	mix reach.otp --graph - GenServer state diagrams per module
	mix reach.slice file:line --graph - slice subgraph



Improved
Fixed
	Function resolution - correctly resolve functions when module name
casing differs from the source (e.g. QuickBEAM.Runtime vs
Quickbeam.Runtime). Also handles projects where IR nodes store modules
as nil by falling back to file path matching.

	CFG rendering reuses Visualize.ControlFlow.build_function/2 - same
line ranges, block merging, and source extraction as the HTML visualization

	Graph output clamped to terminal width via Boxart.render max_width

	CFG code blocks dedented to match HTML visualization indentation

	Same-line CFG vertices merged (no more duplicate nodes)


1.3.0
New
	8 mix tasks for code analysis - agent-oriented CLI tools that expose
Reach's graph analysis as structured text/JSON output:	mix reach.modules - bird's-eye codebase inventory sorted by
name/functions/complexity, with OTP/LiveView behaviour detection
	mix reach.dead_code - find unused pure expressions (parallel per-file)
	mix reach.deps - direct callers, callee tree, shared state writers
	mix reach.impact - transitive callers, return value dependents, risk
	mix reach.flow - taint analysis (--from/--to) and variable tracing
	mix reach.slice - backward/forward program slicing by file:line
	mix reach.otp - GenServer state machines, ETS/process dictionary
coupling, missing message handlers, supervision tree
	mix reach.smell - cross-function performance anti-patterns (redundant
traversals, duplicate computations, eager patterns)
	All tools support --format text (colored), json, and oneline


	Dynamic dispatch in Elixir frontend - handler.(args) and fun.(args)
now emit :call nodes with kind: :dynamic (closes #4)
	ANSI color output - headers cyan, function names bright, file paths
faint, complexity colored by severity, OTP state actions colored by type.
Auto-disabled when piped.

Fixed
	BEAM frontend source_span normalization - :erl_anno annotations
(integer, {line, col} tuple, keyword list, or nil) now normalized via
:erl_anno.line/1 and :erl_anno.column/1. start_line is always integer
or nil. Column info extracted from {line, col} tuples (closes #5).
	Visualization crash on BEAM modules - build_def_line_map and
cached_file_lines now skip non-source files and validate UTF-8.
	dead_code false positives reduced 91% (628 → 58 on Phoenix) -
fixed-point alive expansion for intermediate variables, branch-tail return
tracing through case/cond/try/fn, guard exclusion, comprehension
generator/filter exclusion, cond condition exclusion, <> pattern
recognition, impure module blocklist (Process, :code, :ets, Node,
System, etc.), typespec exclusion, impure call descendant marking.
	reach.smell false positives - structural pipe check instead of
transitive graph reachability, per-clause redundant computation grouping,
full argument comparison (vars + literals), type-check function exclusion,
function reference filtering, callback purity check for map→map fusion.
	reach.otp state detection - finds struct field access (state.field),
unwraps %State{} = state patterns, detects ETS writes through state
parameter. No longer flags Map.merge on non-state variables.
	reach.deps shows only direct callers (transitive analysis in
reach.impact).
	Block quality - compute_vertex_ranges uses min_line_in_subtree to
include multi-line pattern children.

Improved
Fixed
	Function resolution - correctly resolve functions when module name
casing differs from the source (e.g. QuickBEAM.Runtime vs
Quickbeam.Runtime). Also handles projects where IR nodes store modules
as nil by falling back to file path matching.

	Performance - effect classification cached in ETS (shared across
parallel tasks), SDG construction parallelized across modules.
Livebook analysis: 9.7s → 3.5s.

	Consistent CLI output - (none found) everywhere, descriptive match
descriptions (name = Module.func is unused), empty slice suggests
--forward, zero-function modules filtered from reach.modules.


1.2.0
New
	Gleam support - analyze .gleam source files with accurate line mapping.
Uses the glance parser (Gleam's own parser, written in Gleam) for native AST
parsing with byte-offset spans. Supports case expressions, pattern matching with
guards, pipes, anonymous functions, record updates, and all standard Gleam
constructs. Requires gleam build and glance on the code path.

Fixed
	Unreachable block_label/5 catch-all clause removed (Dialyzer).
	file_to_graph/2 cyclomatic complexity reduced - extracted parse_file_and_build/3
and read_and_build_elixir/2.
	func_end_line/2 simplified - extracted find_nearest_end/2.
	apply/3 used for optional :glance module to avoid compile-time warnings.
	Empty blocks from line clamping filtered out in visualization.
	Exit nodes show label in Vue component (no more invisible gray bars).
	Block end_line uses max across all vertices (fixes multi-line heredoc coverage).
	Block overlap elimination - end_line clamping considers all blocks globally.
	repo_module?/1 crash on capture syntax & &1.name (closes #3).

1.1.3
Fixed
	Crash in Reach.Plugins.Ecto.repo_module?/1 on capture syntax like
& &1.name where call meta contains AST tuples instead of atoms (closes #3).
	Block end_line now uses max across all vertices in the block, fixing missing
coverage for multi-line heredoc strings inside if/case branches.
	Block overlap elimination - end_line clamping now considers all blocks
globally, not just the next one in traversal order (155 → 0 overlaps).
	Multi-clause dispatch functions now connect exit nodes via
find_exit_predecessors instead of leaving them disconnected.

Audited
16,047 functions across 1,213 files (Elixir, Phoenix, Ecto, Oban, Plausible,
Livebook): 0 empty blocks, 0 nil labels, 0 overlaps, 0 duplicate lines,
0 missing exits, 0 disconnected exits.
1.1.2
Fixed
	Anonymous fn bodies inlined into parent CFG - Enum.reduce(fn ... end)
callbacks with internal branching (case/if/raise) are now decomposed into
visible control flow blocks instead of being opaque single nodes.
	Block merging for same-line nested constructs - inline if x, do: a, else: b
no longer creates monster merged blocks like b_1490_1485_1489_1478.
Branch detection now includes clause targets and multi-out vertices.
	Source extraction for clauses without source spans - multi-clause function
heads (e.g. def foo(:join, :inner)) that lack compiler source spans now show
source code via child node line walking instead of empty gray blocks.
	Block disjointness - overlapping blocks eliminated (533 → 0) by clamping
block end_line to (next_block_start - 1) and removing duplicate line ranges
from dispatch clause blocks.
	Missing exit nodes - multi-clause dispatch functions now include proper
exit nodes (58 missing → 0).
	Pure pattern-matching dispatches - functions like join_qual/1 with 9
one-line clauses render as a single function node instead of a useless
dispatch → 9 disconnected clause blocks.
	Preamble/sidebar spam removed - the sidebar no longer shows @doc,
@moduledoc, use, import lines extracted by string matching. Sidebar
shows only module name and function list.
	Render patterns added for :pin, :binary_op, :unary_op, :cons,
:guard, :generator, :filter, :module_def node types.

Added
	Block quality audit test - validates 6 acceptance criteria (coverage,
disjointness, no empty blocks, no nil labels, entry/exit structure) across
real codebases (Ecto, Phoenix, Oban).

1.1.1
Fixed
	Crash (FunctionClauseError) on macro definitions that look like if/unless
calls with non-keyword-list branches (e.g. defmacro if(condition, clauses)
in Elixir's own Kernel).
	Crash when case/cond/receive do-blocks contain unquote splices instead
of a normal clause list (macro-heavy code like Macro, ExUnit.Callbacks).
	hd([]) crash in control-flow builder on code with empty exit sets
(e.g. single-clause cond do true -> :ok end).
	Struct/map pattern rendering crash with field bindings (from PR #2).

Tested
Smoke-tested on 3,024 files across 8 major Elixir projects with zero failures:
elixir, phoenix, ecto, oban, plausible, livebook, blockscout, firezone.
1.1.0
New
	Plugin system - Reach.Plugin behaviour for library-specific analysis.
Auto-detects Phoenix, Ecto, Oban, GenStage, Jido, and OpenTelemetry at
runtime. Override with plugins: option.
	mix reach task - generates self-contained interactive HTML report with
three visualization modes: Control Flow, Call Graph, and Data Flow.
	Expression-level control flow graph - source-primary visualization where
every line of every function is visible. Branch points (if/case/unless) show
fan-out edges, all paths converge at merge points with blue converge edges.
	Core CFG expansion - Reach.ControlFlow.build/1 now correctly expands
branches nested inside pipes, assignments, and calls. if ... end |> f()
shows both branches converging at the pipe call.
	Intra-function data flow - Data Flow tab shows variable def→use chains
within each function, labeled with variable names.
	Module preamble - sidebar shows use/import/alias/@attributes as
a collapsed header, not separate nodes.
	Syntax highlighting - Makeup-powered server-side highlighting in all
code blocks, with proper indentation preservation via common-prefix dedent.
	Multi-clause dispatch - pattern-match dispatch nodes with colored
clause edges for functions with multiple def heads.
	6 built-in plugins: Phoenix, Ecto, Oban, GenStage, Jido, OpenTelemetry.

Improved
Fixed
	Function resolution - correctly resolve functions when module name
casing differs from the source (e.g. QuickBEAM.Runtime vs
Quickbeam.Runtime). Also handles projects where IR nodes store modules
as nil by falling back to file path matching.

	Call graph - filtered Ecto query bindings, pipe operators, kernel ops,
Ecto DSL macros; nil module resolved to detected module; deduplicated edges.

	Text selection - code blocks now allow text selection (user-select: text,
nodes not draggable).

	Sidebar navigation - click scrolls and zooms to function, highlights all
nodes of selected function with blue glow, dims others. Click background to
clear.


Fixed
	Crash on key :start_line not found when processing branch expressions.
	Node ID collisions in Reach.Project parallel file parsing (shared
:atomics counter).
	Module name extraction fallback when path has no lib/src prefix.

1.0.0
First public release.
Core analysis
	Program Dependence Graph - builds a graph capturing data and control
dependencies for Elixir and Erlang source code. Every expression knows what
it depends on and what depends on it.
	Scope-aware data dependence - variable definitions resolve through
lexical scope chains. Variables in case clauses, fn bodies, and
comprehensions don't leak to sibling scopes.
	Binding role tracking - pattern variables (x in x = foo(), {a, b})
are tagged as definitions at IR construction time. Data edges go from
definition vars to use vars, not from clauses.
	Match binding edges - z = x ++ y creates :match_binding edges from
the RHS expression to the LHS definition var, enabling transitive data flow
through assignments.
	Containment edges - parent expressions depend on their child
sub-expressions. backward_slice(x + 1) reaches both x and 1.
	Multi-clause function grouping - def foo(:a) + def foo(:b) in the
same module are merged into one function definition with proper dispatch
control flow (:clause_match / :clause_fail edges).

Three frontends
	Elixir source - Reach.string_to_graph/2, Reach.file_to_graph/2.
Handles all Elixir constructs: match, case, cond, with/else, try/rescue/after,
receive/timeout, for comprehensions, pipe chains (desugared), capture
operators (&fun/1, &Mod.fun/1, &(&1 + 1)), if/unless (desugared
to case), guards, anonymous functions, structs, maps, dot access on variables.
	Erlang source - Reach.string_to_graph(source, language: :erlang),
auto-detected for .erl files. Parses via :epp, translates Erlang abstract
forms to the same IR.
	BEAM bytecode - Reach.module_to_graph/2, Reach.compiled_to_graph/2.
Analyzes macro-expanded code from compiled .beam files. Sees use GenServer
injected callbacks, macro-expanded try/rescue, generated functions.

Slicing and queries
	Reach.backward_slice/2 - what affects this expression?
	Reach.forward_slice/2 - what does this expression affect?
	Reach.chop/3 - nodes on all paths from A to B.
	Reach.independent?/3 - can two expressions be safely reordered? Checks
data flow (including descendant nodes), control dependencies, and side effect
conflicts.
	Reach.nodes/2 - filter nodes by :type, :module, :function, :arity.
	Reach.neighbors/3 - direct neighbors with optional label filter.
	Reach.data_flows?/3 - does data flow from source to sink? Checks
descendant nodes of both source and sink.
	Reach.depends?/3, Reach.has_dependents?/2, Reach.controls?/3.
	Reach.passes_through?/4 - does the flow path pass through a node matching
a predicate?

Taint analysis
	Reach.taint_analysis/2 - declarative taint analysis with keyword filters
(same format as nodes/2) or predicate functions. Returns source, sink,
path, and whether sanitization was found.

Dead code detection
	Reach.dead_code/1 - finds pure expressions whose values are never used and
don't contribute to any observable output (return values or side-effecting
calls). Excludes module attributes, typespecs, and vars (compiler handles
those).

Effect classification
	Reach.pure?/1, Reach.classify_effect/1 - classifies calls as :pure,
:io, :read, :write, :send, :receive, :exception, :nif, or
:unknown.
	Hardcoded database covers 30+ pure modules (Enum, Map, List, String, etc.)
plus Erlang equivalents.
	Enum.each correctly classified as impure.
	Type-aware inference - functions not in the hardcoded database are
auto-classified by extracting @spec via Code.Typespec.fetch_specs.
Functions returning only data types are inferred as pure; functions returning
:ok are left as unknown.

Higher-order function resolution
	Auto-generated catalog of 1,000+ functions from pure modules where parameters
flow to return value. Covers Enum, Stream, Map, String, List, Keyword, Tuple,
and Erlang equivalents.
	:higher_order edges connect flowing arguments to call results.
	Impure functions (like Enum.each) excluded - their param flow is for side
effects, not return value production.

Interprocedural analysis
	Call graph - {module, function, arity} vertices with call edges.
	System Dependence Graph - per-function PDGs connected through :call,
:parameter_in, :parameter_out, and :summary edges.
	Context-sensitive slicing - Horwitz-Reps-Binkley two-phase algorithm
avoids impossible paths through call sites.
	Cross-module resolution - Reach.Project links call edges across
modules and applies external dependency summaries.

OTP awareness
	GenServer state threading - :state_read edges from callback state
parameter to uses, :state_pass edges between consecutive callback returns.
	Message content flow - send(pid, {:tag, data}) creates
{:message_content, :tag} edges to handle_info({:tag, payload}) pattern
vars. Tags must match.
	GenServer.call reply flow - {:reply, value, state} creates
:call_reply edges from reply value back to GenServer.call call site.
	ETS dependencies - {:ets_dep, table} edges between writes and reads
on the same table, with table name tracking.
	Process dictionary - {:pdict_dep, key} edges between Process.put
and Process.get on the same key.
	Message ordering - :message_order edges between sequential sends to
the same target pid.

Concurrency analysis
	Process.monitor → :DOWN - :monitor_down edges from monitor calls to
handle_info({:DOWN, ...}) handlers in the same module.
	trap_exit → :EXIT - :trap_exit edges from Process.flag(:trap_exit)
to handle_info({:EXIT, ...}) handlers.
	spawn_link / Process.link - :link_exit edges to :EXIT handlers.
	Task.async → Task.await - :task_result edges paired by module scope
and position order.
	Supervisor children - :startup_order edges from child ordering in
init/1.

Multi-file project analysis
	Reach.Project.from_sources/2, from_glob/2, from_mix_project/1 -
parallel file parsing, cross-module call resolution, merged project graph.
	Reach.Project.taint_analysis/2 - taint analysis across all modules.
	Reach.Project.summarize_dependency/1 - compute param→return flow summaries
for compiled dependency modules.

Canonical ordering
	Reach.canonical_order/2 - sorts block children so independent siblings
have deterministic order regardless of source order. Dependent expressions
preserve relative order. Enables Type IV reordering-equivalent clone
detection in ExDNA.

Integration
	Reach.ast_to_graph/2 - build graph from pre-parsed Elixir AST (for
Credo/ExDNA integration, no re-parsing).
	Reach.to_graph/1 - returns the underlying Graph.t() (libgraph) for
power users who need path finding, subgraphs, BFS/DFS, etc.
	Reach.to_dot/1 - Graphviz DOT export.

Performance
Benchmarked on real projects (Apple M1 Pro):
	Project	Files	Time
	ex_slop	26	36ms
	ex_dna	32	87ms
	Livebook	72	160ms
	Oban	64	195ms
	Keila	190	282ms
	Phoenix	74	333ms
	Absinthe	282	375ms

740 files, zero crashes.


  

    License


MIT License

Copyright (c) 2026 Danila Poyarkov

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

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

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



  

    Overview

Reach builds a program dependence graph for Elixir, Erlang, Gleam, JavaScript, and TypeScript projects and turns it into command-line reports and interactive HTML visualizations.
Use Reach when you want to answer questions such as:
	What are the riskiest functions to change?
	Which modules are tightly coupled?
	Where does a value, tainted input, or return shape flow?
	Which functions mix unrelated side effects?
	Which OTP processes hide state, message, or coupling risks?

Reach 2.x is organized around five canonical Mix tasks:
	Command	Purpose
	mix reach.map	Project-level map: modules, coupling, hotspots, effects, depth, and data-flow summaries
	mix reach.inspect TARGET	Target-local explanations: dependencies, impact, graph, context, data, candidates, and why paths
	mix reach.trace	Data-flow, taint, and slicing workflows
	mix reach.check	CI/release checks: architecture, changed-code risk, dead code, smells, and candidates
	mix reach.otp	OTP/process analysis: behaviours, state machines, supervision, concurrency, and coupling

For machine consumers, use --format json. Canonical commands emit pure JSON envelopes with stable command names.
Projects can extend smell checks with local Reach.Smell.Check modules. See the custom smells guide for examples.
Design goals
Reach reports evidence. It does not auto-edit your code. Refactoring candidates are advisory and include graph/effect/architecture evidence so humans can decide what is safe.


  

    Installation

Add Reach to your project dependencies:
{:reach, "~> 2.8", only: [:dev, :test], runtime: false}
Optional dependencies enable richer output:
{:jason, "~> 1.0"},      # JSON output
{:boxart, "~> 0.3.3"},   # terminal graphs
{:makeup, "~> 1.0"},
{:makeup_elixir, "~> 1.0"},
{:makeup_js, "~> 0.1"}
Then fetch dependencies:
mix deps.get

For local development on Reach itself, run:
mix ci



  

    Quickstart

Generate the default interactive report:
mix reach

Map the current project:
mix reach.map
mix reach.map --modules
mix reach.map --coupling
mix reach.map --hotspots

Inspect a function:
mix reach.inspect MyApp.Accounts.create_user/1 --context
mix reach.inspect lib/my_app/accounts.ex:42 --impact
mix reach.inspect MyApp.Accounts.create_user/1 --why MyApp.Repo

Trace data:
mix reach.trace --from conn.params --to Repo
mix reach.trace --variable changeset --in MyApp.Accounts.create_user/1

Run release checks:
mix reach.check --arch
mix reach.check --changed --base main
mix reach.check --candidates

Inspect OTP risks:
mix reach.otp
mix reach.otp --concurrency



  

    Canonical CLI

Reach 2.x keeps the command surface intentionally small. Older task names are removed and replaced by modes on the canonical commands.
mix reach.map
Project-level inventory and risk map.
mix reach.map
mix reach.map PATH
mix reach.map --modules
mix reach.map --coupling --sort instability
mix reach.map --effects
mix reach.map --boundaries --min 3
mix reach.map --depth --top 20
mix reach.map --data

The project summary includes source-suppression totals and the number lacking justification reasons, making suppression growth visible even outside changed-code checks. The --effects view includes classification-source totals and reports every unresolved call's module, function/arity, call kind, and unknown reason. Sources distinguish project-local inference from dependency BEAM inference.
mix reach.inspect TARGET
Target-local investigation.
mix reach.inspect Module.function/arity --deps
mix reach.inspect Module.function/arity --impact
mix reach.inspect lib/file.ex:42 --context
mix reach.inspect Module.function/arity --data --variable user
mix reach.inspect Module.function/arity --why Other.Module.call/1
mix reach.inspect Module.function/arity --graph

mix reach.trace
Data-flow and slicing workflows.
mix reach.trace --from conn.params --to Repo
mix reach.trace --from conn.params --to System.cmd --all
mix reach.trace --pattern regex-on-structured
mix reach.trace --variable token --in MyApp.Auth.login/2
mix reach.trace lib/my_app/auth.ex:42 --forward

regex-on-structured traces structured file contents into regex APIs, regex =~, and regex-based String.split/2. It uses static structured file extensions when available and a conservative structure-shaped regex fallback for dynamic paths.
mix reach.check
CI and release-safety checks.
mix reach.check --arch
mix reach.check --changed --base main
mix reach.check --dead-code
mix reach.check --smells
mix reach.check --smells --strict
mix reach.check --arch --smells --baseline .reach-baseline.json
mix reach.check --arch --smells --write-baseline .reach-baseline.json
mix reach.check --candidates

--arch is a failing gate by default. It validates layer dependency rules, optional layer coverage, source bans, call bans, boundary policy, effect policy, and layer cycles. Layer cycle output includes concrete call edges so policy failures can be traced back to source locations. --smells is advisory by default; add --strict or set smells: [strict: true] in .reach.exs to fail when non-baseline smell findings are present.
Reach reports the active Mix environment, source roots, and analyzed file count. Because :elixirc_paths may vary by environment, use --path PATH or configure checks: [source_paths: [...]] when local and CI checks must use an identical source set. Scope-aware baselines are rejected when reused with a different environment or root set.
decoded_boundary_leakage reports plugin-owned decoded data stored or sent without explicit normalization when fixed literal-key consumers show that the payload behaves as an implicit contract. Normalize at the reported storage/process boundary rather than adding defensive defaults downstream. --candidates turns this and repeated implicit map-contract evidence into proposals with a source-backed canonical construction site, draft struct/type/schema, proof checklist, and graph-backed blast radius.
return_shape_divergence reports incompatible success contracts only when backed by a closed @spec mismatch, an unwrapped raw error beside tagged errors, or a tagged nil/empty edge case beside raw successful values. Optional success payloads, parser/callback tuple arities, explicit or open unions remain evidence-only. Nested same-tag results also remain evidence because their outer and inner tuples often belong to independent protocol layers. Messages include every promoted terminal shape and source line.
nil_parameter_without_guard reports a parameter proven nil-capable by a call, default, or matching clause when a strict use has no dominating non-nil proof. It accounts for clause order, companion arguments, if/unless/cond/case paths, with and body rebinding, comprehensions, default wrappers, and private recursive helpers before promotion. The finding identifies both the nil source and unsafe use; fix the contract with a clause-head guard or normalize before every reported path rather than rescuing the eventual crash.
same_entity_representation reports cross-module bare maps whose keys and entity-bearing names closely match an existing struct. Source patterns, explicit struct values, nested projections, adapter/presentation maps, accumulators, and maps normalized directly or by consistently struct-building callers are excluded. Findings name the canonical struct and every retained bare-map location.
parameter_shape_entropy reports domain parameters that strictly consume varying keys while receiving divergent fixed map shapes from distinct callers. Options/payload roles, defensive optional fields, function-head map patterns, companion-selected shapes, tagged unions, and explicit or guarded dispatch are excluded. --changed separately reports qualifying entropy increases with old/new values and raises aggregate risk to medium.
Changed-code output reports risk and assessment confidence separately. Risk is derived from the functions Reach could analyze plus high-confidence contract-erosion events; confidence describes how much of the diff mapped to current function definitions:
	high — every changed line unit was assessed;
	partial — some, but not all, changed line units were assessed;
	none — no changed line units were assessed.

A low-risk result with partial or no confidence is not a claim that the whole change is safe. Deleted-only hunks, non-source files, binary changes, and lines before the first function are reported as unassessed. For replacement hunks, Reach uses the larger of the old-side and new-side line counts as the changed line-unit count, so paired replacement lines are not double-counted. An empty diff has high confidence because there is nothing to assess.
Changed analysis also compares old and new ASTs inside each hunk. Replacing required field access, Map.fetch!/2, or a required map pattern with Map.get/2,3 appears under Access strictness downgrades and raises aggregate change risk to at least medium. When the current call graph contains map-literal callers missing the key, Reach names those producers so they can be normalized instead of weakening the consumer.
Displaced evidence means a stable dual-key contract, conflicting-default set, or exact whole-function clone disappeared from its old changed location but reappeared at a new changed location with the same or a greater occurrence count. Reach reports it as displaced rather than resolved and raises aggregate risk to at least medium.
New source suppressions are listed as added, removed, or unchanged. Added suppressions should use # reach:disable KIND -- REASON (or the existing disable-next-line / disable-for-this-file forms). A reasonless addition raises aggregate changed-code risk to at least medium; a justified addition remains visible without changing risk. mix reach.map includes total and reasonless source-suppression counts.
Use --baseline PATH to suppress known reach.check findings while still failing on new findings. Use --write-baseline PATH to write the current findings for the selected check modes. JSON output supports one check mode at a time.
mix reach.otp
OTP/process analysis.
mix reach.otp
mix reach.otp MyApp.Worker
mix reach.otp --concurrency
mix reach.otp --format json



  

    JSON Output

All canonical commands support --format json for automation.
mix reach.map --format json
mix reach.inspect MyApp.Accounts.create_user/1 --context --format json
mix reach.trace --from conn.params --to Repo --format json
mix reach.check --arch --format json
mix reach.otp --format json

JSON output is pipe-safe and should not include progress text. Tests decode complete captured output to prevent regressions.
Prefer JSON for agents and CI. Human text output is intentionally summarized, colorized, and may include truncation hints.
Project-backed reach.check results include an analysis object with mix_env, source, source_roots, and file_count. Use it to verify that local and CI checks analyzed the same scope; source: "paths" indicates an explicit --path or checks[:source_paths] scope independent of MIX_ENV.
reach.map --effects --format json includes a sources distribution alongside effect totals. Each source row contains source, confidence, and an optional plugin classifier; dependency_inference identifies effects derived from compiled BEAM code. Unknown-call rows retain the owning module and include function, arity, kind, and reason. Reasons distinguish unresolved_local, unresolved_module, dynamic_dispatch, insufficient_semantics, and unsupported call shapes.
Contract candidates include structured canonical_site, keys, draft_contract, and blast_radius fields in addition to the common candidate proof and suggestion fields. canonical_site names an existing producer, literal construction function, or normalization boundary proven from source; it remains null when Reach cannot prove one. Decoded-boundary candidates also include decoder and boundary. Agents should treat draft_contract as a starting shape, review every function listed in blast_radius, and complete every proof step before editing.
Smell findings include remediation_safety: equivalent means Reach has a behavior-preserving replacement contract, conditional requires stated preconditions, and review_only is advisory evidence rather than an automatic rewrite. Agents must not turn conditional or review_only findings into edits without proving the missing conditions.
Changed-code results include top-level risk and confidence fields plus a detailed coverage object:
{
  "command": "reach.check",
  "risk": "low",
  "confidence": "partial",
  "suppression_report": {
    "added": [
      {
        "scope": "next_line",
        "tokens": ["default_drift"],
        "reason": "legacy boundary",
        "file": "lib/model.ex",
        "line": 12,
        "target_line": 13
      }
    ],
    "removed": [],
    "reasonless_added": [],
    "unchanged_count": 1,
    "total_before": 1,
    "total_after": 2
  },
  "displaced_facts": [
    {
      "family": "dual_key_contract",
      "status": "displaced",
      "fingerprint": "sha256:...",
      "key": "name",
      "old_locations": [{"file": "lib/model.ex", "line": 20}],
      "new_locations": [{"file": "lib/model.ex", "line": 35}],
      "occurrences_before": 2,
      "occurrences_after": 2
    }
  ],
  "strictness_downgrades": [
    {
      "kind": "field_to_get",
      "module": "MyApp.State",
      "function": "search",
      "arity": 1,
      "key": "search",
      "file": "lib/my_app/state.ex",
      "old_line": 14,
      "new_line": 14,
      "malformed_callers": []
    }
  ],
  "shape_entropy_regressions": [
    {
      "target": "MyApp.Processor.process/1",
      "parameter": "entity",
      "old_entropy": 0.0,
      "new_entropy": 0.8,
      "delta": 0.8,
      "old_variants": [["email", "id", "name"]],
      "new_variants": [["email", "id", "name"], ["id", "role", "status"]]
    }
  ],
  "coverage": {
    "coverage_percent": 72.5,
    "changed_line_count": 40,
    "assessed_line_count": 29,
    "unassessed_line_count": 11,
    "fully_assessed_file_count": 2,
    "partially_assessed_file_count": 1,
    "unassessed_file_count": 1,
    "unassessed_files": ["README.md", "lib/removed.ex"]
  }
}
Risk summarizes assessed functions and high-confidence changed-code erosion events. strictness_downgrades reports required field access, Map.fetch!/2, or required map patterns replaced by lenient Map.get/2,3. shape_entropy_regressions reports changed callers that widen a consumed parameter's fixed-map contract. displaced_facts reports stable evidence identities that moved without reducing their occurrence count. suppression_report distinguishes added, removed, unchanged, and reasonless source directives. Check confidence, coverage_percent, and unassessed_files before using risk in automation.


  

    Configuration

Reach reads architecture, change-safety, advisory candidate, and smell policy from .reach.exs.
mix reach.check --arch
mix reach.check --changed
mix reach.check --candidates
mix reach.check --smells
mix reach.inspect TARGET --candidates

The file must evaluate to a keyword list. Start from examples/reach.exs, then tune it to your project.
[
  layers: [
    web: "MyAppWeb.*",
    domain: "MyApp.*",
    data: ["MyApp.Repo", "MyApp.Schemas.*"]
  ],
  deps: [
    forbidden: [
      {:domain, :web},
      {:data, :web}
    ]
  ],
  source: [
    forbidden_modules: ["MyApp.Legacy.*"],
    forbidden_files: ["lib/my_app/legacy/**"]
  ],
  calls: [
    forbidden: [
      {"MyApp.Domain.*", ["IO.puts", "Jason.encode!"]},
      {"MyApp.Workers.*", ["System.cmd"], except: ["MyApp.Workers.Cleanup"]}
    ]
  ],
  effects: [
    allowed: [
      {"MyApp.Pure.*", [:pure, :unknown]}
    ]
  ],
  boundaries: [
    public: ["MyApp.Accounts"],
    internal: ["MyApp.Accounts.Internal.*"],
    internal_callers: [
      {"MyApp.Accounts.Internal.*", ["MyApp.Accounts", "MyApp.Accounts.*"]}
    ]
  ],
  risk: [
    changed: [
      many_direct_callers: 5,
      wide_transitive_callers: 10,
      branch_heavy: 8,
      high_risk_reason_count: 3
    ]
  ],
  candidates: [
    thresholds: [
      mixed_effect_count: 2,
      branchy_function_branches: 8,
      high_risk_direct_callers: 4,
      facade_ratio: 0.8,
      facade_min_functions: 3,
      facade_max_targets: 2,
      clone_consolidation_min_fragments: 2
    ],
    limits: [
      per_kind: 20,
      representative_calls: 10,
      representative_calls_per_edge: 3,
      boundary_contract_impact_depth: 2,
      boundary_contract_blast_radius: 20
    ]
  ],
  clone_analysis: [
    provider: :ex_dna,
    min_mass: 30,
    min_similarity: 1.0,
    max_clones: 50
  ],
  smells: [
    dsl_macros: [
      {MyApp.Expr, :expr, 1},
      {nil, :imported_query, :any}
    ],
    fixed_shape_map: [
      min_keys: 3,
      min_occurrences: 3,
      evidence_limit: 10
    ],
    behaviour_candidate: [
      min_modules: 3,
      min_callbacks: 3,
      module_display_limit: 8,
      callback_display_limit: 8
    ],
    representation_overlap: [
      min_shared_keys: 3,
      min_similarity: 0.8,
      require_name_match: true,
      evidence_limit: 8
    ],
    parameter_shape_entropy: [
      min_callers: 2,
      min_variants: 2,
      min_union_keys: 3,
      min_consumed_keys: 2,
      min_entropy: 0.5,
      min_entropy_delta: 0.25,
      evidence_limit: 8
    ]
  ],
  tests: [
    hints: [
      {"lib/my_app/accounts/**", ["test/my_app/accounts_test.exs"]}
    ]
  ]
]
The deps, source, calls, effects, boundaries, risk, candidates, smells, and tests sections use a uniform grouped shape: the section names the concern, and nested entries name the policy direction or threshold being tuned.
Architecture hardening recipe
For larger codebases, start with broad layer ownership and then add precise guardrails for boundaries that should never regress:
[
  layers: [
    cli: ["Mix.Tasks.*", "MyApp.CLI.*"],
    domain: ["MyApp.Accounts.*", "MyApp.Billing.*"],
    adapters: ["MyApp.Repo", "MyApp.Adapters.*"],
    web: "MyAppWeb.*"
  ],
  deps: [
    forbidden: [
      {:domain, :cli},
      {:domain, :web},
      {:domain, :adapters, except: ["MyApp.Billing.PersistenceBoundary"]}
    ]
  ],
  calls: [
    forbidden: [
      {"MyApp.Domain.*", ["MyApp.CLI.*", "Mix.Task.run/1", "Mix.Task.run/2"]},
      {"MyApp.Adapters.*", ["MyAppWeb.*"]}
    ]
  ],
  source: [
    forbidden_modules: ["MyApp.Legacy.*", "MyApp.OldTaskRunner"],
    forbidden_files: ["lib/my_app/legacy/**", "lib/my_app/old_task_runner.ex"]
  ],
  checks: [
    layer_coverage: [
      require_all_modules: true,
      forbid_multiple_matches: true,
      ignore: ["Mix.Tasks.*", "MyApp.Generated.*"]
    ]
  ]
]
Use each policy layer for a different kind of guarantee:
	layers plus layer_coverage makes architectural ownership explicit.
	deps catches broad layer direction violations and reports concrete call-edge witnesses.
	calls catches precise banned APIs such as Mix.Task.run/2, CLI renderers, or framework escape hatches.
	source keeps removed namespaces and files from silently coming back.
	except and except_edges document intentional seams instead of weakening the whole rule.
	baselines should be reserved for known transitional findings; new findings still fail.

Reach uses this pattern in its own .reach.exs to keep CLI/Mix orchestration out of evidence, smell, frontend, plugin, and visualization modules while preserving a baseline for one known broad layer cycle.
Keys
layers
Assign modules to architectural layers.
layers: [
  web: "MyAppWeb.*",
  domain: ["MyApp.Accounts", "MyApp.Billing", "MyApp.Catalog"],
  data: "MyApp.Repo"
]
Patterns are module-name strings with * wildcards. A layer may have one pattern or a list of patterns.
Reach validates layer references in dependency policy. A dependency rule that names an undeclared layer fails config validation before analysis runs.
Layer coverage can be enabled when you want every project module to belong to exactly one layer:
checks: [
  layer_coverage: [
    require_all_modules: true,
    forbid_multiple_matches: true,
    ignore: ["Mix.Tasks.*", "MyApp.Generated.*"]
  ]
]
require_all_modules reports modules that match no layer. forbid_multiple_matches reports modules that match more than one layer. ignore excludes generated code, tasks, or other modules from coverage checks.
deps[:forbidden]
Declare layer-to-layer dependencies that should not exist.
deps: [
  forbidden: [
    {:domain, :web},
    {:data, :web},
    {:domain, :data, except: ["MyApp.Domain.Migrations"]}
  ]
]
mix reach.check --arch reports forbidden_dependency violations with caller, callee, call, file, and line evidence. Layer cycle violations include concrete edge witnesses so you can see which calls create the cycle.
Use except to allow matching caller modules through an otherwise-forbidden layer edge. Use except_edges when only a specific caller-to-callee seam is allowed:
deps: [
  forbidden: [
    {:domain, :data,
     except_edges: [
       {"MyApp.Domain.RepoBoundary", "MyApp.Repo"}
     ]}
  ]
]
For strict architectures, use allowlist mode instead of enumerating forbidden pairs:
deps: [
  mode: :allowlist,
  allowed: [
    web: [:domain],
    domain: [],
    data: [:domain]
  ]
]
In allowlist mode, same-layer calls are allowed and every cross-layer edge not listed in allowed is reported.
source[:forbidden_modules]
Declare module names or namespaces that must not appear in the analyzed source tree. This is useful for making removed architecture impossible to reintroduce.
source: [
  forbidden_modules: [
    "MyApp.Legacy.*",
    "MyApp.OldTaskRunner"
  ]
]
mix reach.check --arch reports forbidden_module violations with module, file, and line evidence.
source[:forbidden_files]
Declare source paths that must not appear in the analyzed source tree.
source: [
  forbidden_files: [
    "lib/my_app/legacy/**",
    "lib/my_app/old_task_runner.ex"
  ]
]
Path globs use the same * / ** matching rules as module patterns. mix reach.check --arch reports forbidden_file violations.
calls[:forbidden]
Declare calls that matching modules must not make. This is useful for enforcing presentation/IO boundaries or other call-level rules that are more precise than layer dependencies.
calls: [
  forbidden: [
    {"MyApp.Domain.*", ["IO.puts", "Jason.encode!"]},
    {"MyApp.Workers.*", ["System.cmd", "File.rm"], except: ["MyApp.Workers.Cleanup"]}
  ]
]
Each entry is either:
{caller_patterns, call_patterns}
{caller_patterns, call_patterns, except: except_caller_patterns}
Patterns use the same module/call glob syntax as layers. Call patterns may include or omit arity:
"IO.puts"
"IO.puts/1"
"Reach.CLI.Format.render"
"Jason.encode!"
mix reach.check --arch reports forbidden_call violations with caller module, call, file, and line evidence.
effects[:allowed]
Limit side-effect classes for matching modules.
effects: [
  allowed: [
    {"MyApp.Pure.*", [:pure, :unknown]},
    {"MyAppWeb.*", [:pure, :read, :write, :send, :io, :unknown]}
  ],
  by_layer: [
    domain: [:pure, :exception],
    web: :any
  ]
]
allowed applies to matching module patterns. by_layer applies to modules assigned through layers; direct module-pattern policies take precedence. Use :any for layers where all effects are allowed.
Known effect atoms include:
	:pure
	:io
	:read
	:write
	:send
	:receive
	:exception
	:nif
	:unknown

Use this for architectural boundaries, not style linting. For example, keeping parsers or pure domain modules free from writes is a good fit; replacing Credo rules is not.
boundaries[:public]
Declare top-level public modules that callers should use as boundaries.
boundaries: [
  public: [
    "MyApp.Accounts",
    "MyApp.Billing"
  ]
]
If a caller reaches into another module under the same namespace instead of going through the declared public API, mix reach.check --arch may report a public_api_boundary violation.
boundaries[:internal]
Declare modules that should be treated as internal implementation details.
boundaries: [
  internal: [
    "MyApp.Accounts.Internal.*",
    "MyApp.Billing.Calculators.*"
  ]
]
Calls into these modules from outside approved callers produce internal_boundary violations.
boundaries[:internal_callers]
Allow specific callers to reach specific internal modules.
boundaries: [
  internal_callers: [
    {"MyApp.Accounts.Internal.*", ["MyApp.Accounts", "MyApp.Accounts.*"]}
  ]
]
Use this to make policy precise instead of making internal modules public.
risk[:changed]
Tune changed-code risk thresholds used by mix reach.check --changed.
risk: [
  changed: [
    many_direct_callers: 5,
    wide_transitive_callers: 10,
    branch_heavy: 8,
    high_risk_reason_count: 3
  ]
]
These thresholds control when a changed function is marked with risk reasons such as many direct callers, wide transitive impact, and branch-heavy function.
candidates[:thresholds] and candidates[:limits]
Tune advisory refactoring candidate generation used by mix reach.check --candidates and mix reach.inspect TARGET --candidates.
candidates: [
  thresholds: [
    mixed_effect_count: 2,
    branchy_function_branches: 8,
    high_risk_direct_callers: 4,
    facade_ratio: 0.8,
    facade_min_functions: 3,
    facade_max_targets: 2,
    clone_consolidation_min_fragments: 2
  ],
  limits: [
    per_kind: 20,
    representative_calls: 10,
    representative_calls_per_edge: 3,
    boundary_contract_impact_depth: 2,
    boundary_contract_blast_radius: 20
  ]
]
Thresholds decide when Reach reports mixed-effect, branch-heavy, module-level facade, and exact-clone consolidation candidates. facade_ratio is the minimum forwarded share of public functions; facade_min_functions avoids tiny wrappers; facade_max_targets requires forwarding to remain concentrated. clone_consolidation_min_fragments is the minimum number of distinct project functions in an exact Type-I clone family before Reach recommends a canonical implementation. Modules configured in boundaries[:public], behaviour/use implementations, and deprecated compatibility shims are excluded from facade analysis. Limits bound candidate evidence and per-kind generation while preserving exact cycle-component detection. boundary_contract_impact_depth controls caller traversal for decoded-boundary and implicit-map contract candidates, while boundary_contract_blast_radius caps their function lists in text and JSON.
clone_analysis
Configure optional structural clone evidence. Reach uses clone evidence to raise confidence or find consistency drift in semantic checks; it does not emit an ex_dna smell by itself.
checks: [
  baseline: ".reach-baseline.json"
]

clone_analysis: [
  provider: :ex_dna,
  min_mass: 30,
  min_occurrences: 2,
  min_similarity: 1.0,
  max_window_size: 4,
  mass_tolerance: 0.3,
  literal_mode: :keep,
  normalize_pipes: false,
  excluded_macros: [],
  ignored_attributes: nil,
  parse_timeout: 5_000,
  ignore: [],
  max_clones: 50,
  include_deps: false,
  dep_paths_limit: 20
]

smells: [
  strict: true,
  custom_checks: [MyApp.ReachSmells.NoFoo],
  ignore: [
    paths: ["vendor/**", "lib/my_app/generated/**"],
    modules: ["MyApp.Generated.*"]
  ],
  fixed_shape_map: [
    min_keys: 3,
    min_occurrences: 3,
    evidence_limit: 10,
    ignore: [paths: ["lib/my_app/openapi/**"]]
  ],
  behaviour_candidate: [
    min_modules: 3,
    min_callbacks: 3,
    module_display_limit: 8,
    callback_display_limit: 8,
    ignore: [modules: ["MyApp.Legacy.*"]]
  ],
  representation_overlap: [
    min_shared_keys: 3,
    min_similarity: 0.8,
    require_name_match: true,
    evidence_limit: 8
  ],
  parameter_shape_entropy: [
    min_callers: 2,
    min_variants: 2,
    min_union_keys: 3,
    min_consumed_keys: 2,
    min_entropy: 0.5,
    min_entropy_delta: 0.25,
    evidence_limit: 8
  ]
]
Reach runs ExDNA when the package is available; package consumers can disable clone evidence with provider: false or tune clone mass/similarity when needed. ExDNA options are forwarded so clone evidence can use occurrence budgets, Type-II literal abstraction, Type-III similarity, pipe normalization, macro/attribute exclusions, path ignores, and parser timeouts. ExDNA's source suppression comments are also honored by the provider.
Set include_deps: true to collect project-to-dependency reimplementation evidence from direct Mix dependencies. Reach parses dependency lib/ sources without compiling or loading them, limits the number of dependency roots with dep_paths_limit, and discards dep-to-dep and project-only clone families. This evidence never becomes a smell automatically. Exact Type-I project-to-dependency clones appear as advisory reuse_dependency candidates; weaker matches remain evidence-only.
checks[:source_paths]
By default, reach.check analyzes the active Mix environment's :elixirc_paths and :erlc_paths. Mix projects commonly add test/support only in MIX_ENV=test, so Reach reports the environment, roots, and file count used by each check.
For a verdict independent of MIX_ENV, configure an explicit source set:
checks: [
  source_paths: ["lib", "test/support"]
]
--path PATH overrides the configured/default source set for a single invocation. Explicit paths have no Mix-environment identity.
checks[:baseline]
Use a baseline to adopt reach.check gates in an existing codebase without hiding new issues. Baselines apply across check modes such as architecture violations and smell findings.
mix reach.check --arch --smells --write-baseline .reach-baseline.json
mix reach.check --arch --smells --baseline .reach-baseline.json

When a baseline is configured, known findings are suppressed before gate failure is evaluated. New architecture violations still fail --arch, and new smell findings fail when --strict or smells: [strict: true] is enabled. New baselines record their analysis scope; Reach rejects reuse under a different Mix environment or source-root set. Legacy unscoped baselines must be regenerated with --write-baseline before CLI reuse.
smells[:strict]
mix reach.check --smells is advisory by default. Set strict: true or pass --strict to fail on non-baseline smell findings.
smells[:ignore]
Use config-level ignores for generated, vendored, or intentionally noisy code. Global ignores apply to all smell checks; per-check ignores apply only to that smell kind.
smells: [
  ignore: [paths: ["vendor/**"], modules: ["MyApp.Generated.*"]],
  fixed_shape_map: [ignore: [paths: ["lib/my_app/openapi/**"]]],
  behaviour_candidate: [ignore: [modules: ["MyApp.Legacy.*"]]]
]
Paths use glob patterns. Modules use glob patterns matched against the inspected module name. Suppressions are applied before baseline filtering and strict failure checks.
For local, source-level exceptions, use Credo-style comments:
# reach:disable-for-this-file fixed_shape_map
# reach:disable-next-line bare_rescue
def run, do: rescue_fallback()
Use smells or all instead of a specific kind to suppress every smell finding at that scope. Unknown comment tokens are ignored without creating atoms.
smells[:custom_checks]
Projects can add local smell checks by implementing Reach.Smell.Check in their own application and listing the modules in .reach.exs.
defmodule MyApp.ReachSmells.NoFoo do
  @behaviour Reach.Smell.Check

  alias Reach.Smell.Finding

  @impl true
  def run(project) do
    for {_id, node} <- project.nodes,
        node.type == :call,
        node.meta[:module] == MyApp.Foo do
      Finding.new(
        kind: :my_app_no_foo,
        message: "Use MyApp.Bar instead of MyApp.Foo",
        location: location(node)
      )
    end
  end

  defp location(%{source_span: %{file: file, start_line: line}}), do: "#{file}:#{line}"
  defp location(_node), do: "unknown"
end
Enable it explicitly:
smells: [
  strict: true,
  custom_checks: [MyApp.ReachSmells.NoFoo]
]
Custom checks run alongside Reach's built-in smell checks and participate in --strict and baseline filtering. A custom check must implement Reach.Smell.Check and define run/1. See the custom smells guide for a deeper walkthrough.
smells[:dsl_macros]
Some macros reinterpret ordinary Elixir syntax, so generic AST/IR smells are not valid inside them. Reach plugins guard known Ecto query, Ash expression/resource, and Nx defn ranges automatically. Configure project-specific DSLs as {module_or_nil, function, arity_or_any} tuples:
smells: [
  dsl_macros: [
    {MyApp.Expr, :expr, 1},
    {nil, :imported_query, :any}
  ]
]
Use nil for imported/local macro calls and a module for qualified calls. Plugin-provided findings remain active inside their own DSL ranges; only generic findings are guarded.
Built-in smell examples
Reach combines generic Elixir smells with plugin-provided Phoenix, Ecto, and Oban checks. Examples include:
	Kind	Example flagged pattern	Prefer
	unsafe_atom_creation	String.to_atom(input)	explicit mapping or String.to_existing_atom/1
	unsafe_binary_to_term	:erlang.binary_to_term(payload)	:erlang.binary_to_term(payload, [:safe]) for untrusted input
	missing_external_resource	@schema File.read!("priv/schema.json")	add matching @external_resource "priv/schema.json"
	ecto_float_money	field :amount, :float / add :price, :float	integer cents or Decimal
	ecto_repo_call_in_loop	Enum.map(users, &Repo.get(Order, &1.order_id))	preload or batch query

	ecto_filter_after_repo_all	`Repo.all(User)	> Enum.filter(...)`	push predicates into the Ecto query
	ecto_count_after_repo_all	`Repo.all(User)	> length()`	Repo.aggregate/3, Repo.exists?/1, or query aggregate

	ecto_interpolated_fragment	fragment("name = '#{name}'")	fragment("name = ?", ^name)
	ecto_interpolated_repo_query	Repo.query("select ... #{input}")	parameterized SQL
	ecto_implicit_cross_join	from u in User, p in Post	explicit join: with on:
	ecto_unpinned_query_value	where: u.id == user_id	where: u.id == ^user_id
	oban_atom_args	%Oban.Job{args: %{user_id: id}}	match string keys: %{"user_id" => id}
	oban_struct_args	MyWorker.new(%{user: %User{}})	store IDs / JSON primitives
	phoenix_assign_async_captures_socket	assign_async(socket, :x, fn -> socket.assigns.x end)	copy needed assign values before the callback
	phoenix_assign_new_refreshed_value	assign_new(socket, :current_user, ...) inside mount/3	use assign/3 for values refreshed every mount
	phoenix_pubsub_subscribe_without_connected	Phoenix.PubSub.subscribe(...) in mount/3	guard with if connected?(socket)

Some intentionally context-sensitive checks, such as dynamic Phoenix.HTML.raw/1, are kept available as direct check modules but are not enabled by the default Phoenix plugin because real applications often use them in sanitizer, markdown, or compiler helpers.
Map, representation, and behaviour smell thresholds
Use smells[:fixed_shape_map] and smells[:behaviour_candidate] when a codebase intentionally uses small map contracts, when you want stronger pressure toward structs/contracts, or when behaviour-candidate hints are too noisy for small module families.
smells[:representation_overlap] controls cross-module bare maps that resemble an existing struct. min_similarity is Jaccard key similarity, min_shared_keys prevents generic tiny shapes, and require_name_match keeps promotion tied to entity-bearing variable/function/module names. Keep name matching enabled unless reviewing broad evidence manually.
smells[:parameter_shape_entropy] controls divergent fixed maps reaching one parameter. min_consumed_keys requires the callee to use the map as a contract rather than merely transport it, and promotion additionally requires a varying key to be consumed strictly rather than through defensive optional access. min_entropy_delta controls changed-code regression reporting independently of the absolute min_entropy gate.
tests[:hints]
Suggest tests for changed paths.
tests: [
  hints: [
    {"lib/my_app/accounts/**", ["test/my_app/accounts_test.exs"]},
    {"lib/my_app_web/live/**", ["test/my_app_web/live"]}
  ]
]
mix reach.check --changed combines these hints with nearby test paths and caller impact data.
Compatibility aliases
Reach accepts the previous flat keys as compatibility aliases, but new configs should use the grouped form.
	Preferred	Compatibility alias
	deps[:forbidden]	forbidden_deps
	calls[:forbidden]	forbidden_calls
	effects[:allowed]	allowed_effects
	boundaries[:public]	public_api
	boundaries[:internal]	internal
	boundaries[:internal_callers]	internal_callers
	tests[:hints]	test_hints
	source[:forbidden_modules]	forbidden_modules
	source[:forbidden_files]	forbidden_files

Validation
Reach validates .reach.exs shape and reports config_error entries for:
	unknown top-level or grouped keys
	invalid layers
	invalid deps[:forbidden]
	invalid source[:forbidden_modules]
	invalid source[:forbidden_files]
	invalid calls[:forbidden]
	invalid effects[:allowed]
	invalid boundaries[:public]
	invalid boundaries[:internal]
	invalid boundaries[:internal_callers]
	invalid risk[:changed] thresholds
	invalid candidates[:thresholds]
	invalid candidates[:limits]
	invalid smells[:fixed_shape_map]
	invalid smells[:behaviour_candidate]
	invalid smells[:representation_overlap]
	invalid smells[:parameter_shape_entropy]
	invalid clone_analysis
	invalid tests[:hints]

Practical guidance
Start permissive and tighten gradually:
	Define broad layers.
	Add only the forbidden dependencies you are confident about.
	Add boundary policies for namespaces with clear public/internal modules.
	Add effect policies for modules that should stay pure or effect-limited.
	Tune risk[:changed], candidates, and smells thresholds to match your repository size and tolerance for advisory output.
	Run mix reach.check --arch --format json in CI once the policy is stable.

Refactoring candidates are advisory. They include confidence, actionability, and proof fields. Treat those fields as preconditions for editing, especially for cycle and extraction candidates.


  

    Writing Custom Smells

Reach ships with built-in smell checks, but projects often have local rules that are too specific to belong in Reach itself: forbidden internal APIs, deprecated wrappers, project-specific data contracts, migration rules, or architectural conventions that are easier to express against Reach's IR than with text search.
Custom smells let a consuming project add those rules to mix reach.check --smells.
When to write a custom smell
Use a custom smell when the rule is:
	specific to your application or organization
	structural enough that text search is too noisy
	useful in CI as an advisory or strict gate
	easier to express with modules, calls, source spans, effects, or Reach graph data

For simple dependency boundaries, prefer .reach.exs architecture policy first. For framework semantics that should benefit many users, prefer a Reach plugin. For local lint-style rules, custom smells are the right fit.
Register a custom check
Add the check module to your application and list it in .reach.exs:
# .reach.exs
[
  smells: [
    strict: true,
    custom_checks: [MyApp.ReachSmells.NoFoo]
  ]
]
Reach validates that every listed module implements Reach.Smell.Check. Custom findings participate in strict mode and baseline filtering just like built-in findings.
Minimal custom smell
A smell check implements Reach.Smell.Check and returns a list of Reach.Smell.Finding structs. Checks may also expose kinds/0; Reach's corpus scan tooling uses it to run selected checks without executing unrelated smell modules.
defmodule MyApp.ReachSmells.NoFoo do
  @behaviour Reach.Smell.Check

  alias Reach.Smell.Finding

  @impl true
  def kinds, do: [:my_app_no_foo]

  @impl true
  def run(project) do
    for {_id, node} <- project.nodes,
        node.type == :call,
        node.meta[:module] == MyApp.Foo do
      Finding.new(
        kind: :my_app_no_foo,
        message: "Use MyApp.Bar instead of MyApp.Foo",
        location: location(node)
      )
    end
  end

  defp location(%{source_span: %{file: file, start_line: line}}), do: "#{file}:#{line}"
  defp location(_node), do: "unknown"
end
Run it:
mix reach.check --smells
mix reach.check --smells --strict

Finding fields
Reach.Smell.Finding.new/1 accepts these common fields:
Finding.new(
  kind: :my_app_no_foo,
  message: "Use MyApp.Bar instead of MyApp.Foo",
  location: "lib/my_app/foo.ex:12",
  confidence: :high,
  evidence: ["lib/my_app/foo.ex:12", "lib/my_app/bar.ex:18"]
)
Use stable, namespaced kind atoms for project-local rules, such as :my_app_no_foo or :billing_deprecated_money_api. The finding kind is shown in JSON output and contributes to baseline fingerprints.
location should be either "unknown" or a file:line string. Baselines and terminal output are most useful when every finding points to the primary source location.
Walking the project
The project argument is the loaded Reach project. The most direct API is project.nodes, a map of node IDs to IR nodes.
for {_id, node} <- project.nodes,
    node.type == :call,
    node.meta[:module] == LegacyAPI do
  # emit a finding
end
Useful node fields:
	node.type — IR node type, such as :module_def, :function_def, :call, :var, :literal, :match
	node.meta — node-specific metadata, such as :module, :function, :arity, :name, or :kind
	node.children — nested IR nodes
	node.source_span — source location metadata, usually %{file: ..., start_line: ...}

Function-scoped checks
For checks that inspect each function body, use Reach's IR traversal helpers:
defmodule MyApp.ReachSmells.NoDebugCalls do
  @behaviour Reach.Smell.Check

  alias Reach.IR
  alias Reach.Smell.Finding

  @impl true
  def run(project) do
    project.nodes
    |> Enum.flat_map(fn
      {_id, %{type: :function_def} = function} -> debug_findings(function)
      _entry -> []
    end)
  end

  defp debug_findings(function) do
    function
    |> IR.all_nodes()
    |> Enum.filter(&debug_call?/1)
    |> Enum.map(fn node ->
      Finding.new(
        kind: :my_app_debug_call,
        message: "Remove debug call before merging",
        location: location(node)
      )
    end)
  end

  defp debug_call?(%{type: :call, meta: %{module: IO, function: :inspect}}), do: true
  defp debug_call?(_node), do: false

  defp location(%{source_span: %{file: file, start_line: line}}), do: "#{file}:#{line}"
  defp location(_node), do: "unknown"
end
Source DSL checks
For source-shape rules that are easy to express as patterns or per-node callbacks, use Reach.Smell.Check.Source. It supports ExAST patterns/selectors and AST callback rules through the same smell macro.
defmodule MyApp.ReachSmells.NoBooleanCase do
  use Reach.Smell.Check.Source

  smell(
    :boolean_case,
    :my_app_boolean_case,
    "prefer if/else for boolean case expressions",
    mode: :ast,
    prefilter: {:all, ["case"]}
  )

  defp boolean_case({:case, meta, [subject, _clauses]}) do
    if match?({op, _, _} when op in [:==, :!=, :and, :or], subject), do: {:ok, meta}
  end

  defp boolean_case(_node), do: nil
end
Use source DSL checks when a rule is local to one AST node or can be expressed as an ExAST ~p pattern. Set remediation_safety: :equivalent only when the recommended replacement preserves values, exceptions, and callback evaluation order across the rule's full matched domain. Use :conditional when the message states the required preconditions; otherwise keep the default :review_only. Use Reach.Smell.Check.AST when the check needs full-file state or a custom traversal.
AST-backed source checks
For full-file source-shape rules, use Reach.Smell.Check.AST. It loads each source file once via Sourceror, reuses Reach's AST cache, and calls scan_ast/2 with the file path.
defmodule MyApp.ReachSmells.MissingTemplateResource do
  use Reach.Smell.Check.AST

  alias Reach.Smell.Finding

  @impl true
  def kinds, do: [:my_app_missing_template_resource]

  defp scan_ast(ast, file) do
    {_ast, findings} =
      Macro.prewalk(ast, [], fn
        {:@, meta, [{:template, _, [path]}]} = node, findings when is_binary(path) ->
          finding =
            Finding.new(
              kind: :my_app_missing_template_resource,
              message: "template module attribute should declare @external_resource",
              location: "#{file}:#{meta[:line] || 0}"
            )

          {node, [finding | findings]}

        node, findings ->
          {node, findings}
      end)

    Enum.reverse(findings)
  end
end
Prefer AST checks for syntax-sensitive rules such as DSL shape, module attributes, query macros, or literal interpolation. Prefer IR checks for semantic rules involving calls, effects, data flow, or nested function bodies.
Baselines and strict mode
Custom smell findings use the same gating behavior as built-in smell findings.
Advisory mode:
mix reach.check --smells

Strict mode:
mix reach.check --smells --strict

Baseline existing findings:
mix reach.check --smells --write-baseline .reach-baseline.json
mix reach.check --smells --strict --baseline .reach-baseline.json

Or configure both in .reach.exs:
[
  checks: [baseline: ".reach-baseline.json"],
  smells: [
    strict: true,
    custom_checks: [MyApp.ReachSmells.NoFoo]
  ]
]
With this setup, known findings in the baseline are suppressed and new findings fail CI.
JSON output
Custom findings are included in JSON output:
mix reach.check --smells --format json

Example shape:
{
  "command": "reach.check",
  "tool": "reach.check",
  "findings": [
    {
      "kind": "my_app_no_foo",
      "message": "Use MyApp.Bar instead of MyApp.Foo",
      "location": "lib/my_app/foo.ex:12",
      "confidence": "high"
    }
  ]
}
Testing custom smells
Test custom checks directly with a small project fixture when possible. A minimal unit test can pass a hand-built project map:
defmodule MyApp.ReachSmells.NoFooTest do
  use ExUnit.Case, async: true

  test "flags Foo calls" do
    project = %{
      nodes: %{
        1 => %Reach.IR.Node{
          id: 1,
          type: :call,
          meta: %{module: MyApp.Foo, function: :run},
          source_span: %{file: "lib/example.ex", start_line: 10},
          children: []
        }
      }
    }

    assert [%Reach.Smell.Finding{kind: :my_app_no_foo}] =
             MyApp.ReachSmells.NoFoo.run(project)
  end
end
For higher-confidence tests, parse a small source fixture with Reach and run the check against the resulting project.
Framework-specific smells
Framework-specific smells belong in plugins rather than generic Reach.Smell.* modules. A plugin can expose smell modules with smell_checks/0:
defmodule Reach.Plugins.MyFramework do
  @behaviour Reach.Plugin

  @impl true
  def smell_checks do
    [Reach.Plugins.MyFramework.Smells.NoLegacyAPI]
  end
end
Plugin smell checks still implement Reach.Smell.Check, run through the same registry as built-in and project-local checks, and participate in strict mode and baselines. This keeps framework policy near framework semantics such as effect classification, trace presets, and graph edges.
Best practices
	Keep checks focused: one rule per module is easier to baseline and explain.
	Use precise locations. Avoid "unknown" unless the finding is truly project-level.
	Prefer stable messages and kinds so baselines do not churn unnecessarily.
	Avoid hardcoding generated paths unless the rule is specifically about generated code.
	Keep project-specific semantics in your application; contribute broadly useful semantics as Reach plugins or built-in checks.



  

    Concepts

Reach translates source code into an intermediate representation, builds control/data/call relationships, and combines them into a program dependence graph.
Control flow
Control-flow graphs show branch structure inside functions. Reach keeps function CFGs acyclic and uses block-quality checks to ensure rendered blocks cover source lines without duplicates.
Call graph
The call graph connects caller and callee functions. Reach uses it for dependency trees, impact analysis, module coupling, hotspots, and why-path explanations.
Data flow
Data-flow edges track definitions, uses, parameters, returns, and cross-function value movement. Trace commands use these edges for taint and variable workflows.
Effects
Reach classifies calls into effect categories such as pure, IO, read, write, send, receive, exception, NIF, and unknown. Effect evidence powers boundaries, smells, and refactoring candidates. Reach.Effects.classify_with_provenance/2 also reports whether a result came from intrinsic semantics, a built-in rule, a plugin, a typespec, inferred types, project-local inference, or dependency BEAM inference, together with its confidence. Unknown results include a reason that distinguishes unresolved local calls, unavailable modules, dynamic dispatch, and calls whose available code lacks enough semantics.
Local inference understands default-argument wrappers and function references. Taking or storing a function capture is pure; its target effect is propagated when a known eager higher-order operation such as Enum.map/2 executes the callback, while lazy Stream construction remains pure.
Smells
Reach detects structural code smells in two layers:
Source smells use the Reach.Smell.Check.Source DSL for source-level rules. Simple rules use ExAST's ~p sigil and selectors; hot or shape-sensitive rules can use smell(..., mode: :ast) callbacks over Sourceror AST nodes. These run per-file with shared source/AST/zipper caches and inferred source prefilters.
Semantic smells use Reach's own IR with effects, data flow, call graph, and clone evidence — redundant computation, loop anti-patterns, dual key access, fixed-shape maps, behaviour candidates, return-contract drift, unsafe dynamic atom creation, and unsafe binary_to_term/1.
AST smells use Sourceror source AST when the source shape matters more than IR — compile-time file reads without @external_resource, Ecto implicit cross joins, interpolated SQL, and unpinned Ecto query values.
Source smells are declared with one smell DSL:
use Reach.Smell.Check.Source

smell ~p[Enum.reverse(_) |> hd()], :suboptimal,
      "traverses twice; use List.last/1"

smell(
  from(~p[Enum.drop(_, amount) |> Enum.take(_)]) |> where(not match?({:-, _, [_]}, ^amount)),
  :eager_pattern,
  "use Enum.slice/3"
)

smell(
  :boolean_case,
  :suboptimal,
  "case on boolean with true/false clauses; use if/else",
  mode: :ast,
  prefilter: {:all, ["case"]}
)

defp boolean_case({:case, meta, [subject, clauses]}) do
  if boolean_subject?(subject) and boolean_case_clauses?(clauses), do: {:ok, meta}
end

defp boolean_case(_node), do: nil
Semantic smells use the standard Reach.Smell.Check behaviour with IR helpers like inside_loop?/2, callback_body/1, and statement_pairs/1.
AST-backed smells can use Reach.Smell.Check.AST and implement scan_ast/2:
defmodule MyApp.ReachSmells.NoCompileTimeRead do
  use Reach.Smell.Check.AST

  alias Reach.Smell.Finding

  @impl true
  def kinds, do: [:my_app_compile_time_read]

  defp scan_ast(ast, file) do
    # inspect Sourceror AST and return Finding structs
  end
end
Projects can also define local semantic smell checks and enable them with smells: [custom_checks: [...]] in .reach.exs.
defmodule MyApp.ReachSmells.NoFoo do
  @behaviour Reach.Smell.Check

  def run(project) do
    # return Reach.Smell.Finding structs
  end
end
Clone analysis
Optional clone evidence (via ExDNA) enriches semantic smell confidence. Clone families inform structural consistency checks: return-contract drift, side-effect order drift, map-contract drift, validation drift, and behaviour extraction candidates.
Plugins
Plugins extend Reach with framework-specific semantics: effect classification, trace presets, behaviour labels, visualization filtering, and graph edges. Built-in plugins auto-detect Phoenix, Ecto, Oban, Ash, GenStage, Jido, OpenTelemetry, and Gettext. Language frontends (JavaScript/Gleam) are also plugin-discovered.
OTP analysis
OTP checks identify GenServer state access, GenStatem transitions, missing handlers, dead replies, supervision, process dictionary/ETS coupling, and cross-process resource sharing.


  

    Evidence providers

Reach keeps reusable analysis facts in evidence providers. Smells, checks, and refactoring candidates decide which facts become user-facing policy.
Provider shape
An AST evidence provider implements Reach.Evidence.Provider and exposes lightweight metadata:
@behaviour Reach.Evidence.Provider

def family, do: :stdlib

def kinds, do: [:manual_flat_map]

def collect_ast(ast), do: [%Reach.Evidence.Fact{}]
Providers are discovered through Reach.Evidence.ast_providers/1 and dependency-specific plugin callbacks. The behaviour standardizes discovery while allowing each provider to use the traversal or proof appropriate to its evidence.
Most providers should emit Reach.Evidence.Fact values. Domain-specific providers may use richer structs temporarily when downstream checks need specialized fields, but scanner-facing facts should converge on this common shape.
Evidence facts should carry at least:
	:family — provider family such as :stdlib, :jason, or :map_contract;
	:kind — stable atom for the observed fact;
	:message — short maintainer-facing explanation;
	:replacement — suggested abstraction or API when one is known;
	:meta — source metadata, usually including :line and optionally :column;
	:confidence — coarse confidence such as :high or :medium.

Capability bypass evidence
Reach.Evidence.Bypass normalizes facts showing that code reimplements an available capability. Existing provider families remain stable, while fact.data identifies the shared category:
%Reach.Evidence.Fact{
  family: :jason,
  kind: :hand_rolled_json_encoder,
  data: %{
    category: :capability_bypass,
    provider: Jason,
    capability: :json_encoding,
    origin: :plugin_pattern
  }
}
Origins distinguish standard-library patterns, plugin-specific patterns, and project-to-dependency clones. Consumers can therefore aggregate bypass evidence without hardcoding provider families. Plugin activation remains the dependency gate; do not add a second capability-discovery callback.
When clone_analysis[:include_deps] is enabled, ExDNA analyzes direct dependency lib/ sources together with project sources and retains only clone families containing both origins. Those families become :dependency_bypass facts with origin: :dependency_clone. Dependency code is read as source only; Reach does not compile or load it.
Collect project-level dependency bypass facts with:
Reach.Evidence.dependency_bypass(project, config)
This API is separate from per-file AST providers because clone evidence needs the whole project and dependency source roots. Exact Type-I dependency clones are also surfaced as advisory :reuse_dependency results from mix reach.check --candidates; weaker clone types remain evidence-only.
External-data boundary evidence
Reach.Evidence.ExternalDataBoundary performs source-only intrafunction provenance analysis. Decoder ownership stays in plugins through Reach.Plugin.external_data_source/2; the generic provider knows only platform storage and process boundaries such as :persistent_term, ETS, process dictionaries, messages, and GenServer state returns.
The provider follows direct assignments, aliases, case, with, if, and container wrapping. Explicit calls, map construction, or struct construction stop provenance, treating them as possible normalization boundaries rather than guessing through transformations. Collect project-level facts with:
Reach.Evidence.external_data_boundaries(project)
Raw facts include intentionally dynamic stores. The high-confidence decoded_boundary_leakage smell therefore requires downstream use of at least two distinct literal map keys in the same module. Generic decoded stores accessed only through dynamic keys, sandbox payloads, and transient wire envelopes remain evidence-only. Fixed-contract facts also retain the boundary function and matching literal-key consumer functions, allowing candidate generation to compute a precise, bounded impact list without re-parsing source. Reach.Evidence.Impact owns the reusable call-graph traversal consumed by both boundary candidates and target-local Reach.Inspect.Impact.
Parameter-shape evidence
Reach.Evidence.ParameterShape follows literal fixed-shape maps through assignments and statically resolved project calls, then groups the observed key sets by target parameter. Facts include callers, shape variants, core/union/optional keys, a normalized key entropy (1 - core/union), strict and defensive callee key consumption, parameter role, literal variant tags, companion-argument dispatch, and explicit multi-clause or guarded map/struct dispatch.
Reach.Evidence.parameter_shapes(project)
Lineage is deliberately transparent-only: map literals flow through variables and assignments, but Reach does not descend through arbitrary calls or containers where a nested map could be mistaken for the whole argument. Function-head map patterns are not treated as exact runtime shapes. The parameter_shape_entropy smell requires multiple callers and variants, domain-role naming, multiple consumed contract keys including a strictly consumed key that differs between variants, and excludes defensive optional-field access and tagged, companion-selected, clause-dispatched, or guarded unions.
Representation-overlap evidence
Reach.Evidence.RepresentationOverlap compares source-declared defstruct fields with bare atom-key map constructions in other modules. Facts retain both locations, shared and exclusive keys, Jaccard similarity, entity-name evidence, direct projection sources, map role, and immediate normalization targets.
Reach.Evidence.representation_overlaps(project)
The evidence layer keeps all overlaps above its configurable shape threshold. The same_entity_representation smell promotes only domain-role maps with entity-bearing names. It excludes map patterns and explicit __struct__ values before shape comparison, then keeps direct and caller-level normalization targets, nested projection provenance, assigned roles, and declared map conversions visible on facts. Promotion excludes adapter/presentation/serialization boundaries, ambiguous entity names, accumulators, projections from the matching entity, normalized maps, and structs that declare conversions such as from_map/1 or to_map/1. Framework-generated structs remain plugin territory; the generic provider reads only explicit source declarations.
Nil-parameter evidence
Reach.Evidence.NilParameter combines call evidence with per-function control flow. A parameter becomes nil-capable only when Reach observes a literal nil argument, a nil default, or a matching nil clause. Nil-clause evidence retains the other parameter patterns, so a clause for (:with_cte, nil) does not make the same parameter nullable in an unrelated (:from, value) clause.
For each applicable clause, the provider records field/dynamic receiver uses, strict Map operations, and calls into project functions whose corresponding parameter rejects nil in every clause. Default-arity wrappers inherit the full function's proven parameter requirement, while call evidence maps supplied arguments around the exact omitted default slots. Unknown dynamic receivers are not resolved to coincidentally named local functions.
Reach then builds the existing Reach.ControlFlow graph and uses Reach.Dominator to verify that a non-nil pattern, guard, branch, prior exhaustive nil clause, or dominating normalization protects each use. Successful with patterns stop old provenance after the binding but not in its right-hand side. Short-circuit conditions, if/unless/cond and case paths, literal/defaulted companion arguments, comprehensions, repeated-variable dispatch, nested callback shadowing, and final wildcard fallbacks are modeled separately. Uses inside guards are safe under Elixir guard semantics, and static module calls are distinguished from dynamic receiver calls by IR arity.
Reach.Evidence.nil_parameters(project)
Facts retain nil source locations, exact use locations, dominating guard vertices, clause/promotion context, function visibility, and recursive-helper provenance. The provider intentionally does not infer nilability from unknown callers or infer external library contracts beyond a small platform-level strict-map set. The smell layer promotes direct defaults, late nil fallbacks preempted by strict clauses, unconditional literal-call hazards, and literal-gated calls into project functions with proven non-nil parameters; weaker path-dependent facts remain queryable evidence.
Return-contract evidence
Reach.Evidence.ReturnContract collects terminal expressions across function clauses and explicit case, cond, if, with, receive, and try branches. Outcomes retain structural classes, exact tagged-tuple arity, source lines, nested identical tags, sentinel-clause provenance, closed direct @spec shapes, and whether the function is marked @impl or recognized as a source-declared OTP callback.
Unknown calls and implicit with fallthrough remain dynamic evidence rather than guessed return types. Function-level rescue, catch, and else are modeled as try semantics, so transformed successful values are not incorrectly counted as terminal returns. Collect project-level facts with:
Reach.Evidence.return_contracts(project)
The smell policy promotes only high-confidence :ok contract conflicts backed by a closed-spec mismatch, an asymmetric raw error beside tagged errors, or a tagged nil/empty sentinel beside raw successful values. Bare/tagged optional payloads, tuple-arity differences, explicit/open unions, conventional {:ok, value} | {:error, reason}, custom sentinel failures, state-machine tuples, dynamic forwarding, explicit or source-declared OTP callbacks, and nested same-tag results remain evidence-only.
Accepted-domain fallback evidence
Reach.Evidence.TotalFunctionLaundering records private unary parsers whose literal or membership-guarded clauses preserve a closed value domain while a final catch-all returns one accepted value.
Reach.Evidence.total_function_laundering(project)
Facts retain the observed input/output domain, same-named literal type domain, fallback, clause locations, and whether the fallback has its own explicit accepted-input clause. An explicit fallback clause establishes an intentional default-normalization policy and remains evidence-only. The total_function_laundering smell promotes only the narrower case where the fallback is declared by the type but cannot be selected through an explicit domain clause, so unsupported input is indistinguishable from an otherwise buried accepted value.
Boundaries
Evidence providers must not emit Reach.Smell.Finding and must not depend on CLI rendering or command modules. User-facing policy belongs in:
	Reach.Smell.* for local code-shape findings shown by mix reach.check --smells;
	Reach.Check.* for CI/release policy and advisory candidates;
	plugin smell/check modules for dependency-specific user-facing output.

Plugin-gated evidence belongs under Reach.Plugins.*.Evidence, not in generic evidence modules. Generic providers must not hardcode framework policy such as Phoenix, Ecto, Oban, Ash, Jido, or JSON-library-specific semantics.
Plugin refinement
Plugins may refine evidence facts after generic providers collect them. Use this when the generic evidence is framework-neutral but a dependency can add semantic context:
def refine_evidence(%Reach.Evidence.MapContract.Contract{escapes: escapes}, _context) do
  if Enum.any?(escapes, &jason_encode?/1) do
    %{role: :external_payload}
  else
    :unchanged
  end
end


def refine_evidence(_evidence, _context), do: :unchanged
Reach applies refinements through:
Reach.Plugin.refine_evidence(plugins, evidence, context)
A refinement may return:
	:unchanged — keep the evidence as-is;
	a map of updates — merge annotations such as role: :external_payload or confidence: :medium;
	a replacement evidence struct of the same type.

Refinement must stay evidence-level. Plugins should annotate facts, confidence, roles, or metadata; they must not emit Reach.Smell.Finding or decide candidate policy directly. Smells/checks/candidates consume the refined evidence later.
A calibrated AST provider can be promoted without duplicating collection logic:
defmodule MyPlugin.Smells.CapabilityBypass do
  use Reach.Smell.Check.Evidence,
    provider: MyPlugin.Evidence.CapabilityBypass
end
The plugin must still register that smell check explicitly. Normalized bypass evidence is not automatically promoted merely because it exists.
Current example: Reach.Evidence.MapContract records generic escape targets such as Jason.encode!(data). Reach.Plugins.Jason refines those contracts to role: :external_payload, which lets candidate generation suggest a boundary contract instead of a domain struct.
Pattern matching
Prefer Reach.Evidence.PatternRunner for simple syntactic shapes:
import ExAST.Sigil

PatternRunner.run(
  ast,
  [
    manual_flat_map:
      {~p[Enum.map(_, _) |> List.flatten()],
       fn _match ->
         %{
           kind: :manual_flat_map,
           message: "Enum.map followed by flatten allocates an intermediate nested list; use Enum.flat_map/2",
           replacement: "Enum.flat_map/2",
           confidence: :high
         }
       end}
  ],
  family: :stdlib
)
Use the pattern as the seed and keep context checks in the builder callback. For example, StandardLibraryBypass.PathURI uses ExAST to find String.split shapes, then verifies that the subject variable looks path- or URI-like.
Use custom AST traversal, project queries, or data-flow logic when evidence requires proof beyond a single syntactic shape, such as:
	reduce-based Enum.frequencies/1 or Enum.flat_map/2 reimplementations;
	multi-statement Map.fetch!/2 then Map.put/3 updates;
	implicit map contracts that depend on construction, reads, updates, and callsite return usage.

Promotion workflow
Use this path for new maintainability ideas:
idea → evidence provider → corpus scan → stronger heuristic → smell/check/candidate
Run corpus scans before promoting noisy facts:
MIX_ENV=test mix run scripts/evidence_corpus_scan.exs -- --kind all /path/to/project

The scanner should use provider discovery and plugin refinement, producing facts even when they are not yet exposed as smells. This keeps promising heuristics available for tuning without turning early signals into noisy user-facing warnings.


  

    Evidence Heuristics

Reach keeps promising maintainability ideas as evidence providers first. Do not discard a good idea just because a naive smell would be noisy; add stronger context, mine real history, and only promote it to a smell or candidate when the evidence is useful. Provider API and boundary conventions are documented in docs/evidence-providers.md.
Evidence vs smells
Evidence is an observed fact; a smell is a user-facing judgment.
Evidence providers answer: "what facts did we observe in source, IR, or a project graph?" They return reusable facts with kind, location, confidence, and domain-specific fields. Evidence modules must not decide whether something should fail CI or be shown as a warning.
Policy consumers answer: "what should Reach do with those facts?"
	Reach.Smell.* turns evidence into code-quality findings shown by mix reach.check --smells.
	Reach.Check.* turns evidence into CI/release policy output or advisory refactoring candidates.
	Plugins expose dependency-specific evidence and smells only when the dependency is present.
	Corpus scripts can scan evidence directly before a heuristic is promoted to a smell or candidate.

This separation lets Reach keep promising patterns without shipping noisy warnings. The promotion path is:
idea → evidence provider → corpus scan → stronger heuristic → smell/check/candidate
Use evidence when a signal may be useful in multiple contexts or still needs corpus tuning. Use a smell only when the message is ready to be user-facing and appropriate for strict smell gates.
Standard library bypass
Implemented high-confidence families live in focused modules under Reach.Evidence.StandardLibraryBypass.* and are aggregated by Reach.Evidence.StandardLibraryBypass. Simple syntactic shapes use Reach.Evidence.PatternRunner/ExAST pattern matching where practical; flow-sensitive or multi-statement shapes may use custom AST callbacks:
	Path.basename/1 and Path.extname/1 for path-like String.split pipelines.
	URI.parse/1 and URI.decode_query/1 for URI/query-like splits.
	Enum.flat_map/2 for direct Enum.map followed by List.flatten/1 or Enum.concat/1.
	Map.update/4 for paired Map.has_key?/Map.put branches that update the same map/key without relying on a nil sentinel.
	Enum.frequencies/1 and Enum.frequencies_by/2 for reduce-based count maps with %{} initial accumulator, exact increment-by-one logic, and no extra payload work.
	Enum.flat_map/2 for reduce-based acc ++ mapped_list callbacks with an empty list accumulator.
	Enum.flat_map/2 for order-safe prepend/reverse reducers shaped as Enum.reverse(chunk, acc) followed by a final Enum.reverse/1.
	Map.update!/3 when code fetches a required existing key and immediately puts the transformed value back.

Enum.map(...) |> Enum.concat() is a direct Enum.flat_map/2 opportunity. Enum.map(...) |> List.flatten() remains medium confidence because recursive flattening may be semantically required. Reduce-based append evidence ignores acc ++ [expr], which is an Enum.map/2 shape, while retaining acc ++ expand(item) when the appended expression is list-producing.
Dependency capability bypass
Reach.Evidence.Bypass normalizes standard-library, plugin-pattern, and project-to-dependency clone facts. With clone_analysis[:include_deps] enabled, ExDNA reads direct dependency lib/ sources and retains only clone families spanning project and dependency origins.
Exact ExDNA Type-I clones may become advisory :reuse_dependency candidates. Type-II/Type-III or lower-similarity matches remain evidence-only. Candidates require review of the dependency's supported public API; Reach does not recommend calling copied internal functions solely because source matches.
Project clone consolidation
Exact ExDNA Type-I families containing at least two distinct whole project functions can produce advisory :consolidate_clone candidates. Reach requires the matched ExDNA fragment to be a complete def/defp, rather than an identical expression embedded in otherwise different functions. It also excludes behaviour- and use-owned modules, where matching callbacks commonly represent intentional parallel implementations.
Reach ranks each function deterministically by module stability and efferent coupling, then by evidence completeness, direct callers, and source location. The selected function is a review target, not a behavioral-equivalence claim. Type-II/Type-III families remain evidence-only. Candidates list every sibling implementation and require maintainers to compare return contracts, errors, effects, and tests before moving callers. Public entrypoints may remain as thin adapters when they preserve an intentional API boundary.
Regex parsing of structured formats
mix reach.trace --pattern regex-on-structured uses the project data-flow graph rather than source proximity. Its primary route starts at File.read/1, File.read!/1, or File.stream!/1,3 with a static .xml, .html, .htm, .heex, .eex, .ex, .exs, or .rs path and ends at Regex APIs, regex =~, or regex-based String.split. A fallback accepts dynamic paths only when the sink contains a structure-shaped regex literal such as an XML/HTML tag, defmodule, defstruct, or fn\\s.
The preset remains a trace workflow rather than a smell. Promotion would require broader path review and explicit suppression policy for intentional release/build scripts.
Decoded external data crossing boundaries
Reach.Evidence.ExternalDataBoundary tracks plugin-owned decoder results into generic storage and process boundaries without compiling source. Jason and Poison own their decode call shapes; the generic provider owns :persistent_term, ETS, process dictionaries, sends, GenServer calls/starts, and GenServer callback state returns. Explicit struct/map construction and transformation calls stop provenance.
Raw boundary crossings are evidence. Promotion to the high-confidence decoded_boundary_leakage smell additionally requires at least two distinct downstream literal map keys in the same module. This preserves intentionally dynamic stores while finding decoded fixed-shape contracts that lose provenance before consumers apply string-key defaults. Sandbox payloads and transient transport envelopes identified by module role plus wire-envelope keys remain evidence because preserving their upstream representation is part of the boundary contract.
The same fixed-contract evidence produces advisory introduce_boundary_contract candidates. Each candidate names the decoder and exact storage/process boundary, emits a draft @enforce_keys/defstruct when keys are valid fields (otherwise a validation-schema draft), and computes a bounded blast radius from the boundary and literal-key consumer functions through the shared Reach.Evidence.Impact traversal also used by Reach.Inspect.Impact.
Broad map contracts and dual-key fallbacks
Reach.Evidence.MapContract retains literal key accesses, parameter origins, access strictness, and atom/string fallback structure as reusable facts. Smell promotion is intentionally narrower than the evidence.
broad_map_contract requires at least three literal keys from one direct broad-map parameter origin and at least one strict Map.fetch!/2 access. Derived maps, nested function-head pattern bindings, paths that mix the parameter with another map origin, lenient-only access, and functions with multiple observed shapes remain evidence. Parameter-origin indexing also distinguishes multiple map() arguments in one spec, so keys from one input cannot be attributed to another.
broad_callback_map_contract requires at least two behaviour implementations to independently consume at least three common literal keys from the same callback parameter. A large shape observed in only one implementation remains evidence because broad callback maps often intentionally permit implementation-specific payloads.
default_drift compares literal defaults only for direct maps in one owner module and requires distinct source lines. Different nested maps, distinct computed keys, one atom/string fallback chain, and same-line expression roles remain evidence.
Schema-contract checks join accesses only to the direct value validated by that schema. Wildcard fields, schema fragments composed through module attributes, nested values, and values revalidated against another schema are not undeclared outer fields.
dual_key_fallback is grouped by function and map origin and requires at least two distinct returned literal atom/string fallback expression sites. Dynamic compatibility accessors, one-off fallbacks, and a single chain of semantic key aliases remain evidence. A fallback node that can collapse an explicit boolean false into a terminal default emits only the higher-confidence false_collapsing_lookup finding rather than duplicate normalization advice.
Parameter-shape entropy
Reach.Evidence.ParameterShape groups fixed map shapes flowing into each resolved project parameter. Entropy is the fraction of union keys absent from the intersection: zero means every observed caller supplies the same keys, while one means no key is universal. parameter_shape_entropy requires multiple distinct callers and variants, a domain-role parameter, at least two keys consumed by the callee, at least one strictly consumed key that varies between shapes, and configurable minimum union size and entropy. Defensive Map.get/bracket access, function-head map patterns, literal companion-argument dispatch, and explicit clause or guarded map/struct dispatch remain evidence-only.
Options/config/external/transport parameter names remain evidence-only. Explicit multi-clause map dispatch and common literal variant tags such as :type, :kind, or :status are treated as intentional unions. Lineage follows only maps that are the whole argument through variables/assignments; it stops at calls and containers to avoid attributing nested metadata maps to an enclosing struct or query.
Changed-code analysis compares the same parameter identity against an old source-only project snapshot. A changed call with fixed-map lineage gates the comparison; entropy increases above min_entropy_delta are reported separately and raise aggregate changed risk to medium without rewriting per-function risk.
Same entity represented as a struct and bare map
Reach.Evidence.RepresentationOverlap joins explicit defstruct declarations with atom-key bare map constructions in other modules. The raw fact requires at least three shared keys and 0.8 Jaccard key similarity by default. It also records entity-bearing names, nested field-projection sources, presentation/accumulator roles, and direct or caller-level normalization targets.
same_entity_representation requires distinctive entity-name evidence and excludes direct or nested projections from the matching entity, adapter/presentation/serialization boundaries, accumulators, explicit __struct__ maps, function-head patterns, direct struct normalization, helper maps consistently normalized by every caller, structs with explicit map conversion functions, and ambiguous entity names such as Context, Item, List, or Request. Findings are grouped by struct/map module pair and name the existing canonical struct instead of suggesting a second abstraction.
Nil-capable parameters without dominating guards
nil_parameter_without_guard requires two independent facts: a literal nil reaches a parameter (or the definition explicitly supplies/accepts nil), and a strict use is reachable without a dominating non-nil proof. Strict uses are limited to field/dynamic receiver access, strict platform map operations, and calls into project functions whose parameter patterns reject nil in every clause. The finding points at the unsafe use while retaining the nil-producing call/default/clause as evidence.
Guard proof uses Reach.ControlFlow plus Reach.Dominator. Clause-head patterns, when guards, if/unless/cond and case paths, exhaustive prior nil clauses, matching multi-parameter dispatch, and short-circuit boolean evaluation clear the use. Dominating body normalization and successful with bindings stop the original parameter provenance while strict uses in the normalization right-hand side remain visible. Definition-level nil evidence is scoped to one IR definition, default wrappers preserve their exact omitted argument slots, and nil clauses retain their companion patterns and dispatch order. Static module calls are kept separate from dynamic receivers, guard expressions cannot raise, and repeated-variable clauses can consume an exact nil combination before a later clause. Anonymous-function and case-clause bindings that shadow the parameter are not attributed to it. A final wildcard clause is treated as a total nil fallback instead of lending its _ label to stricter clauses.
Promotion is narrower than raw evidence. Nil defaults remain findings unless the only hazard is a conditional path in a private recursive helper. Nil clauses are promoted when a later broad fallback can be preempted by an earlier strict clause. Literal nil calls are promoted for unconditional broad paths and for literal-gated calls into project functions with a proven non-nil contract; companion-restricted dispatch, comprehensions, parser state, and other path-dependent calls remain evidence.
Return-shape divergence
Reach.Evidence.ReturnContract records terminal return structures per function across clauses and explicit branches. return_shape_divergence is intentionally narrower than general union-return analysis: bare/tagged success differences and :ok tuple-arity changes remain evidence, but promotion additionally requires a closed direct @spec contradicted by the implementation, an unwrapped scalar/struct error beside tagged errors, or a tagged nil/empty sentinel clause beside raw successful values. Nested same-tag structures such as {:ok, {:ok, value}} remain evidence because the outer and inner tuples often represent independent transport, callback, parser, scheduler, or storage contracts.
Explicit mixed unions and open project-defined return types establish intent rather than proving a mismatch. Dynamic forwarding, optional success payloads, mode/parser/callback tuples, custom raw error sentinels, implicit with fallthrough, conventional error/sentinel alternatives, untagged state-machine tuples, @impl callbacks, and source-declared OTP behaviour callbacks suppress promotion. Raising paths do not count as returns, and function-level else replaces the successful try body when determining terminal shapes.
Module-level facades
Reach.Evidence.Facade aggregates public defdelegate declarations and exact same-argument public forwarders by module. mix reach.check --candidates emits :review_facade only when the forwarded share, minimum public-function count, and target concentration pass named candidate thresholds.
Precision guards exclude modules declared in boundaries[:public], behaviour implementations, modules using framework macros, and deprecated compatibility shims. Public macros count toward the module API even though they are never treated as ordinary forwarders. Documented facades remain advisory at medium confidence; an undocumented module that forwards its entire API to one target may reach high confidence.
The candidate asks maintainers to declare an intentional public boundary or remove a pass-through layer; forwarding is not inherently wrong and is not promoted to a smell.
Total-function laundering
Reach.Evidence.TotalFunctionLaundering records private unary multi-clause parsers whose constrained clauses preserve a literal domain while a final catch-all returns one accepted value. Domain preservation includes identity clauses and equivalent string-to-atom mappings. The fallback must appear in the observed output domain or in a same-named literal @type/@typep domain.
Smell promotion is narrower. If the fallback has its own explicit accepted-input clause, the catch-all establishes an intentional default normalizer and remains evidence-only. total_function_laundering is emitted when the fallback is established only by a same-named declared type and cannot be selected through an explicit domain clause, making malformed input indistinguishable from an otherwise buried accepted value.
Other precision guards exclude public APIs, one-clause domains, transformations such as inspect(value), presentation mappings, mixed semantic mappings, dynamic fallback bodies, and constants outside the established domain. The finding points at the catch-all and asks callers to supply an explicit default or the parser to raise/return an error for unsupported input.
Source-suppression ratchet
Reach.Source.Suppression parses reach:disable, reach:disable-next-line, and reach:disable-for-this-file directives into scope, sorted tokens, source/target lines, and an optional justification following --. The smell suppression filter consumes the same representation, so reporting and enforcement cannot drift apart.
Reach.Check.Changed.SuppressionRatchet compares directive multisets across old/new changed-file snapshots. Stable identities exclude line numbers, preventing a moved unchanged comment from appearing new. Added and removed directives must occur on their corresponding changed hunk side. Added reasonless directives raise aggregate changed-code risk to at least medium; reasoned additions remain visible but do not alter risk.
mix reach.map reports project-wide source-suppression and reasonless-suppression counts. This is inventory rather than smell policy: justified suppressions still count, so gradual growth remains observable.
Fact displacement in changed code
Reach.Check.Changed.Displacement builds parse-only old and new snapshots for changed Elixir files and compares location-independent evidence fingerprints. The initial families are atom/string dual-key contracts, conflicting literal-default sets, and ExDNA exact Type-I whole-function clones. Clone fingerprints are encoded as stable hexadecimal hashes at the evidence boundary.
A fact is :displaced only when the same fingerprint exists before and after, an old occurrence lies on an old-side changed line, a different new occurrence lies on a new-side changed line, and the total occurrence count did not decrease. Unchanged evidence shifted by an insertion is therefore ignored. Resolved facts and partially reduced facts are not classified as displacement.
Access-strictness downgrades
mix reach.check --changed compares old and new Sourceror ASTs within corresponding diff hunks. Reach.Check.Changed.AccessStrictness reports contract erosion when value.field, Map.fetch!/2, or a required map pattern becomes Map.get/2,3 for the same function parameter/local variable and literal key. Detection requires strict-access counts to decrease and lenient-access counts to increase, preventing an added optional read from being mistaken for a replacement.
The finding is keyed by module/function/arity, parameter identity (or local variable), and key. This lets parameter renames survive pairing while unrelated functions and keys remain separate. If a changed parameter has current call sites passing map literals without the required key, the result names those callers and recommends normalizing the producer. Per-function risk remains unchanged; an erosion event raises aggregate changed-code risk to at least medium.
Analysis is diff-only and parse-only: old source comes from the merge-base revision, current source from the working tree, and neither revision is compiled or loaded.
Map contracts
Implemented evidence:
	local fixed-shape map creation followed by key reads/updates;
	local function return shape followed by callsite reads;
	project-level remote return-shape contracts for maps returned by one module and read in another;
	shallow alias tracking for map bindings and returned map variables;
	escape target metadata for maps passed wholesale into calls;
	role metadata such as :domain, :assigns, :accumulator, :external_payload, :options, and :unknown;
	plugin evidence refinement, e.g. Jason marks maps passed to Jason.encode/1,2 or Jason.encode!/1,2 as external payloads;
	advisory struct, boundary, or typed-map contract candidates when evidence is repeated, return-shape based, or grouped into a similar-shape family.

JSON/Jason
Jason-specific hand-roll detection belongs in Reach.Plugins.Jason, not generic standard-library heuristics. JSON policy stays plugin-owned and dependency-gated.


  

    Validation

Reach 2.x is validated at multiple levels.
Project gates
mix compile --force --warnings-as-errors
mix ci
mix docs
mix hex.build

mix ci includes formatting, JavaScript checks, Credo/ExSlop, ExDNA duplication checks, architecture policy, Dialyzer, and tests.
Canonical CLI validation
Checked-in canonical command tests exercise command routing, canonical envelopes, graph-backed candidates, and JSON purity.
mix test test/reach/cli/canonical_tasks_test.exs test/reach/cli/json_output_test.exs

ProgramFacts oracle validation
Reach uses ProgramFacts-generated Elixir projects and oracle facts to validate call graphs, layouts, data flow, effects, architecture policies, branch/control-flow policies, and syntax policies.
Exograph corpus calibration
From a Reach source checkout, repository-only calibration tooling can consume Exograph's versioned query and hydration APIs without making Exograph execute Reach analyzers. This tooling is isolated from the shipped Reach runtime and Hex package:
cd dev/calibration
mix calibration.run \
  --base-url http://localhost:4200 \
  --limit 25 \
  --kinds dual_key_fallback,false_collapsing_lookup \
  --output /tmp/reach-calibration.json

When indexed prefilters are available, Reach hydrates only the candidate files
returned by Exograph. Pass one or more --paths globs to override that scope;
queries without indexed prefilters fall back to lib/**.
Each finding receives a stable review ID. Supply a JSON object mapping those IDs
to true_positive or false_positive with --labels; the report then includes
reviewed precision per smell kind. Snapshot fingerprints and package versions
make reviewed samples reproducible.
Block quality
Visualization changes must preserve source coverage, disjoint block ranges, branch boundaries, clause blocks, non-empty labels, connected exits, and no duplicated lines.
mix test test/reach/visualize/block_quality_test.exs



  

    Recipes

Review a risky change
mix reach.check --changed --base main
mix reach.inspect MyApp.Target.function/2 --impact
mix reach.inspect MyApp.Target.function/2 --context

Use JSON in CI:
mix reach.check --changed --base main --format json

Find refactoring candidates
mix reach.check --candidates
mix reach.inspect MyApp.Target.function/2 --candidates

Candidates are advisory. Use the evidence fields to prove behavior preservation before editing.
Trace tainted input
mix reach.trace --from conn.params --to Repo
mix reach.trace --from conn.params --to System.cmd --all

Inspect OTP coupling
mix reach.otp
mix reach.otp --concurrency
mix reach.inspect MyApp.Worker.handle_call/3 --context



  

    Contributing

CLI architecture
Reach uses this boundary:
Mix.Tasks.Reach.*       -> thin entrypoints
Reach.CLI.Commands.*    -> orchestration and mode selection
Reach.CLI.Render.*      -> text, JSON, and file output
Reach.* domain modules  -> analysis/check/trace/OTP/map/smell logic
Command modules must not render directly. .reach.exs enforces this with calls[:forbidden], and tests scan command modules for direct IO.puts, Jason.encode!, and Reach.CLI.Format.render calls.
Release checklist
Before release:
mix compile --force --warnings-as-errors
mix ci
mix test test/reach/cli/canonical_tasks_test.exs test/reach/cli/json_output_test.exs
mix docs
mix hex.build

Do not tag or publish without explicit release approval.


  

    
Reach.AST 
    



      
Shared helpers for working with Elixir AST.

      


      
        Summary


  
    Functions
  


    
      
        call(arg1)

      


        Returns the module, function, and arguments represented by an Elixir call AST node.



    


    
      
        function_identity(arg1)

      


        Returns the name and arity represented by a function head.



    


    
      
        keyword?(entries, key)

      


        Returns whether keyword AST contains a key.



    


    
      
        keyword_fetch(entries, key)

      


        Fetches a value from ordinary or Sourceror-wrapped keyword AST.



    


    
      
        keyword_value(entries, key)

      


        Returns a value from ordinary or Sourceror-wrapped keyword AST.



    


    
      
        module_name(arg1)

      


        Returns a static module name represented by alias AST.



    


    
      
        modules_in_file(ast)

      


        Returns real defmodule AST nodes from a quoted source tree.



    





      


      
        Functions


        


  
    
      
    
    
      call(arg1)



        
          
        

    

  


  

      

          @spec call(Macro.t()) :: {module() | nil, atom(), [Macro.t()]} | nil


      


Returns the module, function, and arguments represented by an Elixir call AST node.

  



  
    
      
    
    
      function_identity(arg1)



        
          
        

    

  


  

      

          @spec function_identity(Macro.t()) :: {:ok, atom(), non_neg_integer()} | :error


      


Returns the name and arity represented by a function head.

  



  
    
      
    
    
      keyword?(entries, key)



        
          
        

    

  


  

      

          @spec keyword?(Macro.t(), atom()) :: boolean()


      


Returns whether keyword AST contains a key.

  



  
    
      
    
    
      keyword_fetch(entries, key)



        
          
        

    

  


  

      

          @spec keyword_fetch(Macro.t(), atom()) :: {:ok, Macro.t()} | :error


      


Fetches a value from ordinary or Sourceror-wrapped keyword AST.

  



  
    
      
    
    
      keyword_value(entries, key)



        
          
        

    

  


  

      

          @spec keyword_value(Macro.t(), atom()) :: Macro.t() | nil


      


Returns a value from ordinary or Sourceror-wrapped keyword AST.

  



  
    
      
    
    
      module_name(arg1)



        
          
        

    

  


  

      

          @spec module_name(Macro.t()) :: {:ok, module()} | :error


      


Returns a static module name represented by alias AST.

  



  
    
      
    
    
      modules_in_file(ast)



        
          
        

    

  


  

Returns real defmodule AST nodes from a quoted source tree.

  


        

      


  

    
Reach.Analysis 
    



      
Shared analysis helpers for project-wide queries.
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        call_target(node)

      


    


    
      
        data_edge?(edge)

      


    


    
      
        expected_effect_boundary?(func, plugins \\ [])

      


    


    
      
        location(arg1)
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        value_edge?(edge)
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Reach.CallGraph 
    



      
Builds call graph edges between function definitions.

      


      
        Summary


  
    Types
  


    
      
        function_id()

      


    





  
    Functions
  


    
      
        build(ir_nodes, opts \\ [])

      


        Builds a call graph from a list of IR nodes (typically a whole module).



    


    
      
        collect_function_defs(all_nodes, module_name)

      


        Collects all function definitions as {function_id, ir_node} pairs.



    


    
      
        find_enclosing_function(ir_nodes, target_id)

      


        Finds which function definition contains a given node, based on the IR tree.
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      function_id()



        
          
        

    

  


  

      

          @type function_id() :: {module(), atom(), non_neg_integer()}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      build(ir_nodes, opts \\ [])



        
          
        

    

  


  

      

          @spec build(
  [Reach.IR.Node.t()],
  keyword()
) :: Graph.t()


      


Builds a call graph from a list of IR nodes (typically a whole module).
Returns a Graph.t() where vertices are {module, function, arity} tuples
and edges are labeled with the call site node ID.

  



  
    
      
    
    
      collect_function_defs(all_nodes, module_name)



        
          
        

    

  


  

      

          @spec collect_function_defs([Reach.IR.Node.t()], module() | nil) :: [
  {function_id(), Reach.IR.Node.t()}
]


      


Collects all function definitions as {function_id, ir_node} pairs.

  



  
    
      
    
    
      find_enclosing_function(ir_nodes, target_id)



        
          
        

    

  


  

      

          @spec find_enclosing_function([Reach.IR.Node.t()], Reach.IR.Node.id()) ::
  function_id() | nil


      


Finds which function definition contains a given node, based on the IR tree.

  


        

      


  

    
Reach.Concurrency 
    



      
Detects concurrency patterns (Task, spawn, GenServer calls).

      


      
        Summary


  
    Functions
  


    
      
        analyze(ir_nodes, opts \\ [])

      


        Analyzes IR nodes for concurrency patterns and returns a graph with
concurrency-specific edges.
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      analyze(ir_nodes, opts \\ [])



        
          
        

    

  


  

      

          @spec analyze(
  [Reach.IR.Node.t()],
  keyword()
) :: Graph.t()


      


Analyzes IR nodes for concurrency patterns and returns a graph with
concurrency-specific edges.

  


        

      


  

    
Reach.Config 
    



      
Parses and normalizes .reach.exs architecture policy configuration.
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        t()

      


    





  
    Functions
  


    
      
        errors(config)

      


    


    
      
        from_terms(config)

      


    


    
      
        normalize(config)

      


    


    
      
        read(path \\ ".reach.exs")

      


    


    
      
        read!(path \\ ".reach.exs")
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          @type t() :: %Reach.Config{
  boundaries: term(),
  calls: term(),
  candidates: term(),
  checks: term(),
  clone_analysis: term(),
  deps: term(),
  effects: term(),
  layers: term(),
  risk: term(),
  smells: term(),
  source: term(),
  tests: term()
}
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      read(path \\ ".reach.exs")



        
          
        

    

  


  


  



    

  
    
      
    
    
      read!(path \\ ".reach.exs")



        
          
        

    

  


  


  


        

      


  

    
Reach.Config.Candidates 
    



      
Normalized thresholds and output limits for advisory candidates.
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          @type t() :: %Reach.Config.Candidates{limits: term(), thresholds: term()}


      



  


        

      


  

    
Reach.DependencySummary 
    



      
Summarizes function dependencies (callers, callees, shared state).
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    Functions
  


    
      
        summarize(module)
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      summarize(module)



        
          
        

    

  


  

      

          @spec summarize(module()) :: %{
  required({module(), atom(), non_neg_integer()}) => map()
}


      



  


        

      


  

    
Reach.Graph 
    



      
Adjacency-list graph data structure with vertex and edge operations.

      


      
        Summary


  
    Functions
  


    
      
        merge(graphs)

      


        Merges multiple Graph.t() structs by combining their internal maps.
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      merge(graphs)



        
          
        

    

  


  

      

          @spec merge([Graph.t()]) :: Graph.t()


      


Merges multiple Graph.t() structs by combining their internal maps.
Much faster than Graph.add_edges/2 in a loop because it avoids
per-edge vertex ID hashing and map lookups.

  


        

      


  

    
Reach.GraphAlgorithms 
    



      
Graph traversal algorithms (BFS, DFS, reachability, SCC).
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    Functions
  


    
      
        cycle_components(graph, canonical_fun \\ &default_canonical/1)
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      cycle_components(graph, canonical_fun \\ &default_canonical/1)



        
          
        

    

  


  


  


        

      


  

    
Reach.HigherOrder 
    



      
Resolves higher-order function references to concrete callees.

      


      
        Summary


  
    Functions
  


    
      
        add_edges(graph, all_nodes)

      


        Adds synthetic data-flow edges for known higher-order function calls.



    





      


      
        Functions


        


  
    
      
    
    
      add_edges(graph, all_nodes)



        
          
        

    

  


  

      

          @spec add_edges(Graph.t(), [Reach.IR.Node.t()]) :: Graph.t()


      


Adds synthetic data-flow edges for known higher-order function calls.
Only adds edges for pure calls — impure functions (like Enum.each)
use params for side effects, not return value production.

  


        

      


  

    
Reach.IR.Counter 
    



      
Monotonic ID counter for IR node construction.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(initial_value \\ 0)

      


    


    
      
        next(ref)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(initial_value \\ 0)



        
          
        

    

  


  

      

          @spec new(non_neg_integer()) :: t()


      



  



  
    
      
    
    
      next(ref)



        
          
        

    

  


  

      

          @spec next(t()) :: non_neg_integer()


      



  


        

      


  

    
Reach.Source 
    



      
Helpers for attaching source-origin metadata to lowered AST.

      


      
        Summary


  
    Functions
  


    
      
        metadata_key()

      


    


    
      
        origin(meta)

      


    


    
      
        project_files(project)

      


    


    
      
        put_origin(ast, origin)

      


    


    
      
        span_from_origin(arg1)

      


    





      


      
        Functions


        


  
    
      
    
    
      metadata_key()



        
          
        

    

  


  


  



  
    
      
    
    
      origin(meta)



        
          
        

    

  


  


  



  
    
      
    
    
      project_files(project)



        
          
        

    

  


  


  



  
    
      
    
    
      put_origin(ast, origin)



        
          
        

    

  


  


  



  
    
      
    
    
      span_from_origin(arg1)



        
          
        

    

  


  


  


        

      


  

    
Reach.Source.DSLGuard 
    



      
Locates AST ranges whose syntax has plugin-defined or configured DSL semantics.

      


      
        Summary


  
    Types
  


    
      
        macro_shape()

      


    


    
      
        source_range()

      


    





  
    Functions
  


    
      
        enabled?(plugins, shapes)

      


    


    
      
        guarded_line?(ranges, line)

      


    


    
      
        guarded_position?(ranges, line, column)

      


    


    
      
        ranges(ast, plugins, shapes)

      


    





      


      
        Types


        


  
    
      
    
    
      macro_shape()



        
          
        

    

  


  

      

          @type macro_shape() :: {module() | nil, atom(), non_neg_integer() | :any}


      



  



  
    
      
    
    
      source_range()



        
          
        

    

  


  

      

          @type source_range() :: %{
  start_line: pos_integer(),
  start_column: pos_integer() | nil,
  end_line: pos_integer(),
  end_column: pos_integer() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      enabled?(plugins, shapes)



        
          
        

    

  


  

      

          @spec enabled?([module()], [macro_shape()]) :: boolean()


      



  



  
    
      
    
    
      guarded_line?(ranges, line)



        
          
        

    

  


  

      

          @spec guarded_line?([source_range()], pos_integer()) :: boolean()


      



  



  
    
      
    
    
      guarded_position?(ranges, line, column)



        
          
        

    

  


  

      

          @spec guarded_position?([source_range()], pos_integer(), pos_integer() | nil) ::
  boolean()


      



  



  
    
      
    
    
      ranges(ast, plugins, shapes)



        
          
        

    

  


  

      

          @spec ranges(Macro.t(), [module()], [macro_shape()]) :: [source_range()]


      



  


        

      


  

    
Reach.Source.Origin 
    



      
Origin metadata for AST lowered from framework or template syntax.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Source.Origin{
  generated?: boolean(),
  kind: atom(),
  label: String.t() | nil,
  language: atom(),
  plugin: module() | nil,
  span: Reach.Source.Span.t() | map() | nil
}


      



  


        

      


  

    
Reach.Source.Span 
    



      
Source span metadata used by lowered plugin AST and Reach IR nodes.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_meta(meta, file)

      


    


    
      
        to_map(span)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Source.Span{
  end_col: pos_integer() | nil,
  end_line: pos_integer() | nil,
  file: String.t() | nil,
  start_col: pos_integer() | nil,
  start_line: pos_integer() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_meta(meta, file)



        
          
        

    

  


  


  



  
    
      
    
    
      to_map(span)



        
          
        

    

  


  


  


        

      


  

    
Reach.Source.Suppression 
    



      
Parses source suppression directives and their justifications.

      


      
        Summary


  
    Types
  


    
      
        summary()

      


    





  
    Functions
  


    
      
        parse_file(file)

      


    


    
      
        parse_source(source, file)

      


    


    
      
        project_summary(project, path \\ nil)

      


    





      


      
        Types


        


  
    
      
    
    
      summary()



        
          
        

    

  


  

      

          @type summary() :: %{total: non_neg_integer(), reasonless: non_neg_integer()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      parse_file(file)



        
          
        

    

  


  

      

          @spec parse_file(Path.t()) :: [Reach.Source.Suppression.Directive.t()]


      



  



  
    
      
    
    
      parse_source(source, file)



        
          
        

    

  


  

      

          @spec parse_source(String.t(), Path.t()) :: [Reach.Source.Suppression.Directive.t()]


      



  



    

  
    
      
    
    
      project_summary(project, path \\ nil)



        
          
        

    

  


  

      

          @spec project_summary(Reach.Project.t(), String.t() | nil) :: summary()


      



  


        

      


  

    
Reach.Source.Suppression.Directive 
    



      
A parsed source-suppression directive and its effective scope.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Source.Suppression.Directive{
  file: Path.t(),
  line: pos_integer(),
  reason: String.t() | nil,
  scope: :next_line | :file,
  target_line: pos_integer() | nil,
  tokens: [String.t()]
}


      



  


        

      


  

    
Reach 
    



      
Program Dependence Graph for Elixir and Erlang.
Reach analyzes Elixir and Erlang source code and builds a graph that captures
what depends on what: which expressions produce values consumed
by others (data dependence), and which expressions control whether
others execute (control dependence).
Building a graph
# Elixir (default)
{:ok, graph} = Reach.string_to_graph("""
def foo(x) do
  y = x + 1
  if y > 10, do: :big, else: :small
end
""")

# Erlang
{:ok, graph} = Reach.string_to_graph(source, language: :erlang)

# Auto-detected from file extension
{:ok, graph} = Reach.file_to_graph("lib/my_module.ex")
{:ok, graph} = Reach.file_to_graph("src/my_module.erl")
Querying
Reach.backward_slice(graph, node_id)
Reach.forward_slice(graph, node_id)
Reach.independent?(graph, id_a, id_b)
Reach.nodes(graph, type: :call, module: Enum)
Reach.nodes(graph, type: :call, module: Enum, function: :map, arity: 2)
Reach.data_flows?(graph, source_id, sink_id)
Inspecting nodes
node = Reach.node(graph, some_id)
node.type       #=> :call
node.meta       #=> %{module: Enum, function: :map, arity: 2}
node.source_span #=> %{file: "lib/foo.ex", start_line: 5, ...}

Reach.pure?(node)  #=> true

      


      
        Summary


  
    Types
  


    
      
        graph()

      


        A program dependence graph. Built by string_to_graph/2, file_to_graph/2, etc.



    


    
      
        node_id()

      


    





  
    Functions
  


    
      
        ast_to_graph(ast, opts \\ [])

      


        Builds a graph from an already-parsed Elixir AST.



    


    
      
        backward_slice(system_dependence, node_id)

      


        Returns all node IDs that affect the given node (backward slice).



    


    
      
        call_graph(system_dependence)

      


        Returns the call graph as a Graph.t().



    


    
      
        canonical_order(graph, block_node_id)

      


        Returns the children of a block in canonical order.



    


    
      
        chop(graph, source, sink)

      


        Returns node IDs on all paths from source to sink.



    


    
      
        classify_effect(node)

      


        Returns the effect classification of a node.



    


    
      
        compiled_to_graph(source_or_modules, opts \\ [])

      


        Compiles an Elixir source string and builds a graph from the expanded bytecode.



    


    
      
        context_sensitive_slice(graph, node_id)

      


        Performs a context-sensitive backward slice through call boundaries.



    


    
      
        control_deps(system_dependence, node_id)

      


        Returns the control dependencies of a node.



    


    
      
        controls?(graph, controller_id, target_id)

      


        Returns true if controller has a control-dependence edge to target.



    


    
      
        data_deps(system_dependence, node_id)

      


        Returns the data dependencies of a node.



    


    
      
        data_flows?(graph, source_id, sink_id)

      


        Returns true if there's a data-dependence path from source to sink.



    


    
      
        dead_code(graph)

      


        Returns nodes whose values are never used and have no side effects.



    


    
      
        depends?(graph, id_a, id_b)

      


        Returns true if there's any dependence path between two nodes.



    


    
      
        edges(arg1)

      


        Returns all dependence edges in the graph.



    


    
      
        file_to_graph(path, opts \\ [])

      


        Reads a source file and builds a program dependence graph.



    


    
      
        file_to_graph!(path, opts \\ [])

      


        Same as file_to_graph/2 but raises on error.



    


    
      
        forward_slice(system_dependence, node_id)

      


        Returns all node IDs affected by the given node (forward slice).



    


    
      
        function_graph(graph, function_id)

      


        Returns the per-function PDG for a {module, function, arity} tuple.



    


    
      
        has_dependents?(graph, node_id)

      


        Returns true if the node has data dependents (its value is used elsewhere).



    


    
      
        independent?(sdg, id_x, id_y)

      


        Returns true if two expressions are independent.



    


    
      
        module_to_graph(module, opts \\ [])

      


        Builds a graph from a compiled module (loaded in the VM).



    


    
      
        neighbors(graph, node_id, label \\ nil)

      


        Returns node IDs directly connected to node_id.



    


    
      
        node(system_dependence, id)

      


        Returns the IR node for a given ID, or nil.



    


    
      
        nodes(graph, opts \\ [])

      


        Returns all IR nodes, optionally filtered.



    


    
      
        passes_through?(graph, source_id, sink_id, predicate)

      


        Returns true if the path from source to sink passes through
any node matching predicate.



    


    
      
        pure?(node)

      


        Returns true if the node is pure (no side effects).



    


    
      
        string_to_graph(source, opts \\ [])

      


        Parses a source string and builds a program dependence graph.



    


    
      
        string_to_graph!(source, opts \\ [])

      


        Same as string_to_graph/2 but raises on parse error.



    


    
      
        taint_analysis(graph, opts)

      


        Finds data flow paths from taint sources to dangerous sinks.



    


    
      
        to_dot(arg1)

      


        Exports the graph to DOT format for Graphviz visualization.



    


    
      
        to_graph(arg1)

      


        Returns the underlying Graph.t() (libgraph) for direct traversal.



    





      


      
        Types


        


  
    
      
    
    
      graph()



        
          
        

    

  


  

      

          @type graph() :: struct()


      


A program dependence graph. Built by string_to_graph/2, file_to_graph/2, etc.

  



  
    
      
    
    
      node_id()



        
          
        

    

  


  

      

          @type node_id() :: Reach.IR.Node.id()


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      ast_to_graph(ast, opts \\ [])



        
          
        

    

  


  

      

          @spec ast_to_graph(
  Macro.t(),
  keyword()
) :: {:ok, graph()} | {:error, term()}


      


Builds a graph from an already-parsed Elixir AST.
Useful when you already have the AST (e.g. from Credo or ExDNA)
and don't want to re-parse source.

  



  
    
      
    
    
      backward_slice(system_dependence, node_id)



        
          
        

    

  


  

      

          @spec backward_slice(graph(), node_id()) :: [term()]


      


Returns all node IDs that affect the given node (backward slice).
The backward slice answers: "what does this expression depend on?"

  



  
    
      
    
    
      call_graph(system_dependence)



        
          
        

    

  


  

      

          @spec call_graph(graph()) :: Graph.t()


      


Returns the call graph as a Graph.t().
Vertices are {module, function, arity} tuples.

  



  
    
      
    
    
      canonical_order(graph, block_node_id)



        
          
        

    

  


  

      

          @spec canonical_order(graph(), Reach.IR.Node.id()) :: [
  {Reach.IR.Node.id(), Reach.IR.Node.t()}
]


      


Returns the children of a block in canonical order.
Independent sibling expressions are sorted by structural hash so
that reordered-but-equivalent blocks produce the same sequence.
Dependent expressions preserve their relative order.
Returns a list of {node_id, ir_node} pairs.
Example
# These two blocks produce the same canonical order:
#   a = 1; b = 2; c = a + b
#   b = 2; a = 1; c = a + b
# Because a=1 and b=2 are independent, they get sorted,
# while c=a+b stays last (depends on both).

  



  
    
      
    
    
      chop(graph, source, sink)



        
          
        

    

  


  

      

          @spec chop(graph(), node_id(), node_id()) :: [node_id()]


      


Returns node IDs on all paths from source to sink.
The chop answers: "how does A influence B?"

  



  
    
      
    
    
      classify_effect(node)



        
          
        

    

  


  

      

          @spec classify_effect(Reach.IR.Node.t()) :: Reach.Effects.effect()


      


Returns the effect classification of a node.
Possible values: :pure, :read, :write, :io, :send,
:receive, :exception, :nif, :unknown.

  



    

  
    
      
    
    
      compiled_to_graph(source_or_modules, opts \\ [])



        
          
        

    

  


  

      

          @spec compiled_to_graph(
  String.t() | [{module(), binary()}],
  keyword()
) :: {:ok, graph()} | {:error, term()}


      


Compiles an Elixir source string and builds a graph from the expanded bytecode.
Unlike string_to_graph/2, this compiles the code first, so macro-expanded
constructs (try/rescue inside macros, use callbacks, etc.) are visible.
The source must define complete modules.

  



  
    
      
    
    
      context_sensitive_slice(graph, node_id)



        
          
        

    

  


  

      

          @spec context_sensitive_slice(graph(), Reach.IR.Node.id()) :: [Reach.IR.Node.id()]


      


Performs a context-sensitive backward slice through call boundaries.
Uses the Horwitz-Reps-Binkley two-phase algorithm to avoid
impossible paths through call sites.

  



  
    
      
    
    
      control_deps(system_dependence, node_id)



        
          
        

    

  


  

      

          @spec control_deps(graph(), Reach.IR.Node.id()) :: [{Reach.IR.Node.id(), term()}]


      


Returns the control dependencies of a node.
Each entry is {controller_node_id, label}.

  



  
    
      
    
    
      controls?(graph, controller_id, target_id)



        
          
        

    

  


  

      

          @spec controls?(graph(), node_id(), node_id()) :: boolean()


      


Returns true if controller has a control-dependence edge to target.

  



  
    
      
    
    
      data_deps(system_dependence, node_id)



        
          
        

    

  


  

      

          @spec data_deps(graph(), Reach.IR.Node.id()) :: [{Reach.IR.Node.id(), atom()}]


      


Returns the data dependencies of a node.
Each entry is {source_node_id, variable_name}.

  



  
    
      
    
    
      data_flows?(graph, source_id, sink_id)



        
          
        

    

  


  

Returns true if there's a data-dependence path from source to sink.

  



  
    
      
    
    
      dead_code(graph)



        
          
        

    

  


  

      

          @spec dead_code(graph()) :: [Reach.IR.Node.t()]


      


Returns nodes whose values are never used and have no side effects.
A node is dead if:
	It is pure (no side effects)
	No observable output depends on it (return values or effectful calls)


  



  
    
      
    
    
      depends?(graph, id_a, id_b)



        
          
        

    

  


  

      

          @spec depends?(graph(), node_id(), node_id()) :: boolean()


      


Returns true if there's any dependence path between two nodes.

  



  
    
      
    
    
      edges(arg1)



        
          
        

    

  


  

      

          @spec edges(graph()) :: [Graph.Edge.t()]


      


Returns all dependence edges in the graph.

  



    

  
    
      
    
    
      file_to_graph(path, opts \\ [])



        
          
        

    

  


  

      

          @spec file_to_graph(
  Path.t(),
  keyword()
) :: {:ok, graph()} | {:error, term()}


      


Reads a source file and builds a program dependence graph.
The language is auto-detected from the file extension (.ex / .exs
for Elixir, .erl / .hrl for Erlang), or can be set explicitly
via the :language option.
Returns {:ok, graph} or {:error, reason}.

  



    

  
    
      
    
    
      file_to_graph!(path, opts \\ [])



        
          
        

    

  


  

      

          @spec file_to_graph!(
  Path.t(),
  keyword()
) :: graph()


      


Same as file_to_graph/2 but raises on error.

  



  
    
      
    
    
      forward_slice(system_dependence, node_id)



        
          
        

    

  


  

      

          @spec forward_slice(graph(), node_id()) :: [term()]


      


Returns all node IDs affected by the given node (forward slice).
The forward slice answers: "what does this expression influence?"

  



  
    
      
    
    
      function_graph(graph, function_id)



        
          
        

    

  


  

      

          @spec function_graph(graph(), {module() | nil, atom(), non_neg_integer()}) ::
  graph() | nil


      


Returns the per-function PDG for a {module, function, arity} tuple.

  



  
    
      
    
    
      has_dependents?(graph, node_id)



        
          
        

    

  


  

      

          @spec has_dependents?(graph(), node_id()) :: boolean()


      


Returns true if the node has data dependents (its value is used elsewhere).

  



  
    
      
    
    
      independent?(sdg, id_x, id_y)



        
          
        

    

  


  

      

          @spec independent?(graph(), node_id(), node_id()) :: boolean()


      


Returns true if two expressions are independent.
Two expressions are independent when:
	No data flows between them in either direction
	They execute under the same conditions (same control dependencies)
	Their side effects don't conflict

Independent expressions can be safely reordered.

  



    

  
    
      
    
    
      module_to_graph(module, opts \\ [])



        
          
        

    

  


  

      

          @spec module_to_graph(
  module(),
  keyword()
) :: {:ok, graph()} | {:error, term()}


      


Builds a graph from a compiled module (loaded in the VM).
Analyzes the macro-expanded Erlang abstract forms from the BEAM bytecode.
This captures code injected by use, defmacro, and other macros that
the source-level frontend misses.
Requires the module to be compiled with debug info (the default).

  



    

  
    
      
    
    
      neighbors(graph, node_id, label \\ nil)



        
          
        

    

  


  

      

          @spec neighbors(graph(), Reach.IR.Node.id(), term() | nil) :: [Reach.IR.Node.id()]


      


Returns node IDs directly connected to node_id.
With no label filter, returns all neighbors (both incoming and outgoing).
With a label, returns only neighbors connected by edges with that label.
# All direct neighbors
Reach.neighbors(graph, node_id)

# Only nodes connected by :state_read edges
Reach.neighbors(graph, node_id, :state_read)

# Only data dependencies
Reach.neighbors(graph, node_id, {:data, :x})

  



  
    
      
    
    
      node(system_dependence, id)



        
          
        

    

  


  

      

          @spec node(graph(), Reach.IR.Node.id()) :: Reach.IR.Node.t() | nil


      


Returns the IR node for a given ID, or nil.

  



    

  
    
      
    
    
      nodes(graph, opts \\ [])



        
          
        

    

  


  

      

          @spec nodes(
  graph(),
  keyword()
) :: [Reach.IR.Node.t()]


      


Returns all IR nodes, optionally filtered.
Options
	:type — filter by node type (:call, :match, :var, etc.)
	:module — filter calls by module
	:function — filter calls by function name
	:arity — filter by arity

Examples
Reach.nodes(graph, type: :call)
Reach.nodes(graph, type: :call, module: Enum)
Reach.nodes(graph, type: :call, module: Enum, function: :map, arity: 2)

  



  
    
      
    
    
      passes_through?(graph, source_id, sink_id, predicate)



        
          
        

    

  


  

      

          @spec passes_through?(graph(), node_id(), node_id(), (Reach.IR.Node.t() -> boolean())) ::
  boolean()


      


Returns true if the path from source to sink passes through
any node matching predicate.
Useful for taint analysis — check if sanitization occurs between
a source and sink.

  



  
    
      
    
    
      pure?(node)



        
          
        

    

  


  

      

          @spec pure?(Reach.IR.Node.t()) :: boolean()


      


Returns true if the node is pure (no side effects).

  



    

  
    
      
    
    
      string_to_graph(source, opts \\ [])



        
          
        

    

  


  

      

          @spec string_to_graph(
  String.t(),
  keyword()
) :: {:ok, graph()} | {:error, term()}


      


Parses a source string and builds a program dependence graph.
Returns {:ok, graph} or {:error, reason}.
Options
	:language — :elixir (default) or :erlang
	:file — filename for source locations (default: "nofile")
	:module — module name for call graph resolution


  



    

  
    
      
    
    
      string_to_graph!(source, opts \\ [])



        
          
        

    

  


  

      

          @spec string_to_graph!(
  String.t(),
  keyword()
) :: graph()


      


Same as string_to_graph/2 but raises on parse error.

  



  
    
      
    
    
      taint_analysis(graph, opts)



        
          
        

    

  


  

      

          @spec taint_analysis(
  graph(),
  keyword()
) :: [map()]


      


Finds data flow paths from taint sources to dangerous sinks.
Returns a list of %{source: node, sink: node, path: [node_id], sanitized: boolean}
for each source→sink pair where data flows.
Sources, sinks, and sanitizers can be specified as keyword filters
(same format as nodes/2) or as predicate functions.
Options
	:sources — keyword filter or predicate identifying taint sources
	:sinks — keyword filter or predicate identifying dangerous sinks
	:sanitizers — keyword filter or predicate identifying sanitization
points (optional)

Examples
Reach.taint_analysis(graph,
  sources: [type: :call, function: :get_param],
  sinks: [type: :call, module: System, function: :cmd, arity: 2],
  sanitizers: [type: :call, function: :sanitize]
)

# Predicates also work
Reach.taint_analysis(graph,
  sources: &(&1.meta[:function] in [:params, :body_params]),
  sinks: [type: :call, module: Ecto.Adapters.SQL]
)

  



  
    
      
    
    
      to_dot(arg1)



        
          
        

    

  


  

      

          @spec to_dot(graph()) :: {:ok, String.t()}


      


Exports the graph to DOT format for Graphviz visualization.

  



  
    
      
    
    
      to_graph(arg1)



        
          
        

    

  


  

      

          @spec to_graph(graph()) :: Graph.t()


      


Returns the underlying Graph.t() (libgraph) for direct traversal.
Use this when you need graph operations that Reach doesn't expose —
path finding, subgraphs, BFS/DFS, topological sort, etc.
raw = Reach.to_graph(graph)
Graph.vertices(raw) |> length()
Graph.get_shortest_path(raw, id_a, id_b)

  


        

      


  

    
Reach.MacroFact 
    



      
Source-level facts for macro and DSL declarations.

      


      
        Summary


  
    Types
  


    
      
        location()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        at_source(facts, map)

      


    


    
      
        by_framework(facts, framework)

      


    


    
      
        by_kind(facts, kind)

      


    


    
      
        by_owner(facts, owner_module)

      


    


    
      
        collect_ast(ast, opts \\ [])

      


        Collects source-level macro/DSL declaration facts from quoted Elixir AST.



    


    
      
        collect_file(path, opts \\ [])

      


        Reads and collects macro/DSL facts from a source file.



    


    
      
        collect_project(project, opts \\ [])

      


        Collects macro/DSL facts from all source files in a project.



    


    
      
        collect_source(source, opts \\ [])

      


        Parses and collects macro/DSL facts from an Elixir source string.



    


    
      
        explained_callbacks(facts, owner_module)

      


    


    
      
        family()

      


    


    
      
        kinds()

      


    





      


      
        Types


        


  
    
      
    
    
      location()



        
          
        

    

  


  

      

          @type location() :: %{
  optional(:file) => String.t(),
  optional(:line) => non_neg_integer(),
  optional(:column) => non_neg_integer() | nil
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.MacroFact{
  arity: non_neg_integer() | nil,
  call_module: module() | nil,
  confidence: atom() | nil,
  data: map(),
  framework: atom() | nil,
  generated?: boolean(),
  kind: atom(),
  name: atom() | nil,
  nesting: [atom()],
  owner_module: module() | nil,
  source: location() | nil,
  target: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      at_source(facts, map)



        
          
        

    

  


  


  



  
    
      
    
    
      by_framework(facts, framework)



        
          
        

    

  


  


  



  
    
      
    
    
      by_kind(facts, kind)



        
          
        

    

  


  


  



  
    
      
    
    
      by_owner(facts, owner_module)



        
          
        

    

  


  


  



    

  
    
      
    
    
      collect_ast(ast, opts \\ [])



        
          
        

    

  


  

      

          @spec collect_ast(
  Macro.t(),
  keyword()
) :: [t()]


      


Collects source-level macro/DSL declaration facts from quoted Elixir AST.

  



    

  
    
      
    
    
      collect_file(path, opts \\ [])



        
          
        

    

  


  

      

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


      


Reads and collects macro/DSL facts from a source file.

  



    

  
    
      
    
    
      collect_project(project, opts \\ [])



        
          
        

    

  


  

      

          @spec collect_project(
  map(),
  keyword()
) :: [t()]


      


Collects macro/DSL facts from all source files in a project.

  



    

  
    
      
    
    
      collect_source(source, opts \\ [])



        
          
        

    

  


  

      

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


      


Parses and collects macro/DSL facts from an Elixir source string.

  



  
    
      
    
    
      explained_callbacks(facts, owner_module)



        
          
        

    

  


  


  



  
    
      
    
    
      family()



        
          
        

    

  


  


  



  
    
      
    
    
      kinds()



        
          
        

    

  


  


  


        

      


  

    
Reach.Project 
    



      
Multi-file project analysis.
Builds graphs for all source files in a project, links cross-module
call edges, and applies external function summaries for dependencies.
Examples
# Analyze a full Mix project
project = Reach.Project.from_mix_project()

# Analyze specific paths
project = Reach.Project.from_glob("lib/**/*.ex")

# Query across the whole project
Reach.Project.taint_analysis(project,
  sources: [type: :call, function: :params],
  sinks: [type: :call, module: System, function: :cmd]
)

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_glob(pattern, opts \\ [])

      


        Builds a project graph from a glob pattern.



    


    
      
        from_mix_project(opts \\ [])

      


        Builds a project graph from the current Mix project.



    


    
      
        from_sources(paths, opts \\ [])

      


        Builds a project graph from source file paths.



    


    
      
        mix_source_files(opts \\ [])

      


        Returns the source roots and files selected by the current Mix project.



    


    
      
        summarize_dependency(module)

      


        Computes a function summary for a compiled dependency module.



    


    
      
        taint_analysis(project, opts)

      


        Runs taint analysis across the entire project.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Project{
  cache_key: reference() | nil,
  call_graph: Graph.t(),
  graph: Graph.t(),
  modules: %{required(module()) => map()},
  nodes: %{required(Reach.IR.Node.id()) => Reach.IR.Node.t()},
  plugins: [module()],
  summaries: %{required({module(), atom(), non_neg_integer()}) => map()}
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      from_glob(pattern, opts \\ [])



        
          
        

    

  


  

      

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


      


Builds a project graph from a glob pattern.

  



    

  
    
      
    
    
      from_mix_project(opts \\ [])



        
          
        

    

  


  

      

          @spec from_mix_project(keyword()) :: t()


      


Builds a project graph from the current Mix project.
Uses Mix.Project.config() to discover source paths via :elixirc_paths
and :erlc_paths. Umbrella children are included automatically.

  



    

  
    
      
    
    
      from_sources(paths, opts \\ [])



        
          
        

    

  


  

      

          @spec from_sources(
  [Path.t()],
  keyword()
) :: t()


      


Builds a project graph from source file paths.
Set :retain_module_sdgs to false for one-shot analyses that only need the
merged graph and node index. This releases the per-module dependence graphs
after merging and substantially reduces peak memory use.

  



    

  
    
      
    
    
      mix_source_files(opts \\ [])



        
          
        

    

  


  

      

          @spec mix_source_files(keyword()) :: %{roots: [Path.t()], files: [Path.t()]}


      


Returns the source roots and files selected by the current Mix project.
The result reflects the active Mix.env/0, because Mix projects may define
environment-specific :elixirc_paths and :erlc_paths.

  



  
    
      
    
    
      summarize_dependency(module)



        
          
        

    

  


  

      

          @spec summarize_dependency(module()) :: %{
  required({module(), atom(), non_neg_integer()}) => map()
}


      


Computes a function summary for a compiled dependency module.
Returns a map of {module, function, arity} => %{param_index => flows_to_return?}.
These summaries can be passed as the :summaries option to from_sources/2.

  



  
    
      
    
    
      taint_analysis(project, opts)



        
          
        

    

  


  

      

          @spec taint_analysis(
  t(),
  keyword()
) :: [map()]


      


Runs taint analysis across the entire project.
Same interface as Reach.taint_analysis/2 but searches all modules.

  


        

      


  

    
Reach.CLI.Commands.Check 
    



      
Runs structural validation and change-safety checks.
mix reach.check
mix reach.check --arch
mix reach.check --changed --base main
mix reach.check --dead-code
mix reach.check --smells
mix reach.check --candidates
Options
	--format — output format: text or json
	--arch — check .reach.exs architecture policy
	--changed — report changed functions and configured test hints
	--base — git base ref for --changed (default: auto-detect main, master, or upstream)
	--dead-code — find unused pure expressions
	--smells — find graph/effect/data-flow performance smells
	--strict — fail when smell findings are present (or set smells: [strict: true])
	--baseline — ignore known findings from a Reach baseline file
	--write-baseline — write current findings to a Reach baseline file
	--candidates — emit advisory refactoring candidates
	--top — limit candidate output for --candidates
	--path — analyze an explicit source path instead of environment-derived Mix paths


      


      
        Summary


  
    Functions
  


    
      
        run(opts, positional \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      run(opts, positional \\ [])



        
          
        

    

  


  


  


        

      


  

    
Reach.CLI.Commands.Inspect 
    



      
Explains one function, module, file, or line.
mix reach.inspect Reach.Frontend.Elixir.translate/3
mix reach.inspect lib/reach/frontend/elixir.ex:54
mix reach.inspect TARGET --deps
mix reach.inspect TARGET --impact
mix reach.inspect TARGET --slice
mix reach.inspect TARGET --graph
mix reach.inspect TARGET --call-graph
mix reach.inspect TARGET --data
mix reach.inspect TARGET --context
mix reach.inspect TARGET --candidates
mix reach.inspect TARGET --why OTHER
Options
	--format — output format passed to delegated analyses: text, json, oneline
	--deps — callers, callees, and shared state
	--impact — direct/transitive change impact
	--slice — backward program slice
	--forward — use a forward slice with --slice or --data
	--graph — render graph output where supported
	--call-graph — render the call graph around the target
	--data — target-local data-flow view
	--context — agent-readable bundle: deps, impact, data, effects
	--candidates — advisory placeholder for graph-backed refactoring candidates
	--why — explain the shortest graph-backed relationship to another target
	--depth — transitive depth passed to deps/impact
	--variable — variable filter passed to slice/data views
	--limit — text display limit for truncated context sections
	--all — show all text rows in context output


      


      
        Summary


  
    Functions
  


    
      
        run(opts, target_args \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      run(opts, target_args \\ [])



        
          
        

    

  


  


  


        

      


  

    
Reach.CLI.Commands.Map 
    



      
Shows a project-level map of modules, coupling, hotspots, depth, effects,
boundaries, and data-flow summaries.
mix reach.map
mix reach.map --modules
mix reach.map --coupling
mix reach.map --hotspots
mix reach.map --effects
mix reach.map --boundaries
mix reach.map --depth
mix reach.map --data
mix reach.map --format json
Options
	--format — output format: text, json, oneline
	--modules — show module inventory
	--coupling — show module coupling and cycles
	--hotspots — show risky high-impact functions
	--effects — show effect distribution
	--boundaries — show mixed-effect functions
	--depth — show functions ranked by dominator depth
	--data — show cross-function data-flow summary
	--top — pass top-N limit to analyses that support it
	--sort — sort modules/coupling sections (name, functions, complexity, afferent, efferent, instability)
	--module — restrict effects to a module name fragment
	--min — minimum distinct effects for --boundaries (default: 2)
	--orphans — with --coupling, show only orphan modules
	--graph — render a terminal graph for graph-capable sections


      


      
        Summary


  
    Functions
  


    
      
        run(opts, positional \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      run(opts, positional \\ [])



        
          
        

    

  


  


  


        

      


  

    
Reach.CLI.Commands.OTP 
    



      
Shows GenServer state machines, missing message handlers, and hidden coupling.
mix reach.otp
mix reach.otp UserWorker
mix reach.otp --format json
Options
	--format — output format: text (default), json, oneline
	--concurrency — show Task/monitor/spawn and supervisor topology
	--state — focus on state-machine output (accepted for canonical CLI compatibility)
	--messages — focus on message-handler output (accepted for canonical CLI compatibility)
	--supervision — focus on supervision output (accepted for canonical CLI compatibility)


      


      
        Summary


  
    Functions
  


    
      
        run(opts, target_args \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      run(opts, target_args \\ [])



        
          
        

    

  


  


  


        

      


  

    
Reach.CLI.Commands.OTP.Concurrency 
    



      
Concurrency patterns — Task.async/await pairing, process monitors,
spawn_link chains, and supervisor topology.
mix reach.otp --concurrency
mix reach.otp --concurrency --format json
Options
	--format — output format: text (default), json, oneline


      


      
        Summary


  
    Functions
  


    
      
        run(args, cli_opts \\ [])

      


    


    
      
        run_opts(opts, cli_opts \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      run(args, cli_opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      run_opts(opts, cli_opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Reach.CLI.Commands.Report 
    



      
Analyze code with Reach and generate an interactive dependency graph.
mix reach
mix reach lib/my_app/server.ex
mix reach --dead-code
mix reach --format dot
Options
	--format — output format: html (default), dot, json
	--output — output directory (default: reach_report)
	--open / --no-open — open browser after generating (default: true)
	--dead-code — highlight dead code


      


      
        Summary


  
    Functions
  


    
      
        run(opts, files \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      run(opts, files \\ [])



        
          
        

    

  


  


  


        

      


  

    
Reach.CLI.Commands.Trace 
    



      
Traces data flow, taint paths, and forward/backward slices.
mix reach.trace --from params --to write!
mix reach.trace --from input --to System.cmd
mix reach.trace --pattern regex-on-structured
mix reach.trace --variable user --in MyApp.Accounts.create/1
mix reach.trace --backward lib/my_app/accounts.ex:45
mix reach.trace --forward lib/my_app/accounts.ex:45
Options
	--from — taint source pattern
	--to — sink pattern
	--pattern — run a named source-to-sink trace preset
	--variable — trace a variable name
	--in — restrict variable tracing to a function
	--backward — compute a backward slice from a target
	--forward — compute a forward slice from a target
	--format — output format: text, json, oneline
	--graph — render slice graph where supported
	--limit — text display limit for paths/rows; also caps taint paths unless --all is set
	--all — show all text rows/paths and collect all taint paths


      


      
        Summary


  
    Functions
  


    
      
        run(opts, positional \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      run(opts, positional \\ [])



        
          
        

    

  


  


  


        

      


  

    
Reach.CLI.Commands.Trace.Flow 
    



      
Traces data flow from sources to sinks. Detects taint paths where
untrusted input reaches dangerous operations.
mix reach.trace --from params --to write!
mix reach.trace --variable user --in UserService.register/2
mix reach.trace --from input --to System.cmd --format json
mix reach.trace --pattern regex-on-structured
Options
	--from — taint source pattern (e.g. params, input)
	--to — sink pattern (e.g. write!, System.cmd)
	--pattern — run a named source-to-sink trace preset
	--variable — trace a specific variable name
	--in — restrict to a specific function
	--format — output format: text (default), json, oneline
	--limit — text display limit; also caps taint paths unless --all is set
	--all — show all text rows/paths and collect all taint paths


      


      
        Summary


  
    Functions
  


    
      
        run(args, cli_opts \\ [])

      


    


    
      
        run_opts(opts, cli_opts \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      run(args, cli_opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      run_opts(opts, cli_opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Reach.CLI.Commands.Trace.Slice 
    



      
Program slicing — finds the minimum set of statements that affect a value.
mix reach.trace lib/my_app/user_controller.ex:18
mix reach.trace MyApp.UserService.create/1 --variable changeset
mix reach.trace --forward lib/my_app/user_service.ex:30 --variable user
mix reach.trace lib/my_app_web/controllers/user_controller.ex:18 --format json
Options
	--forward — forward slice (where does this value flow to?)
	--variable — trace a specific variable name within the slice
	--format — output format: text (default), json, oneline
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    Functions
  


    
      
        run(args, cli_opts \\ [])

      


    


    
      
        run_target(raw_target, opts, cli_opts \\ [])
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      run(args, cli_opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      run_target(raw_target, opts, cli_opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Reach.Project.Query 
    



      
Query API for filtering and searching project nodes and edges.

      


      
        Summary


  
    Functions
  


    
      
        all_variants(project, arg)

      


    


    
      
        callees(project, target, depth \\ 3)

      


    


    
      
        callers(project, target, depth \\ 4)

      


    


    
      
        file_matches?(file, path)

      


    


    
      
        find_function(project, target)

      


    


    
      
        find_function_at_location(project, file, line)

      


    


    
      
        func_location(project, func_id)

      


    


    
      
        function_index(project)

      


    


    
      
        functions_in_ranges(project, ranges_by_file)

      


        Returns functions selected by changed line ranges, without expanding ranges into lines.



    


    
      
        mfa?(arg1)

      


    


    
      
        parse_file_line(raw)

      


    


    
      
        parse_function_reference(name)

      


    


    
      
        reset_cache()

      


    


    
      
        resolve_function(project, target)

      


    


    
      
        resolve_target(project, raw)

      


    


    
      
        value_origins(project, node_or_id, opts \\ [])

      


        Returns terminal value origins that flow into a project node.



    


    
      
        value_path(project, from, to, opts \\ [])

      


        Returns a bounded value-flow path between two project nodes, or nil.



    


    
      
        value_predecessor_index(project)

      


        Indexes direct value-producing predecessors for all project nodes.



    


    
      
        value_predecessors(project, node_or_id)

      


        Returns direct value-producing predecessors for a project node.



    


    
      
        value_successors(project, node_or_id)

      


        Returns direct consumers of the value produced by a project node.
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      all_variants(project, arg)



        
          
        

    

  


  


  



    

  
    
      
    
    
      callees(project, target, depth \\ 3)



        
          
        

    

  


  


  



    

  
    
      
    
    
      callers(project, target, depth \\ 4)



        
          
        

    

  


  


  



  
    
      
    
    
      file_matches?(file, path)



        
          
        

    

  


  


  



  
    
      
    
    
      find_function(project, target)



        
          
        

    

  


  


  



  
    
      
    
    
      find_function_at_location(project, file, line)



        
          
        

    

  


  


  



  
    
      
    
    
      func_location(project, func_id)



        
          
        

    

  


  


  



  
    
      
    
    
      function_index(project)



        
          
        

    

  


  


  



  
    
      
    
    
      functions_in_ranges(project, ranges_by_file)



        
          
        

    

  


  

Returns functions selected by changed line ranges, without expanding ranges into lines.
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      parse_file_line(raw)



        
          
        

    

  


  


  



  
    
      
    
    
      parse_function_reference(name)



        
          
        

    

  


  


  



  
    
      
    
    
      reset_cache()



        
          
        

    

  


  


  



  
    
      
    
    
      resolve_function(project, target)



        
          
        

    

  


  


  



  
    
      
    
    
      resolve_target(project, raw)



        
          
        

    

  


  


  



    

  
    
      
    
    
      value_origins(project, node_or_id, opts \\ [])



        
          
        

    

  


  

      

          @spec value_origins(
  Reach.Project.t(),
  Reach.IR.Node.t() | Reach.IR.Node.id(),
  keyword()
) :: [
  Reach.IR.Node.t()
]


      


Returns terminal value origins that flow into a project node.

  



    

  
    
      
    
    
      value_path(project, from, to, opts \\ [])



        
          
        

    

  


  

      

          @spec value_path(
  Reach.Project.t(),
  Reach.IR.Node.t() | Reach.IR.Node.id(),
  Reach.IR.Node.t() | Reach.IR.Node.id(),
  keyword()
) :: [Reach.IR.Node.t()] | nil


      


Returns a bounded value-flow path between two project nodes, or nil.

  



  
    
      
    
    
      value_predecessor_index(project)



        
          
        

    

  


  

      

          @spec value_predecessor_index(Reach.Project.t()) :: %{
  optional(Reach.IR.Node.id()) => [Reach.IR.Node.id()]
}


      


Indexes direct value-producing predecessors for all project nodes.

  



  
    
      
    
    
      value_predecessors(project, node_or_id)



        
          
        

    

  


  

      

          @spec value_predecessors(Reach.Project.t(), Reach.IR.Node.t() | Reach.IR.Node.id()) ::
  [
    Reach.IR.Node.t()
  ]


      


Returns direct value-producing predecessors for a project node.
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          @spec value_successors(Reach.Project.t(), Reach.IR.Node.t() | Reach.IR.Node.id()) :: [
  Reach.IR.Node.t()
]


      


Returns direct consumers of the value produced by a project node.

  


        

      


  

    
Reach.Inspect.Candidates 
    



      
Finds advisory graph-backed refactoring candidates for one target function.
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Reach.Inspect.Context 
    



      
Builds agent-readable context bundles for a single target function.
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Reach.Inspect.Data 
    



      
Builds target-local data-flow summaries for mix reach.inspect.
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Reach.Inspect.Data.EdgeSummary 
    



      
Struct for a cross-function data flow edge summary.
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Reach.Inspect.Data.NodeSummary 
    



      
Struct for a data flow node summary.
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Reach.Inspect.Data.Result 
    



      
Struct for data inspection results.
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Reach.Inspect.Data.VariableSummary 
    



      
Struct for a variable flow summary.
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Reach.Inspect.Deps 
    



      
Builds dependency summaries for one target function.
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Reach.Inspect.Impact 
    



      
Builds impact summaries for a target function.

      


      
        Summary


  
    Functions
  


    
      
        analyze(project, target, depth)

      


    





      


      
        Functions


        


  
    
      
    
    
      analyze(project, target, depth)



        
          
        

    

  


  


  


        

      


  

    
Reach.Inspect.Why 
    



      
Finds and explains relationship paths between two targets.

      


      
        Summary


  
    Functions
  


    
      
        result(project, source_raw, target_raw, max_depth)

      


    





      


      
        Functions


        


  
    
      
    
    
      result(project, source_raw, target_raw, max_depth)



        
          
        

    

  


  


  


        

      


  

    
Reach.Inspect.Why.Path 
    



      
Struct for a single relationship path with evidence.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Inspect.Why.Result 
    



      
Struct for why-path query results.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Map.Analysis 
    



      
Computes project-wide summaries including modules, hotspots, coupling, effects, depth, and data flow.

      


      
        Summary


  
    Functions
  


    
      
        module_coupling(project)

      


        Returns coupling metrics for every project module.



    


    
      
        section_data(project, atom, opts, path)

      


    


    
      
        summary(project, path)

      


    





      


      
        Functions


        


  
    
      
    
    
      module_coupling(project)



        
          
        

    

  


  

      

          @spec module_coupling(Reach.Project.t()) :: [Reach.Map.ModuleCoupling.t()]


      


Returns coupling metrics for every project module.

  



  
    
      
    
    
      section_data(project, atom, opts, path)



        
          
        

    

  


  


  



  
    
      
    
    
      summary(project, path)



        
          
        

    

  


  


  


        

      


  

    
Reach.Map.Boundary 
    



      
Struct for functions with multiple distinct side-effect kinds.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Map.Boundary{
  calls: [Reach.Map.EffectCall.t()],
  display_function: term(),
  effects: [Reach.Effects.effect()],
  file: term(),
  function: term(),
  line: term(),
  module: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Map.Coupling 
    



      
Struct for module coupling metrics including afferent, efferent, and instability.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Map.Cycle 
    



      
Struct for a module dependency cycle with its components.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Map.DataFunction 
    



      
Struct for a function with cross-function data flow edges.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Map.DataSummary 
    



      
Struct for a cross-function data flow summary.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Map.DepthMetric 
    



      
Struct for control nesting depth metrics of a function.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Map.EffectCall 
    



      
Struct for a call site with its classified effect.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Map.EffectCall{call: String.t(), effect: Reach.Effects.effect()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Map.EffectRow 
    



      
Struct for a per-function effect classification row.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Map.EffectRow{
  count: non_neg_integer(),
  effect: Reach.Effects.effect(),
  ratio: float()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Map.EffectSourceRow 
    



      
Classification provenance totals for a project effect summary.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Map.EffectSourceRow{
  classifier: String.t() | nil,
  confidence: Reach.Effects.Classification.confidence(),
  count: non_neg_integer(),
  ratio: float(),
  source: Reach.Effects.Classification.source()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Map.EffectSummary 
    



      
Struct for project-wide effect distribution.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Map.Hotspot 
    



      
Struct for complexity × callers hotspot metrics.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Map.ModuleCoupling 
    



      
Struct for per-module coupling detail.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Map.ModuleCoupling{
  afferent: non_neg_integer(),
  efferent: non_neg_integer(),
  file: String.t() | nil,
  instability: float(),
  name: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Map.ModuleMetric 
    



      
Struct for per-module complexity metrics.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Map.Summary 
    



      
Struct for project-level summary statistics.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Map.UnknownCall 
    



      
Struct for a call with unresolved effect classification.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Map.XrefEdge 
    



      
Struct for a cross-function reference edge.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Trace.Flow 
    



      
Taint and variable flow tracing through data dependence edges.

      


      
        Summary


  
    Functions
  


    
      
        analyze_preset(project, pattern, max_paths)

      


        Analyzes all source-to-sink routes in a named trace preset.



    


    
      
        analyze_taint(project, from_pattern, to_pattern, max_paths)

      


    


    
      
        analyze_variable(project, var_name, scope)

      


    





      


      
        Functions


        


  
    
      
    
    
      analyze_preset(project, pattern, max_paths)



        
          
        

    

  


  

Analyzes all source-to-sink routes in a named trace preset.

  



  
    
      
    
    
      analyze_taint(project, from_pattern, to_pattern, max_paths)



        
          
        

    

  


  


  



  
    
      
    
    
      analyze_variable(project, var_name, scope)



        
          
        

    

  


  


  


        

      


  

    
Reach.Trace.Flow.Path 
    



      
Struct for a single taint flow path.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Trace.Flow.Result 
    



      
Struct for flow trace results.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Trace.Pattern 
    



      
Plugin-dispatched trace matchers and named trace presets.

      


      
        Summary


  
    Functions
  


    
      
        compile(pattern, plugins \\ [])

      


    


    
      
        preset(pattern, plugins \\ [])

      


        Resolves a plugin-owned or generic named trace preset.



    





      


      
        Functions


        


    

  
    
      
    
    
      compile(pattern, plugins \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      preset(pattern, plugins \\ [])



        
          
        

    

  


  

      

          @spec preset(String.t(), [module()]) :: {:ok, Reach.Trace.Pattern.Preset.t()} | :error


      


Resolves a plugin-owned or generic named trace preset.

  


        

      


  

    
Reach.Trace.Pattern.Preset 
    



      
A named set of source-to-sink matcher routes for trace analysis.

      


      
        Summary


  
    Types
  


    
      
        matcher()

      


    


    
      
        route()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      matcher()



        
          
        

    

  


  

      

          @type matcher() :: (Reach.IR.Node.t() -> boolean())


      



  



  
    
      
    
    
      route()



        
          
        

    

  


  

      

          @type route() :: %{source: matcher(), sink: matcher()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Trace.Pattern.Preset{
  from: String.t(),
  name: String.t(),
  routes: [route()],
  to: String.t()
}


      



  


        

      


  

    
Reach.Trace.Slice 
    



      
Backward and forward program slicing from a source location.

      


      
        Summary


  
    Functions
  


    
      
        compute(project, node, opts \\ [])

      


    


    
      
        describe_node(node)

      


    


    
      
        find_node_at_location(project, file, line)

      


    





      


      
        Functions


        


    

  
    
      
    
    
      compute(project, node, opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      describe_node(node)



        
          
        

    

  


  


  



  
    
      
    
    
      find_node_at_location(project, file, line)



        
          
        

    

  


  


  


        

      


  

    
Reach.Trace.Slice.Result 
    



      
Struct for program slice results.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Trace.Slice.Statement 
    



      
Struct for a single statement in a program slice.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Check.AnalysisScope 
    



      
Describes the source set used by a Reach check.
The file count is informational. Scope compatibility is based on the source
origin, Mix environment, and configured roots so normal file additions and
removals do not invalidate a baseline.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        compatible?(left, right)

      


    


    
      
        describe(scope)

      


    


    
      
        from_map(scope)

      


    


    
      
        new(attrs)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Check.AnalysisScope{
  file_count: non_neg_integer(),
  mix_env: String.t() | nil,
  source: String.t(),
  source_roots: [Path.t()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      compatible?(left, right)



        
          
        

    

  


  


  



  
    
      
    
    
      describe(scope)



        
          
        

    

  


  


  



  
    
      
    
    
      from_map(scope)



        
          
        

    

  


  


  



  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Check.Architecture 
    



      
Validates .reach.exs architecture policies against project structure.

      


      
        Summary


  
    Functions
  


    
      
        concrete_effects(func, plugins \\ nil)

      


    


    
      
        config_violations(config)

      


    


    
      
        dependency_violations(project, config, layer_graph)

      


    


    
      
        function_effects(func, plugins \\ nil)

      


    


    
      
        glob_match?(value, pattern)

      


    


    
      
        layer_graph(project, config)

      


    


    
      
        module_by_file(project)

      


    


    
      
        module_matches_any?(module, patterns)

      


    


    
      
        remote_call?(node)

      


    


    
      
        run(project, config)

      


    


    
      
        violations(project, config)

      


    





      


      
        Functions


        


    

  
    
      
    
    
      concrete_effects(func, plugins \\ nil)



        
          
        

    

  


  


  



  
    
      
    
    
      config_violations(config)



        
          
        

    

  


  


  



  
    
      
    
    
      dependency_violations(project, config, layer_graph)



        
          
        

    

  


  


  



    

  
    
      
    
    
      function_effects(func, plugins \\ nil)



        
          
        

    

  


  


  



  
    
      
    
    
      glob_match?(value, pattern)



        
          
        

    

  


  


  



  
    
      
    
    
      layer_graph(project, config)



        
          
        

    

  


  


  



  
    
      
    
    
      module_by_file(project)



        
          
        

    

  


  


  



  
    
      
    
    
      module_matches_any?(module, patterns)



        
          
        

    

  


  


  



  
    
      
    
    
      remote_call?(node)



        
          
        

    

  


  


  



  
    
      
    
    
      run(project, config)



        
          
        

    

  


  


  



  
    
      
    
    
      violations(project, config)



        
          
        

    

  


  


  


        

      


  

    
Reach.Check.BoundaryContractCandidates 
    



      
Builds advisory normalization candidates from fixed external-data boundary evidence.

      


      
        Summary


  
    Functions
  


    
      
        build(project, candidate_config)

      


    





      


      
        Functions


        


  
    
      
    
    
      build(project, candidate_config)



        
          
        

    

  


  

      

          @spec build(Reach.Project.t(), Reach.Config.Candidates.t()) :: [
  Reach.Check.Candidate.t()
]


      



  


        

      


  

    
Reach.Check.Candidate 
    



      
Struct for an advisory refactoring candidate with confidence and proof.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Check.Candidate{
  actionability: term(),
  benefit: term(),
  blast_radius: [String.t()],
  boundary: term(),
  branches: term(),
  call: term(),
  canonical_site: map() | nil,
  clone_siblings: [map()],
  confidence: :high | :medium | :low,
  decoder: term(),
  direct_caller_count: term(),
  draft_contract: term(),
  effects: [Reach.Effects.effect()] | nil,
  evidence: term(),
  file: term(),
  id: term(),
  keys: term(),
  kind: term(),
  line: term(),
  modules: term(),
  occurrences: term(),
  proof: term(),
  representative_calls: term(),
  risk: :high | :medium | :low,
  sources: term(),
  suggestion: term(),
  target: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Check.Candidates 
    



      
Generates graph-backed refactoring candidates from cycles, effects, and pure regions.

      


      
        Summary


  
    Functions
  


    
      
        run(project, config, opts \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      run(project, config, opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Reach.Check.Changed 
    



      
Analyzes changed functions for risk, impact, and clone siblings.

      


      
        Summary


  
    Functions
  


    
      
        aggregate_change_risk(functions)

      


    


    
      
        branch_count(func)

      


    


    
      
        changed_files(base)

      


    


    
      
        changed_functions(project, changed_ranges, config)

      


    


    
      
        changed_ranges(base)

      


    


    
      
        default_base_ref()

      


    


    
      
        empty_result(base, config, files \\ [])

      


    


    
      
        run(project, config, opts \\ [])

      


    


    
      
        suggested_tests(files, functions, hints)

      


    





      


      
        Functions


        


  
    
      
    
    
      aggregate_change_risk(functions)



        
          
        

    

  


  


  



  
    
      
    
    
      branch_count(func)



        
          
        

    

  


  


  



  
    
      
    
    
      changed_files(base)



        
          
        

    

  


  


  



  
    
      
    
    
      changed_functions(project, changed_ranges, config)



        
          
        

    

  


  


  



  
    
      
    
    
      changed_ranges(base)



        
          
        

    

  


  


  



  
    
      
    
    
      default_base_ref()



        
          
        

    

  


  


  



    

  
    
      
    
    
      empty_result(base, config, files \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      run(project, config, opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      suggested_tests(files, functions, hints)



        
          
        

    

  


  


  


        

      


  

    
Reach.Check.Changed.AccessStrictness 
    



      
Detects changed hunks that replace strict map contracts with lenient reads.

      


      
        Summary


  
    Functions
  


    
      
        analyze(project, base, changed_ranges, opts \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      analyze(project, base, changed_ranges, opts \\ [])



        
          
        

    

  


  

      

          @spec analyze(Reach.Project.t(), String.t(), map(), keyword()) :: [
  Reach.Check.Changed.StrictnessDowngrade.t()
]


      



  


        

      


  

    
Reach.Check.Changed.Coverage 
    



      
Assessment coverage for changed-code analysis.

      


      
        Summary


  
    Types
  


    
      
        confidence()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        analyze(changed_files, ranges_by_file, function_nodes)

      


    





      


      
        Types


        


  
    
      
    
    
      confidence()



        
          
        

    

  


  

      

          @type confidence() :: :high | :partial | :none


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Check.Changed.Coverage{
  added_line_count: non_neg_integer(),
  assessed_line_count: non_neg_integer(),
  assessed_range_count: non_neg_integer(),
  changed_file_count: non_neg_integer(),
  changed_line_count: non_neg_integer(),
  confidence: confidence(),
  coverage_percent: float(),
  deleted_line_count: non_neg_integer(),
  fully_assessed_file_count: non_neg_integer(),
  partially_assessed_file_count: non_neg_integer(),
  partially_assessed_range_count: non_neg_integer(),
  unassessed_file_count: non_neg_integer(),
  unassessed_files: [Path.t()],
  unassessed_line_count: non_neg_integer(),
  unassessed_range_count: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      analyze(changed_files, ranges_by_file, function_nodes)



        
          
        

    

  


  

      

          @spec analyze(
  [Path.t()],
  %{
    optional(Path.t()) => [
      Reach.Check.Changed.Range.t() | {pos_integer(), pos_integer()}
    ]
  },
  [Reach.IR.Node.t()]
) :: t()


      



  


        

      


  

    
Reach.Check.Changed.DisplacedFact 
    



      
A persistent evidence fact that moved instead of being resolved.

      


      
        Summary


  
    Types
  


    
      
        family()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Types


        


  
    
      
    
    
      family()



        
          
        

    

  


  

      

          @type family() :: :dual_key_contract | :default_drift | :exact_clone


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Check.Changed.DisplacedFact{
  confidence: :high | :medium,
  family: family(),
  fingerprint: String.t(),
  key: String.t() | nil,
  message: String.t(),
  new_locations: [map()],
  occurrences_after: pos_integer(),
  occurrences_before: pos_integer(),
  old_locations: [map()],
  status: :displaced,
  suggestion: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Check.Changed.Displacement 
    



      
Compares stable evidence identities across changed-code snapshots.

      


      
        Summary


  
    Functions
  


    
      
        analyze(project, base, changed_ranges, config, opts \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      analyze(project, base, changed_ranges, config, opts \\ [])



        
          
        

    

  


  

      

          @spec analyze(
  Reach.Project.t(),
  String.t(),
  map(),
  Reach.Config.t() | keyword(),
  keyword()
) :: [
  Reach.Check.Changed.DisplacedFact.t()
]


      



  


        

      


  

    
Reach.Check.Changed.EntropyRegression 
    



      
A parameter map-shape entropy increase in changed code.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Check.Changed.EntropyRegression{
  changed_locations: term(),
  delta: term(),
  file: term(),
  line: term(),
  new_entropy: term(),
  new_variants: term(),
  old_entropy: term(),
  old_variants: term(),
  parameter: term(),
  parameter_index: term(),
  target: term()
}


      



  


        

      


  

    
Reach.Check.Changed.Function 
    



      
Struct for a changed function with risk metadata.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Check.Changed.Function{
  branch_count: term(),
  clone_siblings: [map()],
  direct_caller_count: term(),
  direct_callers: term(),
  effects: [Reach.Effects.effect()],
  file: term(),
  id: term(),
  line: term(),
  public_api: term(),
  risk: :high | :medium | :low,
  risk_reasons: term(),
  transitive_caller_count: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Check.Changed.Range 
    



      
Represents old- and new-side line counts for a changed diff hunk.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        change_line_count(range)

      


    


    
      
        contains_line?(range, atom, line)

      


    


    
      
        current_lines(range)

      


    


    
      
        new(attrs)

      


    


    
      
        normalize(range)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Check.Changed.Range{
  new_count: non_neg_integer(),
  new_start: non_neg_integer(),
  old_count: non_neg_integer(),
  old_start: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      change_line_count(range)



        
          
        

    

  


  

      

          @spec change_line_count(t()) :: non_neg_integer()


      



  



  
    
      
    
    
      contains_line?(range, atom, line)



        
          
        

    

  


  

      

          @spec contains_line?(t(), :old | :new, pos_integer()) :: boolean()


      



  



  
    
      
    
    
      current_lines(range)



        
          
        

    

  


  

      

          @spec current_lines(t()) :: {non_neg_integer(), non_neg_integer()} | nil


      



  



  
    
      
    
    
      new(attrs)



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      normalize(range)



        
          
        

    

  


  

      

          @spec normalize(t() | {pos_integer(), pos_integer()}) :: t()


      



  


        

      


  

    
Reach.Check.Changed.Result 
    



      
Struct for changed-code analysis results.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Check.Changed.Result{
  base: String.t(),
  changed_files: [Path.t()],
  changed_functions: [Reach.Check.Changed.Function.t()],
  confidence: Reach.Check.Changed.Coverage.confidence(),
  coverage: Reach.Check.Changed.Coverage.t(),
  displaced_facts: [Reach.Check.Changed.DisplacedFact.t()],
  public_api_changes: [Reach.Check.Changed.Function.t()],
  risk: :high | :medium | :low,
  risk_reasons: [String.t()],
  shape_entropy_regressions: [Reach.Check.Changed.EntropyRegression.t()],
  strictness_downgrades: [Reach.Check.Changed.StrictnessDowngrade.t()],
  suggested_tests: [Path.t()],
  suppression_report: Reach.Check.Changed.SuppressionReport.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Check.Changed.ShapeEntropy 
    



      
Detects parameter map-shape entropy increases across source revisions.

      


      
        Summary


  
    Functions
  


    
      
        analyze(project, base, changed_ranges, config, opts \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      analyze(project, base, changed_ranges, config, opts \\ [])



        
          
        

    

  


  

      

          @spec analyze(
  Reach.Project.t(),
  String.t(),
  map(),
  Reach.Config.t() | keyword(),
  keyword()
) :: [
  Reach.Check.Changed.EntropyRegression.t()
]


      



  


        

      


  

    
Reach.Check.Changed.StrictnessDowngrade 
    



      
Describes a changed-code erosion from strict to lenient map access.

      


      
        Summary


  
    Types
  


    
      
        kind()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Types


        


  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() :: :field_to_get | :fetch_to_get | :pattern_to_get


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Check.Changed.StrictnessDowngrade{
  arity: non_neg_integer(),
  confidence: :high,
  file: Path.t(),
  function: atom(),
  key: atom(),
  kind: kind(),
  malformed_callers: [map()],
  message: String.t(),
  module: String.t(),
  new_line: pos_integer(),
  old_line: pos_integer(),
  parameter_index: non_neg_integer() | nil,
  suggestion: String.t(),
  variable: atom() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Check.Changed.SuppressionRatchet 
    



      
Compares source suppression directives across changed hunks.

      


      
        Summary


  
    Functions
  


    
      
        analyze(base, changed_ranges, opts \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      analyze(base, changed_ranges, opts \\ [])



        
          
        

    

  


  

      

          @spec analyze(String.t(), map(), keyword()) ::
  Reach.Check.Changed.SuppressionReport.t()


      



  


        

      


  

    
Reach.Check.Changed.SuppressionReport 
    



      
Summarizes source suppression changes in a diff.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Check.Changed.SuppressionReport{
  added: [Reach.Source.Suppression.Directive.t()],
  reasonless_added: [Reach.Source.Suppression.Directive.t()],
  removed: [Reach.Source.Suppression.Directive.t()],
  total_after: non_neg_integer(),
  total_before: non_neg_integer(),
  unchanged_count: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Check.CloneConsolidationCandidates 
    



      
Selects deterministic canonical functions for exact project clone families.

      


      
        Summary


  
    Functions
  


    
      
        build(clones, project, config)

      


    





      


      
        Functions


        


  
    
      
    
    
      build(clones, project, config)



        
          
        

    

  


  

      

          @spec build(
  [Reach.Evidence.CloneAnalysis.Clone.t()],
  Reach.Project.t(),
  Reach.Config.t()
) :: [
  Reach.Check.Candidate.t()
]


      



  


        

      


  

    
Reach.Check.DeadCode 
    



      
Finds dead code — pure expressions whose values are never used.

      


      
        Summary


  
    Functions
  


    
      
        collect_files(paths)

      


    


    
      
        run(files, opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      collect_files(paths)



        
          
        

    

  


  


  



    

  
    
      
    
    
      run(files, opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Reach.Check.DeadCode.Finding 
    



      
Struct for a dead code finding.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Check.DependencyBypassCandidates 
    



      
Promotes exact project-to-dependency clone evidence into advisory refactoring candidates.

      


      
        Summary


  
    Functions
  


    
      
        build(facts, candidate_config)

      


    





      


      
        Functions


        


  
    
      
    
    
      build(facts, candidate_config)



        
          
        

    

  


  

      

          @spec build([Reach.Evidence.Fact.t()], Reach.Config.Candidates.t()) :: [
  Reach.Check.Candidate.t()
]


      



  


        

      


  

    
Reach.Check.FacadeCandidates 
    



      
Builds advisory candidates for modules dominated by public pass-through functions.

      


      
        Summary


  
    Functions
  


    
      
        build(evidence, config)

      


    





      


      
        Functions


        


  
    
      
    
    
      build(evidence, config)



        
          
        

    

  


  

      

          @spec build([Reach.Evidence.Facade.Module.t()], Reach.Config.t()) :: [
  Reach.Check.Candidate.t()
]


      



  


        

      


  

    
Reach.Check.MapContractTemplate 
    



      
Builds source-backed fix templates for implicit map-contract candidates.

      


      
        Summary


  
    Functions
  


    
      
        build(contracts, keys, kind, project, candidate_config)

      


    





      


      
        Functions


        


  
    
      
    
    
      build(contracts, keys, kind, project, candidate_config)



        
          
        

    

  


  

      

          @spec build([map()], [term()], atom(), Reach.Project.t(), map()) :: map()


      



  


        

      


  

    
Reach.Check.Smells 
    



      
Runs structural and performance smell checks over a loaded project.

      


      
        Summary


  
    Functions
  


    
      
        analyze(project)

      


    


    
      
        run(project, config \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      analyze(project)



        
          
        

    

  


  


  



    

  
    
      
    
    
      run(project, config \\ [])



        
          
        

    

  


  


  


        

      


  

    
Reach.Check.Violation 
    



      
Struct for an architecture policy violation.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Check.Violation{
  actual_effects: [Reach.Effects.effect()] | nil,
  allowed_effects: [Reach.Effects.effect()] | nil,
  call: term(),
  callee_layer: term(),
  callee_module: term(),
  caller_layer: term(),
  caller_module: term(),
  disallowed_effects: [Reach.Effects.effect()] | nil,
  edges: term(),
  file: term(),
  function: term(),
  key: term(),
  layers: term(),
  line: term(),
  matched_layers: term(),
  message: term(),
  module: term(),
  path: term(),
  rule: term(),
  type: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Smell.Check behaviour
    



      
Behaviour and shared helpers for IR-based smell checks.

      


      
        Summary


  
    Callbacks
  


    
      
        kinds()

      


    


    
      
        run(t)

      


    





      


      
        Callbacks


        


  
    
      
    
    
      kinds()


        (optional)


        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      run(t)



        
          
        

    

  


  

      

          @callback run(Reach.Project.t()) :: [map()]


      



  


        

      


  

    
Reach.Smell.Check.AST 
    



      
Shared behaviour for smell checks that scan source files with Sourceror AST.

      




  

    
Reach.Smell.Check.Evidence 
    



      
Promotes one AST evidence provider into an explicitly registered smell check.

      




  

    
Reach.Smell.Check.Source 
    



      
Macro DSL for source-backed smell checks.

      


      
        Summary


  
    Functions
  


    
      
        smell(pattern, kind, message)

      


    


    
      
        smell(pattern, kind, message, opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      smell(pattern, kind, message)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      smell(pattern, kind, message, opts)


        (macro)


        
          
        

    

  


  


  


        

      


  

    
Reach.Smell.Checks.AppendInRecursion 
    



      
Detects ++ [item] in recursive tail calls where prepend + reverse would be O(n) instead of O(n²).

      


      
        Summary


  
    Functions
  


    
      
        run(project)

      


        Callback implementation for Reach.Smell.Check.run/1.



    





      


      
        Functions


        


  
    
      
    
    
      run(project)



        
          
        

    

  


  

Callback implementation for Reach.Smell.Check.run/1.

  


        

      


  

    
Reach.Smell.Checks.BareRescue 
    



      
Detects rescue clauses that catch every exception type.

      




  

    
Reach.Smell.Checks.BehaviourCandidate 
    



      
Detects module groups sharing the same public callback set.

      


      
        Summary


  
    Functions
  


    
      
        run(project, config)

      


    





      


      
        Functions


        


  
    
      
    
    
      run(project, config)



        
          
        

    

  


  


  


        

      


  

    
Reach.Smell.Checks.BroadCallbackMapContract 
    



      
Detects broad map callback parameters with stable implementation shapes.

      




  

    
Reach.Smell.Checks.BroadMapContract 
    



      
Detects broad map specs contradicted by strict, stable parameter access.

      




  

    
Reach.Smell.Checks.CloneConsistency 
    



      
Detects structural drift across clone families.

      


      
        Summary


  
    Functions
  


    
      
        run(project, config)

      


    





      


      
        Functions


        


  
    
      
    
    
      run(project, config)



        
          
        

    

  


  


  


        

      


  

    
Reach.Smell.Checks.CollectionIdioms 
    



      
Pattern-based detection of suboptimal collection operations.

      




  

    
Reach.Smell.Checks.ConfigPhase 
    



      
Detects compile-time/runtime config phase mismatches.

      




  

    
Reach.Smell.Checks.ConversionIdioms 
    



      
Detects unnecessary conversion idioms such as one-shot tuple access and identity float coercion.

      




  

    
Reach.Smell.Checks.DecodedBoundaryLeakage 
    



      
Detects decoded external maps crossing storage or process boundaries unchanged.

      




  

    
Reach.Smell.Checks.DefaultDrift 
    



      
Detects conflicting explicit defaults for one map-contract key.

      




  

    
Reach.Smell.Checks.DualKeyAccess 
    



      
Detects mixed atom/string key access on the same map.

      


      
        Summary


  
    Functions
  


    
      
        run(project)

      


        Callback implementation for Reach.Smell.Check.run/1.



    





      


      
        Functions


        


  
    
      
    
    
      run(project)



        
          
        

    

  


  

Callback implementation for Reach.Smell.Check.run/1.

  


        

      


  

    
Reach.Smell.Checks.DualKeyFallback 
    



      
Detects repeated literal atom/string fallbacks and false-collapsing lookups.

      




  

    
Reach.Smell.Checks.ETSPartialKeyMatch 
    



      
Detects ETS wildcard matches over versioned tuple keys that may return arbitrary rows.

      




  

    
Reach.Smell.Checks.EmptyMapNew 
    



      
Detects standalone Map.new/0 calls.

      




  

    
Reach.Smell.Checks.FalseSuccessError 
    



      
Detects validation/check functions that turn error tuples into success-like values.

      




  

    
Reach.Smell.Checks.FixedShapeMap 
    



      
Detects repeated map literals that should be structs.

      


      
        Summary


  
    Functions
  


    
      
        run(project, config)

      


    





      


      
        Functions


        


  
    
      
    
    
      run(project, config)



        
          
        

    

  


  


  


        

      


  

    
Reach.Smell.Checks.IdiomMismatch 
    



      
Detects non-idiomatic patterns such as guard equality and update-then-fetch.

      




  

    
Reach.Smell.Checks.KeywordGetIntegerKey 
    



      
Detects Keyword.get/2 calls with integer literal keys.

      




  

    
Reach.Smell.Checks.LoopAntipattern 
    



      
Detects O(n²) patterns in loops and recursive functions.

      


      
        Summary


  
    Functions
  


    
      
        run(project)

      


        Callback implementation for Reach.Smell.Check.run/1.



    





      


      
        Functions


        


  
    
      
    
    
      run(project)



        
          
        

    

  


  

Callback implementation for Reach.Smell.Check.run/1.

  


        

      


  

    
Reach.Smell.Checks.MapKeyNormalization 
    



      
Detects lossy map-key normalization and representation churn.

      




  

    
Reach.Smell.Checks.MissingExternalResource 
    



      
Detects compile-time file reads without matching @external_resource declarations.

      




  

    
Reach.Smell.Checks.MultipleEnumAt 
    



      
Detects multiple Enum.at/2 calls on the same variable with literal indices.

      


      
        Summary


  
    Functions
  


    
      
        run(project)

      


        Callback implementation for Reach.Smell.Check.run/1.



    





      


      
        Functions


        


  
    
      
    
    
      run(project)



        
          
        

    

  


  

Callback implementation for Reach.Smell.Check.run/1.

  


        

      


  

    
Reach.Smell.Checks.NestedEnum 
    



      
Detects Enum.member? nested inside another Enum traversal of the same variable.

      


      
        Summary


  
    Functions
  


    
      
        run(project)

      


        Callback implementation for Reach.Smell.Check.run/1.



    





      


      
        Functions


        


  
    
      
    
    
      run(project)



        
          
        

    

  


  

Callback implementation for Reach.Smell.Check.run/1.

  


        

      


  

    
Reach.Smell.Checks.NilParameterWithoutGuard 
    



      
Detects nil-capable parameters used without a dominating non-nil guard.

      




  

    
Reach.Smell.Checks.ParameterShapeEntropy 
    



      
Detects domain parameters receiving divergent fixed map shapes.

      


      
        Summary


  
    Functions
  


    
      
        run(project, config)

      


    





      


      
        Functions


        


  
    
      
    
    
      run(project, config)



        
          
        

    

  


  


  


        

      


  

    
Reach.Smell.Checks.PipelineWaste 
    



      
Pattern-based detection of redundant pipeline operations.

      




  

    
Reach.Smell.Checks.RedundantAssignment 
    



      
Detects variables assigned then immediately returned as the last expression.

      


      
        Summary


  
    Functions
  


    
      
        run(project)

      


        Callback implementation for Reach.Smell.Check.run/1.



    





      


      
        Functions


        


  
    
      
    
    
      run(project)



        
          
        

    

  


  

Callback implementation for Reach.Smell.Check.run/1.

  


        

      


  

    
Reach.Smell.Checks.RedundantComputation 
    



      
Detects duplicate pure calls within the same function.

      


      
        Summary


  
    Functions
  


    
      
        run(project)

      


        Callback implementation for Reach.Smell.Check.run/1.



    





      


      
        Functions


        


  
    
      
    
    
      run(project)



        
          
        

    

  


  

Callback implementation for Reach.Smell.Check.run/1.

  


        

      


  

    
Reach.Smell.Checks.RepeatedTraversal 
    



      
Detects repeated Enum traversals on the same variable.

      


      
        Summary


  
    Functions
  


    
      
        run(project)

      


        Callback implementation for Reach.Smell.Check.run/1.



    





      


      
        Functions


        


  
    
      
    
    
      run(project)



        
          
        

    

  


  

Callback implementation for Reach.Smell.Check.run/1.

  


        

      


  

    
Reach.Smell.Checks.ReturnShapeDivergence 
    



      
Detects incompatible terminal return contracts within one function.

      




  

    
Reach.Smell.Checks.SameEntityRepresentation 
    



      
Detects bare maps that duplicate an existing struct's entity shape.

      


      
        Summary


  
    Functions
  


    
      
        run(project, config)

      


    





      


      
        Functions


        


  
    
      
    
    
      run(project, config)



        
          
        

    

  


  


  


        

      


  

    
Reach.Smell.Checks.SchemaContractMismatch 
    



      
Detects contradictions between schema declarations and observed map access.

      




  

    
Reach.Smell.Checks.StandardLibraryBypass 
    



      
Detects ad-hoc implementations that bypass standard library helpers.

      




  

    
Reach.Smell.Checks.StringBuilding 
    



      
Detects string concatenation where iolists are more efficient.

      


      
        Summary


  
    Functions
  


    
      
        run(project)

      


        Callback implementation for Reach.Smell.Check.run/1.



    





      


      
        Functions


        


  
    
      
    
    
      run(project)



        
          
        

    

  


  

Callback implementation for Reach.Smell.Check.run/1.

  


        

      


  

    
Reach.Smell.Checks.TotalFunctionLaundering 
    



      
Detects private domain parsers that silently coerce invalid input to a valid value.

      




  

    
Reach.Smell.Checks.TrivialDelegate 
    



      
Detects pass-through API layers that only forward to another function.

      




  

    
Reach.Smell.Checks.UnsafeAtom 
    



      
Detects dynamic atom creation from non-literal input.

      




  

    
Reach.Smell.Checks.UnsafeBinaryToTerm 
    



      
Detects unsafe binary_to_term calls without the :safe option.

      




  

    
Reach.Smell.DSLGuard 
    



      
Filters generic smell findings inside AST regions with reinterpreted DSL semantics.

      


      
        Summary


  
    Functions
  


    
      
        filter(findings, project, config, exempt_kinds \\ MapSet.new())

      


    





      


      
        Functions


        


    

  
    
      
    
    
      filter(findings, project, config, exempt_kinds \\ MapSet.new())



        
          
        

    

  


  

      

          @spec filter(
  [map()],
  Reach.Project.t(),
  Reach.Config.t() | keyword(),
  MapSet.t(atom())
) :: [map()]


      



  


        

      


  

    
Reach.Smell.Finding 
    



      
Struct for smell check findings with location and evidence.

      


      
        Summary


  
    Types
  


    
      
        remediation_safety()

      


    





  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Types


        


  
    
      
    
    
      remediation_safety()



        
          
        

    

  


  

      

          @type remediation_safety() :: :equivalent | :conditional | :review_only


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Smell.Helpers 
    



      
Shared helpers for smell checks including loop detection, statement pairs, and callbacks.

      


      
        Summary


  
    Functions
  


    
      
        ast_modules_in_file(ast)

      


    


    
      
        body_statements(function)

      


        Returns top-level statements from a function body.



    


    
      
        callback_body(arg1)

      


        Extracts the callback fn body nodes from an Enum call.



    


    
      
        function_defs(project)

      


    


    
      
        identity_fn?(arg1)

      


        Returns true when an AST node is an identity anonymous function.



    


    
      
        inside_accumulator?(node, function)

      


        Returns true if node is inside an accumulator-carrying loop (reduce/scan).



    


    
      
        inside_loop?(node, function)

      


        Returns true if node is inside a loop body (reduce/map/for/recursion).



    


    
      
        location(node)

      


    


    
      
        recursive?(function)

      


        Returns true if the function contains a self-recursive call.



    


    
      
        source_location(arg1)

      


    


    
      
        source_sort_key(node)

      


        Returns a deterministic source-order key for an IR node.



    


    
      
        statement_pairs(function)

      


        Returns adjacent top-level statement pairs from a function body.



    





      


      
        Functions


        


  
    
      
    
    
      ast_modules_in_file(ast)



        
          
        

    

  


  


  



  
    
      
    
    
      body_statements(function)



        
          
        

    

  


  

Returns top-level statements from a function body.

  



  
    
      
    
    
      callback_body(arg1)



        
          
        

    

  


  

Extracts the callback fn body nodes from an Enum call.

  



  
    
      
    
    
      function_defs(project)



        
          
        

    

  


  


  



  
    
      
    
    
      identity_fn?(arg1)



        
          
        

    

  


  

Returns true when an AST node is an identity anonymous function.

  



  
    
      
    
    
      inside_accumulator?(node, function)



        
          
        

    

  


  

Returns true if node is inside an accumulator-carrying loop (reduce/scan).

  



  
    
      
    
    
      inside_loop?(node, function)



        
          
        

    

  


  

Returns true if node is inside a loop body (reduce/map/for/recursion).

  



  
    
      
    
    
      location(node)



        
          
        

    

  


  


  



  
    
      
    
    
      recursive?(function)



        
          
        

    

  


  

Returns true if the function contains a self-recursive call.

  



  
    
      
    
    
      source_location(arg1)



        
          
        

    

  


  


  



  
    
      
    
    
      source_sort_key(node)



        
          
        

    

  


  

Returns a deterministic source-order key for an IR node.

  



  
    
      
    
    
      statement_pairs(function)



        
          
        

    

  


  

Returns adjacent top-level statement pairs from a function body.

  


        

      


  

    
Reach.Smell.ParameterShapePolicy 
    



      
Shared promotion policy for absolute and changed parameter-shape entropy.

      


      
        Summary


  
    Functions
  


    
      
        eligible?(fact, config)

      


    





      


      
        Functions


        


  
    
      
    
    
      eligible?(fact, config)



        
          
        

    

  


  

      

          @spec eligible?(Reach.Evidence.ParameterShape.Fact.t(), map()) :: boolean()


      



  


        

      


  

    
Reach.Smell.Registry 
    



      
Auto-discovers and lists all smell check modules.

      


      
        Summary


  
    Functions
  


    
      
        checks(config \\ nil)

      


    


    
      
        checks(project, config)

      


    


    
      
        kinds(check)

      


        Returns the finding kinds emitted by a smell check.



    





      


      
        Functions


        


    

  
    
      
    
    
      checks(config \\ nil)



        
          
        

    

  


  


  



  
    
      
    
    
      checks(project, config)



        
          
        

    

  


  


  



  
    
      
    
    
      kinds(check)



        
          
        

    

  


  

      

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


      


Returns the finding kinds emitted by a smell check.

  


        

      


  

    
Reach.Smell.Suppressions 
    



      
Filters smell findings using config and source-level suppressions.

      


      
        Summary


  
    Functions
  


    
      
        filter(findings, project, config)

      


    


    
      
        location(arg1)

      


    


    
      
        suppressed_by_config?(finding, config)

      


    


    
      
        suppressed_by_module?(finding, project, config)

      


    


    
      
        suppressed_by_source?(finding, source_suppressions)

      


    





      


      
        Functions


        


  
    
      
    
    
      filter(findings, project, config)



        
          
        

    

  


  


  



  
    
      
    
    
      location(arg1)



        
          
        

    

  


  


  



  
    
      
    
    
      suppressed_by_config?(finding, config)



        
          
        

    

  


  


  



  
    
      
    
    
      suppressed_by_module?(finding, project, config)



        
          
        

    

  


  


  



  
    
      
    
    
      suppressed_by_source?(finding, source_suppressions)



        
          
        

    

  


  


  


        

      


  

    
Reach.OTP 
    



      
Entry point for OTP analysis, covering GenServer, gen_statem, and supervisor patterns.

      


      
        Summary


  
    Types
  


    
      
        otp_edge_label()

      


    





  
    Functions
  


    
      
        analyze(ir_nodes, opts \\ [])

      


        Adds OTP semantic edges to a libgraph based on IR analysis.



    


    
      
        detect_behaviour(ir_nodes)

      


        Detects which OTP behaviour a module uses, based on IR nodes.



    





      


      
        Types


        


  
    
      
    
    
      otp_edge_label()



        
          
        

    

  


  

      

          @type otp_edge_label() ::
  :state_read
  | :state_write
  | :state_pass
  | :init_state
  | {:call_msg, atom()}
  | {:cast_msg, atom()}
  | :call_reply
  | {:ets_dep, atom() | nil}
  | {:pdict_dep, atom() | nil}
  | :message_order
  | {:state_transition, atom(), atom()}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      analyze(ir_nodes, opts \\ [])



        
          
        

    

  


  

Adds OTP semantic edges to a libgraph based on IR analysis.
Returns a new Graph.t() containing only OTP edges. Merge this
with the existing PDG/SDG graph.

  



  
    
      
    
    
      detect_behaviour(ir_nodes)



        
          
        

    

  


  

      

          @spec detect_behaviour([Reach.IR.Node.t()]) :: atom() | nil


      


Detects which OTP behaviour a module uses, based on IR nodes.
Returns :genserver, :gen_statem, :supervisor, :agent, or nil.

  


        

      


  

    
Reach.OTP.Analysis 
    



      
Analyzes GenServer and gen_statem state machines from IR to extract behaviours, state transforms, and missing handlers.

      


      
        Summary


  
    Functions
  


    
      
        run(project, scope)

      


    





      


      
        Functions


        


  
    
      
    
    
      run(project, scope)



        
          
        

    

  


  


  


        

      


  

    
Reach.OTP.Analysis.Behaviour 
    



      
Struct representing a detected OTP behaviour with its callbacks and state transforms.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.OTP.Analysis.MissingHandler 
    



      
Struct representing a missing GenServer or gen_statem handler finding.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.OTP.Analysis.Result 
    



      
Struct holding the combined results of an OTP analysis run.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.OTP.Analysis.StateTransform 
    



      
Struct representing a state transformation performed within an OTP callback.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.OTP.Analysis.Supervisor 
    



      
Struct representing extracted supervisor child specifications.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.OTP.Concurrency 
    



      
Detects concurrency patterns such as tasks, spawns, monitors, and supervisors across project functions.

      


      
        Summary


  
    Functions
  


    
      
        analyze(project)

      


    





      


      
        Functions


        


  
    
      
    
    
      analyze(project)



        
          
        

    

  


  


  


        

      


  

    
Reach.OTP.Concurrency.Result 
    



      
Struct holding the results of a concurrency pattern analysis.

      


      
        Summary


  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.OTP.Coupling 
    



      
Detects hidden coupling across modules via shared ETS tables, process dictionary keys, and message patterns.

      


      
        Summary


  
    Functions
  


    
      
        add_edges(graph, all_nodes)

      


        Adds hidden coupling edges (ETS, process dict, message ordering/content) to a graph.



    





      


      
        Functions


        


  
    
      
    
    
      add_edges(graph, all_nodes)



        
          
        

    

  


  

Adds hidden coupling edges (ETS, process dict, message ordering/content) to a graph.

  


        

      


  

    
Reach.OTP.CrossProcess 
    



      
Analyzes cross-process data dependencies by tracing effects through GenServer call/cast boundaries.

      


      
        Summary


  
    Types
  


    
      
        effect_summary()

      


    





  
    Functions
  


    
      
        build_effect_summaries(nodes, opts \\ [])

      


        Builds a per-module effect summary: which ETS tables, pdict keys,
and other processes each module touches.



    


    
      
        find_cross_process_coupling(nodes, opts \\ [])

      


        Finds cross-process coupling: when module A calls GenServer.call(B, ...)
and module B touches ETS tables or pdict keys that module A also uses.



    





      


      
        Types


        


  
    
      
    
    
      effect_summary()



        
          
        

    

  


  

      

          @type effect_summary() :: %{
  module: module(),
  ets_writes: [atom()],
  ets_reads: [atom()],
  pdict_writes: [atom()],
  pdict_reads: [atom()],
  sends_to: [module()]
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      build_effect_summaries(nodes, opts \\ [])



        
          
        

    

  


  

      

          @spec build_effect_summaries(
  [Reach.IR.Node.t()],
  keyword()
) :: %{required(module()) => effect_summary()}


      


Builds a per-module effect summary: which ETS tables, pdict keys,
and other processes each module touches.

  



    

  
    
      
    
    
      find_cross_process_coupling(nodes, opts \\ [])



        
          
        

    

  


  

      

          @spec find_cross_process_coupling(
  [Reach.IR.Node.t()],
  keyword()
) :: [map()]


      


Finds cross-process coupling: when module A calls GenServer.call(B, ...)
and module B touches ETS tables or pdict keys that module A also uses.

  


        

      


  

    
Reach.OTP.DeadReply 
    



      
Detects GenServer.call sites where the reply value is discarded.

      


      
        Summary


  
    Functions
  


    
      
        find_dead_replies(nodes, opts \\ [])

      


        Finds GenServer.call sites where the reply value is discarded.



    





      


      
        Functions


        


    

  
    
      
    
    
      find_dead_replies(nodes, opts \\ [])



        
          
        

    

  


  

      

          @spec find_dead_replies(
  [Reach.IR.Node.t()],
  keyword()
) :: [map()]


      


Finds GenServer.call sites where the reply value is discarded.
A discarded reply means the server computes and sends a value that
nobody uses — the call could be a cast instead, or the handle_call
could return a cheaper reply.

  


        

      


  

    
Reach.OTP.GenServer 
    



      
Extracts GenServer state access patterns, callbacks, and reply semantics from module IR.

      


      
        Summary


  
    Functions
  


    
      
        add_edges(graph, all_nodes)

      


        Adds GenServer-specific edges (state flow, state pass, call reply) to a graph.



    


    
      
        classify_callback(arg1)

      


        Classifies a function definition as a GenServer callback type.



    


    
      
        extract_return_info(func_def)

      


        Extracts the return value expression from a GenServer callback.



    


    
      
        extract_state_param(func_def)

      


        Extracts the state parameter node from a GenServer callback.



    





      


      
        Functions


        


  
    
      
    
    
      add_edges(graph, all_nodes)



        
          
        

    

  


  

Adds GenServer-specific edges (state flow, state pass, call reply) to a graph.

  



  
    
      
    
    
      classify_callback(arg1)



        
          
        

    

  


  

      

          @spec classify_callback(Reach.IR.Node.t()) :: atom() | nil


      


Classifies a function definition as a GenServer callback type.

  



  
    
      
    
    
      extract_return_info(func_def)



        
          
        

    

  


  

      

          @spec extract_return_info(Reach.IR.Node.t()) ::
  {atom(), Reach.IR.Node.t() | nil, Reach.IR.Node.t() | nil} | nil


      


Extracts the return value expression from a GenServer callback.

  



  
    
      
    
    
      extract_state_param(func_def)



        
          
        

    

  


  

      

          @spec extract_state_param(Reach.IR.Node.t()) :: Reach.IR.Node.t() | nil


      


Extracts the state parameter node from a GenServer callback.

  


        

      


  

    
Reach.OTP.GenStatem 
    



      
Extracts gen_statem states, transitions, and event handlers from module IR.

      


      
        Summary


  
    Functions
  


    
      
        analyze(ir_nodes)

      


        Extracts gen_statem state machine information from module IR nodes.



    


    
      
        detect?(all_nodes)

      


        Detects gen_statem from @behaviour :gen_statem or callback_mode/0.



    





      


      
        Functions


        


  
    
      
    
    
      analyze(ir_nodes)



        
          
        

    

  


  

      

          @spec analyze([Reach.IR.Node.t()]) :: map() | nil


      


Extracts gen_statem state machine information from module IR nodes.
Returns a map with :callback_mode, :init_state, :states, and :transitions.
Each state has its event handlers. Each transition has source, target,
event type, and the function node that triggers it.

  



  
    
      
    
    
      detect?(all_nodes)



        
          
        

    

  


  

Detects gen_statem from @behaviour :gen_statem or callback_mode/0.

  


        

      


  

    
Reach.Evidence 
    



      
Reusable evidence providers consumed by smells, checks, and refactoring candidates.
Evidence modules collect facts and signals. They do not decide whether
something is a user-facing finding; smell and check modules own that policy.

      


      
        Summary


  
    Functions
  


    
      
        ast_providers(plugins \\ [])

      


        Returns AST evidence providers available for the configured plugins.



    


    
      
        ast_providers_for(family, plugins)

      


        Returns AST evidence providers matching a family or all providers.



    


    
      
        dependency_bypass(project, config \\ [])

      


        Returns generic project-to-dependency reimplementation evidence.



    


    
      
        external_data_boundaries(project)

      


        Returns decoded external values crossing storage or process boundaries.



    


    
      
        nil_parameters(project)

      


        Returns nil-capable parameter uses and guard-dominance evidence.



    


    
      
        parameter_shapes(project)

      


        Returns map-shape variation flowing into function parameters.



    


    
      
        representation_overlaps(project, opts \\ [])

      


        Returns near-equivalent struct and bare-map representations across modules.



    


    
      
        return_contracts(project)

      


        Returns terminal return-shape evidence grouped by function.



    


    
      
        total_function_laundering(project)

      


        Returns accepted-domain fallback evidence from private parsers.



    





      


      
        Functions


        


    

  
    
      
    
    
      ast_providers(plugins \\ [])



        
          
        

    

  


  

Returns AST evidence providers available for the configured plugins.

  



  
    
      
    
    
      ast_providers_for(family, plugins)



        
          
        

    

  


  

Returns AST evidence providers matching a family or all providers.

  



    

  
    
      
    
    
      dependency_bypass(project, config \\ [])



        
          
        

    

  


  

Returns generic project-to-dependency reimplementation evidence.

  



  
    
      
    
    
      external_data_boundaries(project)



        
          
        

    

  


  

Returns decoded external values crossing storage or process boundaries.

  



  
    
      
    
    
      nil_parameters(project)



        
          
        

    

  


  

Returns nil-capable parameter uses and guard-dominance evidence.

  



  
    
      
    
    
      parameter_shapes(project)



        
          
        

    

  


  

Returns map-shape variation flowing into function parameters.

  



    

  
    
      
    
    
      representation_overlaps(project, opts \\ [])



        
          
        

    

  


  

Returns near-equivalent struct and bare-map representations across modules.

  



  
    
      
    
    
      return_contracts(project)



        
          
        

    

  


  

Returns terminal return-shape evidence grouped by function.

  



  
    
      
    
    
      total_function_laundering(project)



        
          
        

    

  


  

Returns accepted-domain fallback evidence from private parsers.

  


        

      


  

    
Reach.Evidence.AST 
    



      
Shared AST helpers for evidence providers.

      


      
        Summary


  
    Functions
  


    
      
        call?(node, arg)

      


    


    
      
        call_descriptor(arg1)

      


    


    
      
        collect(ast, collector)

      


    


    
      
        contains?(ast, predicate)

      


    


    
      
        contains_call?(ast, target)

      


    


    
      
        count(ast, predicate)

      


    


    
      
        count_calls(ast, targets)

      


    


    
      
        erlang_call?(arg1, module, function)

      


    


    
      
        local_call?(arg1, function)

      


    


    
      
        parse_file(file)

      


        Parses one source file with line and column metadata without loading it.



    


    
      
        reduce(ast, initial, reducer)

      


    


    
      
        references?(ast, expected)

      


    


    
      
        remote_call?(arg1, module, function)

      


    


    
      
        same_ast?(left, right)

      


    





      


      
        Functions


        


  
    
      
    
    
      call?(node, arg)



        
          
        

    

  


  


  



  
    
      
    
    
      call_descriptor(arg1)



        
          
        

    

  


  


  



  
    
      
    
    
      collect(ast, collector)



        
          
        

    

  


  


  



  
    
      
    
    
      contains?(ast, predicate)



        
          
        

    

  


  


  



  
    
      
    
    
      contains_call?(ast, target)



        
          
        

    

  


  


  



  
    
      
    
    
      count(ast, predicate)



        
          
        

    

  


  


  



  
    
      
    
    
      count_calls(ast, targets)



        
          
        

    

  


  


  



  
    
      
    
    
      erlang_call?(arg1, module, function)



        
          
        

    

  


  


  



  
    
      
    
    
      local_call?(arg1, function)



        
          
        

    

  


  


  



  
    
      
    
    
      parse_file(file)



        
          
        

    

  


  

      

          @spec parse_file(Path.t()) :: {:ok, Macro.t()} | {:error, term()}


      


Parses one source file with line and column metadata without loading it.

  



  
    
      
    
    
      reduce(ast, initial, reducer)



        
          
        

    

  


  


  



  
    
      
    
    
      references?(ast, expected)



        
          
        

    

  


  


  



  
    
      
    
    
      remote_call?(arg1, module, function)



        
          
        

    

  


  


  



  
    
      
    
    
      same_ast?(left, right)



        
          
        

    

  


  


  


        

      


  

    
Reach.Evidence.Bypass 
    



      
Normalizes evidence that code reimplements an available capability.

      


      
        Summary


  
    Types
  


    
      
        origin()

      


    





  
    Functions
  


    
      
        annotate(fact, attrs)

      


        Adds normalized capability-bypass metadata to an existing fact.



    


    
      
        fact(attrs)

      


        Builds a normalized capability-bypass fact.



    


    
      
        fact?(fact)

      


        Returns whether an evidence fact represents an available-capability bypass.



    


    
      
        from_dependency_clones(clones)

      


        Converts cross-dependency clone families into project-located bypass facts.



    





      


      
        Types


        


  
    
      
    
    
      origin()



        
          
        

    

  


  

      

          @type origin() :: :stdlib_pattern | :plugin_pattern | :dependency_clone


      



  


        

      

      
        Functions


        


  
    
      
    
    
      annotate(fact, attrs)



        
          
        

    

  


  

      

          @spec annotate(
  Reach.Evidence.Fact.t(),
  keyword()
) :: Reach.Evidence.Fact.t()


      


Adds normalized capability-bypass metadata to an existing fact.

  



  
    
      
    
    
      fact(attrs)



        
          
        

    

  


  

      

          @spec fact(keyword()) :: Reach.Evidence.Fact.t()


      


Builds a normalized capability-bypass fact.

  



  
    
      
    
    
      fact?(fact)



        
          
        

    

  


  

      

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


      


Returns whether an evidence fact represents an available-capability bypass.

  



  
    
      
    
    
      from_dependency_clones(clones)



        
          
        

    

  


  

      

          @spec from_dependency_clones([Reach.Evidence.CloneAnalysis.Clone.t()]) :: [
  Reach.Evidence.Fact.t()
]


      


Converts cross-dependency clone families into project-located bypass facts.

  


        

      


  

    
Reach.Evidence.CloneAnalysis 
    



      
Process-dictionary-cached clone detection dispatcher.

      


      
        Summary


  
    Functions
  


    
      
        analyze(project, config \\ [])

      


    


    
      
        dependency_bypass(project, config \\ [])

      


        Returns capability-bypass facts backed by project-to-dependency clones.



    





      


      
        Functions


        


    

  
    
      
    
    
      analyze(project, config \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      dependency_bypass(project, config \\ [])



        
          
        

    

  


  

Returns capability-bypass facts backed by project-to-dependency clones.

  


        

      


  

    
Reach.Evidence.CloneAnalysis.Clone 
    



      
Struct for a clone family (a group of similar code fragments).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Evidence.CloneAnalysis.Clone{
  fingerprint: String.t() | nil,
  fragments: [Reach.Evidence.CloneAnalysis.Fragment.t()],
  mass: number() | nil,
  similarity: number() | nil,
  suggestion: term(),
  type: atom() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Evidence.CloneAnalysis.ExDNA 
    



      
ExDNA-backed clone detection provider.

      


      
        Summary


  
    Functions
  


    
      
        analyze(project, config)

      


    


    
      
        available?()

      


    


    
      
        dependency_clones(project, config)

      


        Finds clone families containing both project and direct-dependency fragments.



    





      


      
        Functions


        


  
    
      
    
    
      analyze(project, config)



        
          
        

    

  


  


  



  
    
      
    
    
      available?()



        
          
        

    

  


  


  



  
    
      
    
    
      dependency_clones(project, config)



        
          
        

    

  


  

Finds clone families containing both project and direct-dependency fragments.

  


        

      


  

    
Reach.Evidence.CloneAnalysis.Fragment 
    



      
Struct for a single code fragment within a clone family.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(attrs)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Evidence.CloneAnalysis.Fragment{
  arity: term(),
  calls: term(),
  dependency: term(),
  effect_sequence: term(),
  effects: term(),
  file: term(),
  function: term(),
  line: term(),
  map_accesses: term(),
  mass: term(),
  module: term(),
  origin: term(),
  return_shapes: term(),
  validation_calls: term(),
  whole_function: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(attrs)



        
          
        

    

  


  


  


        

      


  

    
Reach.Evidence.DSLGuard 
    



      
Filters generic evidence emitted from source ranges with reinterpreted DSL semantics.

      


      
        Summary


  
    Functions
  


    
      
        filter(evidence, ast, plugins, config \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      filter(evidence, ast, plugins, config \\ [])



        
          
        

    

  


  

      

          @spec filter([map()], Macro.t(), [module()], Reach.Config.t() | keyword()) :: [map()]


      



  


        

      


  

    
Reach.Evidence.ExternalDataBoundary 
    



      
Collects decoded external values crossing storage or process boundaries.

      


      
        Summary


  
    Types
  


    
      
        environment()

      


    


    
      
        taint()

      


    





  
    Functions
  


    
      
        collect_project(project)

      


        Collects boundary-crossing evidence from all source files in a project.



    


    
      
        fixed_contract?(fact, min_keys \\ 2)

      


        Returns whether boundary evidence has enough fixed-key consumers for policy promotion.



    


    
      
        transport_envelope?(fact)

      


        Returns whether a fact preserves a sandbox payload or transient wire envelope.



    





      


      
        Types


        


  
    
      
    
    
      environment()



        
          
        

    

  


  

      

          @type environment() :: %{
  optional(atom() | {:reach, :state_callback}) =>
    taint() | {atom(), non_neg_integer()}
}


      



  



  
    
      
    
    
      taint()



        
          
        

    

  


  

      

          @type taint() :: [Reach.Evidence.ExternalDataBoundary.Origin.t()]


      



  


        

      

      
        Functions


        


  
    
      
    
    
      collect_project(project)



        
          
        

    

  


  

      

          @spec collect_project(Reach.Project.t()) :: [
  Reach.Evidence.ExternalDataBoundary.Fact.t()
]


      


Collects boundary-crossing evidence from all source files in a project.

  



    

  
    
      
    
    
      fixed_contract?(fact, min_keys \\ 2)



        
          
        

    

  


  

      

          @spec fixed_contract?(Reach.Evidence.ExternalDataBoundary.Fact.t(), pos_integer()) ::
  boolean()


      


Returns whether boundary evidence has enough fixed-key consumers for policy promotion.

  



  
    
      
    
    
      transport_envelope?(fact)



        
          
        

    

  


  

      

          @spec transport_envelope?(Reach.Evidence.ExternalDataBoundary.Fact.t()) :: boolean()


      


Returns whether a fact preserves a sandbox payload or transient wire envelope.

  


        

      


  

    
Reach.Evidence.ExternalDataBoundary.Fact 
    



      
A decoded external value observed crossing a storage or process boundary.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Evidence.ExternalDataBoundary.Fact{
  boundary: String.t(),
  boundary_function: {module(), atom(), non_neg_integer()} | nil,
  boundary_kind: :storage | :process,
  column: pos_integer() | nil,
  consumer_functions: [{module(), atom(), non_neg_integer()}],
  consumer_keys: [String.t()],
  file: Path.t(),
  line: pos_integer() | nil,
  source: String.t(),
  source_line: pos_integer() | nil,
  variables: [atom()]
}


      



  


        

      


  

    
Reach.Evidence.ExternalDataBoundary.Origin 
    



      
Decoder source and line retained while tracking external-data provenance.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Evidence.ExternalDataBoundary.Origin{
  line: pos_integer() | nil,
  source: String.t()
}


      



  


        

      


  

    
Reach.Evidence.Facade 
    



      
Collects module-level evidence about public APIs that only forward calls.

      


      
        Summary


  
    Functions
  


    
      
        collect_project(project)

      


    





      


      
        Functions


        


  
    
      
    
    
      collect_project(project)



        
          
        

    

  


  

      

          @spec collect_project(Reach.Project.t()) :: [Reach.Evidence.Facade.Module.t()]


      



  


        

      


  

    
Reach.Evidence.Facade.Module 
    



      
Aggregated forwarding and boundary evidence for one module.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Evidence.Facade.Module{
  boundary_markers: term(),
  documented: term(),
  file: term(),
  forwarder_count: term(),
  forwarder_ratio: term(),
  forwarders: term(),
  line: term(),
  module: term(),
  public_function_count: term(),
  target_modules: term()
}


      



  


        

      


  

    
Reach.Evidence.Fact 
    



      
A reusable evidence fact emitted by evidence providers.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Evidence.Fact{
  confidence: atom() | nil,
  data: map() | nil,
  family: atom() | nil,
  kind: atom() | nil,
  message: String.t() | nil,
  meta: keyword() | map() | nil,
  replacement: String.t() | nil,
  source: term()
}


      



  


        

      


  

    
Reach.Evidence.Impact 
    



      
Reusable call-graph impact evidence for target-local analyses and checks.

      


      
        Summary


  
    Functions
  


    
      
        callers(project, target, depth)

      


    





      


      
        Functions


        


  
    
      
    
    
      callers(project, target, depth)



        
          
        

    

  


  

      

          @spec callers(
  Reach.Project.t(),
  {module(), atom(), non_neg_integer()},
  non_neg_integer()
) :: [
  {module() | nil, atom(), non_neg_integer()}
]


      



  


        

      


  

    
Reach.Evidence.MapContract 
    



      
Collects evidence for maps that behave like implicit contracts.

      


      
        Summary


  
    Functions
  


    
      
        collect_fallbacks(project)

      


    


    
      
        collect_key_accesses(project)

      


    


    
      
        collect_key_normalizations(project)

      


    


    
      
        collect_project(project, opts \\ [])

      


    


    
      
        collect_representation_churn(project)

      


    


    
      
        collect_representation_churn(project, normalizations)

      


    


    
      
        nested_parameter_access?(access, parameter_index, nested_bindings)

      


    


    
      
        nested_parameter_bindings(project)

      


        Returns names bound inside nested function-parameter patterns.



    


    
      
        parameter_origin_index(project)

      


        Indexes direct function-parameter bindings by their zero-based parameter position.



    





      


      
        Functions


        


  
    
      
    
    
      collect_fallbacks(project)



        
          
        

    

  


  


  



  
    
      
    
    
      collect_key_accesses(project)



        
          
        

    

  


  


  



  
    
      
    
    
      collect_key_normalizations(project)



        
          
        

    

  


  


  



    

  
    
      
    
    
      collect_project(project, opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      collect_representation_churn(project)



        
          
        

    

  


  


  



  
    
      
    
    
      collect_representation_churn(project, normalizations)



        
          
        

    

  


  


  



  
    
      
    
    
      nested_parameter_access?(access, parameter_index, nested_bindings)



        
          
        

    

  


  


  



  
    
      
    
    
      nested_parameter_bindings(project)



        
          
        

    

  


  

      

          @spec nested_parameter_bindings(map()) ::
  MapSet.t(
    {{module() | nil, atom(), non_neg_integer()}, non_neg_integer(), atom()}
  )


      


Returns names bound inside nested function-parameter patterns.

  



  
    
      
    
    
      parameter_origin_index(project)



        
          
        

    

  


  

      

          @spec parameter_origin_index(map()) :: %{
  required({{module() | nil, atom(), non_neg_integer()}, term()}) =>
    non_neg_integer()
}


      


Indexes direct function-parameter bindings by their zero-based parameter position.

  


        

      


  

    
Reach.Evidence.NilParameter 
    



      
Collects nil-capable parameter uses and their dominating non-nil guards.

      


      
        Summary


  
    Functions
  


    
      
        collect_project(project)

      


        Collects nilability and guard-dominance facts for project functions.



    





      


      
        Functions


        


  
    
      
    
    
      collect_project(project)



        
          
        

    

  


  

      

          @spec collect_project(Reach.Project.t() | map()) :: [
  Reach.Evidence.NilParameter.Fact.t()
]


      


Collects nilability and guard-dominance facts for project functions.

  


        

      


  

    
Reach.Evidence.NilParameter.Fact 
    



      
Evidence that a nil-capable parameter can reach a strict use.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Evidence.NilParameter.Fact{
  arity: term(),
  file: term(),
  function: term(),
  line: term(),
  module: term(),
  nil_sources: term(),
  parameter: term(),
  parameter_index: term(),
  recursive?: term(),
  uses: term(),
  visibility: term()
}


      



  


        

      


  

    
Reach.Evidence.ParameterShape 
    



      
Collects map-shape variation flowing into function parameters.

      


      
        Summary


  
    Functions
  


    
      
        collect_project(project)

      


        Collects parameter map-shape facts from statically resolved project calls.



    





      


      
        Functions


        


  
    
      
    
    
      collect_project(project)



        
          
        

    

  


  

      

          @spec collect_project(Reach.Project.t()) :: [Reach.Evidence.ParameterShape.Fact.t()]


      


Collects parameter map-shape facts from statically resolved project calls.

  


        

      


  

    
Reach.Evidence.ParameterShape.Fact 
    



      
Observed fixed-map shape variants for one function parameter.

      


      
        Summary


  
    Types
  


    
      
        function_id()

      


    


    
      
        key()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      function_id()



        
          
        

    

  


  

      

          @type function_id() :: {module() | nil, atom(), non_neg_integer()}


      



  



  
    
      
    
    
      key()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Evidence.ParameterShape.Fact{
  callers: [function_id()],
  companion_dispatch?: boolean(),
  consumed_keys: [key()],
  core_keys: [key()],
  defensive_consumed_keys: [key()],
  entropy: float(),
  file: Path.t() | nil,
  intentional_dispatch?: boolean(),
  line: pos_integer() | nil,
  occurrences: [Reach.Evidence.ParameterShape.Occurrence.t()],
  optional_keys: [key()],
  parameter: atom() | String.t(),
  parameter_index: non_neg_integer(),
  role: :domain | :non_contract,
  strict_consumed_keys: [key()],
  tagged_variants?: boolean(),
  target: function_id(),
  union_keys: [key()],
  variants: [[key()]]
}


      



  


        

      


  

    
Reach.Evidence.ParameterShape.Occurrence 
    



      
One fixed-map argument observed at a resolved call site.

      


      
        Summary


  
    Types
  


    
      
        function_id()

      


    


    
      
        key()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      function_id()



        
          
        

    

  


  

      

          @type function_id() :: {module() | nil, atom(), non_neg_integer()}


      



  



  
    
      
    
    
      key()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Evidence.ParameterShape.Occurrence{
  caller: function_id() | nil,
  column: pos_integer() | nil,
  companion_literals: %{optional(non_neg_integer()) => term()},
  file: Path.t() | nil,
  keys: [key()],
  line: pos_integer() | nil,
  literals: %{optional(key()) => term()}
}


      



  


        

      


  

    
Reach.Evidence.PatternRunner 
    



      
Runs ExAST patterns for evidence providers.

      


      
        Summary


  
    Functions
  


    
      
        match_meta(arg1)

      


    


    
      
        run(ast, specs, opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      match_meta(arg1)



        
          
        

    

  


  


  



    

  
    
      
    
    
      run(ast, specs, opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Reach.Evidence.Provider behaviour
    



      
Behaviour for source-AST evidence providers discovered by Reach and plugins.

      


      
        Summary


  
    Callbacks
  


    
      
        collect_ast(t)

      


    


    
      
        family()

      


    


    
      
        kinds()

      


    





      


      
        Callbacks


        


  
    
      
    
    
      collect_ast(t)



        
          
        

    

  


  

      

          @callback collect_ast(Macro.t()) :: [map()]


      



  



  
    
      
    
    
      family()



        
          
        

    

  


  

      

          @callback family() :: atom()


      



  



  
    
      
    
    
      kinds()



        
          
        

    

  


  

      

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


      



  


        

      


  

    
Reach.Evidence.RepresentationOverlap 
    



      
Collects near-equivalent struct and bare-map representations across modules.

      


      
        Summary


  
    Functions
  


    
      
        collect_maps(project)

      


        Collects source bare-map construction shapes.



    


    
      
        collect_project(project, opts \\ [])

      


        Collects cross-module struct/bare-map shape overlaps.



    


    
      
        collect_structs(project)

      


        Collects source-declared struct shapes.



    





      


      
        Functions


        


  
    
      
    
    
      collect_maps(project)



        
          
        

    

  


  

      

          @spec collect_maps(Reach.Project.t()) :: [
  Reach.Evidence.RepresentationOverlap.MapShape.t()
]


      


Collects source bare-map construction shapes.

  



    

  
    
      
    
    
      collect_project(project, opts \\ [])



        
          
        

    

  


  

      

          @spec collect_project(
  Reach.Project.t(),
  keyword()
) :: [Reach.Evidence.RepresentationOverlap.Fact.t()]


      


Collects cross-module struct/bare-map shape overlaps.

  



  
    
      
    
    
      collect_structs(project)



        
          
        

    

  


  

      

          @spec collect_structs(Reach.Project.t()) :: [
  Reach.Evidence.RepresentationOverlap.StructShape.t()
]


      


Collects source-declared struct shapes.

  


        

      


  

    
Reach.Evidence.RepresentationOverlap.Fact 
    



      
Shape-overlap evidence joining a struct with a bare map.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Evidence.RepresentationOverlap.Fact{
  map: Reach.Evidence.RepresentationOverlap.MapShape.t(),
  map_only_keys: [atom()],
  name_match?: boolean(),
  shared_keys: [atom()],
  similarity: float(),
  struct: Reach.Evidence.RepresentationOverlap.StructShape.t(),
  struct_only_keys: [atom()]
}


      



  


        

      


  

    
Reach.Evidence.RepresentationOverlap.MapShape 
    



      
A bare-map construction and its observed shape and provenance.

      


      
        Summary


  
    Types
  


    
      
        function_id()

      


    


    
      
        normalization_target()

      


    


    
      
        role()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      function_id()



        
          
        

    

  


  

      

          @type function_id() :: {module(), atom(), non_neg_integer()}


      



  



  
    
      
    
    
      normalization_target()



        
          
        

    

  


  

      

          @type normalization_target() ::
  nil | :boundary_call | :struct_constructor | {:call, atom(), atom()}


      



  



  
    
      
    
    
      role()



        
          
        

    

  


  

      

          @type role() :: :accumulator | :domain | :presentation


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Evidence.RepresentationOverlap.MapShape{
  column: pos_integer() | nil,
  file: Path.t(),
  function: function_id(),
  keys: [atom()],
  line: pos_integer() | nil,
  module: module(),
  normalized_into: normalization_target(),
  projection?: boolean(),
  projection_sources: [atom()],
  role: role(),
  variable: atom() | nil
}


      



  


        

      


  

    
Reach.Evidence.RepresentationOverlap.StructShape 
    



      
A source-declared struct and its field shape.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Evidence.RepresentationOverlap.StructShape{
  file: Path.t(),
  keys: [atom()],
  line: pos_integer() | nil,
  map_conversion_functions: [atom()],
  module: module()
}


      



  


        

      


  

    
Reach.Evidence.ReturnContract 
    



      
Collects terminal return-shape evidence across clauses and branches.

      


      
        Summary


  
    Functions
  


    
      
        collect_project(project)

      


    





      


      
        Functions


        


  
    
      
    
    
      collect_project(project)



        
          
        

    

  


  

      

          @spec collect_project(Reach.Project.t()) :: [Reach.Evidence.ReturnContract.Fact.t()]


      



  


        

      


  

    
Reach.Evidence.ReturnContract.Fact 
    



      
Observed and declared terminal return shapes for one function.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Evidence.ReturnContract.Fact{
  arity: term(),
  declared_contract: term(),
  file: term(),
  function: term(),
  impl: term(),
  line: term(),
  module: term(),
  outcomes: term(),
  visibility: term()
}


      



  


        

      


  

    
Reach.Evidence.StandardLibraryBypass 
    



      
Collects evidence of ad-hoc code that bypasses standard library helpers.

      


      
        Summary


  
    Functions
  


    
      
        fact(kind, message, replacement, meta, confidence \\ :high)

      


    





      


      
        Functions


        


    

  
    
      
    
    
      fact(kind, message, replacement, meta, confidence \\ :high)



        
          
        

    

  


  


  


        

      


  

    
Reach.Evidence.StandardLibraryBypass.Enum 
    



      
Collects Enum standard-library bypass evidence.

      


      
        Summary


  
    Functions
  


    
      
        collect_ast(ast)

      


    


    
      
        kinds()

      


    





      


      
        Functions


        


  
    
      
    
    
      collect_ast(ast)



        
          
        

    

  


  


  



  
    
      
    
    
      kinds()



        
          
        

    

  


  


  


        

      


  

    
Reach.Evidence.StandardLibraryBypass.Map 
    



      
Collects Map standard-library bypass evidence.

      


      
        Summary


  
    Functions
  


    
      
        collect_ast(ast)

      


    


    
      
        kinds()

      


    





      


      
        Functions


        


  
    
      
    
    
      collect_ast(ast)



        
          
        

    

  


  


  



  
    
      
    
    
      kinds()



        
          
        

    

  


  


  


        

      


  

    
Reach.Evidence.StandardLibraryBypass.PathURI 
    



      
Collects Path/URI standard-library bypass evidence.

      


      
        Summary


  
    Functions
  


    
      
        collect_ast(ast)

      


    


    
      
        kinds()

      


    





      


      
        Functions


        


  
    
      
    
    
      collect_ast(ast)



        
          
        

    

  


  


  



  
    
      
    
    
      kinds()



        
          
        

    

  


  


  


        

      


  

    
Reach.Evidence.TotalFunctionLaundering 
    



      
Collects private domain parsers whose catch-all returns an accepted domain value.

      


      
        Summary


  
    Functions
  


    
      
        collect_project(project)

      


    





      


      
        Functions


        


  
    
      
    
    
      collect_project(project)



        
          
        

    

  


  

      

          @spec collect_project(Reach.Project.t()) :: [
  Reach.Evidence.TotalFunctionLaundering.Fact.t()
]


      



  


        

      


  

    
Reach.Evidence.TotalFunctionLaundering.Fact 
    



      
Evidence about a closed-domain parser with an accepted-value fallback.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Evidence.TotalFunctionLaundering.Fact{
  arity: 1,
  catch_all: map(),
  clauses: [map()],
  declared_domain: MapSet.t(),
  fallback: term(),
  fallback_explicit?: boolean(),
  file: Path.t() | nil,
  inputs: MapSet.t(),
  name: atom(),
  outputs: MapSet.t()
}


      



  


        

      


  

    
Reach.IR 
    



      
Internal Representation tree utilities.
Provides functions for traversing and querying IR node trees.
To build IR from source, use Reach.string_to_graph/2 or
Reach.file_to_graph/2.

      


      
        Summary


  
    Functions
  


    
      
        all_nodes(nodes)

      


        Collects all nodes in the IR tree (pre-order depth-first).



    





      


      
        Functions


        


  
    
      
    
    
      all_nodes(nodes)



        
          
        

    

  


  

      

          @spec all_nodes(Reach.IR.Node.t() | [Reach.IR.Node.t()]) :: [Reach.IR.Node.t()]


      


Collects all nodes in the IR tree (pre-order depth-first).

  


        

      


  

    
Reach.IR.Helpers 
    



      
Utility functions for IR node inspection and traversal.

      


      
        Summary


  
    Functions
  


    
      
        call_name(node)

      


    


    
      
        clause_labels(func_def)

      


    


    
      
        direct_parent_index(nodes)

      


        Builds a child-node id to direct-parent index.



    


    
      
        func_id_to_string(other)

      


    


    
      
        function_pattern?(node, function_index, parents)

      


        Returns whether a node belongs to a function-clause pattern.



    


    
      
        location(node)

      


    


    
      
        mark_as_definitions(node)

      


    


    
      
        module_from_path(path)

      


    


    
      
        param_var_name(arg1)

      


    


    
      
        var_used_in_subtree?(node, target)

      


    





      


      
        Functions


        


  
    
      
    
    
      call_name(node)



        
          
        

    

  


  


  



  
    
      
    
    
      clause_labels(func_def)



        
          
        

    

  


  


  



  
    
      
    
    
      direct_parent_index(nodes)



        
          
        

    

  


  

      

          @spec direct_parent_index(%{optional(term()) => Reach.IR.Node.t()}) :: %{
  optional(term()) => Reach.IR.Node.t()
}


      


Builds a child-node id to direct-parent index.

  



  
    
      
    
    
      func_id_to_string(other)



        
          
        

    

  


  


  



  
    
      
    
    
      function_pattern?(node, function_index, parents)



        
          
        

    

  


  

      

          @spec function_pattern?(Reach.IR.Node.t(), map(), map()) :: boolean()


      


Returns whether a node belongs to a function-clause pattern.

  



  
    
      
    
    
      location(node)



        
          
        

    

  


  


  



  
    
      
    
    
      mark_as_definitions(node)



        
          
        

    

  


  


  



  
    
      
    
    
      module_from_path(path)



        
          
        

    

  


  


  



  
    
      
    
    
      param_var_name(arg1)



        
          
        

    

  


  


  



  
    
      
    
    
      var_used_in_subtree?(node, target)



        
          
        

    

  


  


  


        

      


  

    
Reach.IR.Node 
    



      
A node in the internal representation.
Every node is an expression or sub-expression, following the expression-oriented
approach (EDG) rather than statement-oriented (classic PDG).

      


      
        Summary


  
    Types
  


    
      
        id()

      


    


    
      
        node_type()

      


    


    
      
        source_span()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      id()



        
          
        

    

  


  

      

          @type id() :: non_neg_integer()


      



  



  
    
      
    
    
      node_type()



        
          
        

    

  


  

      

          @type node_type() ::
  :entry
  | :exit
  | :block
  | :literal
  | :var
  | :match
  | :call
  | :case
  | :clause
  | :guard
  | :fn
  | :try
  | :rescue
  | :catch_clause
  | :after
  | :receive
  | :comprehension
  | :generator
  | :filter
  | :binary_op
  | :unary_op
  | :tuple
  | :list
  | :cons
  | :map
  | :map_field
  | :struct
  | :pin
  | :access
  | :module_def
  | :function_def
  | :dispatch


      



  



  
    
      
    
    
      source_span()



        
          
        

    

  


  

      

          @type source_span() :: %{
  file: String.t() | nil,
  start_line: pos_integer(),
  start_col: pos_integer(),
  end_line: pos_integer() | nil,
  end_col: pos_integer() | nil
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.IR.Node{
  children: [t()],
  id: id(),
  meta: map(),
  source_span: source_span() | nil,
  type: node_type()
}


      



  


        

      


  

    
Reach.ControlDependence 
    



      
Computes control dependence from CFG and post-dominators.

      


      
        Summary


  
    Functions
  


    
      
        build(cfg)

      


        Builds a control dependence graph from a control flow graph.



    





      


      
        Functions


        


  
    
      
    
    
      build(cfg)



        
          
        

    

  


  

      

          @spec build(Graph.t()) :: Graph.t()


      


Builds a control dependence graph from a control flow graph.
The control flow graph must have :entry and :exit vertices.
Returns a Graph.t() where edges represent control dependence
with labels indicating the branch condition.

  


        

      


  

    
Reach.ControlFlow 
    



      
Translates IR nodes into control flow graph vertices and edges.

      


      
        Summary


  
    Types
  


    
      
        edge_label()

      


    


    
      
        vertex()

      


    





  
    Functions
  


    
      
        build(node)

      


        Builds a control flow graph from a function definition IR node.



    





      


      
        Types


        


  
    
      
    
    
      edge_label()



        
          
        

    

  


  

      

          @type edge_label() ::
  :sequential
  | :true_branch
  | :false_branch
  | {:clause_match, non_neg_integer()}
  | {:clause_fail, non_neg_integer()}
  | :guard_success
  | :guard_fail
  | :exception
  | :catch_entry
  | :after_entry
  | :timeout
  | :return


      



  



  
    
      
    
    
      vertex()



        
          
        

    

  


  

      

          @type vertex() :: Reach.IR.Node.id() | :entry | :exit


      



  


        

      

      
        Functions


        


  
    
      
    
    
      build(node)



        
          
        

    

  


  

      

          @spec build(Reach.IR.Node.t()) :: Graph.t()


      


Builds a control flow graph from a function definition IR node.
Returns a Graph.t() with :entry and :exit as synthetic nodes.

  


        

      


  

    
Reach.DataDependence 
    



      
Computes data dependence (def-use chains) from IR.

      


      
        Summary


  
    Functions
  


    
      
        analyze_bindings(arg1)

      


        Analyzes which variables a node defines and uses.



    


    
      
        build(nodes)

      


        Builds a data dependence graph from IR nodes.



    


    
      
        collect_definitions(arg1)

      


        Collects variable names defined by a pattern.



    





      


      
        Functions


        


  
    
      
    
    
      analyze_bindings(arg1)



        
          
        

    

  


  

      

          @spec analyze_bindings(Reach.IR.Node.t()) :: {[atom()], [atom()]}


      


Analyzes which variables a node defines and uses.

  



  
    
      
    
    
      build(nodes)



        
          
        

    

  


  

      

          @spec build([Reach.IR.Node.t()] | Reach.IR.Node.t()) :: Graph.t()


      


Builds a data dependence graph from IR nodes.
Returns a Graph.t() where edges represent data flow from definitions to uses.

  



  
    
      
    
    
      collect_definitions(arg1)



        
          
        

    

  


  

      

          @spec collect_definitions(Reach.IR.Node.t()) :: [atom()]


      


Collects variable names defined by a pattern.

  


        

      


  

    
Reach.Dominator 
    



      
Immediate dominator/post-dominator trees and dominance frontiers.

      


      
        Summary


  
    Functions
  


    
      
        dominates?(idom_map, a, a)

      


        Checks if a dominates b in the given idom map.



    


    
      
        frontier(cfg, idom_map)

      


        Computes the dominance frontier for each node.



    


    
      
        idom(graph, root)

      


        Computes the immediate dominator map for a directed graph.



    


    
      
        ipdom(graph, exit_node)

      


        Computes the immediate post-dominator map.



    


    
      
        tree(idom_map)

      


        Builds a dominator tree from an immediate dominator map.



    





      


      
        Functions


        


  
    
      
    
    
      dominates?(idom_map, a, a)



        
          
        

    

  


  

      

          @spec dominates?(map(), term(), term()) :: boolean()


      


Checks if a dominates b in the given idom map.

  



  
    
      
    
    
      frontier(cfg, idom_map)



        
          
        

    

  


  

      

          @spec frontier(Graph.t(), map()) :: %{required(term()) => MapSet.t()}


      


Computes the dominance frontier for each node.
The dominance frontier of a node N is the set of nodes where
N's dominance ends — where a node has a predecessor dominated by N
but is not itself strictly dominated by N.

  



  
    
      
    
    
      idom(graph, root)



        
          
        

    

  


  

      

          @spec idom(Graph.t(), term()) :: %{required(term()) => term()}


      


Computes the immediate dominator map for a directed graph.
Returns %{vertex => immediate_dominator}. The root vertex maps to itself.

  



  
    
      
    
    
      ipdom(graph, exit_node)



        
          
        

    

  


  

      

          @spec ipdom(Graph.t(), term()) :: %{required(term()) => term()}


      


Computes the immediate post-dominator map.
Reverses the CFG and computes dominators from the exit node.

  



  
    
      
    
    
      tree(idom_map)



        
          
        

    

  


  

      

          @spec tree(map()) :: Graph.t()


      


Builds a dominator tree from an immediate dominator map.
Returns a Graph.t() where edges go from dominator to dominated.

  


        

      


  

    
Reach.Effects 
    



      
Effect classification for IR nodes.
Classifies each expression by its side effects — pure computations,
IO, mutable state access, message passing, etc. Used by independence
queries to determine whether reordering is safe.

      


      
        Summary


  
    Types
  


    
      
        effect()

      


    





  
    Functions
  


    
      
        classify(node, plugins \\ nil)

      


        Classifies the effect of an IR node.



    


    
      
        classify_with_provenance(node, plugins \\ nil)

      


        Classifies an IR node and explains the source and confidence of the result.



    


    
      
        conflicting?(arg1, arg2)

      


        Returns true if two effects conflict (reordering may change behavior).



    


    
      
        effectful?(node, effect, plugins \\ nil)

      


        Returns true if the node has the given effect.



    


    
      
        ensure_cache()

      


        Ensures the effect-classification ETS cache exists.



    


    
      
        infer_local_effects(node_map, plugins \\ nil)

      


        Infers effects for project-local functions by analyzing their call bodies.



    


    
      
        pure?(node, plugins \\ nil)

      


        Returns true if the node is pure (no side effects).



    


    
      
        pure_call?(module, function, arity)

      


        Returns true when a module/function/arity is classified as pure.



    


    
      
        pure_modules()

      


        Returns modules whose functions are pure by default unless explicitly listed otherwise.



    





      


      
        Types


        


  
    
      
    
    
      effect()



        
          
        

    

  


  

      

          @type effect() ::
  :pure | :read | :write | :io | :send | :receive | :exception | :nif | :unknown


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      classify(node, plugins \\ nil)



        
          
        

    

  


  

      

          @spec classify(Reach.IR.Node.t(), [module()] | nil) :: effect()


      


Classifies the effect of an IR node.

  



    

  
    
      
    
    
      classify_with_provenance(node, plugins \\ nil)



        
          
        

    

  


  

      

          @spec classify_with_provenance(Reach.IR.Node.t(), [module()] | nil) ::
  Reach.Effects.Classification.t()


      


Classifies an IR node and explains the source and confidence of the result.

  



  
    
      
    
    
      conflicting?(arg1, arg2)



        
          
        

    

  


  

      

          @spec conflicting?(effect(), effect()) :: boolean()


      


Returns true if two effects conflict (reordering may change behavior).

  



    

  
    
      
    
    
      effectful?(node, effect, plugins \\ nil)



        
          
        

    

  


  

      

          @spec effectful?(Reach.IR.Node.t(), effect(), [module()] | nil) :: boolean()


      


Returns true if the node has the given effect.

  



  
    
      
    
    
      ensure_cache()



        
          
        

    

  


  

Ensures the effect-classification ETS cache exists.

  



    

  
    
      
    
    
      infer_local_effects(node_map, plugins \\ nil)



        
          
        

    

  


  

      

          @spec infer_local_effects(
  %{required(Reach.IR.Node.id()) => Reach.IR.Node.t()},
  [module()] | nil
) :: :ok


      


Infers effects for project-local functions by analyzing their call bodies.
Walks all function definitions and classifies each based on the effects
of its callees. Iterates until no new classifications are found (fixed-point).
Results are cached in the ETS classify cache.

  



    

  
    
      
    
    
      pure?(node, plugins \\ nil)



        
          
        

    

  


  

      

          @spec pure?(Reach.IR.Node.t(), [module()] | nil) :: boolean()


      


Returns true if the node is pure (no side effects).

  



  
    
      
    
    
      pure_call?(module, function, arity)



        
          
        

    

  


  

Returns true when a module/function/arity is classified as pure.

  



  
    
      
    
    
      pure_modules()



        
          
        

    

  


  

Returns modules whose functions are pure by default unless explicitly listed otherwise.

  


        

      


  

    
Reach.Effects.Classification 
    



      
Explains an effect classification and where it came from.
Reach.Effects.classify/2 remains the compact atom-returning API. Use
Reach.Effects.classify_with_provenance/2 when callers need to distinguish
explicit semantics from typespec or project-local inference.

      


      
        Summary


  
    Types
  


    
      
        confidence()

      


    


    
      
        reason()

      


    


    
      
        source()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        new(effect, source, confidence, opts \\ [])

      


    





      


      
        Types


        


  
    
      
    
    
      confidence()



        
          
        

    

  


  

      

          @type confidence() :: :high | :medium | :low


      



  



  
    
      
    
    
      reason()



        
          
        

    

  


  

      

          @type reason() ::
  :dynamic_dispatch
  | :unresolved_local
  | :unresolved_module
  | :insufficient_semantics
  | :unsupported_call
  | :unsupported_node


      



  



  
    
      
    
    
      source()



        
          
        

    

  


  

      

          @type source() ::
  :intrinsic
  | :plugin
  | :local_inference
  | :dependency_inference
  | :builtin
  | :typespec
  | :inferred_type
  | :unknown


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.Effects.Classification{
  classifier: module() | nil,
  confidence: confidence(),
  effect: Reach.Effects.effect(),
  reason: reason() | nil,
  source: source()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(effect, source, confidence, opts \\ [])



        
          
        

    

  


  

      

          @spec new(Reach.Effects.effect(), source(), confidence(), keyword()) :: t()


      



  


        

      


  

    
Reach.SystemDependence 
    



      
Builds system dependence graph from per-function PDGs.

      


      
        Summary


  
    Types
  


    
      
        function_id()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        add_call_edges_with_externals(graph, all_nodes, func_defs, opts)

      


        Adds interprocedural call edges when building a project-wide graph.



    


    
      
        apply_summary(graph, call_node, param_flows)

      


        Applies a precomputed external function summary to a call node.



    


    
      
        build(ir_nodes, opts \\ [])

      


        Builds an SDG from IR nodes.



    


    
      
        context_sensitive_slice(system_dependence, node_id)

      


        Context-sensitive backward slice using Horwitz-Reps-Binkley two-phase algorithm.



    


    
      
        from_string(source, opts \\ [])

      


        Builds an SDG from Elixir source containing one or more function definitions.



    


    
      
        function_pdg(system_dependence, function_id)

      


        Returns the PDG for a specific function.



    


    
      
        to_dot(system_dependence)

      


        Exports the SDG to DOT format.



    





      


      
        Types


        


  
    
      
    
    
      function_id()



        
          
        

    

  


  

      

          @type function_id() :: Reach.CallGraph.function_id()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Reach.SystemDependence{
  call_graph: Graph.t(),
  function_pdgs: %{required(function_id()) => map()},
  graph: Graph.t(),
  nodes: %{required(Reach.IR.Node.id()) => Reach.IR.Node.t()}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_call_edges_with_externals(graph, all_nodes, func_defs, opts)



        
          
        

    

  


  

Adds interprocedural call edges when building a project-wide graph.

  



  
    
      
    
    
      apply_summary(graph, call_node, param_flows)



        
          
        

    

  


  

Applies a precomputed external function summary to a call node.

  



    

  
    
      
    
    
      build(ir_nodes, opts \\ [])



        
          
        

    

  


  

      

          @spec build(
  [Reach.IR.Node.t()],
  keyword()
) :: t()


      


Builds an SDG from IR nodes.

  



  
    
      
    
    
      context_sensitive_slice(system_dependence, node_id)



        
          
        

    

  


  

      

          @spec context_sensitive_slice(t(), Reach.IR.Node.id()) :: [Reach.IR.Node.id()]


      


Context-sensitive backward slice using Horwitz-Reps-Binkley two-phase algorithm.
Phase 1: slice backward in calling context — follow call edges down,
     don't follow return edges up.
Phase 2: from Phase 1 results, slice backward in called context —
     follow return edges up, don't follow call edges down.

  



    

  
    
      
    
    
      from_string(source, opts \\ [])



        
          
        

    

  


  

      

          @spec from_string(
  String.t(),
  keyword()
) :: {:ok, t()} | {:error, term()}


      


Builds an SDG from Elixir source containing one or more function definitions.

  



  
    
      
    
    
      function_pdg(system_dependence, function_id)



        
          
        

    

  


  

      

          @spec function_pdg(t(), function_id()) :: map() | nil


      


Returns the PDG for a specific function.

  



  
    
      
    
    
      to_dot(system_dependence)



        
          
        

    

  


  

      

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


      


Exports the SDG to DOT format.

  


        

      


  

    
Reach.Frontend 
    



      
Registry dispatching source files to language-specific frontends.

      


      
        Summary


  
    Functions
  


    
      
        language_from_path(path)

      


    


    
      
        parse_file(path, opts \\ [])

      


    


    
      
        source_extensions()

      


    





      


      
        Functions


        


  
    
      
    
    
      language_from_path(path)



        
          
        

    

  


  


  



    

  
    
      
    
    
      parse_file(path, opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      source_extensions()



        
          
        

    

  


  


  


        

      


  

    
Reach.Frontend.BEAM 
    



      
BEAM bytecode frontend for analyzing compiled .beam files.
The :functions option selects target {name, arity} pairs and their reachable
local functions. :max_functions caps the total selection. For batched analysis,
:max_functions_per_target instead caps each target's traversal independently
and returns the union, so targets do not consume one another's budget.

      


      
        Summary


  
    Functions
  


    
      
        from_bytecode(bytecode, opts \\ [])

      


    


    
      
        from_compiled_modules(compiled, opts \\ [])

      


    


    
      
        from_compiled_string(source, opts \\ [])

      


    


    
      
        from_module(module, opts \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      from_bytecode(bytecode, opts \\ [])



        
          
        

    

  


  

      

          @spec from_bytecode(
  binary(),
  keyword()
) :: {:ok, [Reach.IR.Node.t()]} | {:error, term()}


      



  



    

  
    
      
    
    
      from_compiled_modules(compiled, opts \\ [])



        
          
        

    

  


  

      

          @spec from_compiled_modules(
  [{module(), binary()}],
  keyword()
) :: {:ok, [Reach.IR.Node.t()]}


      



  



    

  
    
      
    
    
      from_compiled_string(source, opts \\ [])



        
          
        

    

  


  

      

          @spec from_compiled_string(
  String.t(),
  keyword()
) :: {:ok, [Reach.IR.Node.t()]} | {:error, term()}


      



  



    

  
    
      
    
    
      from_module(module, opts \\ [])



        
          
        

    

  


  

      

          @spec from_module(
  module(),
  keyword()
) :: {:ok, [Reach.IR.Node.t()]} | {:error, term()}


      



  


        

      


  

    
Reach.Frontend.Elixir 
    



      
Translates Elixir AST into Reach IR nodes.
Parses Elixir source via Code.string_to_quoted/2 and normalizes
the AST into expression-level IR nodes.

      


      
        Summary


  
    Functions
  


    
      
        parse(source, opts \\ [])

      


        Parses an Elixir source string and returns the IR.



    


    
      
        parse!(source, opts \\ [])

      


        Same as parse/2 but raises on error.



    





      


      
        Functions


        


    

  
    
      
    
    
      parse(source, opts \\ [])



        
          
        

    

  


  

      

          @spec parse(
  String.t(),
  keyword()
) :: {:ok, [Reach.IR.Node.t()]} | {:error, term()}


      


Parses an Elixir source string and returns the IR.

  



    

  
    
      
    
    
      parse!(source, opts \\ [])



        
          
        

    

  


  

      

          @spec parse!(
  String.t(),
  keyword()
) :: [Reach.IR.Node.t()]


      


Same as parse/2 but raises on error.

  


        

      


  

    
Reach.Frontend.Erlang 
    



      
Translates Erlang abstract forms into Reach IR nodes.
Parses Erlang source via :epp.parse_file/2 and translates
the abstract format into the same IR used by the Elixir frontend.

      


      
        Summary


  
    Functions
  


    
      
        parse_file(path, opts \\ [])

      


        Parses an Erlang source file and returns the IR.



    


    
      
        parse_string(source, opts \\ [])

      


        Parses an Erlang source string and returns the IR.



    


    
      
        translate_form(form, counter, file)

      


    





      


      
        Functions


        


    

  
    
      
    
    
      parse_file(path, opts \\ [])



        
          
        

    

  


  

      

          @spec parse_file(
  Path.t(),
  keyword()
) :: {:ok, [Reach.IR.Node.t()]} | {:error, term()}


      


Parses an Erlang source file and returns the IR.

  



    

  
    
      
    
    
      parse_string(source, opts \\ [])



        
          
        

    

  


  

      

          @spec parse_string(
  String.t(),
  keyword()
) :: {:ok, [Reach.IR.Node.t()]} | {:error, term()}


      


Parses an Erlang source string and returns the IR.

  



  
    
      
    
    
      translate_form(form, counter, file)



        
          
        

    

  


  


  


        

      


  

    
Reach.Frontend.Gleam 
    



      
Gleam source frontend — parses .gleam files into Reach IR.
Uses the glance Gleam parser (if available on the code path) for
accurate AST with byte-offset spans. Falls back to analyzing the
generated Erlang output when glance is not available.
To enable native parsing, build glance and add its ebin to your path:
git clone https://github.com/lpil/glance /tmp/glance
cd /tmp/glance && gleam build --target erlang
# glance beams are in /tmp/glance/build/dev/erlang/*/ebin/

      


      
        Summary


  
    Functions
  


    
      
        build_line_offsets(source)

      


    


    
      
        byte_to_line(offsets, byte_offset)

      


    


    
      
        extensions()

      


    


    
      
        parse_file(gleam_path, opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      build_line_offsets(source)



        
          
        

    

  


  


  



  
    
      
    
    
      byte_to_line(offsets, byte_offset)



        
          
        

    

  


  


  



  
    
      
    
    
      extensions()



        
          
        

    

  


  


  



    

  
    
      
    
    
      parse_file(gleam_path, opts \\ [])



        
          
        

    

  


  

      

          @spec parse_file(
  Path.t(),
  keyword()
) :: {:ok, [Reach.IR.Node.t()]} | {:error, term()}


      



  


        

      


  

    
Reach.Visualize 
    



      
Generates interactive HTML reports from project analysis.

      


      
        Summary


  
    Functions
  


    
      
        makeup_stylesheet()

      


    


    
      
        to_graph_json(graph, opts \\ [])

      


    


    
      
        to_json(graph, opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      makeup_stylesheet()



        
          
        

    

  


  


  



    

  
    
      
    
    
      to_graph_json(graph, opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      to_json(graph, opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Reach.Visualize.ControlFlow 
    



      
Decomposes CFG into visualization blocks and edges.

      


      
        Summary


  
    Functions
  


    
      
        build(all_nodes, graph)

      


    





      


      
        Functions


        


  
    
      
    
    
      build(all_nodes, graph)



        
          
        

    

  


  


  


        

      


  

    
Reach.Visualize.Graph.JSON 
    



      
Serializes graph data to JSON for frontend rendering.

      




  

    
Reach.Visualize.Helpers 
    



      
Shared helpers for source extraction and line mapping.

      


      
        Summary


  
    Functions
  


    
      
        clause_pattern(clause)

      


    


    
      
        ir_label(map)

      


    


    
      
        render_pattern(map)

      


    





      


      
        Functions


        


  
    
      
    
    
      clause_pattern(clause)



        
          
        

    

  


  


  



  
    
      
    
    
      ir_label(map)



        
          
        

    

  


  


  



  
    
      
    
    
      render_pattern(map)



        
          
        

    

  


  


  


        

      


  

    
Reach.Visualize.Source 
    



      
Extracts and highlights source code snippets for blocks.

      


      
        Summary


  
    Functions
  


    
      
        cached_file_lines(file)

      


    


    
      
        clause_end_line(func, clause_start, all_clauses, file)

      


    


    
      
        dedent(lines)

      


    


    
      
        ensure_def_cache(file)

      


    


    
      
        extract_clause_source(func, clause, all_clauses, file)

      


    


    
      
        extract_func_source(arg1)

      


    


    
      
        format_source(source)

      


    


    
      
        func_end_line(func, file)

      


    


    
      
        highlight_line(file, line)

      


    


    
      
        highlight_line(file, line, fallback)

      


    


    
      
        highlight_lines(file, from, to)

      


    


    
      
        highlight_source(source)

      


    


    
      
        highlight_source(source, lang)

      


    


    
      
        min_line_in_subtree(node)

      


    


    
      
        read_line(file, line)

      


    


    
      
        source_file?(file)

      


    


    
      
        span_field(arg1, field)

      


    





      


      
        Functions


        


  
    
      
    
    
      cached_file_lines(file)



        
          
        

    

  


  


  



  
    
      
    
    
      clause_end_line(func, clause_start, all_clauses, file)



        
          
        

    

  


  


  



  
    
      
    
    
      dedent(lines)



        
          
        

    

  


  


  



  
    
      
    
    
      ensure_def_cache(file)



        
          
        

    

  


  


  



  
    
      
    
    
      extract_clause_source(func, clause, all_clauses, file)



        
          
        

    

  


  


  



  
    
      
    
    
      extract_func_source(arg1)



        
          
        

    

  


  


  



  
    
      
    
    
      format_source(source)



        
          
        

    

  


  


  



  
    
      
    
    
      func_end_line(func, file)



        
          
        

    

  


  


  



  
    
      
    
    
      highlight_line(file, line)



        
          
        

    

  


  


  



  
    
      
    
    
      highlight_line(file, line, fallback)



        
          
        

    

  


  


  



  
    
      
    
    
      highlight_lines(file, from, to)



        
          
        

    

  


  


  



  
    
      
    
    
      highlight_source(source)



        
          
        

    

  


  


  



  
    
      
    
    
      highlight_source(source, lang)



        
          
        

    

  


  


  



  
    
      
    
    
      min_line_in_subtree(node)



        
          
        

    

  


  


  



  
    
      
    
    
      read_line(file, line)



        
          
        

    

  


  


  



  
    
      
    
    
      source_file?(file)



        
          
        

    

  


  


  



  
    
      
    
    
      span_field(arg1, field)



        
          
        

    

  


  


  


        

      


  

    
Reach.Plugin behaviour
    



      
Behaviour for library-specific analysis plugins.
Plugins extend Reach in three ways:
	Graph edges — analyze/2 and analyze_project/3 add domain-specific
edges to the dependence graph (framework dispatch, message routing, etc.)

	Effect classification — classify_effect/1 teaches the effect
classifier about framework-specific calls (Ecto queries are pure,
Repo writes are :write, etc.)

	Source frontends — optional source_extensions/0 and parse_file/2
callbacks let plugins own language frontends for optional ecosystems.

	Elixir AST lowering — lower_elixir_ast/2 translates framework
DSL forms, sigils, or template syntax into analysis-friendly Elixir AST.

	Embedded IR — analyze_embedded/2 extracts code from string
literals (e.g. JS inside QuickBEAM.eval) and returns additional IR
nodes plus cross-language edges.

	Framework presentation/patterns — optional callbacks provide
framework-specific trace presets, behaviour labels, and visualization
edge filtering.

	Reinterpreted DSL semantics — reinterpreted_ast?/1 identifies macro
ranges where generic Elixir smell/evidence rules do not apply.

	External-data provenance — external_data_source/1 identifies
dependency-owned decoder call shapes without hardcoding libraries in generic evidence.


Implementing a plugin
defmodule MyPlugin do
  @behaviour Reach.Plugin

  @impl true
  def analyze(all_nodes, _opts), do: []

  @impl true
  def classify_effect(%Reach.IR.Node{type: :call, meta: %{function: :my_pure_fn}}), do: :pure
  def classify_effect(_), do: nil
end
Built-in plugins
Plugins for Phoenix, Ecto, Ash, Nx, Oban, GenStage, Jido, OpenTelemetry,
and Gettext are included and auto-detected at runtime. Override with the
:plugins option:
Reach.Project.from_mix_project(plugins: [Reach.Plugins.Ecto])
Disable auto-detection:
Reach.string_to_graph!(source, plugins: [])
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    Types
  


    
      
        edge_spec()

      


    


    
      
        embedded_result()

      


    





  
    Callbacks
  


    
      
        analyze(all_nodes, opts)

      


        Analyzes IR nodes from a single module and returns edges to add.



    


    
      
        analyze_embedded(all_nodes, opts)

      


        Extracts embedded code from IR nodes (e.g. JS strings passed to
QuickBEAM.eval) and returns additional IR nodes plus edges
connecting them to the host graph.



    


    
      
        analyze_project(modules, all_nodes, opts)

      


        Analyzes IR nodes across all modules in a project.



    


    
      
        behaviour_label(callbacks)

      


    


    
      
        classify_effect(node)

      


        Classifies the effect of a call node.



    


    
      
        evidence_providers()

      


    


    
      
        expected_effect_boundary?(module, atom, non_neg_integer)

      


    


    
      
        external_data_source(ast)

      


    


    
      
        ignore_call_edge?(t)

      


    


    
      
        inference_hints()

      


    


    
      
        lower_elixir_ast(ast, opts)

      


        Lowers framework-specific Elixir AST into ordinary Elixir AST before Reach IR translation.



    


    
      
        macro_facts(ast, context)

      


    


    
      
        parse_file(path, opts)

      


    


    
      
        refine_evidence(evidence, context)

      


    


    
      
        refine_macro_fact(fact, context)

      


    


    
      
        reinterpreted_ast?(ast)

      


        Returns whether an AST node introduces a DSL that reinterprets ordinary Elixir semantics.



    


    
      
        smell_checks()

      


    


    
      
        source_extensions()

      


    


    
      
        source_language(extension)

      


    


    
      
        trace_pattern(pattern)

      


    


    
      
        trace_preset(pattern)

      


    





  
    Functions
  


    
      
        behaviour_label(plugins, callbacks)

      


        Infers a framework-specific behaviour label from callback names.



    


    
      
        built_in_plugins()

      


        Returns built-in plugin modules known to Reach.



    


    
      
        classify_effect(plugins, node)

      


        Asks each plugin to classify a call node's effect.



    


    
      
        classify_effect_with_plugin(plugins, node)

      


        Classifies a call node and returns the plugin that supplied the result.



    


    
      
        detect()

      


        Returns the list of auto-detected plugins based on loaded dependencies.



    


    
      
        evidence_providers(plugins)

      


        Returns evidence providers contributed by plugins.



    


    
      
        expected_effect_boundary?(plugins, module, function, arity)

      


        Returns true when plugins recognize an expected effect boundary callback.



    


    
      
        external_data_source(plugins, ast)

      


        Returns a plugin-owned label when an AST node decodes external data.



    


    
      
        ignore_call_edge?(plugins, edge)

      


        Returns true when a plugin marks a call-graph edge as visualization noise.



    


    
      
        lower_elixir_ast(plugins, ast, opts)

      


        Asks plugins to lower a framework-specific Elixir AST node.



    


    
      
        macro_facts(plugins, ast, context \\ %{})

      


        Collects source-first macro/DSL facts contributed by plugins.



    


    
      
        parse_file(plugins, path, opts)

      


        Parses a source file with the first plugin frontend that accepts its extension.



    


    
      
        refine_evidence(plugins, evidence, context \\ %{})

      


        Lets plugins annotate or adjust evidence facts without owning user-facing policy.



    


    
      
        refine_macro_fact(plugins, fact, context \\ %{})

      


        Lets plugins annotate source-first macro/DSL facts without owning generic policy.



    


    
      
        reinterpreted_ast?(plugins, ast)

      


        Returns whether any configured plugin owns reinterpreted semantics for an AST node.



    


    
      
        resolve(opts)

      


        Resolves plugins from options, falling back to auto-detection.



    


    
      
        run_analyze(plugins, all_nodes, opts)

      


        Runs module-local analysis hooks for the configured plugins.



    


    
      
        run_analyze_embedded(plugins, all_nodes, opts)

      


        Runs embedded-node analysis hooks for plugins that provide them.



    


    
      
        run_analyze_project(plugins, modules, all_nodes, opts)

      


        Runs project-level analysis hooks for plugins that provide them.



    


    
      
        smell_checks(plugins)

      


        Returns smell checks contributed by plugins.



    


    
      
        source_extensions(plugins)

      


        Returns source extensions handled by plugins.



    


    
      
        source_language(plugins, extension)

      


        Returns the source language for an extension handled by a plugin.



    


    
      
        trace_pattern(plugins, pattern)

      


        Compiles a framework-specific trace pattern, if a plugin recognizes it.



    


    
      
        trace_preset(plugins, pattern)

      


        Returns the first plugin-provided named trace preset.
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      edge_spec()



        
          
        

    

  


  

      

          @type edge_spec() :: {Reach.IR.Node.id(), Reach.IR.Node.id(), term()}


      



  



  
    
      
    
    
      embedded_result()



        
          
        

    

  


  

      

          @type embedded_result() :: {[Reach.IR.Node.t()], [edge_spec()]}


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      analyze(all_nodes, opts)



        
          
        

    

  


  

      

          @callback analyze(all_nodes :: [Reach.IR.Node.t()], opts :: keyword()) :: [edge_spec()]


      


Analyzes IR nodes from a single module and returns edges to add.

  



  
    
      
    
    
      analyze_embedded(all_nodes, opts)


        (optional)


        
          
        

    

  


  

      

          @callback analyze_embedded(all_nodes :: [Reach.IR.Node.t()], opts :: keyword()) ::
  embedded_result()


      


Extracts embedded code from IR nodes (e.g. JS strings passed to
QuickBEAM.eval) and returns additional IR nodes plus edges
connecting them to the host graph.

  



  
    
      
    
    
      analyze_project(modules, all_nodes, opts)


        (optional)


        
          
        

    

  


  

      

          @callback analyze_project(
  modules :: %{required(module()) => map()},
  all_nodes :: [Reach.IR.Node.t()],
  opts :: keyword()
) :: [edge_spec()]


      


Analyzes IR nodes across all modules in a project.
Only needed for cross-module patterns like router→controller
dispatch or job enqueue→perform flow.

  



  
    
      
    
    
      behaviour_label(callbacks)


        (optional)


        
          
        

    

  


  

      

          @callback behaviour_label(callbacks :: [atom()]) :: String.t() | nil


      



  



  
    
      
    
    
      classify_effect(node)


        (optional)


        
          
        

    

  


  

      

          @callback classify_effect(node :: Reach.IR.Node.t()) :: Reach.Effects.effect() | nil


      


Classifies the effect of a call node.
Return an effect atom (:pure, :read, :write, :io, :send,
:exception) or nil to defer to the next classifier.

  



  
    
      
    
    
      evidence_providers()


        (optional)


        
          
        

    

  


  

      

          @callback evidence_providers() :: [module()]


      



  



  
    
      
    
    
      expected_effect_boundary?(module, atom, non_neg_integer)


        (optional)


        
          
        

    

  


  

      

          @callback expected_effect_boundary?(module(), atom(), non_neg_integer()) ::
  boolean() | nil


      



  



  
    
      
    
    
      external_data_source(ast)


        (optional)


        
          
        

    

  


  

      

          @callback external_data_source(ast :: Macro.t()) :: String.t() | nil


      



  



  
    
      
    
    
      ignore_call_edge?(t)


        (optional)


        
          
        

    

  


  

      

          @callback ignore_call_edge?(Graph.Edge.t()) :: boolean()


      



  



  
    
      
    
    
      inference_hints()


        (optional)


        
          
        

    

  


  

      

          @callback inference_hints() :: %{
  optional(:deps) => [atom()],
  optional(:source) => [String.t()]
}


      



  



  
    
      
    
    
      lower_elixir_ast(ast, opts)


        (optional)


        
          
        

    

  


  

      

          @callback lower_elixir_ast(ast :: Macro.t(), opts :: keyword()) ::
  {:ok, Macro.t()} | :ignore | {:error, term()}


      


Lowers framework-specific Elixir AST into ordinary Elixir AST before Reach IR translation.
Return :ignore when the plugin does not own the AST node. Returned AST may
carry %Reach.Source.Origin{} metadata under the :reach metadata key.

  



  
    
      
    
    
      macro_facts(ast, context)


        (optional)


        
          
        

    

  


  

      

          @callback macro_facts(ast :: Macro.t(), context :: map()) :: [Reach.MacroFact.t()]


      



  



  
    
      
    
    
      parse_file(path, opts)


        (optional)


        
          
        

    

  


  

      

          @callback parse_file(path :: Path.t(), opts :: keyword()) ::
  {:ok, [Reach.IR.Node.t()]} | {:error, term()}


      



  



  
    
      
    
    
      refine_evidence(evidence, context)


        (optional)


        
          
        

    

  


  

      

          @callback refine_evidence(evidence :: struct() | map(), context :: map()) ::
  struct() | map() | :unchanged


      



  



  
    
      
    
    
      refine_macro_fact(fact, context)


        (optional)


        
          
        

    

  


  

      

          @callback refine_macro_fact(fact :: Reach.MacroFact.t(), context :: map()) ::
  Reach.MacroFact.t() | map() | :unchanged


      



  



  
    
      
    
    
      reinterpreted_ast?(ast)


        (optional)


        
          
        

    

  


  

      

          @callback reinterpreted_ast?(ast :: Macro.t()) :: boolean()


      


Returns whether an AST node introduces a DSL that reinterprets ordinary Elixir semantics.

  



  
    
      
    
    
      smell_checks()


        (optional)


        
          
        

    

  


  

      

          @callback smell_checks() :: [module()]


      



  



  
    
      
    
    
      source_extensions()


        (optional)


        
          
        

    

  


  

      

          @callback source_extensions() :: [String.t()]


      



  



  
    
      
    
    
      source_language(extension)


        (optional)


        
          
        

    

  


  

      

          @callback source_language(extension :: String.t()) :: atom() | nil


      



  



  
    
      
    
    
      trace_pattern(pattern)


        (optional)


        
          
        

    

  


  

      

          @callback trace_pattern(pattern :: String.t()) :: (Reach.IR.Node.t() -> boolean()) | nil


      



  



  
    
      
    
    
      trace_preset(pattern)


        (optional)


        
          
        

    

  


  

      

          @callback trace_preset(pattern :: String.t()) :: Reach.Trace.Pattern.Preset.t() | nil


      



  


        

      

      
        Functions


        


  
    
      
    
    
      behaviour_label(plugins, callbacks)



        
          
        

    

  


  

Infers a framework-specific behaviour label from callback names.

  



  
    
      
    
    
      built_in_plugins()



        
          
        

    

  


  

Returns built-in plugin modules known to Reach.

  



  
    
      
    
    
      classify_effect(plugins, node)



        
          
        

    

  


  

Asks each plugin to classify a call node's effect.
Returns the first non-nil result, or nil if no plugin matches.

  



  
    
      
    
    
      classify_effect_with_plugin(plugins, node)



        
          
        

    

  


  

Classifies a call node and returns the plugin that supplied the result.
Returns {effect, plugin} for the first matching plugin, or nil.

  



  
    
      
    
    
      detect()



        
          
        

    

  


  

Returns the list of auto-detected plugins based on loaded dependencies.

  



  
    
      
    
    
      evidence_providers(plugins)



        
          
        

    

  


  

Returns evidence providers contributed by plugins.

  



  
    
      
    
    
      expected_effect_boundary?(plugins, module, function, arity)



        
          
        

    

  


  

Returns true when plugins recognize an expected effect boundary callback.

  



  
    
      
    
    
      external_data_source(plugins, ast)



        
          
        

    

  


  

Returns a plugin-owned label when an AST node decodes external data.

  



  
    
      
    
    
      ignore_call_edge?(plugins, edge)



        
          
        

    

  


  

Returns true when a plugin marks a call-graph edge as visualization noise.

  



  
    
      
    
    
      lower_elixir_ast(plugins, ast, opts)



        
          
        

    

  


  

Asks plugins to lower a framework-specific Elixir AST node.

  



  
    
      
    
    
      macro_facts(plugins, ast, context \\ %{})



        
          
        

    

  


  

Collects source-first macro/DSL facts contributed by plugins.

  



  
    
      
    
    
      parse_file(plugins, path, opts)



        
          
        

    

  


  

Parses a source file with the first plugin frontend that accepts its extension.

  



  
    
      
    
    
      refine_evidence(plugins, evidence, context \\ %{})



        
          
        

    

  


  

Lets plugins annotate or adjust evidence facts without owning user-facing policy.

  



  
    
      
    
    
      refine_macro_fact(plugins, fact, context \\ %{})



        
          
        

    

  


  

Lets plugins annotate source-first macro/DSL facts without owning generic policy.

  



  
    
      
    
    
      reinterpreted_ast?(plugins, ast)



        
          
        

    

  


  

Returns whether any configured plugin owns reinterpreted semantics for an AST node.

  



  
    
      
    
    
      resolve(opts)



        
          
        

    

  


  

Resolves plugins from options, falling back to auto-detection.

  



  
    
      
    
    
      run_analyze(plugins, all_nodes, opts)



        
          
        

    

  


  

Runs module-local analysis hooks for the configured plugins.

  



  
    
      
    
    
      run_analyze_embedded(plugins, all_nodes, opts)



        
          
        

    

  


  

Runs embedded-node analysis hooks for plugins that provide them.

  



  
    
      
    
    
      run_analyze_project(plugins, modules, all_nodes, opts)



        
          
        

    

  


  

Runs project-level analysis hooks for plugins that provide them.

  



  
    
      
    
    
      smell_checks(plugins)



        
          
        

    

  


  

Returns smell checks contributed by plugins.

  



  
    
      
    
    
      source_extensions(plugins)



        
          
        

    

  


  

Returns source extensions handled by plugins.

  



  
    
      
    
    
      source_language(plugins, extension)



        
          
        

    

  


  

Returns the source language for an extension handled by a plugin.

  



  
    
      
    
    
      trace_pattern(plugins, pattern)



        
          
        

    

  


  

Compiles a framework-specific trace pattern, if a plugin recognizes it.

  



  
    
      
    
    
      trace_preset(plugins, pattern)



        
          
        

    

  


  

Returns the first plugin-provided named trace preset.

  


        

      


  

    
Reach.Plugins.Ash 
    



      
Plugin for Ash framework action and resource semantics.

      




  

    
Reach.Plugins.Ecto 
    



      
Plugin for Ecto query DSL, Repo calls, and schema semantics.

      




  

    
Reach.Plugins.Ecto.Smells.FloatMoney 
    



      
Detects money-like Ecto fields and columns declared as :float.

      




  

    
Reach.Plugins.Ecto.Smells.ImplicitCrossJoin 
    



      
Detects Ecto queries that use multiple from generators instead of explicit joins.

      




  

    
Reach.Plugins.Ecto.Smells.InterpolatedSQL 
    



      
Detects string interpolation in Ecto SQL fragments and raw queries.

      




  

    
Reach.Plugins.Ecto.Smells.RepoAllThenEnum 
    



      
Detects loading all rows before filtering or aggregating in Elixir.

      




  

    
Reach.Plugins.Ecto.Smells.RepoCallInLoop 
    



      
Detects Repo calls inside enumerable loops that can cause N+1 queries.

      




  

    
Reach.Plugins.Ecto.Smells.UnpinnedQueryValue 
    



      
Detects unpinned local variables in Ecto query comparisons.

      




  

    
Reach.Plugins.ExUnit 
    



      
Plugin for ExUnit test-suite semantics.

      




  

    
Reach.Plugins.ExUnit.Smells.AsyncGlobalState 
    



      
Detects async ExUnit modules that mutate global process/application state.

      




  

    
Reach.Plugins.GenStage 
    



      
Plugin for GenStage producer/consumer semantics.

      




  

    
Reach.Plugins.Gettext 
    



      
Plugin for Gettext backend and locale management semantics.

      




  

    
Reach.Plugins.Helpers 
    



      
Shared helpers for plugin callback implementations.
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        find_vars_in(node)

      


    





      


      
        Functions


        


  
    
      
    
    
      find_vars_in(node)



        
          
        

    

  


  


  


        

      


  

    
Reach.Plugins.Jason 
    



      
Plugin for Jason effect classification and JSON encoder smells.

      




  

    
Reach.Plugins.Jason.Evidence.HandRolledEncoder 
    



      
Collects evidence of manual JSON encoding that Jason can own.

      




  

    
Reach.Plugins.Jason.Smells.HandRolledEncoder 
    



      
Promotes calibrated hand-rolled JSON encoder evidence to smell findings.

      




  

    
Reach.Plugins.Jido 
    



      
Plugin for Jido action, signal, and tool semantics.

      




  

    
Reach.Plugins.LiveView 
    



      
Plugin for LiveView and HEEx template semantics.

      




  

    
Reach.Plugins.Mint 
    



      
Plugin for Mint HTTP connection effects.

      




  

    
Reach.Plugins.NimbleOptions 
    



      
Plugin for NimbleOptions schema declarations.

      




  

    
Reach.Plugins.Nx 
    



      
Plugin for Nx.Defn numerical-definition DSL semantics.

      




  

    
Reach.Plugins.Oban 
    



      
Plugin for Oban worker and job semantics.

      




  

    
Reach.Plugins.Oban.Smells.AtomArgs 
    



      
Detects Oban perform/1 callbacks that pattern match atom keys in job args.

      




  

    
Reach.Plugins.Oban.Smells.NewArgs 
    



      
Detects non-portable Oban job args at enqueue time.

      




  

    
Reach.Plugins.OpenTelemetry 
    



      
Plugin for OpenTelemetry span and context propagation.

      




  

    
Reach.Plugins.Phoenix 
    



      
Plugin for Phoenix conn, LiveView, and channel semantics.

      




  

    
Reach.Plugins.Phoenix.Smells.AssignAsyncCapturesSocket 
    



      
Detects LiveView async callbacks that capture the socket.

      




  

    
Reach.Plugins.Phoenix.Smells.AssignNewRefreshedValue 
    



      
Detects assign_new/3 for assigns that usually need refreshing inside LiveView mount/3.

      




  

    
Reach.Plugins.Phoenix.Smells.DisconnectedMountRepo 
    



      
Detects direct Repo work in LiveView mount/3 without a connected?/1 guard.

      




  

    
Reach.Plugins.Phoenix.Smells.PubSubSubscribeWithoutConnected 
    



      
Detects LiveView mount/3 subscriptions that are not guarded by connected?/1.

      




  

    
Reach.Plugins.Phoenix.Smells.RawHTML 
    



      
Detects explicit Phoenix.HTML.raw/1 with dynamic content.

      




  

    
Reach.Plugins.Poison 
    



      
Plugin for Poison effect classification.

      




  

    
Reach.Plugins.QuickBEAM 
    



      
Plugin for cross-language analysis of QuickBEAM (Elixir + JavaScript).
Detects QuickBEAM.eval/2,3 and QuickBEAM.call/3,4 calls where the
JS source is a string literal, parses the embedded JavaScript, and
connects the two graphs with cross-language edges:
	:js_eval — Elixir eval call → JS function definitions
	:js_call — Elixir call site → JS named function
	:beam_call — JS Beam.call("handler") → Elixir handler


      




  

    
Reach.Plugins.QuickBEAM.JavaScriptFrontend 
    



      
QuickBEAM JavaScript source frontend — parses .js files into Reach IR.
Uses QuickBEAM to compile JavaScript to QuickJS bytecode, then
translates the decoded bytecode into Reach IR nodes.
Only available when the :quickbeam package is installed.
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        extensions()

      


    


    
      
        parse(source, opts \\ [])

      


    


    
      
        parse!(source, opts \\ [])

      


    


    
      
        parse_file(path, opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      extensions()



        
          
        

    

  


  


  



    

  
    
      
    
    
      parse(source, opts \\ [])



        
          
        

    

  


  

      

          @spec parse(
  String.t(),
  keyword()
) :: {:ok, [Reach.IR.Node.t()]} | {:error, term()}


      



  



    

  
    
      
    
    
      parse!(source, opts \\ [])



        
          
        

    

  


  

      

          @spec parse!(
  String.t(),
  keyword()
) :: [Reach.IR.Node.t()]


      



  



    

  
    
      
    
    
      parse_file(path, opts \\ [])



        
          
        

    

  


  

      

          @spec parse_file(
  Path.t(),
  keyword()
) :: {:ok, [Reach.IR.Node.t()]} | {:error, term()}


      



  


        

      


  

    
Reach.Plugins.Zoi 
    



      
Plugin for Zoi schema declarations.

      




  

    
mix reach 
    



      
Generates an interactive HTML report for Elixir/Erlang/Gleam/JavaScript source files.

      




  

    
mix reach.otp 
    



      
Shows GenServer state machines, missing message handlers, and hidden coupling.
mix reach.otp
mix reach.otp UserWorker
mix reach.otp --format json
Options
	--format — output format: text (default), json, oneline
	--concurrency — show Task/monitor/spawn and supervisor topology
	--state — focus on state-machine output (accepted for canonical CLI compatibility)
	--messages — focus on message-handler output (accepted for canonical CLI compatibility)
	--supervision — focus on supervision output (accepted for canonical CLI compatibility)


      




  

    
mix reach.inspect 
    



      
Explains one function, module, file, or line.

      




  

    
mix reach.map 
    



      
Shows a project-level map of modules, coupling, hotspots, depth, effects, boundaries, and data-flow summaries.

      




  

    
mix reach.trace 
    



      
Traces data flow, taint paths, and forward/backward slices.
mix reach.trace --from params --to write!
mix reach.trace --from input --to System.cmd
mix reach.trace --pattern regex-on-structured
mix reach.trace --variable user --in MyApp.Accounts.create/1
mix reach.trace --backward lib/my_app/accounts.ex:45
mix reach.trace --forward lib/my_app/accounts.ex:45
Options
	--from — taint source pattern
	--to — sink pattern
	--pattern — run a named source-to-sink trace preset
	--variable — trace a variable name
	--in — restrict variable tracing to a function
	--backward — compute a backward slice from a target
	--forward — compute a forward slice from a target
	--format — output format: text, json, oneline
	--graph — render slice graph where supported
	--limit — text display limit for paths/rows; also caps taint paths unless --all is set
	--all — show all text rows/paths and collect all taint paths


      




  

    
mix reach.check 
    



      
Runs structural validation and change-safety checks.
mix reach.check
mix reach.check --arch
mix reach.check --changed --base main
mix reach.check --dead-code
mix reach.check --smells
mix reach.check --candidates
Options
	--format — output format: text or json
	--arch — check .reach.exs architecture policy
	--changed — report changed functions and configured test hints
	--base — git base ref for --changed (default: auto-detect main, master, or upstream)
	--dead-code — find unused pure expressions
	--smells — find graph/effect/data-flow performance smells
	--strict — fail when smell findings are present (or set smells: [strict: true])
	--baseline — ignore known findings from a Reach baseline file
	--write-baseline — write current findings to a Reach baseline file
	--candidates — emit advisory refactoring candidates
	--top — limit candidate output for --candidates
	--path — analyze an explicit source path instead of environment-derived Mix paths
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