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Mutare is a mutation testing system for Elixir that mutates the source you actually write, and compiles once.
Mutation testing measures whether your test suite actually constrains the behavior of your code: it deliberately breaks your source code one small change at a time, and each time your tests nevertheless still pass that is an indication of a gap in your test suite.
Other Elixir mutation testing libraries, such as Muex, compile your code once per mutant, which can be quite slow, even with incremental recompilation. Mutation testing is never fast, but mutare aims to be the fastest Elixir mutation library with its compile-once approach. Mutare compiles a metamutant, a version of your program embedding all possible mutants behind runtime switches, and then selects the active mutant per test run via an environment variable.
Installation
The easiest way to install mutare is the igniter installer, which adds mutare to your :dev/:test deps and auto-configures framework integrations:
mix igniter.install mutare
It inspects your dependencies and, for each framework it finds, adds the matching companion package and wires it into a generated .mutare.exs:
	Detected dependency	Package added	Wired into
	:plug / :bandit / :plug_cowboy / :phoenix	mutare_plug	:mutators — Mutare.Plug.all/0
	:phoenix	mutare_phoenix	:mutators — Mutare.Phoenix.all/0; :extensions — Mutare.Phoenix
	:phoenix_live_view	mutare_phoenix_live_view	:mutators — Mutare.Phoenix.LiveView.all/0
	:ecto_sql / :phoenix_ecto / :ecto	mutare_ecto	:mutators — {Mutare.Ecto, repo: YourRepo}
	:oban / :oban_pro	mutare_oban	:mutators — Mutare.Oban.all/0
	:decimal	mutare_decimal	:mutators — Mutare.Decimal.all/0
	:swoosh / :phoenix_swoosh	mutare_swoosh	:mutators — Mutare.Swoosh.all/0
	:phoenix_swoosh	mutare_phoenix_swoosh	:mutators — Mutare.Phoenix.Swoosh.all/0
	:gettext	mutare_gettext	:extensions — Mutare.Gettext
	:phoenix_ecto	mutare_phoenix_ecto	:extensions — Mutare.Phoenix.Ecto

A mutator package extends the :mutators list, and a non-mutating extension joins the :extensions list: mutare_gettext defines how the built-in mutators handle a library's compile-time syntax, and mutare_phoenix_ecto runs the mutants a browser-driven test's requests reach against only that test, from the SQL sandbox metadata they carry. mutare_phoenix does both, since its front module also routes Phoenix's compile-time macros. The Ecto repo is detected automatically (pass --repo MyApp.Repo to override). If you already have a .mutare.exs, it is left untouched and the recommended keys are printed for you to merge in.
You can install igniter globally, with mix archive.install hex igniter_new, or add it to your project's mix.exs:
{:igniter, "~> 0.8", only: [:dev]},
Or add mutare by hand — though if you're using any macro-heavy libraries, like ecto or gettext, you'll need to add the relevant mutator or extension too.
# mix.exs
{:mutare, "~> 0.5.1", only: [:dev, :test], runtime: false}
# Optionally, also:
# {:mutare_plug, ">= 0.0.0", only: [:dev, :test], runtime: false}
# {:mutare_phoenix, ">= 0.0.0", only: [:dev, :test], runtime: false}
# {:mutare_phoenix_live_view, ">= 0.0.0", only: [:dev, :test], runtime: false}
# {:mutare_ecto, ">= 0.0.0", only: [:dev, :test], runtime: false}
# {:mutare_oban, ">= 0.0.0", only: [:dev, :test], runtime: false}
# {:mutare_decimal, ">= 0.0.0", only: [:dev, :test], runtime: false}
# {:mutare_swoosh, ">= 0.0.0", only: [:dev, :test], runtime: false}
# {:mutare_phoenix_swoosh, ">= 0.0.0", only: [:dev, :test], runtime: false}
# {:mutare_gettext, ">= 0.0.0", only: [:dev, :test], runtime: false}
# {:mutare_phoenix_ecto, ">= 0.0.0", only: [:dev, :test], runtime: false}
Then run mix mutare.
Agent skill
Mutare ships a skill for coding agents that drive it: which scope suits which job, how to run it within an agent harness's limits, and how to triage survivors. With usage_rules, add to your mix.exs project config
usage_rules: [skills: [package_skills: [:mutare]]]
and run mix usage_rules.sync; mix igniter.install mutare adds that config for you when the project already depends on usage_rules. Without usage_rules, copy deps/mutare/usage-rules/skills/mutare into your agent's skills directory (.claude/skills/ for Claude Code).
How it works
	Transform. Every in-scope source file is rewritten into a metamutant that embeds all of its mutants. Mutare transforms the code you write, before macro expansion—so any macros that don't accept arbitrary expressions will probably need their arguments routed :raw in your config (see "Routing calls" below).
	Compile once. The metamutant compiles a single time. The source code doesn't change between runs, so there is no per-mutant recompilation.
	Run the suite per mutant. A baseline test run must pass; a coverage probe then maps each mutant to the test files that exercise it. Each mutant runs in a fresh mix test OS process, :workers at a time, each capped by a wall-clock timeout. The active mutant is selected using MUTARE_MUTANT_NAMESPACE (its file) and MUTARE_ACTIVE_MUTANT (its id within that file).
	Report. Surviving mutants are listed in an abbreviated format as the run progresses, and you get a full report, with diffs and a mutation score, at the end. You can also enable JSON, HTML, or SARIF format output.

Nevertheless, note that a suite that is green under plain mix test can fail during Mutare's baseline run when a test asserts exact FunctionClauseError fields or stacktrace frames, because Mutare's function lifting renames those internals. See "Troubleshooting baseline-only failures" in the mix mutare task docs (mix help mutare) for the mechanics and the skip_lifting escape hatch.
Features
	Compile once, run N times — no per-mutant recompilation.
	Coverage-guided selection — each mutant runs only the individual test cases that cover it (--per-file widens this to whole covering files for stateful async: false suites; --full runs the whole suite per mutant); uncovered mutants are skipped and excluded from the score.
	Parallel workers + timeouts — mutants run concurrently, but capped: if a mutation hangs (e.g. a mutation that turns a loop infinite), it is halted after the deadline and counts as a kill. A timed-out run is first confirmed with an uncontended re-run, so a merely-slow mutant is never falsely recorded as killed.
	A very broad built-in mutator set — arithmetic/operator swaps, relational and logical swaps, literals of every kind, collection/string/map call rewrites, pattern and clause restructurings, and more. See Mutare.Mutators, and write your own — the Extending Mutare guide walks through custom mutators and library extensions.
	Compile-poison recovery — a mutant that wouldn't compile is identified from the compile error, dropped (reported as poisoned), and the build retried, to try and avoid a bad mutant spoiling the whole run—but ideally this shouldn't be necessary, and it usually isn't.
	Umbrella-aware — target one app, several, or the whole workspace.
	CI-friendly — --since <ref> to scope to changed lines, score/coverage/infra gates, machine-readable reports, and a kept sandbox (on by default; --sandbox <path> to point it at a CI cache) so a re-run recompiles only what changed.

A known-equivalent mutant can be supressed with a comment. A trailing comment marks the line it is on as ignored, and a standalone comment applies to the next line. Ignored mutants are excluded from the score and their generated code is omitted from the metamutant. They retain their report entries and positions within --max-mutants.
def discounted(amount, percent), do: amount - amount * percent / 100  # mutare:ignore
You may add a free-text reason; it is also possible to narrow the directive to specific mutator families with a [...] filter listing the families to suppress.
# mutare:ignore nothing on the next line will be mutated
def passthrough(x), do: x + 0

def parity(n), do: rem(n, 2) == 0  # mutare:ignore[arithmetic] only `rem` will be skipped
A filter accepts any built-in family name (the full list is Mutare.Mutators.families/0 — arithmetic, relational, integer, collection, …) or any custom mutator's name/0. Filtering fails safe: an unknown name (a typo) or an empty [] matches nothing, so the mutant runs rather than being silently hidden.
Qualify a family with :label to suppress just one kind of its mutants. Here x < 0 and x <= 0 are equivalent — the boundary 0 returns 0 down either branch — so that one mutant can never be killed; suppress it while every other relational mutant (>, >=, ==, …) keeps running:
def floor_zero(x), do: if(x < 0, do: 0, else: x)  # mutare:ignore[relational:<=] 0 ≤ 0 returns 0 here
Each family's own labels are named in turn — relational → > >= < <= == != === !==, integer → zero succ pred, return_value → empty sentinel — and mix mutare --list-mutators prints every built-in family's labels. A qualified label that is not declared by a known family is a hard error.
For spans that aren't worth annotating line by line — e.g. a literal lookup table, a generated module — you can suppress a region with # mutare:ignore-start … # mutare:ignore-end (filter/reason can be provided on the start comment), or a whole file with # mutare:ignore-file:
# mutare:ignore-start spot-checked; the round-trip property test covers the whole table
def encode(?A), do: ?B
def encode(?B), do: ?C
def encode(?C), do: ?D
# mutare:ignore-end
The full grammar is in Mutare.Ignore.
Usage
mix mutare                             # mutate everything under lib/
mix mutare --only lib/billing          # scope to one path
mix mutare --since master              # only lines this branch changed
mix mutare --mutators relational       # run one built-in family
mix mutare --skip-lifting MyApp.Mod.fun/2
                                       # keep one function in-place; no guard,
                                       #   head-pattern, or clause-drop mutants
mix mutare --min-score 70              # fail below a mutation score
mix mutare --max-no-coverage 0         # fail on uncovered mutants
mix mutare --fail-on-poisoned          # fail on compile-poisoned mutants
mix mutare --fail-on-harness-error     # fail on infrastructure verdict gaps
mix mutare --per-file                  # run whole covering files, not per-test-case
mix mutare --full                      # run the whole suite per mutant
mix mutare --workers 4                 # run N mutants concurrently
mix mutare --schedulers 2              # scheduler threads per worker (default:
                                       #   the machine's ÷ workers; `all` = untrimmed)
mix mutare --timeout 30000             # per-mutant wall-clock cap, in ms
mix mutare --max-heap-mb 4096          # per-process heap cap: a mutant that
                                       #   allocates without bound dies as a
                                       #   test failure, not a host OOM
mix mutare --report json:mutare.json   # write a machine-readable report
Most projects can start without configuration. Add .mutare.exs when you want to scope the run, tune CI gates, configure routing for a project macro, or add an application-specific mutator:
[
  paths: ["lib"],
  exclude: ["lib/generated/**"],

  # Extend the built-in mutators with one of your own.
  mutators: [:builtins, MyApp.Mutators.AccessPolicy],

  # Leave DSL-only macro arguments as written, or skip a call outright.
  call_routes: [
    {Ecto.Query, :from, :raw},
    {MyApp.Schema, :field, 2, [:expression, :raw]},
    {Mixpanel, :track, 3, :skip}
  ],

  # Extend the built-in timeout table to your own functions.
  argument_marks: [{MyApp.Http, :get, 2, [{:keyword, :recv_timeout}], :timeout}],

  # Keep a compatibility-sensitive function in-place.
  skip_lifting: [{MyApp.Legacy, :parse, 1}],

  # CI gates.
  min_score: 70,
  max_no_coverage: 0,
  fail_on_poisoned: true,
  fail_on_harness_error: true,

  workers: 4,
  timeout_multiplier: 3.0,

  # Harden against flaky tests.
  baseline_runs: 2,
  baseline_retries: 1,
  kill_runs: 2,
  test_selection: :tests,

  # Emit several reports at once.
  reporters: [:human, {:json, "mutare.json"}, {:sarif, "mutare.sarif"}]
]
These are the common keys. mix help mutare documents the full option set, including sandbox reuse, run caps, retry guards, strict ignore handling, and the matching CLI flags.
Live progress
While a run is in flight, Mutare writes progress to stderr: the current phase, each survivor as soon as it appears, timeouts, harness errors, and — in a terminal — a live status block with the active mutant and an ETA. When stderr is not a terminal (a CI log, a redirect), the status block becomes a PROGRESS line with the counts and ETA, written at every tenth of the mutants and at least every two minutes, compile included; grep PROGRESS progress.log | tail -n 1 shows where a run stands. Mutare still prints the final report to stdout, so mix mutare > report.txt captures the report while progress stays visible in the terminal.
Machine-readable output
By default Mutare prints the human report to stdout. --report FORMAT[:PATH] selects another format, and the flag is repeatable:
mix mutare --report json:mutare.json --report sarif:mutare.sarif
	json — the mutation-testing-elements / Stryker report schema, covering every mutant.
	html — the same JSON embedded in a single interactive HTML report.
	sarif — surviving mutants as SARIF 2.1.0 findings for GitHub code scanning.

A JSON or HTML report written to a file is kept up to date while the run is in progress, with the mutants not yet tested marked Pending, so a run killed partway still leaves its results behind. On SIGTERM, Mutare writes every report except SARIF from the results so far and exits with status 143.
When every machine format is written to a file, Mutare still prints the human report to the console; when any report is directed to stdout (no :PATH), the human report is suppressed to avoid a collision. Only one report may be directed to stdout, and no two may share a path — a second document on the same destination would corrupt or overwrite the first, so --report json --report sarif is rejected rather than run.
Routing calls: skipping calls and arguments
There are two common reasons to exclude a call from mutation. Some are not worth testing — an analytics emitter, a logger, a metrics call — and every mutant inside them is noise. Some macros take arguments that are not ordinary runtime code — a query DSL body, a pattern, a schema definition — and mutating inside those is noise too, and sometimes breaks the single metamutant compile.
Both are call_routes: entries. An entry names a call by module, function, and arity (macros and functions alike; Mutare matches remote calls, including aliases, and imports it can resolve, with or without a pipe) and specifies how to treat it:
call_routes: [
  # skip the whole call: nothing inside it is mutated, and the call itself is never rewritten
  {Mixpanel, :track, 3, :skip},

  # every argument of `from/_` is left as written
  {Ecto.Query, :from, :raw},

  # only the 2nd argument of `field/2` is left as written; the 1st mutates as normal
  {MyApp.Schema, :field, 2, [:expression, :raw]},

  # the assigns map itself is never collapsed to `%{}` (a crash, not a signal), but the values
  # inside it still mutate
  {Phoenix.Controller, :render, 3, [:expression, :expression, :interior]},

  # one option of a literal keyword argument: `recv_timeout:` is left alone, `pool:` still mutates
  {MyApp.Http, :get, 2, [:expression, [recv_timeout: :raw]]}
]
An entry is {Module, :name, arity, treatment}, or {Module, :name, treatment} to match any arity. The treatment is either :skip for the whole call, one word for every argument, or a per-position list:
	:skip — the whole call is an inert leaf, arguments included. A value piped into the call is its first argument, so a |> f(b) is skipped exactly as f(a, b) is — a skipped stage in the middle of a chain takes everything upstream with it; to keep those mutants, route the call by position instead ({Mixpanel, :track, 3, [:expression, :raw, :raw]}). A skipped call in tail position still gets the enclosing function's return-value mutants (those test the function, not the call). mix mutare --skip-call Mixpanel.track/3 is the same thing from the command line. :skip applies to whatever the name resolves to — Kernel.if/2 or a special form ({Kernel.SpecialForms, :case, :skip}) included. The forms Mutare analyzes structurally (if, case, the boolean operators, …) accept :skip and nothing else, and definitions (def, defmodule, use, …) cannot be routed, and neither can literal or pattern syntax ({}, %{}, <<>>, =, …); # mutare:ignore is the tool for a definition, --mutators or # mutare:ignore[<family>] for a literal family.
	:raw — leave the argument exactly as written (no descent, no mutation).
	:interior — mutate what is inside the argument, but never the argument's own node.
	:expression — mutate it as normal runtime code (the default).
	:lazy_expression — the same, for a callee (a macro) that may evaluate the argument late, conditionally, or never. Mutare then never evaluates it ahead of the call. Any other call is assumed to evaluate its arguments as a function does.
	:pattern — descend as a match pattern, without mutating the pattern itself.
	:binding_pattern — like :pattern, for macros whose bindings escape into the caller.
	[leading, key: treatment, …] — a keyed refinement for an argument written as a literal keyword list: the argument follows leading (default :expression), except that each named key's value follows its own treatment. Refinements nest ([retry: [max_retries: :raw]]).

A per-position list is padded with :expression, so [:expression, :raw] means "mutate the first argument, leave the second as written, mutate the rest". :skip is only ever the whole treatment; inside a list, write :raw.
Two wildcards cover the awkward cases, and more specific entries win:
call_routes: [
  # whole module
  {Sentry, :*, :skip},

  # one macro name, wherever it comes from
  {:*, :sigil_X, :raw},

  # more specific entries win: everything in MyApp.Sql is skipped except select/2
  {MyApp.Sql, :*, :skip},
  {MyApp.Sql, :select, 2, [:expression, :raw]}
]
Local-call limitation: module-specific routes do not match unqualified calls to functions defined in the calling module. For example, {SomeModule, :foobar, 0, :skip} does not skip foobar() inside SomeModule. It does skip SomeModule.foobar(), including inside SomeModule, and foobar() in another module that imports SomeModule when Mutare can resolve the import. Mutare does not resolve a local call to its defining module.
The module wildcard bypasses that limitation: {:*, :foobar, 0, :skip} matches by name and arity, so it also skips local foobar() calls inside modules that define foobar/0. It applies across modules, subject to the precedence of more specific routes described above.
That is the whole vocabulary .mutare.exs accepts. Richer DSL support belongs in a library adapter: use an extension for shape-aware routing, and host mutators for mutations inside DSL fragments. The Extending Mutare guide covers that path.
A route that matches no call anywhere in a full scan is reported as a warning, so a typo'd module or a wrong arity never sits silently inert.
Argument marks: extending the timeout table
Routes are blunt on purpose: :raw holds a position back from every mutator whatever its value. The built-in timeout handling is finer than that. A duration position (Process.sleep/1, GenServer.call/3's third argument, Task.async_stream's timeout: option, …) is marked :timeout, and each mutator handles the mark according to its mutation rules: the integer family skips integers there, the atom family skips only :infinity, and other families still apply — so a computed duration like base * 2 still mutates its 2.
argument_marks: extends those tables to your own functions, in the exact shape the mutators declare them:
argument_marks: [
  {MyApp.Cache, :put, 3, [2], :timeout},                       # a positional argument
  {MyApp.Http, :get, 2, [{:keyword, :recv_timeout}], :timeout} # a trailing-option value
]
An entry is {Module, :function, arity, positions, label}; positions lists argument indices (a value piped into the call is index 0) and {:keyword, key} option keys. The label must be one an enabled mutator declares — :timeout is built in, and a companion package documents its own — so a typo fails at startup. Reach for a route when a position should simply not mutate; reach for a mark when the reaction should depend on the value.
Choosing which mutators run
By default, every built-in mutator family runs. The :mutators option is only needed when you want to narrow that set, configure one family, or add a custom mutator.
# A mutator plus config:
mutators: [{Mutare.Mutators.Arithmetic, []}, {MyApp.Mutators.AccessPolicy, []}]

# Empty config can be omitted. Built-in family atoms expand to their modules.
mutators: [:arithmetic, MyApp.Mutators.AccessPolicy]
Use :builtins when you want to start from the default set:
mutators: [:builtins, MyApp.Mutators.AccessPolicy]   # EXTEND  — all built-ins + your own
mutators: [MyApp.Mutators.AccessPolicy]              # REPLACE — only your own

mutators: [{:builtins, except: [:arithmetic, :relational]}]   # all built-ins except these
To reconfigure a built-in, exclude the stock version and add the configured module explicitly:
mutators: [
  {:builtins, except: [:convention]},
  {Mutare.Mutators.ConventionAtom, pairs: [[:active, :inactive]]}
]
On the CLI, --mutators takes a CSV of built-in family atoms (--mutators builtins,relational). except: and custom modules are .mutare.exs-only.
Custom mutators
A custom mutator is useful when your application has a meaningful alternative outside the built-in mutation set. Suppose editing requires stricter permission than viewing: replacing Permissions.can_edit?/2 with Permissions.can_view?/2 checks whether the tests prevent a view-only user from editing.
A mutator implements Mutare.Mutator: name/0 supplies the report name, and mutate/1 returns either :skip or a list of replacement AST nodes. resolved_call/1 recognizes the call even when MyApp.Permissions is aliased, and its rebuild function preserves the form used by the source:
defmodule MyApp.Mutators.AccessPolicy do
  @behaviour Mutare.Mutator

  alias Mutare.Calls

  @impl true
  def name, do: :access_policy

  @impl true
  def mutate(node) do
    case Calls.resolved_call(node) do
      {[:MyApp, :Permissions], :can_edit?, [actor, record], rebuild} ->
        [rebuild.(:can_view?, [actor, record])]

      _ ->
        :skip
    end
  end
end
This assumes both permission functions exist with the same arity, keeping the generated mutant compile-safe. Enable it with mutators: [:builtins, MyApp.Mutators.AccessPolicy]. While you develop it, mix mutare --check --verify-invariants builds the metamutant without running tests and fails if your mutator produces a mutant the report would misrepresent, such as one the metamutant cannot run.
Example output:
mutare: 3 mutants across 1 file(s)
compiling metamutant once, baseline first…

.S.

lib/calc.ex:3:23  [relational, in-place]  SURVIVED
-  def gte?(a, b), do: a >= b
+  def gte?(a, b), do: a > b

mutation score: 66.7%  (2 killed, 1 survived, 3 total)
That survivor indicates that nothing in the suite distinguishes > from >= at the boundary — a missing boundary test.
Development
mix test                                      # full suite (~3 min; subprocess + property soaks)
mix test --exclude runner --exclude property  # fast loop (~4s)
mix format
mix compile --warnings-as-errors              # the project is kept warnings-clean
mix docs                                      # generate the HexDocs locally
License
MIT © Benjamin Fox


  

    Extending Mutare

Mutare has two extension points, matching two keys in .mutare.exs:
	:mutators — modules that produce mutations. A custom mutator adds new
kinds of mutants alongside (or instead of) the built-in families.
	:extensions — non-mutating modules that define how to handle a library's
compile-time syntax, so the built-in mutators can work in and around its
macros. Extensions never appear in reports.

This guide helps you pick the piece you need and links to the full contracts in
the module docs. Every kind listed here has a small working example
under test/support/ in the Mutare repository.
Which piece do you want?
	You want to…	Implement	Read next
	Swap one AST node for another (and → or)	Mutare.Mutator with mutate/1	Mutare.Mutator
	Make a mutator configurable, or gated on the module's @behaviours	mutate/2	Mutare.Mutator
	Mutate a position: a clause's return value, an if condition, a head pattern	Mutare.Mutator.Structural	Mutare.Mutator.Structural
	Match calls to a specific library or stdlib function	mutate/1,2 + Mutare.Calls.resolved_call_to/3	Mutare.Calls
	Skip a call, or keep a macro's arguments from being mutated	no code — call_routes: (and argument_marks:) in .mutare.exs	the README's "Routing calls" section
	Describe how a DSL's macro arguments should be treated (a reusable adapter)	Mutare.CallRouting	Mutare.CallRouting
	Emit mutations inside a DSL fragment (an Ecto where, say)	Mutare.Mutator.MacroHost	Mutare.Mutator.MacroHost
	Handle a use whose injected imports/behaviours Mutare can't recover	Mutare.UseExpansion	Mutare.UseExpansion

The first four are mutators and go under :mutators. The last three are
extension capabilities: implemented by a non-mutating module, they go under
:extensions (a mutator may also implement Mutare.CallRouting and
Mutare.Mutator.MacroHost itself — then the one :mutators entry enables
everything).
Writing a mutator
A mutator is a module implementing Mutare.Mutator: name/0 (the family name
shown in reports) plus at least one mutation-producing callback. The simplest
producer is mutate/1 — match the nodes you care about, return replacements,
:skip everything else:
defmodule MyApp.Mutators.AndOr do
  @behaviour Mutare.Mutator

  @impl true
  def name, do: :and_or

  @impl true
  def mutate({:and, meta, [left, right]}), do: [{:or, meta, [left, right]}]
  def mutate({:or, meta, [left, right]}), do: [{:and, meta, [left, right]}]
  def mutate(_node), do: :skip
end
Enable it in .mutare.exs — :builtins keeps the default families alongside
yours:
[mutators: [:builtins, MyApp.Mutators.AndOr]]
Three rules keep you out of trouble; the why is in the Mutare.Mutator docs:
	Every replacement must compile. All mutants are compiled together into
one program, so one bad replacement sinks the whole run. Reuse the original
operands wherever you can.
	Never decide placement. You return replacement nodes; Mutare decides
whether they're delivered in place or by lifting the enclosing function.
	Build literals with Mutare.AST.literal/1, not by hand — a hand-built
literal can silently render as the original source.

Emitting AST
Sourceror requires specific rendering metadata on AST nodes. Use the
Mutare.AST helpers to construct nodes with the required metadata:
	Invariant	Helper
	Fresh literals need clean, derived meta, or the renderer re-emits the old source text	Mutare.AST.literal/1
	Numeric literals woven into parsed source need a :token, or rendering raises	Mutare.AST.literal/1
	Keyword keys need format: :keyword to render as key: rather than {:key, …}	Mutare.AST.keyword_key/1
	Re-declared variables must drop source meta but keep their hygiene context	Mutare.AST.clean_var/1
	Emitted module references must be alias-proof (Elixir.-prefixed)	Mutare.AST.absolute_alias/1, absolute_call/3, remote_call/3

If you find yourself building a raw {:__block__, meta, [value]} tuple in a
mutator, one of these is missing from your toolkit — or from Mutare.AST, in
which case that's a bug report.
Context: configuration and behaviours
Implement mutate/2 instead of mutate/1 when the mutation depends on
context. (If both are exported, Mutare calls only mutate/2 — compose them
yourself by calling mutate/1 from it.) The second argument carries:
	:opts — per-instance options, when the mutator is registered as
{MyApp.Mutators.MagicNumber, swaps: %{200 => 500}}. The reserved :as
option renames the family, so one module can run twice under two names.
	:behaviours — the enclosing module's @behaviour set, for mutators that
should only fire in, say, a GenServer.

Pipes need nothing from you. xs |> Enum.sort(:desc) is offered as the call it
is sugar for, Enum.sort(xs, :desc), so a clause matching the call's arguments
matches both spellings; the report shows the mutant in the spelling the user
wrote.
Structural positions
Some targets are positions, not nodes: a function clause's return value, an
if/unless/cond condition, a head or destructuring pattern. For those,
declare Mutare.Mutator.Structural alongside Mutare.Mutator and implement
the matching callback — return_replacements/1, condition_replacements/1,
or pattern_mutations/2 (each also has a context-taking arity). No mutate/1
needed.
Matching library calls
Don't pattern-match qualified call AST directly — users write Enum.sort/1 as
Enum.sort, E.sort under an alias, or bare sort under an import. Use
Mutare.Calls.resolved_call_to/3 to match a specific module (and optionally
function names): it takes the real module atom — you never build the resolved
key yourself — and returns {:ok, function, arguments, rebuild}, where
rebuild re-emits your replacement in whatever form the source used. The
lower-level Mutare.Calls.resolved_call/1 returns the raw resolved tuple for
table-driven matching across many modules, and Mutare.Calls.module_key/1
encodes a module atom into its key shape when you need to build such a table.
Polish: ignore variants and option keys
Two optional callbacks refine how users interact with your mutator:
	variants/0 (with Mutare.Mutator.Mutation.tagged/2 or variant/2) gives
your mutations labels, so # mutare:ignore[and_or:or] can suppress one kind
without silencing the family. See Mutare.Mutator and Mutare.Ignore.
	mutate_call_option_keys?/1 lets a key-mutating family opt out of rewriting
trailing call options like the timeout: in foo(x, timeout: 5).

Reporting a whole-node rewrite at its clause
A macro-aware mutator that rebuilds and returns a whole registered call from
mutate/1,2 — say it rewrites an entire multi-line from(...) query but only
changed one where: clause — would otherwise report every mutant at the call's
line, so # mutare:ignore (line-keyed) could only suppress the whole call at
once. Wrap the return in a Mutare.Mutator.Mutation with an :attribution to
point the report at the clause you actually changed:
# a value flip, reported (and ignorable) at the order_by: line:
Mutation.new(rebuilt_call, attribution: Mutation.at(order_by_value, flipped_value))

# a clause drop, reported at the dropped clause's line:
Mutation.new(rebuilt_call, attribution: Mutation.at_drop(dropped_clause))
The metamutant is still built from the returned node; attribution only moves the
site's location and diff onto the named clause. Point it at a node inside the
rewrite — core drops (with a warning) an attribution whose clause isn't rangeable
or escapes the returned node's span. See Mutare.Mutator.Mutation.
Testing your mutator
import Mutare.Test in an ExUnit case. It tests at three levels: the
replacements for one node (node_mutations/3), what the full transform
produces (diffs/3, metamutant_source/3), and — the real proof — compiling
a metamutant and checking that activating your mutant changes runtime
behaviour (compile_metamutant/3 + observe_mutant/3). Each source-driven
helper forwards a trailing keyword list to Mutare.transform_string/2, so a
suite can thread :extensions or :call_routes through them. To test that
your mutator composes with macro routing an independent library ships, use
the bundled Mutare.Test.RoutingExtension rather than authoring a
no-op routing provider.
The source-driven helpers also check every transform they make
(verify_invariants: true, unless you pass false) and raise
Mutare.InvariantError when your mutator leaves the metamutant unsound: a
recorded mutant that the metamutant cannot select, or that no coverage record
lists, a replacement that renders identically to the original, or a mutator
that returns something different each time it is called. A host whose splice
overwrites selectors core already placed shows up here as core's mutants losing
their branches. To run the same checks over a real project, use
mix mutare --check --verify-invariants.
Writing an extension
An extension is a module implementing Mutare.CallRouting,
Mutare.UseExpansion, or both, listed under :extensions:
[extensions: [Mutare.Gettext]]
It produces no mutations, has no name/0, and never appears in a report. Its
job is to describe a library so Mutare's ordinary mutators behave correctly
around that library's macros. (Mutators that implement these capabilities
belong under :mutators, not :extensions.)
Call routing
A macro can put an argument somewhere Mutare's normal treatment of runtime
code would be wrong — a query DSL body, a pattern, a schema field. If all you
need is "leave this macro's arguments alone" (or "skip this call"), the
call_routes: key in .mutare.exs does that declaratively with no code (see
the README's "Routing calls"). Implement Mutare.CallRouting when you're
building a reusable adapter for a library:
@impl Mutare.CallRouting
def call_routes do
  [
    {Ecto.Query, :from, 2, [:expression, :raw]},
    {Ecto.Query, :where, :any, :routing}
  ]
end
A route names a resolved call, with the same routing rules for macros and
functions. Its treatment is either :skip (the whole call is an inert leaf: never
offered to a mutator, nothing inside it descended) or one position per
argument: :expression (mutate normally), :lazy_expression (the same, for a
callee that may not evaluate the argument eagerly — Mutare never evaluates it
ahead of the call), :raw (leave as written),
:interior (mutate the argument's contents but never its own node),
:pattern/:binding_pattern (treat as a pattern), a keyed refinement
[leading, key: treatment, …] over a literal keyword argument,
:interpolated (the value is interpolable data — reuse core's mutations on
it, delivered through ^ interpolation), {:keyword, ...} (route
keyword values positionally, keep keys raw), or :hosted (hand the
position to a host mutator — below). The :routing sentinel defers to
route_arguments/1 when the right treatment depends on the call's shape —
where(q, category: "Foo") is data, where(q, [u], u.x == u.y) is a DSL
fragment. Return the treatments as ArgumentRoutes.new(call, treatments), one
per entry of call.arguments. A piped call needs no special handling here
either: (p in Post) |> from(order_by: …) is shown — to a classifier, a host,
and a mutator alike — as from(p in Post, order_by: …). The piped operand is
argument 0: routed by its shape, rewritable through call.rebuild, and
hostable like any other position. Reports keep the pipe the user wrote.
Two limits on what a route may name: the structural forms (if,
case, the boolean operators — anything the analyzer walks with a clause of its
own) take :skip only; definitions (def, defmodule, …) and literal syntax ({}, %{}, …)
take no route —
an explicit key is rejected, a wildcard's positions are not applied to them.
:skip, :raw, :interior, :expression, :lazy_expression, :pattern, :binding_pattern,
and keyed refinements built from them are also the end-user vocabulary of the
declarative call_routes: config key — they can only remove or re-route
mutants. The other three are adapter-grade: routing a position
:interpolated, {:keyword, ...}, or :hosted asserts facts about the DSL
that Mutare cannot check, and a wrong assertion has real consequences.
:interpolated delivers mutations through ^: a bare scalar gets a ^-pinned
selector, and a value the source already pins is descended as plain Elixir. It
is sound only where the DSL genuinely accepts ^ interpolation, and only for
bare values that are scalar (a bare compound is rejected at transform time with
an error rather than left to poison the build — but a DSL that rejects ^
outright still breaks the single compile, costing a poison-recovery rebuild
that drops those mutants).
{:keyword, ...} asserts the argument is a keyword list whose keys are DSL
vocabulary, never data — the treatment list must name exactly one treatment
per pair (a mismatch is an error at transform time), and a non-keyword
argument is left raw with no mutants: silently for a static route (another
call shape may be a legal form of the macro), with a printed warning when a
:routing classifier misrouted it (the classifier was called with the concrete argument,
so the mismatch is a classifier bug). :hosted is a delivery contract, not a hint: it leaves the position
raw and requires an enabled mutator subscribed via Mutare.Mutator.MacroHost,
and the run aborts at scan time if none is. That is why these treatments can
only come from here — an adapter written and tested against the library it
describes. A declarative call_routes: entry in .mutare.exs that uses one
is rejected with an error; put the route in a module implementing
Mutare.CallRouting instead (a one-module extension is enough). The full
treatment semantics, precedence rules, and the committed compatibility surface
for adapters are in the Mutare.CallRouting docs.
Hosting mutations inside a DSL
Routing determines which positions core may mutate. A macro host emits
mutations inside fragments core must leave raw, in whatever form the DSL
accepts. A host is a mutator (it produces mutations, so it's a :mutators
entry) implementing Mutare.Mutator.MacroHost: hosted_macros/0 names the
macros it can mutate, and host/2 receives each resolved call and returns
targets — original fragment, mutants, and a splice function. Routing and
hosting are deliberately separate: one library adapter can describe the DSL
under :extensions while several independent host mutators contribute
mutants inside it.
use expansion
Mutare expands use calls to recover their injected directives: the imports and
aliases used in call resolution, and the behaviours that behaviour-gated
mutators check. Some __using__ macros can't be expanded from the outside;
Mutare.UseExpansion lets an extension supply those directives directly:
@impl Mutare.UseExpansion
def expand_use(Gettext, _args, _context) do
  Mutare.UseExpansion.expand([quote(do: import(Gettext.Macros))])
end

def expand_use(_used, _args, _context), do: :decline
Handlers are tried in :extensions order; the first non-:decline result
wins. A library integration commonly pairs this with Mutare.CallRouting in
one module — recover the injected import so the macro calls resolve, then
route them.


  

    Changelog

All notable changes to this project are documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
Unreleased
0.5.1 - 2026-10-04
Added
	--events FILE (events: in .mutare.exs) writes a JSON-lines record of a run as it
goes: a start, the scanned mutant count, each phase, one mutant line per verdict
(location, family, variant labels, status, timing, the patch as original and
replacement over a source range, and the count of verdicts so far), and a closing
finish that says why the run stopped and carries its counts and score, or the error and
its message. The finish line comes after the reports are written.
Mutare.Report.Events documents the format.
	Mutare.Run.Context.listen/3 adds a listener to a run hook beside the one already bound,
and Mutare.Score.score_counts/1 scores a tally of statuses rather than a result list.
	The human report's score line names the flags that scoped the run — --since,
--only, --exclude, --line, --max-mutants — as — scoped by --since main, so a
score over part of the project does not read as the project's.
	Mutare.CallRouting.Call.resolved_module/2 reads __MODULE__ as the module a routed
call is written in, and __MODULE__.Comment as a name beneath it, so a classifier can
tell what from(p in __MODULE__, …) names inside a schema module. At a file's top level
__MODULE__ is :error and __MODULE__.Comment is Comment, as the compiler reads
them; in a module whose name is computed (defmodule Module.concat(…)) both are
:error. Call.new/5 takes enclosing_module: for tests.
	With --partition-db/--partition-env, a run warns about a partition whose
environment is broken — a missing or unmigrated database, say. Only partition 1 is
checked before the mutants run, so such a partition's failures used to count as kills
without a word. After the run, each other partition's fastest kill has its tests rerun
there with no mutant active, announced on the live display. The warning fires if they
fail (on every --kill-runs attempt) or the application won't start, while the same
tests pass on partition 1. If they fail on partition 1 too, a different warning says
they fail when run on their own. The partitions found are Mutare.Run's
:broken_partitions; the human report lists them, the JSON report gives each kill on
one a statusReason, the SARIF report adds a tool execution notification, and a
--min-score gate fails. Mutare.Result records the partition each run used, and the
JSON report gives each mutant its partition.
	Every sandbox mix has MUTARE_PROJECT_ROOT set to the absolute path of the project
it copies. A config that derives something from where the project lives — a test
database per git worktree, named from the checkout's path or branch — can read it
instead of the sandbox's own path, which lies under the system temp directory and has
no .git.

Fixed
	An --exclude (or exclude:) entry naming a directory excluded nothing, since only a
file the glob matched itself was dropped; --exclude lib/legacy now excludes every file
under lib/legacy, as --only lib/legacy includes them.
	A defimpl P do … end written inside a module, with no for:, implements P for that
module, as the compiler infers it. Mutare now does the same: a use in its body is
expanded, :skip_lifting names its functions under P.Module, and __MODULE__ in a
routed call's arguments reads as P.Module. Before, the impl module was left unknown.
	alias __MODULE__.Sub (and alias __MODULE__, alias __MODULE__.{A, B}, the as:
forms, require __MODULE__.Sub, as: S) now binds its name to the module beneath the one
it is written in. Before, it was ignored and the short name read as written: under
alias __MODULE__.Enum, Enum.filter was mutated as the standard library's, and a call
route, argument mark, @behaviour or use reached through such an alias, or a module a
routed call's argument names through one, was read as the wrong module. In a module
whose name is computed, the alias still binds nothing.
	__MODULE__ now names the module it is written in everywhere Mutare reads a module
name: a call's receiver (__MODULE__.go(x), __MODULE__.Sub.run(x), and their
captures), an import, use or @behaviour target, and a defprotocol or defimpl
head or for:. Before, each was left unresolved, so a call route or argument mark
keyed on that module did not apply, an import through it stamped no calls, and its
use was not expanded.
	defmodule __MODULE__.Sub names Parent.Sub, as the compiler reads it. Before, Mutare
treated the head as computed, so it left every use in the module unexpanded and
resolved no __MODULE__ or nested module name inside it.
	An @behaviour in a module nested inside a defimpl body now resolves a sibling's short
name beneath the impl module (P.T.Cb), as the compiler does. Before, it resolved beneath
the module around the defimpl (Outer.Cb), so a behaviour-gated mutator could miss it.
	A use in an inline defimpl P, for: T, do: (use M) is now expanded with P.T as its
caller, as in the do … end form. Before, it was left unexpanded.

0.5.0 - 2026-10-03
Added
	The JSON report gives each mutant a position ({line, column}) beside the schema's
location: where the mutant is keyed, as the human report prints it and --line
selects it; its line is the one # mutare:ignore reads. location is the span its replacement patches, and the
two differ for a mutant that must patch more than it changes — removing a pipe stage
rewrites the whole pipe but is positioned at the stage.
	Coverage-attribution extensions. An extension implementing the new
Mutare.CoverageAttribution behaviour is called in the coverage probe's test VM, and only
there, to install hooks that call Mutare.CoverageAttribution.attribute_to/1. That call
names the process a process works for when nothing links it to a test — a web server's
request process in a browser-driven test, say — so the mutants it reaches run that
process's test instead of the whole suite.
	mix igniter.install mutare adds mutare_phoenix_ecto for a project depending on
phoenix_ecto, and lists Mutare.Phoenix.Ecto under :extensions. It attributes each
request and LiveView carrying the SQL sandbox metadata of a browser-driven test to that
test, with no change to the endpoint or LiveViews.

Changed
	mix igniter.install mutare now writes the installed version (~> 0.5.0) for :mutare
in place of igniter's default ~> 0.5, which admits the next 0.x minor, where breaking
changes land. mix mutare.install makes the rewrite, so it also applies to a hand-written
~> 0.4 (what this README used to suggest); any other requirement is left alone.
	Human-readable output names a mutant's location as file:line:column rather than
file:line: survivor headers, ignored and harness-error lines, live progress, and the
--dry-run listing (line:column). Two mutants on one line whose change reads the
same — the two "id" literals of {"id", stored["id"]}, each emptied to "" — are
no longer indistinguishable. --line accepts the FILE:LINE:COLUMN form, which
selects the mutants positioned there, so a location pasted from the report reruns that
mutant; FILE:LINE still selects the whole line. A column narrows rather than names:
nested expressions that start at one character share it (x + 1 >= y puts the +
and the >= mutants at the column of x).

Fixed
	A function whose clauses Mutare lifts (to mutate a guard, a head pattern, or the clause
list) no longer compiles with warning: variable "mutare_active" is unused when one of
its clauses has no mutants of its own. In a project that sets warnings_as_errors in
elixirc_options, that warning failed the compile.
	Poison recovery rebuilds from the scan's captured sources and count facts. Editing
or deleting a source file during compilation no longer changes the mutations named
by IDs already marked as poisoned. Deferred diffs keep using the same snapshot.
	Without igniter, mix mutare.install suggested adding {:mutare, "~> 0.1", …}; it now
suggests the requirement for the installed version.
	A process label that names no ExUnit test module, such as the one ecto_sql 3.14 gives
a SQL sandbox owner, is no longer taken for a test's. Coverage recorded under one was
dropped where it should have run the whole suite, so a mutant also covered by a real
test ran only that test's file, and was reported as a survivor if only a test in
another file would have killed it.

0.4.3 - 2026-09-28
Added
	Mutare.CallRouting.Call.resolved_module/2 reads a module name in a routed call's
arguments through the aliases in force at the call site, so a classifier can tell what
from(p in Post, …) names under alias MyApp.Post. Call.new/5 builds a call with given
aliases for tests.
	The package ships an agent skill, usage-rules/skills/mutare, for coding agents that
drive Mutare: choosing a scope for the job, running within an agent harness, and
triaging survivors. mix usage_rules.sync installs it when the project lists :mutare
under usage_rules: [skills: [package_skills: …]]; the README shows how to copy it
by hand instead.
	mix igniter.install mutare adds :mutare to usage_rules: [skills: [package_skills: …]]
in project/0 when the project depends on usage_rules, creating any missing keys, and
warns instead when that config is not a keyword list it can edit.
	When stderr is not a terminal, live progress writes a PROGRESS line with the counts
and ETA at each tenth of the mutants, and at least every two minutes in every phase
(the compile included), so a CI system that kills jobs after a stretch without output
no longer kills a healthy run, and the latest line tells a log reader where the run stands.
	A JSON or HTML report bound for a file is rewritten as the run progresses — at each tenth
of the mutants and within two minutes of any new result — with the mutants not yet tested
marked Pending, so a run that is killed, even by SIGKILL, keeps its results.
	On SIGTERM, a run writes every report except SARIF from the results so far (untested
mutants Pending in JSON and HTML), says on stderr how far it got, and exits with status 143.
	The human report lists uncovered lines by file, collapsing consecutive lines into ranges,
so a failing --max-no-coverage gate points to the code that needs tests.

Changed
	A JSON or HTML report of a run that stopped early (--max-survivors, --time-budget)
lists the mutants it did not test as Pending rather than leaving them out.
	Reports are written to a temporary file beside their path and renamed into place, so a
kill mid-write leaves the previous report whole.
	Mutare.Test.compile_metamutant/3 and Mutare.Test.assert_metamutant_compiles/2 leave the
modules they compile loaded, instead of unloading them at test exit (or, for
assert_metamutant_compiles/2, before returning). Their names are unique per compile, and
unloading a module stalls the VM's code server while it checks every process, which slowed
async: true suites far more than the few kilobytes per compile are worth. A
uniquify: false compile is still unloaded at test exit.

Fixed
	A run stopped by SIGTERM exited with status 0, as if it had succeeded.
	--since REF compares the working tree with the merge base of REF and HEAD, so
commits added to REF after the branch forked no longer widen the mutation scope. It
also includes untracked, unignored .ex files. A shallow clone missing the merge base
reports an error with guidance about fetch depth.
	A --since scope with no mutation sites reports "nothing to test", writes empty reports,
and passes the gates. Configured paths that do not exist still fail; their check now
resolves paths under each mutated umbrella app.
	Coverage recording follows the private selection key installed by
Mutare.Test.isolate_selector/0, so concurrent test modules can turn recording on without
affecting each other's metamutants.

0.4.2 - 2026-09-27
Added
	Mutare.Analyze.collect_expression/3 returns mutations with their original source
attribution, producer, note and resolved variants. Mutation.map_node/2 embeds their
replacements while preserving that metadata; expression_mutations/3 remains available
as the tuple-returning compatibility API, which discards attribution. Adapters must use
collect_expression/3 and preserve its mutation metadata to retain origins through relays.

Fixed
	Hosted delivery now honors replacement and deletion attribution, including through nested
expression collection. Reports, line selection and ignores retain the original change's
location even when delivery rebuilds an enclosing call.
	The source range of infix not in includes its left operand.
	Attribution records replacement or deletion explicitly: a literal :drop replacement stays
a replacement through collection and nested hosts. Untagged deletions keep no variant labels
across those boundaries; only replacements derive labels from variant/2.

0.4.1 - 2026-09-26
Added
	Mutare.Analyze.resolve/2: a host resolves a region of its call that Mutare left as
written. A :raw or :hosted argument reaches host/2 and mutate/2 as syntax — no
call inside it identified, no registered macro routed, no pipe desugared. A DSL that
embeds calls the host must recognise (a nested query, a macro the user registered) hands
the region here with the callback context, and Mutare.Calls' readers then answer for
it, exactly as they do for an island expression_mutations/3 resolves. Nothing is
mutated. Adapters that reached for Mutare.Transform.Resolve.expression/2 should call
this instead.

Fixed
	A registered macro nested in a :raw or :hosted region no longer withholds every
mutant around it. Since 0.4.0 the analysis that decides what an enclosing mutant must
preserve read such a macro as a call whose bindings it could not vouch for — the answer
meant for a classifier inside a :skipped call's argument, where the argument is
ordinary Elixir that runs — and withheld every whole-call mutant on the node around it:
a from whose having: carried subquery(from(…)) lost its comparison and aggregate
mutants. The region is the enclosing route's syntax; the macro is read as that syntax,
its names counted as possible writes and nothing more.
	A call a mutator rebuilt is routed as the call it is. rebuild reuses the offered
call's meta, routing stamp included, and since 0.4.0 that stamp — the route's answer for
the written call — was what the analysis deciding a mutant's delivery read on the
rebuilt one. A mutant that dropped a pair from a {:keyword, …}-routed list aborted the
transform with the classifier's contract error; one that renamed a keyword key or the
callee at the same shape was read by the stale stamp, so a mutant that stopped a macro
from evaluating an expression was still credited with that expression's bindings and
delivered unfaithfully — a false survivor its own source patch would have killed. Every
stamped call in a mutant is now routed again where the mutant enters core, in the
environment the call retained: the registry's answer for the rebuilt head and arity, a
:routing classifier invoked on the rebuilt arguments, no route where nothing matches.
A mutator need not strip or restamp what it rebuilds; a classifier classifies a rebuilt
call to its macro as it classifies any call to it — over the arguments as written, and
only for a call the mutator changed. The written call needs no route of its own: an
ordinary function rebuilt into a routed macro is routed as that macro, and a replacement
a mutator built without the offered call's meta is resolved where it is patched. The
route found bounds what is routed beneath it: a call inside a :raw position, a skipped
call or quoted data of the replacement is that route's syntax, and its classifier is not
asked. A module written as a bare atom (unquote(mod).f() in a mutator's quote) is
routed as the module it names; it found no route before. A bare imported operator a
mutator swaps on the offered call's meta (&&& → |||) now carries the import witness
for the name it emits, which the single compile checks.
	A replacement a mutator writes is resolved as the source it is. A pipe a mutator
writes (quote do: unquote(x) |> DSL.ignored()) is the direct call it is sugar for, so
its stage is routed at the arity the piped operand gives it — not left standing as a
|> whose stage was looked up one argument short and then handed the operand as a value
— and a statement sequence a mutator writes folds its own alias/import directives
for the statements after them, so alias DSL, as: Local; Local.ignored(p = 6) is the
routed call the qualified spelling is.
	What a mutator leaves in place is reused only where it was resolved, in an environment
that still resolves it the same way. Anything else is resolved again where the mutant
is patched, as the compiler resolves it there. Three cases, each a false survivor its
own source patch would have killed: a :raw argument a mutant makes executable
(keep(first, second) → second) was that route's syntax, never resolved, and is
resolved there for the first time — before, it came back unrouted and a macro that
discards its argument was credited with the write; a call a mutant moves beneath a fresh
alias that changes its callee is resolved by that alias — before, its stale callee
decided its delivery; and a piped call a mutant moves beneath an import of another
|> is resolved again as the pipe it was written, by that operator — before, the direct
call Kernel's pipe had made of it was resolved again, with no operator left to
reconsider, while the patch compiled under the new one. The last two hold beneath a
boundary too: a call or pipe a mutant moves beneath a fresh alias or import and a
skipped call is not resolved there, but the analysis that decides its delivery still reads
it, since a skipped call's arguments run — and it now reads the source the patch spells,
not the offered call's stale callee or desugaring.
	An if/unless condition no longer has a binding hoisted out of a routed call's lazy
or syntax position. To deliver its true/false mutants, a condition that binds a
variable is rewritten with the binding lifted ahead of the if, which is sound only for
bindings the condition evaluates unconditionally. The lift read every call argument as
such, routes included, so if (s = true; pick(s = 0, on?); s and 0) with pick/2
routed [:lazy_expression, :expression] ran s = 0 first and leaked it: the baseline
raised where the original returned. A binding in any position but an :expression or
:interior one now leaves the condition unhoisted — its decision mutants withheld, as
for a binding under &&. The same holds for a binding in a branch of a qualified
Kernel.if/Kernel.unless or the right operand of a qualified Kernel.and/Kernel.or,
which the lift took for ordinary calls: Kernel.if(false, do: y = send(…)) in a
condition sent the message on the baseline.
	An if/unless condition's binding is no longer hoisted where the move changes what
the condition reads or runs. The same rewrite moved x = 1 in if x == (x = 1) ahead of
the if, so the left operand read 1 where the original reads the incoming x — Elixir
gives an expression's operands the bindings from before it. (x = 1) == x, (x = 1) == (y = x) and (x = 1) == (x = 2) changed value the same way. And a binding in a call's
arguments was moved ahead of the call's receiver or anonymous function, which the
original runs first: receiver().accept?(x = record()) ran record() before
receiver(). A function imported as and/2 was read as Kernel's short circuit, so
(x = 1) and x compared 1 with 1 where the original passes it the incoming x. And a
directive inside a moved binding came to precede names the original resolved without it:
under alias List, as: Local, Local == (v = (alias Enum, as: Local; Enum)) compared
Enum with Enum, and a receiver Local.f(v = (alias New, as: Local; x)) called
New.f. Such a condition now keeps its bindings in place, and its decision mutants
are withheld. A binding read only after it — in an and's right operand or a later
statement of a block — still hoists.
	A refutable if/unless condition keeps what its pins read. A condition such as
if {:ok, v} = fetch() is hoisted by moving the match ahead of the if, and the match
was split in two — its right side bound first, then the pattern matched against that. A
pin reads the value from before the right side ran, so {^x, y} = {1, x = v} compared
the pin with the rebound x: the baseline raised MatchError where the original matched,
and matched where it raised. The match now moves whole.
	A pipe stage rebuilt into a callee that does not evaluate the piped value is no longer
handed that value ahead of it. A stage written as a pipe is delivered in a closure that
binds the piped value once for every mutant of the stage; whether a mutant could ride it
was decided by the written call's route, so input() |> value() rebuilt as
ignored(input()) — a macro that discards its argument, routed :lazy_expression — ran
input() in the metamutant where its source patch never does: a false survivor. A mutant
rides the closure only when its own route reads the piped position as a value; otherwise
it takes the selector around the closure, evaluating its operand as its patch does.

0.4.0 - 2026-09-24
Changed
	A pipe stage is the call it is sugar for, everywhere Mutare reads code.
left |> stage(args) is resolved, routed, marked, offered to mutators and delivered as
stage(left, args) — Kernel.|>/2's own desugaring — whether or not the call has a
route. No mutator is shown a call one argument short, so a custom mutate/1 that matches
Enum.map(enum, fun) matches the piped spelling too, and no family needs to know about
pipes. Piped and direct spellings now yield the same mutants: a piped bare a |> div(b)
is transposed like div(a, b), a pipe of identical operands is no longer transposed, a
piped bnot is stripped, the explicit Kernel.++(a, b) call form is transposed when
written directly as well, a route's position 0 governs the piped operand in a guard as it
does in a body, and a function tail written … |> case do … end gets the return-value
mutants of its clauses, as the same case written directly always has, in place of
nil/:mutare over the whole pipe. Reports keep the spelling the user wrote: a mutant
that leaves the piped value alone is located at, and diffed as, the stage; one that
moves or drops it is diffed over the whole pipe, and still located at the stage's line,
so a # mutare:ignore over the stage and a --line naming it keep working in a
multi-line chain. Two diffs read differently:
	A removed stage reads xs |> Enum.sort() → xs (was Enum.sort() →
Elixir.Function.identity()).
	A transposed stage reads foo |> Kernel.++(bar) → bar |> Kernel.++(foo) (was
(&Kernel.++(bar, &1)).()), and evaluates its operands in that order.

A stage whose first position is a value — unrouted, or routed :expression or
:interior — has its piped value evaluated once, ahead of the stage, as before; one
routed :lazy_expression (below), or as syntax, never does. A pipe in code Mutare leaves
as written — a :raw argument, the inside of a :skipped call — is left exactly as
written; through 0.3.1 a pinned operand there (^x |> f()) was rewritten, and a macro
reading that syntax saw a different program at the baseline.
Breaking for mutator and extension authors. The call handed to route_arguments/1,
host/2, mutate/2 and variant/2 is the direct call: its identity, and its complete
argument list with the piped operand at position 0. A classifier routes that operand by
shape, call.rebuild can rewrite it, and it may be routed :hosted (previously a
ContractError). A classifier's arguments are still the written syntax, since Mutare
interprets only the regions the classifier's routes say are Elixir: a |> inside an
argument is still a |> there, and an aliased call inside one still carries the alias.
A classifier that matches argument shapes is unaffected; one that read a piped call one
argument short must count the piped operand. After routing, a whole-call mutate/2 or
host/2 sees the Elixir regions resolved and the :raw/:hosted regions as written;
an island a host hands back through Mutare.Analyze.expression_mutations/3 is resolved
in the enclosing lexical environment the host's context carries. The operands of the
node a mutator is offered are resolved code too: Mutare.Calls.resolved_call/1 answers
Enum.count/1 for xs |> Enum.count() found as an operand, where it answered nil for
the pipe. Removed, with no deprecation period:
	The mutate/2 context's :pipe_mode, and Mutare.Mutator's pipe_mode type,
effective_arity/2 and visible_index/2. A clause matching %{pipe_mode: mode} no
longer matches anything; read length(args) and index the arguments directly.
	Mutare.Test.node_mutations/2 replaces the three-argument form, which took a pipe
mode. Test a pipe stage by writing the direct call.
	Mutare.CallRouting.Call's pipe_left, pipe_mode and effective_arity; its
five-argument new becomes new/4 (node, module, name, rebuild).
	Mutare.CallRouting.ArgumentRoutes' from_effective and from_visible, replaced by
new/2 (one treatment per argument), and its visible/piped readers, replaced by
treatments/1.
	Mutare.CallRouting.route_arguments/1 replaces route_arguments/2: its context
argument carried only :pipe_mode.


	The call-level :skip covers a value piped into the call. A piped value is the
call's first argument, so a |> f(b) under :skip is now the inert leaf f(a, b)
always was; through 0.3.1 the piped value kept its mutants, in that spelling alone. A
skipped stage in the middle of a chain therefore takes everything upstream of it along.
To leave a call alone and still mutate what flows into it, route it by position, which
reads both spellings alike: {Mixpanel, :track, 3, [:expression, :raw, :raw]}.

	The concurrent mutant runs share the machine instead of each taking all of it.
Every worker is a whole mix test BEAM, and a BEAM starts a scheduler thread per core,
so --workers 4 used to ask a 16-core machine for 64 busy threads — slower runs, and
slow-but-finite mutants pushed past their timeout. Each worker is now trimmed with +S
to the new :schedulers option (--schedulers N), and the two divide the machine:
give --workers and each gets your schedulers divided by it; give --schedulers and
workers are your schedulers divided by it, capped at 4 as the default is (pass both to
run more BEAMs); give neither and you get the old worker default (half your schedulers,
capped at 4) with the schedulers split among them — 4 × 4 on 16 cores, 4 × 2 on 8.
schedulers: :all (--schedulers all) restores untrimmed workers. What to expect: a
trimmed run sees fewer System.schedulers_online/0, so ExUnit's default max_cases
shrinks with it; the baseline and the coverage probe run under the same trim (the
baseline validates the suite at that concurrency, and an async-heavy suite's baseline is
slower for it; the probe records what a mutant run will execute, which a branch on the
scheduler count can change), while the one compile keeps every core. If you were
passing ELIXIR_ERL_OPTIONS="+S …" to get this effect, drop it — it also throttled
Mutare's own scan and compile.

	The derived per-mutant timeout is baseline × :timeout_multiplier, no longer
scaled by half the worker count: the baseline is now timed under the mutants' scheduler
trim, so it already measures what a mutant run takes. The scaling remains only for a
configuration that oversubscribes the CPU (schedulers: :all, or explicit counts whose
product exceeds the machine).

	Every function with two or more mutation sites keeps its uninstrumented source
beside the instrumented code, whatever it calls. A mutant elsewhere runs that copy at
the original speed. 0.2.1 introduced the copies but admitted only code a classifier
could vouch for, refusing a function that used a local or use-injected macro, a
defguard, super, quote, a nested module, __ENV__/__STACKTRACE__, or a name it
could not prove bound; those functions now get copies too, and a copy's recursion —
effectful bodies included — stays inside the copy. A copy that fails to compile is
attributed to its function by poison recovery and dropped in a rebuild, costing no
mutant and no id; the live display reports it as kept N functions fully instrumented.
A macro that counts or registers its own expansions, or code that reflects on its own
function name, meets copies it was previously shielded from — the metamutant is
invisible to callers, not to reflection, and the remedy is skip_lifting or
# mutare:ignore, as before.


Added
	:lazy_expression, a position treatment for a callee that may not evaluate an
argument eagerly. Mutare treats every call as ordinary in every respect its route does
not address, including when its arguments run: to deliver a whole-call mutant on a pipe
stage it evaluates the piped value once, ahead of the stage. A macro that evaluates
that operand late, conditionally, or never (value |> lazy(enabled?)) routes the
position :lazy_expression. The argument is mutated exactly like an :expression, and
is handed to the callee unevaluated in every branch. Accepted in call_routes: and
from call_routes/0 alike.

	Whole-suite runs are announced, in every mode but --quiet. A mutant whose line
the probe saw only from a process no test owns (a spawned process, a setup's
on_exit) runs the whole suite, and so does every covered mutant when the probe itself
fails or overruns its cap. Both used to be silent — the first even under --verbose —
and a run that stalls on one such mutant read as a hang. The live display now leaves a
line after the probe (↺ 14 of 140 covered mutants run the whole suite …, or
⚠ coverage probe exited 1 … naming the cause), marks each such mutant on its
in-flight line (· whole suite) and, under --verbose, on its own line
((whole suite)); the verbose breakdown counts the shapes apart (120 narrowed to tests · 6 per-file · 14 whole-suite). Mutare.Result records what ran as selection
(:suite/:app/:files/:tests), and the JSON report carries it as
testSelection. For hook authors: {:coverage_done, summary} now carries
tests/files/suite counts (not covered), the run-all degrade reason, mode,
app_scoped? and broad_ids; Mutare.Runner.CoverageProbe.run/4 returns
{:run_all, degrade} in place of :run_all.

	A test module using Mutare.Test's live-mutant helpers may be async: true. The
helpers select on a :persistent_term key private to one execution of the ExUnit test
module — two :parameterize instances are apart too — taken before a metamutant is
transformed or a mutant selected (Mutare.Test.isolate_selector/0), so two modules
selecting at once no longer run each other's mutant as a baseline. A test that
transforms through Mutare.Transform itself calls isolate_selector/0 first. While
ExUnit is running, a process no test runs above must be given the key
(isolate_selector/1), or the helper raises rather than share the VM-wide key; outside
ExUnit the VM-wide key stays in force, as before.


Fixed
	A binding made inside a mutated expression reaches the code after it. An in-place
selector is a case, whose branches trap what they bind, and through 0.3.1 the
bindings a mutated call's arguments made stayed trapped: result = div(y = 10, 2); {result, y} under the arithmetic family failed the metamutant compile at the read of
y, on a line no mutant owns, so poison recovery could not attribute it and the run
aborted ({:error, :compile_failed, …}). A |> closure trapped the same way
(10 |> div(y = 2)). Such bindings are now returned through a tuple and rebound
outside the selector, whether they are made by an argument, a callee, a live
unquote, a quote's options, a keyword value under a keyed route, or an interpolated
keyword key. What a selector exports is decided from the scope, not from the branches:
a name bound on entry is exported by every branch — one that does not rebind it names
the incoming value, as the source does — so a mutant dropping a rebinding
(p = :before; Enum.count(xs, p = f) → Enum.count(xs)) leaves p as the source
leaves it; a name bound fresh is exported when every live branch binds it, a mutant
that drops a fresh binding something reads later — a source patch that could not
compile — is withheld, and one that drops a fresh binding nothing reads is delivered
with the binding unexported. A name an earlier sibling of the same expression writes —
the callee or another argument of a call, another element of a tuple or list, the
other operand — is not exported as incoming either: Elixir lets sibling writes out only
after the whole expression, the last one winning. The readers respect a routed
position's declaration: a :binding_pattern binds what it names, a :lazy_expression
vouches for nothing, and a configured :skip withholds mutation without changing what
the arguments of the skipped call mean.
	A withheld candidate no longer shapes the program. Delivery was planned from every
candidate before ignore directives, poison skip_ids and emit_ids withheld some, so
an ignored or poisoned binding-dropping mutant still trapped a live mutant's binding.
Delivery is now planned from the candidates that get a branch.
	Two pipe stages the shared closure would have misordered get their own delivery.
The closure a written pipe's stages share is created before its piped operand runs and
evaluates that operand ahead of the stage. A stage reading, or rebinding, a name the
operand rebinds (m = 10; (m = 1) |> div(m)) saw the value captured at creation, and
the metamutant failed to compile; a replacement that keeps the operand but calls
through a receiver expression of its own (receiver().count(xs) for xs |> Enum.count(),
from a custom mutator) ran that receiver after the operand, where the source runs it
before. Both are delivered branch-locally now.
	A name displaced out of Kernel is treated as what it resolves to. In a module
that writes import Kernel, except: […] beside its own definition — or whose use
does — Mutare still read the name as Kernel's:	A displaced |> was the pipe. A mutated stage was lifted into a closure that applied
the custom operator twice, which could change the unmutated program (an
{:ok, value}-binding pipe skipped the stage), and the stage was resolved and offered
to mutators at the piped arity. A displaced |> is now an ordinary call to that
operator: both operands are values, and a call_routes: entry on the operator —
the name-only {:*, :|>, 2, …} included, which was ignored on it — takes any
positional treatments. A pipe-shaped macro, which reads its right side as syntax,
wants {MyPipe, :|>, 2, [:expression, :interior]} — the stage's own node withheld,
its arguments mutated.
	A displaced if/unless got the conditional family's mutants inside its arguments,
and a local if(value, opts) gained spurious true/false mutants; with a
:pattern route, or a :raw do: body, the metamutant failed to compile.
	A displaced defmodule/def/defp, operator, and/or/in, abs/div/min
or sigil got Kernel's instrumentation, lifting, rename or literal mutants: the
metamutant failed to compile, or a custom + was mutated to -. A displaced
defimpl got no mutants at all, and argument_marks: on a displaced defmodule
were ignored; both hold now.


	A super written as a bare pipe stage compiles. n |> super in an overriding
function whose clause is lifted failed the metamutant compile (super must be called with the same number of arguments).
	A call taking options led by do: renders again. The metamutant is rendered by the
stdlib formatter, which spells any call whose final keyword list starts with do: as a
do-block; with an ordinary key beside it (value(do: n, other: 0), a function taking
options) that key was stranded inside the block, and the metamutant did not compile.
Such a list is now rendered bracketed; a list of block keys alone is the do-block it
always was.
	A call nested under the same function keeps its mutants. Removing the outer call of
String.upcase(String.upcase(s)) leaves the program that replacing the inner call with
s would, and overlap resolution took that for a rewrite that made the inner call's
mutants redundant: its own removal, and its upcase → downcase rename, which
duplicates nothing. Only a literal or a module alias is now treated as covered by a
call rewrite. The piped spelling was never affected.
	A mutant covered from a deep setup_all is narrowed to that module's file. The
coverage probe attributes a hit to its test by the __ex_unit__/2 frame on the stack,
and the VM reports only the innermost 20 frames; a setup_all running deep code (a
recursive walker over fixtures) had the frame cut off, so every id it covered ran the
whole suite, silently. Dogfooding found one file whose run took hours for it. When the
reported frames name no owner and fill the cap, the probe now reads the process's full
backtrace instead.
	A survivor's diff and JSON/SARIF range cover exactly the node's text. A site's
range was read from Sourceror, which extends some parenthesized nodes over their
parentheses and not others, so (a + b) * c with a + b → a - b was reported as
a - b * c, a different program from the mutant that ran, and a mutant inside
&(&1 > 2) as the unparseable &&1 >= 2; a node ending in a parenthesized operand
(0 == (if … end)) was ranged to inside the ), one beginning with a parenthesized
callee ((fn x -> … end).(1) |> f(), (a).b) from inside the (, so a
whole-expression replacement read (nil; and a <<…>> ending a clause body was ranged
one column too far, over the line break. Each range now stops at the node's own text.
	A survivor's replacement is parenthesized where its position needs it. A site
renders its replacement alone, and patched into the source that text could be a
different program from the mutant that ran: !(a == 0) |> f() with the negation
removed was reported as a == 0 |> f() (that is, a == (0 |> f())), the 0.75 of
-0.75 → -0.25 as the unparseable --0.25, identity(!(t = b; b)) with the
negation removed as the unparseable two-line identity(t = b\n b), and
case 0 + (if … end) do with + → - as case 0 - if … end do. mutated_code now
carries parentheses in exactly those places — (a == 0), (-0.25), (t = b; b) —
and nowhere else: a statement, a call argument and x == -1 read as before.

0.3.1 - 2026-09-19
Fixed
	Whole-call mutants on a pipe stage preserve a syntax-valued left operand. Routed
declarations, patterns, keyword fragments and interpolations reach the macro directly,
instead of being evaluated through a closure. This lets adapters mutate stages such as
(p in Post) |> from(order_by: …) without poisoning the single build. Mutations inside
the left operand remain reachable without duplicating their selectors.
	A generated interpolation on a pipe's left keeps its precedence when rendered, including
when only the left operand carries mutations.

0.3.0 - 2026-09-19
Added
	--verify-invariants (verify_invariants:) checks each transformed file
before the run relies on it. Mutare reads the metamutant back and emits the
file a second time. It aborts with Mutare.InvariantError when a
recorded mutant has no branch that runs while it alone is active, when a
mutant has no coverage record, when generated code names an id that no mutant
records, when a mutant renders identically to its original code, or when the
second pass differs. These problems would otherwise distort the report
silently. They come from custom mutators, hosts, and extensions (for example,
a host splice that overwrites selectors core has already placed). The checks
add roughly a sixth to scan time and are off by default.
	Mutare.Manifest lists every generated mention of a mutant id (:mentions).
	A routed call written as a pipe stage is shown the pipe's left side.
Mutare.CallRouting.Call gains pipe_left — :unpiped, or {:piped, left}
with the left side as written. The piped position is the call's effective
first argument, and adapters used to route it without seeing it; a
route_arguments/2 classifier can now route it by shape (Post |> from(…)
held back from the alias family, build(x) |> from(…) left mutable), and a
host or mutator can read a declaration written there. It is the same value
in route_arguments/2, in host/2, and from
Mutare.Calls.resolved_routed_call/1. It is read-only, so the piped position
still cannot be routed :hosted.
	Mutare.CallRouting.Call's new/5 builds a call value from its independent
facts and derives arguments, pipe_mode, and effective_arity.

Changed
	Breaking: a hand-built %Mutare.CallRouting.Call{} must name pipe_left. The key
is enforced, so a test that builds the struct literally stops compiling; build
it with Call.new/5 instead. Matching on the struct is unaffected.
	Mutare.Test's source helpers run the invariant checks by default.
diffs/3, diffs_for/4, metamutant_source/3,
assert_metamutant_compiles/3, and compile_metamutant/3 raise
Mutare.InvariantError for a mutator that breaks the metamutant; pass
verify_invariants: false to opt out.
	Hosts that target the same fragment share one selector. Inside a function
body, a later Mutare.Mutator.MacroHost's mutants join the earlier host's
selector instead of nesting a second selector around it, and one coverage
record names every id. Each mutant keeps its own host's wrap, the first
host's wrapped original stays the fallback, and every host's splice still
runs in order — a later one now receives the combined selector. Where no
active-id binding is in scope (a default argument, a function of a module
defined at runtime) the selectors nest as before.
	A lifted function's guard mutants share one clause. Where a clause's
mutants change only its guard, they become when alternatives of a single
generated clause instead of each copying the clause body. On fixtures of
large-bodied clauses with several guard mutants this cut the generated source
by up to 4× and the compile's CPU time by up to half. Mutants and their results
are unchanged.

Fixed
	A with/for/try clause with alternative guards no longer crashes the
metamutant compile. Mutating a guard such as x when x > 10 when x < 0
produced a nested when that the compiler's type checker rejected with no
file or line, so poison recovery could not drop the mutant and the whole run
aborted.

0.2.1 - 2026-09-17
Fixed
	Mutant locations are correct again under Sourceror 1.12.3. Sourceror used to
size a bare true/false/nil one column too wide, and Mutare subtracted that
phantom column to compensate. Sourceror 1.12.3 fixed the over-count upstream, so
the subtraction began cutting a real character instead: a survivor whose range
ends at one of those three rendered its diff a character short (trim: tru,
closing paren left behind), and the JSON/SARIF reporters emitted the short
endColumn. The compensation is gone, and sourceror is now floored at
~> 1.12.3 so there is one upstream behaviour rather than two. Mutation
behaviour was never affected — a metamutant is built from the AST, never the
range — and reports on Sourceror 1.12.2 and earlier were correct as they stood.

Changed
	Mutant runs execute far more of the target at its original speed. A function
holding two or more mutation sites now keeps its own source beside the instrumented
code, and a mutant elsewhere runs that source. This previously reached only lifted
functions of eight or more variants written in a narrow subset of Elixir; it now covers
functions that stay in place and ordinary code — local bindings, sibling calls, closures,
comprehensions, bitstrings and interpolation, structs, raise, Logger — about 89–97%
of generated mutants in the projects measured, up from under 10%. Benchmark kernels that
previously missed it run at 0.11–0.76× their former time while another mutant is active.
The one metamutant compile costs about 8% more CPU and 17% more BEAM size.
	Cheaper entry into every instrumented function. The active file is stored and
compared as an atom instead of a path string, and the id projection tells the compiler
it holds an integer. Mutare.Selector.put/1 and active/0 are unchanged; manual
selection in a generated sandbox still uses MUTARE_MUTANT_NAMESPACE and
MUTARE_ACTIVE_MUTANT.

0.2.0 - 2026-09-14
Changed
	Breaking: score API moved from Mutare.Report to Mutare.Score: score/1,
percent/1, passes_gate?/2, gate_failures/2, harness_error_rate/1, and
harness_errors_exceed?/2.

	Breaking: Mutare.Sandbox.prepare/3 now returns {sandbox, materialized}.
Seed-reuse outcomes and declined inference overrides are returned as data;
the runner delivers their progress events.

	Breaking: live-report text helpers moved to Mutare.Report.Live.Lines.
Callers of the rendering and time-formatting functions previously on
Mutare.Report.Live should use the new module.

	Breaking for manual sandbox selection: runtime mutant IDs are now local
to each file. Manual selection in a generated sandbox needs both
MUTARE_MUTANT_NAMESPACE (the root-relative file) and MUTARE_ACTIVE_MUTANT
(its local ID). Changing another file's candidate count no longer changes an
otherwise unchanged metamutant, allowing retained builds to survive unrelated
changes. Reports still use globally unique IDs; standalone transforms retain
integer-only selection.

	Focused runs and ignore directives produce smaller builds. --line,
--since, and --max-mutants now limit generated branches as well as execution,
and ignore directives suppress branches before compilation. IDs, ignore
diagnostics, and mutant-cap accounting are preserved. Files with no emitted
mutants keep their original bytes, allowing their compiled modules to be reused.

	Smaller metamutants and less processing overhead. Clause mutations share
code in eligible case, anonymous-function, receive, and try/rescue
constructs, and exclusion guards compress consecutive IDs. Scanning and poison
recovery avoid redundant parsing; coverage recording caches hits per file and
writes a more compact dump.

	Custom string-pattern mutations follow the built-in redundancy rule. When
one mutator offers both empty and non-empty string replacements for an exact
pattern, Mutare drops the empty replacement.


Added
	Guard mutations in more clause positions: with and for generators,
with and try else clauses, try catch clauses, and for … reduce:
bodies. These are supported inside functions where the runtime selector is
bound; module-level and default-argument positions remain excluded.

Fixed
	Mutations activate before project evaluation, runtime configuration, and
application startup. Timeouts and owner-death watchers also start before
target project code, containing mutations that hang during startup. Closures
and workers created before test helpers load retain the correct selection and
can record coverage when they run after recording begins; execution confined
to startup is still not recorded as coverage.
	Mutations that prevent startup count as kills. Failures during project
evaluation, runtime configuration, or Application.start/2 use the startup
retry budget before being scored as killed. Errors, exits, and throws retain
the evidence needed for this classification even when deep stacktraces lose
the project or configuration frames. Infrastructure failures remain harness
errors.
	An empty coverage result no longer manufactures survivors. A successful
probe that records no hits marks the selected mutants :no_coverage, including
runs focused entirely on untested code. Missing or malformed capture data
still falls back to running the suite.
	Signature inference stays disabled in sandbox Mix projects on Elixir 1.20.
The override now reaches effective compiler options, including umbrella
children and custom configuration paths, and overrides an explicit
infer_signatures: true to prevent pathological metamutant compile times.
Other compiler options are preserved. If a project cannot be safely rewritten,
--verbose reports the file and reason, and its seeded compiler cache is left
consistent with the options it actually uses.
	Generated operators respect Mutare's semantics under restricted or replaced
Kernel imports. Selectors, guards, and coverage code no longer resolve
operators through the target's imports. Coverage short-circuits also work on
Elixir 1.21 development builds, where :erlang.andalso is guard-only.
	Protocol implementations receive lifted mutations. Functions in
module-level defimpl blocks now receive guard, head-pattern, and clause
mutations, with :skip_lifting resolving to the implementation module.
	Immediately invoked anonymous functions are mutated. Mutare now analyzes
the callee in callee.(args), including the guards, patterns, and bodies of
(fn … end).(args).
	Binding conditions preserve custom and return-value mutations. Custom
condition_replacements callbacks now receive if/unless conditions whose
bindings must escape into the body, even with IfCondition disabled. Rewriting
those conditions also preserves per-branch return mutations and the exclusion
of unit-returning tails.
	Bitstring generators no longer produce invalid value mutations. The
generator wrapper in for <<… <- binary>> is treated as syntax, avoiding
spurious compile-poison recovery.
	Macro poison recovery associates each expansion with its own file. Nested
expansion stacks no longer cross-match macro names and unrelated call sites;
findings without a corresponding mutant are discarded instead of crashing
recovery.
	Configuration rejects inconsistent extension and routing declarations.
Mutator modules cannot be registered as non-mutating extensions merely by
omitting @behaviour; declarative routes reject the internal {:hosted, hosts}
form; and :partition_env cannot overwrite ERL_COMPILER_OPTIONS or other
environment variables managed by Mutare.
	The sandbox ownership-marker writer no longer follows symlinks.
	Self-hosted fixture coverage no longer overwrites the outer probe's state or
dump.

Security
	Updated locked Igniter and Mint dependencies to 0.8.4 and 1.10.0 respectively
to address advisories reported by mix hex.audit.

0.1.2 - 2026-09-07
Fixed
	The kept sandbox preserves empty directories. The incremental
materialisation that the default kept sandbox uses mirrored files and
symlinks only, so a directory with nothing in it never reached the sandbox —
and a shallow git checkout under deps/ keeps .git/refs/heads and
.git/refs/tags empty. git then no longer recognised the checkout and Mix
reported every git dependency as a lock mismatch before the metamutant could
compile; a freshly generated Phoenix 1.8 app (heroicons, daisyui) could
not run Mutare at all.
	Rendering no longer consults the target project's .formatter.exs.
Sourceror reads locals_without_parens from it through Mix.Tasks.Format on
every render — evaluating its import_deps and plugins inside Mutare's own
process — and Mix could refuse the lookup mid-scan ("Unknown dependency
:ecto_sql given to :import_deps"). Every render now pins the option
(Mutare.AST.render_opts/1); a parsed call keeps the spelling its metadata
records, and a node built without metadata renders with parentheses.
	mix igniter.install mutare fetches the companion packages it adds. The
companions are chosen from the project's own deps at run time, and Igniter
writes a dep added that way to mix.exs without fetching it — so the
generated .mutare.exs named modules of packages that were never fetched or
locked. The installer now applies the mix.exs change and runs deps.get
before writing .mutare.exs.

0.1.1 - 2026-09-07
Fixed
	Unit-return classification exempts behaviour callbacks. A function that is a
callback of one of its module's declared behaviours (direct @behaviour or
use-injected, read through the behaviour's behaviour_info/1 when it is
loadable), or whose first clause carries an @impl other than @impl false, is
never classified unit-returning, however its body reads. Its caller is the
behaviour's runtime, which the source never shows and which may treat a lone
:ok as one contract outcome among several — Oban.Worker.perform/1's :ok
is one of six. 0.1.0 silenced the :ok return mutants of every such callback,
including mutare_oban's worker-return family.

0.1.0 - 2026-09-07
Initial release.
Added
	Compile-once metamutant. Source under lib/ is rewritten into a single
program that embeds every mutant behind a :persistent_term runtime switch,
compiled once; the suite then runs once per mutant by flipping
MUTARE_ACTIVE_MUTANT — no per-mutant recompilation.
	A broad built-in mutator set (all on by default): arithmetic/operator and
operand swaps, relational and logical swaps, strict-equality relaxation,
literals of every kind (integer/float/string/charlist/atom/sigil/regex/
bitstring/date-time), collection/string/map/keyword call rewrites, pattern and
clause restructurings, guard/default/call drops, and more. See Mutare.Mutators.
	Unit-return classification — a function (or anonymous function) whose every
return path is literally :ok or nil returns no data, so its tails draw no
return-value constant and no :ok → :error swap. Syntactic, and one-sided: it
can miss a unit function, never silence a data-returning one.
	Coverage-guided test selection — coverage is self-recorded by the metamutant
at runtime and keyed by mutant id; each mutant runs only the test cases that
cover it (--per-file widens that to the covering test files, for stateful
async: false suites; --full runs the whole suite every time). Uncovered
mutants are skipped and excluded from the score.
	Parallel workers with per-mutant timeouts — mutants run :workers at a
time, each capped by a wall-clock deadline; a mutation that hangs halts itself
and counts as a kill (no process-tree killing).
	Compile-poison recovery — a mutant that won't compile is identified from the
compile error, dropped (reported as poisoned, excluded from the score), and
the build retried, for a bounded number of rounds; only a compile error that
can't be attributed to any mutant (or that outlasts the bound) aborts the run,
with a copy-pasteable :skip snippet.
	# mutare:ignore directive — suppress a known-equivalent mutant per line,
per span (-start/-end), or per file (-file), with an optional free-text
reason and an optional [family] / [family:label] filter; ineffective
directives are surfaced (--strict-ignores escalates).
	Reporters — human (default, survivor diffs + score), plus machine-readable
json (Stryker / mutation-testing-elements schema), html (interactive
viewer), and sarif (GitHub code scanning) via --report FORMAT[:PATH]
(repeatable) or :reporters.
	Live progress on stderr; the detailed report and score are printed to stdout.
	CI integration — --since <ref> to scope to the lines changed against a
git ref, --min-score to gate, --line to target lines, and a kept sandbox
(the default) so the
compiled build carries across runs; --sandbox <path> pins it at a CI cache,
--no-keep-sandbox opts back into a throwaway copy.
	Umbrella-aware — target one app, several, or the whole workspace.
	Extension surface — Mutare.Mutator (custom mutators), independent
Mutare.CallRouting and Mutare.UseExpansion capabilities, :extensions for
non-mutating integrations, declarative :call_routes configuration
(user-tier treatments only; the adapter-grade treatments must come from a
module implementing Mutare.CallRouting), the Mutare.AST node
constructors that discharge Sourceror's emission invariants for plugins, and
the Mutare.Calls call-resolution readers (resolved_call_to/3,
module_key/1) so plugins match calls without building core's key
representation, and a declarative environment guard (required_modules/0,
on mutators and extensions): the modules a DSL plugin routes are checked
loadable once at startup, aborting with Mutare.EnvironmentError instead of
silently registering routes against nothing on an external-source run.
	mix igniter.install mutare installer that detects frameworks and wires up
the matching companion packages and .mutare.exs.
	Call routes (call_routes: / --skip-call Module.fun/arity) — leave a
call alone: :skip makes a whole call an inert leaf (functions, macros, and
the construct special forms alike — Kernel.if/2 or case included; a piped receiver and
the enclosing function's return-value mutants are unaffected), :raw leaves
an argument as written, :interior mutates an argument's contents but never
its own node, and a keyed refinement ([:expression, timeout: :raw]) reaches
one option of a literal keyword argument. The forms Mutare analyzes
structurally (if, case, the boolean operators, …) take :skip only, and
definitions (def, defmodule, …) and literal syntax ({}, %{}, =, …)
take no route. Routes match qualified,
aliased, imported, and piped forms, and an entry that matches no call in a
full scan is warned about.
	Argument marks (argument_marks:) — extend the built-in timeout table (or
any label a mutator declares) to your own functions, with the mutators'
value-aware reaction: {MyApp.Http, :get, 2, [{:keyword, :recv_timeout}], :timeout}.



  

    LICENSE


MIT License

Copyright (c) 2026 Benjamin Fox

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.



  

    
Mutare 
    



      
Mutare is a mutation testing system for Elixir, that mutates the source you actually write, and compiles once.
The whole project is downstream of one invariant: compile once. Mutare rewrites a project's source into a metamutant — a single program that embeds every mutant behind a :persistent_term runtime switch — compiles it once, then runs the suite once per mutant, flipping that switch through two environment variables: MUTARE_MUTANT_NAMESPACE names the mutant's file and MUTARE_ACTIVE_MUTANT its id within that file.
On top of that, the runner adds coverage-guided test selection, compile-poison recovery, parallel execution, timeouts, ignore annotations, and changed-file scoping via --since.
Most users drive Mutare through the mix mutare task; run/2 is the programmatic entry point and transform_string/2 exposes the source rewrite on its own. See Mutare.Runner for the run flow and Mutare.Mutator for writing your own mutators.
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        run(root \\ ".", opts \\ [])

      


        Run mutation testing against the project at root, returning
{:ok, %Mutare.Run{}} on success. See Mutare.Runner.run/2.



    


    
      
        transform_string(source, opts \\ [])

      


        Transform a source string into a metamutant and public mutant descriptions.
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Run mutation testing against the project at root, returning
{:ok, %Mutare.Run{}} on success. See Mutare.Runner.run/2.

  



    

  
    
      
    
    
      transform_string(source, opts \\ [])



        
          
        

    

  


  

Transform a source string into a metamutant and public mutant descriptions.
iex> source = "defmodule Calculator do\n  def add(a, b), do: a + b\nend\n"
iex> result = Mutare.transform_string(source, mutators: [:arithmetic])
iex> [site] = result.mutants
iex> {site.id, site.mutator, site.original_code, site.mutated_code, result.next_id}
{1, :arithmetic, "a + b", "a - b", 2}

  


        

      


  

    
Mutare.Ignore 
    



      
Suppresses selected mutants with a source comment. Ignored mutants remain in the report but are excluded from the mutation score. Their generated code is omitted from the metamutant, reducing compiler input and preventing their replacements from poisoning the build. They retain their IDs, reasons, and positions within :max_mutants.
A trailing directive applies to its own line. A standalone directive applies to the next line of code, reading through any comment lines in between — so it works at either end of an explanatory comment block:
expression() # mutare:ignore
# mutare:ignore
expression()
# mutare:ignore[integer] checked by the boundary test;
# any non-empty replacement is behaviorally equivalent
expression()
A blank line ends the comment block: the directive then targets the blank line and suppresses nothing (warned — see below).
A plain # mutare:ignore covers exactly one line of code (see "Scoped directives" below for regions and whole files). For a multi-line expression, place it directly above the line that carries the mutated code — above the |> step containing it, not the pipe's first line:
digested_files
# mutare:ignore[atom] delivery order is discarded
|> Task.async_stream(&write/1, ordered: false)
|> Stream.run()
A directive misplaced onto an earlier line of the same expression suppresses nothing; the resulting warning points at the line that has the matching mutants.
A directive may include a family filter, a reason, or both:
# mutare:ignore                              suppress every mutant on the line
# mutare:ignore equivalent under int math    suppress all; record the reason
# mutare:ignore[arithmetic]                  suppress only arithmetic mutants
# mutare:ignore[arithmetic, relational]      suppress two families
# mutare:ignore[relational:>]                suppress only the `i > j` swap
# mutare:ignore[integer] off-by-one is fine  a filter and a reason together
Filter entries are mutator family names from Mutare.Mutators.families/0 or a custom mutator's Mutare.Mutator.name/0. Without a filter, the directive suppresses every mutant on the line.
Scoped directives: regions and whole files
Annotating a large low-value span line by line — a literal lookup table, a generated module — doesn't scale, so two scoped verbs suppress in bulk. Both take the same optional [...] filter and reason as # mutare:ignore:
# mutare:ignore-start spot-checked; exhaustively covered by the round-trip test
def encode(?A), do: ?B
def encode(?B), do: ?C
def encode(?C), do: ?D
# mutare:ignore-end
An # mutare:ignore-start opens a region and the next # mutare:ignore-end closes it; every mutant on the delimiter comments' lines and between them is suppressed (the span is inclusive of both delimiter lines, so a trailing -start or -end on a code line covers that line's mutants too). Text after # mutare:ignore-end is plain prose — the filter and reason belong on the -start.
# mutare:ignore-file, anywhere in a file (conventionally at the top), suppresses every matching mutant in that file:
# mutare:ignore-file generated by `mix gen.unicode_tables` — do not hand-edit
A broken region pairing is a hard Mutare.Ignore.SpecError, not a warning: an -end with no open -start, a second -start inside an open region (regions don't nest), or a -start never closed each abort the run — the mistake is provable, and both lenient readings fail the wrong way (silently suppressing to end-of-file, or silently suppressing nothing).
When several directives match one mutant, the most specific filter wins ([family:label] over [family] over unfiltered); on a tie, the narrowest scope (line over region over file), so the recorded reason is the most locally-written one. Scoped directives are held to the same ineffectiveness bar as line directives: an -file or region that suppresses nothing is warned (and aborts under --strict-ignores).
Use family:label to select one variant from a family. For example, [relational:<=] suppresses the <= replacement but not the other relational replacements. Labels are declared by each family and matched case-insensitively. If a mutant has several labels, any matching label suppresses it. Run mix mutare --list-mutators for the complete built-in list.
Text after the keyword or filter is stored as the ignore reason and shown in the report.
A recognizable equivalent mutant: the re-stated delegate guard
A pattern worth knowing when triaging guard_drop/pattern_guard survivors in wrapper-heavy code — a thin wrapper that re-states the guard of the function it delegates to:
def sign(data, salt) when is_binary(salt),
  do: Plug.Crypto.sign(data, salt)   # Plug.Crypto.sign/2 has the identical guard
Dropping the wrapper's guard is provably unobservable: a bad input still raises the same FunctionClauseError, one stack frame deeper, inside the delegate. Verify against the delegate's source (the guards must really be equivalent), then ignore with a reason naming it:
# mutare:ignore[guard_drop] Plug.Crypto.sign/2 re-checks is_binary(salt)
def sign(data, salt) when is_binary(salt), do: Plug.Crypto.sign(data, salt)
This shape recurs constantly in real codebases (any module wrapping a well-guarded library); recognizing it saves convincing yourself a survivor is "just uncovered" when it is actually unreachable.
When a directive errors or does nothing
An unknown label for a built-in family, including a disabled one, or an active custom family is an error. Unknown families, bare-family typos, empty filters, and malformed filters match nothing. Any directive that suppresses no mutant produces a warning; --strict-ignores turns that warning into a non-zero exit.
The mutare: comment namespace is reserved. A comment that starts with # mutare: but does not spell a recognized directive — a typo (# mutare:ingore), a stray space after the colon (# mutare: ignore), or a directive from a future Mutare version — is never silently inert: it produces the same scan-time warning, and --strict-ignores the same non-zero exit.
Only source comments are parsed. Text such as "# mutare:ignore" inside a string has no effect.

      




  

    
Mutare.Options 
    



      
Validated configuration for a mutation run.
new/1 resolves a keyword list (or another Options) into a struct, validating every field up front. Invalid values raise ArgumentError. Passing the same options on the command line or in .mutare.exs uses the same validation; see mix help mutare for the full list of settable keys and their defaults.
Runtime wiring, such as the resolved Mutare.Project and live-progress hooks, lives in Mutare.Run.Context, not in this struct.
The fields and their types are listed in t/0 below.
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        t()

      


    





  
    Functions
  


    
      
        formats()

      


        The output formats a reporter entry may name (:human, :json, :html,
:sarif).



    


    
      
        new(options)

      


        Resolve and validate options.



    


    
      
        renderer(format)

      


        The renderer module for an output format.
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          @type t() :: %Mutare.Options{
  argument_marks: [Mutare.Mutator.mark_declaration()],
  baseline_retries: non_neg_integer(),
  baseline_runs: pos_integer(),
  call_routes: list(),
  compile_timeout: pos_integer() | nil,
  confirm_timeouts: boolean(),
  events: String.t() | nil,
  exclude: [String.t()],
  expand_uses: boolean(),
  extensions: [Mutare.Extension.Spec.t()],
  fail_on_harness_error: boolean(),
  fail_on_poisoned: boolean(),
  harness_retries: non_neg_integer(),
  keep_sandbox: boolean(),
  kill_runs: pos_integer(),
  max_harness_error_rate: number() | nil,
  max_heap_mb: term(),
  max_mutants: pos_integer() | nil,
  max_no_coverage: non_neg_integer() | nil,
  max_survivors: pos_integer() | nil,
  min_score: number() | nil,
  mutators: [Mutare.Mutator.Spec.t()] | nil,
  only_files: MapSet.t() | nil,
  only_lines:
    MapSet.t(
      {String.t(), pos_integer()}
      | {String.t(), pos_integer(), pos_integer()}
    )
    | nil,
  partition_env: String.t() | nil,
  paths: [String.t()],
  probe_timeout: pos_integer() | nil,
  quiet: boolean(),
  reporters: [{:human | :json | :html | :sarif, String.t() | nil}],
  sandbox: String.t() | nil,
  schedulers: pos_integer() | :all,
  seed_app_build: boolean(),
  skip_lifting: MapSet.t(Mutare.Lifting.skip_entry()),
  strict_ignores: boolean(),
  test_selection: :tests | :coverage | :full,
  time_budget: String.t() | nil,
  timeout: pos_integer() | nil,
  timeout_multiplier: number(),
  verbose: boolean(),
  verify_invariants: boolean(),
  workers: pos_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      formats()



        
          
        

    

  


  

      

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


      


The output formats a reporter entry may name (:human, :json, :html,
:sarif).
iex> Mutare.Options.formats()
[:human, :json, :html, :sarif]

  



  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

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


      


Resolve and validate options.
Accepts a keyword list or an existing Options struct. Raises ArgumentError
on an unknown key or invalid value.
:workers (concurrent mutant runs) and :schedulers (scheduler threads per
run) divide System.schedulers_online/0 between them, so the runs do not
oversubscribe the CPU. Whichever is omitted is derived from the other, workers
never above the default's clamp; with neither, workers are half the schedulers
capped at 4. schedulers: :all leaves
every run every scheduler. Both are resolved here, so the struct carries
concrete values.
iex> opts = Mutare.Options.new(
...>   paths: ["lib/billing"],
...>   workers: 2,
...>   mutators: [:arithmetic],
...>   reporters: [{:json, "mutare.json"}]
...> )
iex> {opts.paths, opts.workers, Enum.map(opts.mutators, & &1.name), opts.reporters}
{["lib/billing"], 2, [:arithmetic], [{:json, "mutare.json"}]}

iex> opts = Mutare.Options.new(workers: 2)
iex> Mutare.Options.new(opts) == opts
true

iex> opts = Mutare.Options.new(workers: 3, schedulers: :all)
iex> {opts.workers, opts.schedulers}
{3, :all}

  



  
    
      
    
    
      renderer(format)



        
          
        

    

  


  

      

          @spec renderer(atom()) :: module()


      


The renderer module for an output format.
:human maps to Mutare.Report; machine formats map to modules under
Mutare.Report.*.

  


        

      


  

    
Mutare.Result 
    



      
The outcome of running the suite against one mutant.

      


      
        Summary


  
    Types
  


    
      
        selection()

      


        Which tests a mutant's run covered: the whole :suite, its owning :app and that
app's dependents (a whole-suite run an umbrella narrowed), its covering test
:files, or the covering :tests within them (Mutare.Runner.CoverageProbe).
nil for a mutant that launched no run (ran?/1 is false).



    


    
      
        status()

      


    


    
      
        t()

      


        A mutant's result. partition is the partition its run used under :partition_env
(--partition-db or --partition-env), or nil when partitioning is off or no run
launched.



    





  
    Functions
  


    
      
        kill?(status)

      


        Returns whether status counts as a killed mutant.



    


    
      
        ran?(status)

      


        Returns whether a mutant launched a test run.



    


    
      
        scored?(status)

      


        Returns whether status counts in the mutation-score denominator.
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          @type selection() :: Mutare.TestSelection.shape() | nil


      


Which tests a mutant's run covered: the whole :suite, its owning :app and that
app's dependents (a whole-suite run an umbrella narrowed), its covering test
:files, or the covering :tests within them (Mutare.Runner.CoverageProbe).
nil for a mutant that launched no run (ran?/1 is false).
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          @type status() ::
  :killed
  | :survived
  | :no_coverage
  | :timeout
  | :atom_exhausted
  | :ignored
  | :poisoned
  | :harness_error
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          @type t() :: %Mutare.Result{
  duration_ms: non_neg_integer() | nil,
  exit_status: non_neg_integer() | nil,
  output: String.t() | nil,
  partition: pos_integer() | nil,
  selection: selection(),
  site: Mutare.Site.t(),
  status: status()
}


      


A mutant's result. partition is the partition its run used under :partition_env
(--partition-db or --partition-env), or nil when partitioning is off or no run
launched.
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          @spec kill?(status()) :: boolean()


      


Returns whether status counts as a killed mutant.
:killed, :timeout, and :atom_exhausted count as kills.
Examples
iex> Mutare.Result.kill?(:killed)
true
iex> Mutare.Result.kill?(:survived)
false

  



  
    
      
    
    
      ran?(status)



        
          
        

    

  


  

      

          @spec ran?(status()) :: boolean()


      


Returns whether a mutant launched a test run.
:no_coverage, :ignored, and :poisoned never start a test run.
:harness_error does start one and is included here.
Examples
iex> Mutare.Result.ran?(:harness_error)
true
iex> Mutare.Result.ran?(:ignored)
false
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          @spec scored?(status()) :: boolean()


      


Returns whether status counts in the mutation-score denominator.
:no_coverage, :ignored, :poisoned, and :harness_error are excluded
because they do not produce a test-suite verdict for the mutation.
Examples
iex> Enum.filter(Mutare.Result.Status.names(), &Mutare.Result.scored?/1)
[:killed, :timeout, :atom_exhausted, :survived]

  


        

      


  

    
Mutare.Run 
    



      
The completed result of a mutation-testing run.
Mutare.run/2 and Mutare.Runner.run/2 return {:ok, %__MODULE__{}} once the sandbox has compiled, the baseline has passed, and the per-mutant phase has produced results. Error tuples are returned before a Mutare.Run exists.
Fields
	:schema — the Mutare.Schema that was compiled and run. It may differ from the initially-built schema when compile-poison recovery marked mutants as poisoned.
	:results — the per-mutant Mutare.Result values that were evaluated and reported, in source order.
	:sandbox — the sandbox path where the run was materialised. It remains on disk after the run in the default kept mode (:keep_sandbox, on) and whenever the caller supplied :sandbox; for a throwaway run (keep_sandbox: false, no :sandbox) the path is informational only — the directory is removed before the run is returned.
	:baseline_ms — the wall-clock duration, in milliseconds, of the green baseline test run used to derive per-mutant timeout caps.
	:stopped_early — whether an early-stop condition (:max_survivors or :time_budget) stopped the per-mutant phase before every mutant was evaluated, or prevented a provisional timeout from being confirmed. When true, :results is usually a source-order prefix rather than the full schema; if every mutant launched before the time budget elapsed, the full set may be present with one or more timeout results left unconfirmed. A survivor stop is deterministic (the first N survivors); a time-budget stop depends on how far the run got before the budget elapsed.
	:recovery — a recovery/0 summary when the one compile needed compile-poison recovery (some mutation would not compile, so it was dropped and the metamutant rebuilt), or nil when it compiled clean on the first attempt. It records how many rebuild rounds it took, which mutant ids were dropped, and any unknown block macros that were escalated (skipped wholesale). The Mix task turns the escalations into a copy-pasteable :call_routes suggestion so a second run needn't rediscover the same poison — see Mutare.Poison.Hint.
	:broken_partitions — under :partition_env, each partition other than 1 whose environment failed the run's tests with no mutant active (Mutare.Run.BrokenPartition), in partition order; [] otherwise. Only partition 1 is checked before the mutants run, so after them each other partition's fastest kill has its tests rerun there with no mutant active; when they fail on every :kill_runs attempt, the same tests are run on partition 1, and the partition is listed only if they pass there. A partition listed here likely failed every run on it for reasons unrelated to the mutants, and each of those failures is still recorded as a kill, so the score may be inflated. The verdicts are left as recorded because some of those kills may be real.


      


      
        Summary


  
    Types
  


    
      
        clean_region()

      


        One clean region dropped during compile-poison recovery: a function's uninstrumented copy
would not compile, so the function keeps its instrumented code alone. No mutant is lost;
the function merely answers every selector when the active mutant is elsewhere. :first
and :last are the file-local ids the region spans, which is how the region is identified.



    


    
      
        escalation()

      


        One unknown block macro escalated during compile-poison recovery — skipped wholesale
because its do body could not host the injected selector. :macro is the macro
name, :file/:line locate the invocation (:line is the block's first mutant line,
or nil), and :count is how many mutants in it were dropped.



    


    
      
        macro_skip()

      


        One inline DSL macro skipped by the macro-expansion fallback — a mutation wouldn't compile
inside a macro that rewrites its argument at compile time (an Ecto.Query.from/2-style
macro), so every mutant in its calls was dropped. :module is the macro's module string
(from the expanding macro: frame the compiler emitted, e.g. "Ecto.Query") and :macro
the macro name — together the durable {Module, :fun, :raw} route to pin.



    


    
      
        recovery()

      


        A compile-poison recovery summary: the number of rebuild :rounds, the set of :dropped
mutant ids, the :clean_regions dropped, the :escalated unknown block macros, and the
:macro_skipped inline DSL macros the macro-expansion fallback dropped wholesale.



    


    
      
        t()
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      clean_region()



        
          
        

    

  


  

      

          @type clean_region() :: %{file: String.t(), first: pos_integer(), last: pos_integer()}


      


One clean region dropped during compile-poison recovery: a function's uninstrumented copy
would not compile, so the function keeps its instrumented code alone. No mutant is lost;
the function merely answers every selector when the active mutant is elsewhere. :first
and :last are the file-local ids the region spans, which is how the region is identified.

  



  
    
      
    
    
      escalation()



        
          
        

    

  


  

      

          @type escalation() :: %{
  macro: atom(),
  file: String.t(),
  line: pos_integer() | nil,
  count: non_neg_integer()
}


      


One unknown block macro escalated during compile-poison recovery — skipped wholesale
because its do body could not host the injected selector. :macro is the macro
name, :file/:line locate the invocation (:line is the block's first mutant line,
or nil), and :count is how many mutants in it were dropped.

  



  
    
      
    
    
      macro_skip()



        
          
        

    

  


  

      

          @type macro_skip() :: %{module: String.t(), macro: atom()}


      


One inline DSL macro skipped by the macro-expansion fallback — a mutation wouldn't compile
inside a macro that rewrites its argument at compile time (an Ecto.Query.from/2-style
macro), so every mutant in its calls was dropped. :module is the macro's module string
(from the expanding macro: frame the compiler emitted, e.g. "Ecto.Query") and :macro
the macro name — together the durable {Module, :fun, :raw} route to pin.

  



  
    
      
    
    
      recovery()



        
          
        

    

  


  

      

          @type recovery() :: %{
  rounds: pos_integer(),
  dropped: MapSet.t(pos_integer()),
  clean_regions: [clean_region()],
  escalated: [escalation()],
  macro_skipped: [macro_skip()]
}


      


A compile-poison recovery summary: the number of rebuild :rounds, the set of :dropped
mutant ids, the :clean_regions dropped, the :escalated unknown block macros, and the
:macro_skipped inline DSL macros the macro-expansion fallback dropped wholesale.
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          @type t() :: %Mutare.Run{
  baseline_ms: non_neg_integer(),
  broken_partitions: [Mutare.Run.BrokenPartition.t()],
  recovery: recovery() | nil,
  results: [Mutare.Result.t()],
  sandbox: Path.t(),
  schema: Mutare.Schema.t(),
  stopped_early: boolean()
}


      



  


        

      


  

    
Mutare.Runner 
    



      
Compile once, then run the suite once per mutant in a fresh OS process.
The flow protects the one-compile invariant: we compile the sandbox a single time, run the tests as a baseline to ensure it passes, then launch one mix test process per mutant with MUTARE_MUTANT_NAMESPACE and MUTARE_ACTIVE_MUTANT set to its file and its id within that file. Sources never change between runs, so mix's incremental compiler finds nothing to rebuild — the per-mutant cost is process boot plus the suite (only up to the first failure for a kill), never recompilation.
The compile step distinguishes Mix dependency validation from actual compile-poisoning. A dependency failure returns :dependency_failed immediately: dropping mutant ids cannot repair copied dependency state, so it never enters poison recovery. The Mix task then points remediation at the original project rather than the disposable sandbox. The compile also carries a wall-clock cap (:compile_timeout, default 30 minutes, nil to disable): a config-hosted sibling of the per-mutant timeout watcher self-halts a pathological compile, surfaced as :compile_timed_out — likewise never fed to poison recovery, since there is no error to attribute and a rebuild cannot make an oversized compile faster.
run/2 returns {:ok, %Mutare.Run{}}: the Mutare.Schema that was run, the list of per-mutant Mutare.Results, the sandbox path, the baseline run's wall-clock in milliseconds, and whether an early-stop condition (:max_survivors or :time_budget) stopped the run early.
Baseline + coverage probe
Before the per-mutant loop we run the test suite once and ensure it passes (Mutare.Runner.Baseline) — then build a per-mutant test selection (Mutare.Runner.CoverageProbe) which picks the test files each mutant needs (or marks it :no_coverage). The two are split on purpose: a failing baseline test aborts, while coverage is advisory and degrades to running everything. The baseline can be run more than once (:baseline_runs) to catch a flaky suite: runs that disagree abort with :baseline_flaky rather than let a flaky test manufacture false mutant kills. A consistently red baseline attempt can also be retried (:baseline_retries, default 0) to survive startup/load flakes without weakening :baseline_runs' mixed-outcome check. See those modules for the selection modes.
Unanimous kill reruns
:kill_runs (--kill-runs, default 1) handles the narrower case where a residual flaky test appears only under one mutant's timing. Only kill outcomes are rerun, and every attempt must kill. If a later attempt passes, the mutant is recorded as :survived; if a later attempt persistently hits the harness, it remains :harness_error. Harness retries are the inner infrastructure layer; kill reruns combine settled test-suite verdicts.
Parallel workers and timeouts
The per-mutant phase runs :workers mutants concurrently, each its own OS process — a full mix test BEAM — in the shared sandbox. Left alone, every such BEAM would start a scheduler thread per core, and the phase would oversubscribe the CPU by the worker count; so each is trimmed to :schedulers threads (+S, see Mutare.Sandbox.Command.Invocation.emulator_flags_env/1), and the two options divide System.schedulers_online/0 between them. Whichever is omitted is derived from the other so that workers × schedulers fits the machine, derived workers never above the default's clamp; with neither, workers are half the schedulers, capped at 4 — more of them buy little (what a worker fills is the serial stretch of another's run: boot, app start, async: false tests, IO waits) and each costs a BEAM's memory. schedulers: :all trims nothing. Whatever the suite derives from the scheduler count follows the trim — ExUnit's default max_cases above all.
The baseline runs under the same trim, so it checks the suite is green at the concurrency a mutant run gets and measures what such a run takes. Each run then has a wall-clock cap: an explicit :timeout in ms, or baseline × :timeout_multiplier (default 3.0), with a floor. (A configuration that does oversubscribe — schedulers: :all, or explicit counts whose product exceeds the machine — scales the cap by half the oversubscription, since wall time then legitimately inflates past the baseline.) A mutation can turn a terminating loop infinite, so the run is capped; a capped run counts as :timeout — a kill, since the hang is observable misbehavior. The coverage probe runs under the same trim, so what it records is what a mutant run executes; only the one compile runs alone and keeps every scheduler.
The cap can still be overrun by a slow-but-finite run — concurrent runs share memory bandwidth, disk and any database even when they do not share cores — and survivors are the most exposed (a kill exits at its first failing test; a survivor must run its entire selected set). A false :timeout is a false kill hiding a true survivor, so by default (:confirm_timeouts) a streamed :timeout is provisional: after the stream drains, each timed-out mutant is re-run sequentially — no contention — with the same cap, and that verdict is recorded instead. Only a repeat overrun records :timeout; a genuine hang pays one extra cap. confirm_timeouts: false (--no-confirm-timeouts) records the first overrun as-is. A wall-clock :time_budget covers this confirmation pass too: confirmations already launched are allowed to finish, but no new confirmation run starts after the deadline.
Early stop: survivor cap (:max_survivors) or time budget (:time_budget)
Two conditions can stop the per-mutant loop before every mutant runs, whichever fires first. :max_survivors (--max-survivors) stops once that many survivors (:survived results) have surfaced — useful for finding and fixing a few concrete test gaps at a time. :time_budget (--time-budget, a duration string like "10m" parsed by Mutare.Duration) stops once that much wall-clock elapses in the per-mutant phase — a "see what I can get in ten minutes" run. The clock starts as the phase begins (compile/baseline/probe are not charged against it) and is checked just before a task announces and launches a real mutant run, so ordered result buffering cannot hide an expired budget and allow more mutants to start.
Unlike :max_mutants (a Mutare.Schema cap on candidate sites), both leave every mutant compiled in — only the run halts early. The per-mutant stream is consumed ordered: true, so a survivor stop is deterministic: the Nth survivor in source order, regardless of which worker finished first, and the reported survivors are exactly the first N. (A time-budget stop is not deterministic — it depends on how far the run got.) Runs already in flight when either condition trips are drained (not killed), so the sandbox teardown never races a live mix subprocess. If the budget elapses after every mutant has already launched, the result set is still complete unless the budget also prevents a provisional timeout from being confirmed. Otherwise the returned run carries stopped_early; on an early stop the harness-error abort guard is skipped (the score is already budget-limited or a partial prefix — the Mix task notes it and skips the --min-score gate too), since aborting would discard the very survivors the user asked to find.
Per-worker partitioning (DB isolation)
Optionally (:partition_env, off by default), each concurrent run is handed a distinct partition id under a named env var (default MIX_TEST_PARTITION), so a stateful suite can point each worker at its own database — the mix test --partitions convention. The ids come from a bounded, recycled pool (Mutare.Runner.Partitions) sized to :workers, so two live runs never share a partition and only :workers databases are needed. The one compile, the baseline, and the coverage probe (all sequential, pre-pool) take a fixed partition — the compile too, since it evaluates the target's config, where a partitioned default-less System.fetch_env! would otherwise raise. Inert when unset.
Harness errors are kept out of the score
A mutant run interrupted by a compile error, a missing dependency, or a filesystem race provides no verdict on the mutation. It is recorded as :harness_error and excluded from the score's denominator. Treating every non-zero exit as a kill would miscount these failures.
Two knobs harden this against flakiness and systemic breakage:
	:harness_retries (default 2) re-runs a harness-errored mutant before recording it, so a transient failure (a filesystem/lock race) gets another chance; a real verdict is never retried.
	:max_harness_error_rate (default 0.5, nil to disable) aborts the whole run — {:error, :too_many_harness_errors, detail} — when persistent harness errors exceed that fraction of the mutants that ran. Past that, the sandbox is broken, not the mutations tested, and a score over the surviving denominator would mislead; better to fail loudly.

Boot-failure: a known-transient harness error retried harder
One harness-error cause is recognised by name (Output.boot_failure?/1 → the :boot_failure outcome): the sandbox node dies during boot with its own diagnostic erased by a secondary :standard_error failure. It is almost always concurrent workers contending on shared singletons at startup (a test DB, a connection pool), so it clears on a retry that doesn't re-collide with the boot stampede. It gets its own retry budget (@boot_failure_retries), independent of :harness_retries and with a short jittered backoff, plus a specific warning that stops pointing at output that can't help (the real cause is unrecoverable) and names the actual contention levers — --workers and --partition-db/--partition-env. (Not --harness-retries: a :boot_failure draws only from its own dedicated budget, so raising that knob would not retry it more.) The verdict is unchanged (a harness error, out of the score); only the messaging and retry effort differ.
SIGKILL (likely OOM): a harness error never retried, and the :max_heap_mb cap
The mirror-image refinement: a run the OS killed with SIGKILL (exit 137, the :sigkilled outcome) is recognised so it is never retried — the opposite of :boot_failure. Its signature cause is the kernel OOM killer reaping a mutant whose mutation made it allocate without bound (a dropped guard turning a function unconditionally self-recursive can exhaust tens of GB in under a second — faster than any wall-clock watcher can react), and that failure is deterministic: a back-to-back retry re-detonates the same blowup on the host. The verdict stays a harness error (out of the score), with a specific warning naming the likely cause and the mitigation.
The mitigation is :max_heap_mb (--max-heap-mb, off by default): a per-process BEAM heap cap injected into every runtime sandbox run — baseline, coverage probe, per-mutant — so a runaway-allocation mutant dies as an ordinary, fast test failure inside its own run instead of endangering the host. The baseline running under the same cap validates up front that the suite itself fits under it. The one metamutant compile is deliberately not capped. Mechanism and sizing guidance: Mutare.Sandbox.Command.Invocation.emulator_flags_env/1.
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        check_with_schema(schema, input_root \\ ".", opts \\ [])

      


        Compile-only preflight (mix mutare --check): materialise the sandbox and run the one
compile — recovering from compile-poisoning exactly like a full run — then stop before
the baseline and the per-mutant phase.



    


    
      
        run(input_root \\ ".", opts \\ [])

      


        Run mutation testing against the project at root.



    


    
      
        run_with_schema(schema, input_root \\ ".", opts \\ [])

      


        Run a pre-built schema (lets a caller report the mutant count before launching).
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          @type error() ::
  {:error,
   :compile_failed
   | :compile_timed_out
   | :dependency_failed
   | :baseline_failed
   | :baseline_flaky
   | :nothing_to_mutate
   | :too_many_harness_errors, String.t()}
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          @type run() :: Mutare.Run.t()
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      check_with_schema(schema, input_root \\ ".", opts \\ [])



        
          
        

    

  


  

      

          @spec check_with_schema(
  Mutare.Schema.t(),
  Path.t(),
  Mutare.Run.Context.t() | Mutare.Options.t() | keyword()
) ::
  {:ok, %{schema: Mutare.Schema.t(), recovery: Mutare.Run.recovery() | nil}}
  | error()


      


Compile-only preflight (mix mutare --check): materialise the sandbox and run the one
compile — recovering from compile-poisoning exactly like a full run — then stop before
the baseline and the per-mutant phase.
Returns {:ok, %{schema: schema, recovery: recovery}}, where schema is the (possibly
rebuilt) schema the compile succeeded against and recovery summarises any poison
recovery it took (Mutare.Run.recovery/0, or nil when the metamutant compiled
clean on the first attempt). Errors are the compile-stage subset of error/0. The
:on_phase hook receives the same :compiling / {:poison_round, info} /
{:compiled, ms} events as a full run.

  



    

  
    
      
    
    
      run(input_root \\ ".", opts \\ [])



        
          
        

    

  


  

      

          @spec run(Path.t(), Mutare.Run.Context.t() | Mutare.Options.t() | keyword()) ::
  {:ok, run()} | error()


      


Run mutation testing against the project at root.
opts is a Mutare.Run.Context (or a Mutare.Options / keyword list resolved
into one). Returns {:ok, %Mutare.Run{}} or {:error, reason, detail}.

  



    

    

  
    
      
    
    
      run_with_schema(schema, input_root \\ ".", opts \\ [])



        
          
        

    

  


  

      

          @spec run_with_schema(
  Mutare.Schema.t(),
  Path.t(),
  Mutare.Run.Context.t() | Mutare.Options.t() | keyword()
) :: {:ok, run()} | error()


      


Run a pre-built schema (lets a caller report the mutant count before launching).
opts may be a Mutare.Run.Context, a Mutare.Options struct, or a keyword
list. The resolved context supplies the sandbox options, run options, and live
progress hooks.
Live progress hooks:
	:reporter — called with each Mutare.Result the run keeps, in source order.
Every reported result appears in the returned run's :results (an early stop
discards the runs still in flight when it trips — those are never reported), and
the calls are serialized, so the hook needs no synchronization of its own.
	:on_start — called with each Mutare.Site just before its test run starts.
Unlike :reporter, this fires concurrently from every worker, and a site whose
run is later discarded by an early stop still announces its start.
	:on_phase — called as the run enters :compiling, :baseline,
:coverage_probe, and {:running, total}.

:on_phase may also receive detail events:
	{:seed_app_build, summary} — emitted during :compiling, once the sandbox is
materialised: what the app-build _build seed did
(Mutare.Sandbox.Seed.summary/0 — :seeded with reused/recompiled beam
counts, a :fallback to a cold compile, or :skipped). --verbose renders
the first two.
	{:inference_override_declined, %{file: file, reason: reason}} — emitted during
:compiling, once per mix.exs whose inference override did not land
(Mutare.Sandbox.CompilerOptions.project_source/1). That project compiles
with type-signature inference on, which can make the one compile far slower;
reason describes the cause in a short phrase. --verbose renders it.
	{:poison_round, info} — one compile-poison recovery round: the compile
failed, the implicated mutants were dropped, and a rebuild + recompile is
starting. info is %{dropped: [%{id: id, file: file, line: line, mutator: family}], escalated: [t:Mutare.Run.escalation/0], clean: [t:Mutare.Run.clean_region/0]} — the mutants dropped individually this round,
any unknown block macro escalated wholesale, and any clean region whose
uninstrumented copy would not compile. Fired on every round (not just verbose), since each one is a
full recompile the user would otherwise read as a hang.
	{:compiled, ms}
	{:baseline_done, ms}
	{:coverage_done, summary} — the probe's per-mutant selection, once the umbrella
scopes are known: Mutare.Runner.CoverageProbe.summarize/1's counts (tests,
files, suite, no_coverage, run_all?, degrade) plus cap_ms (the derived
per-mutant cap), mode (the :test_selection), app_scoped? (an umbrella narrows
each whole-suite run to the owning app and its dependents) and broad_ids (the
mutant ids that run the whole suite, or :all under run-all). A whole-suite run
nobody asked for — run-all, or a suite count under :tests/:coverage — is
rendered in every mode but --quiet, since a silent one reads as a hang.
	{:run_config, cfg}
	{:confirming_timeouts, count} — the sequential re-run of provisional
timeouts is starting (see the timeouts section above)
	{:checking_partitions, count} — under :partition_env, after the mutants (and
their timeout confirmations): count partitions other than 1 are each rerunning
one kill's tests with no mutant active (Mutare.Run's :broken_partitions)

Custom hooks should ignore phase or detail events they do not recognise.
The run uses the resolved :test_selection, :workers, :schedulers, :timeout,
:timeout_multiplier, :max_heap_mb, :baseline_runs, :baseline_retries,
:kill_runs, :confirm_timeouts, :harness_retries, :max_harness_error_rate,
and :max_survivors options. When
:max_survivors stops the run early, the returned run has
stopped_early: true.

  


        

      


  

    
Mutare.Score 
    



      
The mutation score and the CI gates computed over a run's results.
The score is killed / (total − no_coverage − ignored − poisoned − harness_error): a
timeout or an atom-table exhaustion counts as a kill, and a mutant that reached no verdict
is left out of the denominator. Mutare.Result classifies each status (kill?/1,
scored?/1, ran?/1); this module only counts.
The gates (gate_failures/2, harness_errors_exceed?/2) are policy over the same tallies:
:no_coverage, :poisoned, and :harness_error stay out of the score, but a CI run can
still fail on them. Rendering the tallies as text is Mutare.Report's job.
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        gate_failures(results, opts \\ [], broken_partitions \\ [])

      


        Human-readable failures for complete-run CI gates.



    


    
      
        harness_error_rate(results)

      


        Fraction of launched mutant runs that ended in :harness_error.



    


    
      
        harness_errors_exceed?(results, max_rate)

      


        Returns whether harness_error_rate/1 exceeds max_rate.



    


    
      
        passes_gate?(results, min_score)

      


        Returns whether results meet a minimum score percentage.



    


    
      
        percent(value)

      


        Format a percentage value (already on a 0..100 scale) to one decimal place,
without a trailing %.



    


    
      
        score(results)

      


        Mutation score as a percentage:
killed / (total − no_coverage − ignored − poisoned − harness_error).
Returns 100.0 when the denominator is zero (nothing to test).



    


    
      
        score_counts(counts)

      


        score/1 over a tally of the results' statuses, as Enum.frequencies_by(results, & &1.status)
gives it: for a caller that keeps the counts rather than the results.
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          @spec gate_failures([Mutare.Result.t()], keyword() | map(), [
  Mutare.Run.BrokenPartition.t()
]) :: [
  String.t()
]


      


Human-readable failures for complete-run CI gates.
These gates are separate from score semantics: :no_coverage, :poisoned,
and :harness_error stay out of the mutation-score denominator, but a caller
can still make them fatal for CI. opts may be a keyword list or an options
map carrying:
	:min_score — minimum mutation score percentage, or nil
	:max_no_coverage — maximum allowed :no_coverage count, or nil
	:fail_on_poisoned — fail if any mutant is :poisoned
	:fail_on_harness_error — fail if any mutant is :harness_error

broken_partitions are Mutare.Run's: partitions whose kills may be false. The score
counts them, so with any present a :min_score gate fails whatever the score: below the
minimum as usual, since false kills only raise it, and otherwise because the score may
clear the minimum only on those kills.

  



  
    
      
    
    
      harness_error_rate(results)



        
          
        

    

  


  

      

          @spec harness_error_rate([Mutare.Result.t()]) :: float()


      


Fraction of launched mutant runs that ended in :harness_error.
The denominator includes :killed, :survived, :timeout,
:atom_exhausted, and :harness_error. It excludes :no_coverage,
:ignored, and :poisoned, which never launch a test run. Returns 0.0
when nothing ran.
iex> results = [
...>   %Mutare.Result{status: :killed},
...>   %Mutare.Result{status: :harness_error},
...>   %Mutare.Result{status: :no_coverage}
...> ]
iex> Mutare.Score.harness_error_rate(results)
0.5

  



  
    
      
    
    
      harness_errors_exceed?(results, max_rate)



        
          
        

    

  


  

      

          @spec harness_errors_exceed?([Mutare.Result.t()], number() | nil) :: boolean()


      


Returns whether harness_error_rate/1 exceeds max_rate.
max_rate is a fraction from 0.0 to 1.0. A nil value disables the
check and returns false.

  



  
    
      
    
    
      passes_gate?(results, min_score)



        
          
        

    

  


  

      

          @spec passes_gate?([Mutare.Result.t()], number() | nil) :: boolean()


      


Returns whether results meet a minimum score percentage.
A nil minimum always passes.
iex> results = [%Mutare.Result{status: :killed}, %Mutare.Result{status: :survived}]
iex> Mutare.Score.passes_gate?(results, 60)
false
iex> Mutare.Score.passes_gate?(results, nil)
true
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          @spec percent(number()) :: String.t()


      


Format a percentage value (already on a 0..100 scale) to one decimal place,
without a trailing %.
iex> Mutare.Score.percent(2 / 3 * 100)
"66.7"

  



  
    
      
    
    
      score(results)



        
          
        

    

  


  

      

          @spec score([Mutare.Result.t()]) :: float()


      


Mutation score as a percentage:
killed / (total − no_coverage − ignored − poisoned − harness_error).
Returns 100.0 when the denominator is zero (nothing to test).
iex> results = [
...>   %Mutare.Result{status: :killed},
...>   %Mutare.Result{status: :survived},
...>   %Mutare.Result{status: :no_coverage}
...> ]
iex> Mutare.Score.score(results)
50.0
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          @spec score_counts(%{optional(Mutare.Result.status()) => non_neg_integer()}) ::
  float()


      


score/1 over a tally of the results' statuses, as Enum.frequencies_by(results, & &1.status)
gives it: for a caller that keeps the counts rather than the results.
iex> Mutare.Score.score_counts(%{killed: 3, survived: 1, ignored: 2})
75.0

  


        

      


  

    
Mutare.Site 
    



      
One mutant: a single mutation applied at a single source location.
One source expression may produce several sites, one for each replacement. Each site records its id, source range, mutator, replacement kind, before/after code, ignore state, and optional variant or advisory note. Mutare.transform_string/2 returns sites alongside the generated metamutant source.
id is the run's report number. Schema builds also record runtime_id as
{root_relative_file, local_id}; standalone transforms leave it nil, using
id for selection too. Mutare.RuntimeId implements the boundary conversions. The
public Mutare.MutationSite DTO and every reporter retain integer report ids.
A runner may defer rendering original_code and mutated_code, leaving them nil until the result needs to be displayed. summary may hold a cheaper one-line description for live progress. Mutare.transform_string/2 renders the code fields by default.
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        clause_drop(id, file, range, clause_node, opts \\ [])

      


        Builds a lifted deletion site for a function clause.



    


    
      
        describe(site)

      


        Returns a one-line description of a site.



    


    
      
        in_place(id, file, range, original_node, mutated_node, mutator, opts \\ [])

      


        Builds a site for a node replacement delivered by an in-place selector.



    


    
      
        in_place_drop(id, file, range, clause_node, mutator, opts \\ [])

      


        Builds an in-place deletion site for a rescue clause.



    


    
      
        lifted_replace(id, file, range, original_node, mutated_node, mutator, opts \\ [])

      


        Builds a site for a node replacement delivered through function lifting.



    


    
      
        location(site)

      


        Returns where a site is, as file:line:column — the compiler's diagnostic form, so an
editor or terminal can jump to it. The column tells apart two mutants a line's repeated
text would otherwise describe identically. A site with no column reads as file:line.



    


    
      
        position(site)

      


        Returns a site's line:column within its file, or line when it has no column.



    


    
      
        return_value(id, file, range, original_node, mutated_node, mutator, opts \\ [])

      


        Builds an in-place site for a return-expression replacement.



    


    
      
        summary_line(site)

      


        Returns the live-progress description for a site.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Mutare.Site{
  block_macro: {atom(), non_neg_integer()} | nil,
  column: pos_integer() | nil,
  file: String.t(),
  id: pos_integer(),
  ignore_reason: String.t() | nil,
  ignored: boolean(),
  kind: :in_place | :lifted,
  line: pos_integer() | nil,
  mutated_code: String.t() | nil,
  mutated_form: atom() | nil,
  mutator: atom(),
  note: String.t() | nil,
  operation: :replace | :delete,
  original_code: String.t() | nil,
  original_form: atom() | nil,
  poisoned: boolean(),
  range: Sourceror.Range.t() | nil,
  runtime_id: Mutare.RuntimeId.t() | nil,
  summary: String.t() | nil,
  variant: [String.t()]
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      clause_drop(id, file, range, clause_node, opts \\ [])



        
          
        

    

  


  

      

          @spec clause_drop(
  pos_integer(),
  String.t(),
  Sourceror.Range.t(),
  Macro.t(),
  keyword()
) :: t()


      


Builds a lifted deletion site for a function clause.
The site is recorded under the clause_drop family. :render? defaults to
true; :summary? defaults to false.

  



  
    
      
    
    
      describe(site)



        
          
        

    

  


  

      

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


      


Returns a one-line description of a site.
iex> Mutare.Site.describe(%Mutare.Site{
...>   mutator: :relational,
...>   operation: :replace,
...>   original_code: "a >= b",
...>   mutated_code: "a > b"
...> })
"relational  a >= b → a > b"

iex> Mutare.Site.describe(%Mutare.Site{
...>   mutator: :clause_drop,
...>   operation: :delete,
...>   original_code: "def f(_), do: :ok"
...> })
"clause_drop  (drop) def f(_), do: :ok"

  



    

  
    
      
    
    
      in_place(id, file, range, original_node, mutated_node, mutator, opts \\ [])



        
          
        

    

  


  

      

          @spec in_place(
  pos_integer(),
  String.t(),
  Sourceror.Range.t(),
  Macro.t(),
  Macro.t(),
  Mutare.Mutator.Spec.t(),
  keyword()
) :: t()


      


Builds a site for a node replacement delivered by an in-place selector.
range identifies the original node. The recorded family name comes from
mutator.
Options:
	:note — advisory text shown in reports
	:position — [line:, column:] to key the site at, when that is not where
range starts
	:variant — one or more ignore labels; when absent, the mutator callback
derives the variant
	:classified — the {original, mutated} pair that callback derives it from, when that
is not the reported pair
	:render? — render original_code and mutated_code immediately; defaults
to true
	:summary? — build the lightweight live-progress summary; defaults to
false


  



    

  
    
      
    
    
      in_place_drop(id, file, range, clause_node, mutator, opts \\ [])



        
          
        

    

  


  

      

          @spec in_place_drop(
  pos_integer(),
  String.t(),
  Sourceror.Range.t(),
  Macro.t(),
  Mutare.Mutator.Spec.t(),
  keyword()
) :: t()


      


Builds an in-place deletion site for a rescue clause.
mutator supplies the recorded family name. The deleted clause has no mutated
AST or replacement code.

  



    

  
    
      
    
    
      lifted_replace(id, file, range, original_node, mutated_node, mutator, opts \\ [])



        
          
        

    

  


  

      

          @spec lifted_replace(
  pos_integer(),
  String.t(),
  Sourceror.Range.t(),
  Macro.t(),
  Macro.t(),
  Mutare.Mutator.Spec.t(),
  keyword()
) :: t()


      


Builds a site for a node replacement delivered through function lifting.
Lifted delivery is used where an in-place selector is not legal, including guards
and clause-head patterns. The site records kind: :lifted. Options are the same
as for in_place/7.

  



  
    
      
    
    
      location(site)



        
          
        

    

  


  

      

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


      


Returns where a site is, as file:line:column — the compiler's diagnostic form, so an
editor or terminal can jump to it. The column tells apart two mutants a line's repeated
text would otherwise describe identically. A site with no column reads as file:line.
iex> Mutare.Site.location(%Mutare.Site{file: "lib/x.ex", line: 42, column: 7})
"lib/x.ex:42:7"

iex> Mutare.Site.location(%Mutare.Site{file: "lib/x.ex", line: 42})
"lib/x.ex:42"

  



  
    
      
    
    
      position(site)



        
          
        

    

  


  

      

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


      


Returns a site's line:column within its file, or line when it has no column.
iex> Mutare.Site.position(%Mutare.Site{line: 42, column: 7})
"42:7"

  



    

  
    
      
    
    
      return_value(id, file, range, original_node, mutated_node, mutator, opts \\ [])



        
          
        

    

  


  

      

          @spec return_value(
  pos_integer(),
  String.t(),
  Sourceror.Range.t(),
  Macro.t(),
  Macro.t(),
  Mutare.Mutator.Spec.t(),
  keyword()
) :: t()


      


Builds an in-place site for a return-expression replacement.
The recorded family name comes from mutator. :render? controls immediate
source rendering and defaults to true; :summary? controls the live-progress
summary and defaults to false.

  



  
    
      
    
    
      summary_line(site)



        
          
        

    

  


  

      

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


      


Returns the live-progress description for a site.
Uses the lightweight summary when present and otherwise falls back to
describe/1.

  


        

      


  

    
Mutare.AST 
    



      
Small constructors and predicates for Sourceror AST nodes.
These helpers are the supported way for custom mutators to build AST. literal/1 is the most important one: it builds literal nodes with fresh metadata, so Sourceror renders the new value rather than stale source text. It also handles string delimiters, numeric token metadata, and negative-number shape correctly.
literal_value/1 reads supported literal nodes back to their values. The sentinel_* helpers return the same survivor markers used by the built-in families, and numeric_alternatives/3 the same off-by-one/zero alternatives (with their variant labels and collapse rule) the numeric literal families produce. absolute_alias/1, absolute_call/3, and remote_call/3 build references that are not affected by aliases or imports in the target source. keyword_key/1 and clean_var/1 cover the remaining node shapes a mutator emits into existing source: fresh keyword keys and re-declared bindings.
parse!/1 and to_string/1 expose the Sourceror round trip without requiring custom mutators to depend on Sourceror directly.

      


      
        Summary


  
    Functions
  


    
      
        absolute_alias(path)

      


        Builds an absolute-qualified module alias.



    


    
      
        absolute_call(path, fun, args)

      


        Builds an absolute-qualified remote call.



    


    
      
        clean_var(arg)

      


        Strips a variable node's metadata, keeping its name and hygiene context.



    


    
      
        empty_collection_literal?(arg1)

      


        Whether node is an always-empty enumerable literal admitted on the right of
in in a guard: List → [], WordListLiteral → ~w(), or
CharlistLiteral → ~c"".



    


    
      
        erlang_call(fun, args)

      


        Builds a call to an :erlang BIF or operator.



    


    
      
        erlang_call_args(arg1, fun)

      


        Matches a call erlang_call/2 built, returning its arguments.



    


    
      
        key_atom(atom)

      


        The bare keyword atom of a key node, whether plain (:do) or Sourceror-wrapped
({:__block__, _, [:do]}); nil for anything that isn't an atom key.



    


    
      
        keyword_key(atom)

      


        Builds a keyword-list key node that renders as key: rather than {:key, …}.



    


    
      
        keyword_label?(arg1)

      


        Returns whether node is the key side of an inline keyword pair.



    


    
      
        literal(value)

      


        Builds a scalar-literal node with fresh metadata.



    


    
      
        literal_value(value)

      


        Reads the scalar value from a literal node.



    


    
      
        nil_literal?(arg1)

      


        Whether node is a nil literal in either bare or Sourceror-wrapped form.



    


    
      
        numeric_alternatives(value, step, zero)

      


        The "off-by-one + zero sentinel" alternatives for a numeric literal value, exactly as the
built-in Mutare.Mutators.IntegerLiteral (step 1, zero 0) and Mutare.Mutators.FloatLiteral
(step 1.0, zero 0.0) produce them: value + step (labelled "succ"), value - step
("pred"), and zero ("zero"), as ordered {value, labels} pairs.



    


    
      
        opts_get(opts, key, default \\ nil)

      


        Returns the value bound to key in a Sourceror-form keyword list.



    


    
      
        parse!(source)

      


        Parse a source string into a Sourceror AST node, raising on a syntax error.



    


    
      
        remote_call(mod, fun, args)

      


        Builds a remote call mod.fun(args) around a pre-built callee node.



    


    
      
        render_opts(opts \\ [])

      


        Sourceror.to_string/2 options with the formatter lookup pinned off — to_string/2's
defaults, for the few places that render through Sourceror directly.



    


    
      
        sentinel_alias()

      


        The survivor sentinel as a module-alias path (Mutare.Mutant).



    


    
      
        sentinel_atom()

      


        The survivor sentinel as an atom (:mutare).



    


    
      
        sentinel_string()

      


        The survivor sentinel as a string: a value distinctive enough to flag a
surviving mutant in a report, yet unlikely to occur in real code. The literal
families (StringLiteral, ReturnValue, …) all substitute it, so the single
word lives here.



    


    
      
        string_binary?(arg1)

      


        Whether a {:<<>>, meta, _} node is really a string, not a <<…>> bitstring.



    


    
      
        strip_comments(ast)

      


        Drops Sourceror's :leading_comments/:trailing_comments from every node of ast.



    


    
      
        to_string(ast, opts \\ [])

      


        Render an AST node back to formatted source, the inverse of parse!/1.



    


    
      
        unwrap_literal(node)

      


        Removes one Sourceror literal wrapper.



    


    
      
        update_do_block(keyword, fun)

      


        Map over a keyword list, replacing the value of the :do entry with fun.(value).



    


    
      
        update_do_block_reduce(keyword, acc, fun)

      


        update_do_block/2 threading an accumulator: fun.(value, acc) returns
{new_value, acc}, like Enum.map_reduce/3. Non-:do entries (and a non-list
argument) pass the accumulator through unchanged.



    





      


      
        Functions


        


  
    
      
    
    
      absolute_alias(path)



        
          
        

    

  


  

      

          @spec absolute_alias([atom()]) :: Macro.t()


      


Builds an absolute-qualified module alias.
The result is the Elixir.-prefixed form that alias and import resolution do
not rewrite. Use it when a mutation must refer to a specific module regardless of
aliases in the target source. Pair it with absolute_call/3 to build a call.
iex> Mutare.AST.absolute_alias([:Kernel])
{:__aliases__, [], [:"Elixir", :Kernel]}

  



  
    
      
    
    
      absolute_call(path, fun, args)



        
          
        

    

  


  

      

          @spec absolute_call([atom()], atom(), [Macro.t()]) :: Macro.t()


      


Builds an absolute-qualified remote call.
The callee cannot be redirected by aliases or imports in the target source. This
is useful when a mutator replaces a call with a function from another module, such
as replacing String.length(s) with Kernel.byte_size(s).
iex> Mutare.AST.absolute_call([:Kernel], :==, [1, 2])
{{:., [], [{:__aliases__, [], [:"Elixir", :Kernel]}, :==]}, [], [1, 2]}

  



  
    
      
    
    
      clean_var(arg)



        
          
        

    

  


  

      

          @spec clean_var(Macro.t()) :: Macro.t()


      


Strips a variable node's metadata, keeping its name and hygiene context.
Use it to re-declare a binding inside synthesized scaffolding — a wrapper call a
mutator builds around existing code — where the source line/column and token
metadata are stale but the context atom must survive for the variable to stay
the same variable.
iex> Mutare.AST.clean_var({:user, [line: 3, column: 7], nil})
{:user, [], nil}

  



  
    
      
    
    
      empty_collection_literal?(arg1)



        
          
        

    

  


  

      

          @spec empty_collection_literal?(Macro.t()) :: boolean()


      


Whether node is an always-empty enumerable literal admitted on the right of
in in a guard: List → [], WordListLiteral → ~w(), or
CharlistLiteral → ~c"".
In a guard, x in <empty> is equivalent to the false mutant that
Mutare.Mutators.Conditional already produces on the in node: guards have no
observable side effects and a guard error is a failed guard. Mutare.Transform.Tag
therefore drops the empty-literal sibling there. Body expressions do not use this
predicate because evaluating x can be observable.

  



  
    
      
    
    
      erlang_call(fun, args)



        
          
        

    

  


  

      

          @spec erlang_call(atom(), [Macro.t()]) :: Macro.t()


      


Builds a call to an :erlang BIF or operator.
The one form no import can redirect: an atom module reaches :erlang directly,
where an Elixir.Kernel. qualification still routes through Elixir's rewriter.
Mutare uses it for the operators it generates into the metamutant — the
activation gate, exclusion guards, and the coverage record — so a target that
narrows or replaces Kernel's imports cannot change what they mean. In a guard,
Elixir compiles an :erlang.andalso or :erlang.orelse call to the short-circuit
operator itself — the form Kernel.and/2 and or/2 expand to there. Only in a
guard: in a body both are undefined functions (Elixir 1.21 warns), so a generated
body expression short-circuits with case instead
(Mutare.Coverage.Recorder.record_ast/3).
iex> Mutare.AST.erlang_call(:"=:=", [1, 2])
{{:., [], [:erlang, :"=:="]}, [], [1, 2]}

  



  
    
      
    
    
      erlang_call_args(arg1, fun)



        
          
        

    

  


  

      

          @spec erlang_call_args(Macro.t(), atom()) :: {:ok, [Macro.t()]} | :error


      


Matches a call erlang_call/2 built, returning its arguments.
Its inverse, and the one way to recognise a generated operator, so a reader cannot drift
from the builder. Tolerates the {:__block__, _, [:erlang]} wrapper a Sourceror reparse of
rendered metamutant source puts around the module atom — Mutare.Manifest and
Mutare.Coverage.Recorder.record?/1 both read reparsed source.
iex> Mutare.AST.erlang_call_args(Mutare.AST.erlang_call(:andalso, [1, 2]), :andalso)
{:ok, [1, 2]}

iex> Mutare.AST.erlang_call_args(quote(do: 1 and 2), :andalso)
:error

  



  
    
      
    
    
      key_atom(atom)



        
          
        

    

  


  

      

          @spec key_atom(Macro.t()) :: atom() | nil


      


The bare keyword atom of a key node, whether plain (:do) or Sourceror-wrapped
({:__block__, _, [:do]}); nil for anything that isn't an atom key.

  



  
    
      
    
    
      keyword_key(atom)



        
          
        

    

  


  

      

          @spec keyword_key(atom()) :: Macro.t()


      


Builds a keyword-list key node that renders as key: rather than {:key, …}.
The format: :keyword marker is what the renderer keys on; keyword_label?/1
is the matching reader. Use it when a mutation emits a fresh keyword entry.
iex> Mutare.AST.keyword_key(:limit)
{:__block__, [format: :keyword], [:limit]}

  



  
    
      
    
    
      keyword_label?(arg1)



        
          
        

    

  


  

      

          @spec keyword_label?(Macro.t()) :: boolean()


      


Returns whether node is the key side of an inline keyword pair.
Sourceror represents a: as {:__block__, meta, [:a]} with
format: :keyword. Such keys are structural labels, not runtime values.
This predicate checks only the inline-keyword marker. Value-context block keys
such as do and else are handled separately.

  



  
    
      
    
    
      literal(value)



        
          
        

    

  


  

      

          @spec literal(term()) :: Macro.t()


      


Builds a scalar-literal node with fresh metadata.
Sourceror parses a literal as {:__block__, meta, [value]} and may render it
from cached token metadata. Reusing metadata from a parsed literal can therefore
render the original source text after the value has changed. This helper builds a
fresh literal node for replacement values.
String values include a double-quote delimiter. Without it, Sourceror may render a
printable binary as a charlist.
Numbers carry a :token derived from the new value. The formatter fetches token
metadata for every numeric literal and can raise when it cannot synthesize one in
an embedded position — for example inside a call node a mutator weaves into
already-parsed source. Because the token is the new value's own text, it can never
re-render stale source.
Negative numbers use the same unary-minus AST shape the parser emits. This keeps
nested negative-number mutations renderable and parseable, for example when a
mutation inside -0.5 would otherwise format as an invalid --0.5.
iex> Mutare.AST.literal(0)
{:__block__, [token: "0"], [0]}
iex> Mutare.AST.literal("mutare")
{:__block__, [delimiter: ~s(")], ["mutare"]}
iex> Mutare.AST.literal(-1)
{:-, [], [{:__block__, [token: "1"], [1]}]}

  



  
    
      
    
    
      literal_value(value)



        
          
        

    

  


  

      

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


      


Reads the scalar value from a literal node.
Returns {:ok, value} for a number, binary, or atom in either bare scalar
form or Sourceror's {:__block__, _, [value]} wrapper. Returns :error for
variables, calls, collections, unary-minus literal expressions such as
Mutare.AST.literal(-1), and other non-scalar nodes.
Booleans and nil are atoms and are returned as values; filter them separately
when a mutator does not handle them.
iex> Mutare.AST.literal_value({:__block__, [], [0]})
{:ok, 0}
iex> Mutare.AST.literal_value(:foo)
{:ok, :foo}
iex> Mutare.AST.literal_value({:x, [], nil})
:error

  



  
    
      
    
    
      nil_literal?(arg1)



        
          
        

    

  


  

      

          @spec nil_literal?(Macro.t()) :: boolean()


      


Whether node is a nil literal in either bare or Sourceror-wrapped form.

  



  
    
      
    
    
      numeric_alternatives(value, step, zero)



        
          
        

    

  


  

      

          @spec numeric_alternatives(number(), number(), number()) :: [{number(), [String.t()]}]


      


The "off-by-one + zero sentinel" alternatives for a numeric literal value, exactly as the
built-in Mutare.Mutators.IntegerLiteral (step 1, zero 0) and Mutare.Mutators.FloatLiteral
(step 1.0, zero 0.0) produce them: value + step (labelled "succ"), value - step
("pred"), and zero ("zero"), as ordered {value, labels} pairs.
Two rules ride along, so a custom mutator that mints the same alternatives somewhere core can't
reach (a literal inside a DSL fragment it hosts) stays in step with the built-ins and their
# mutare:ignore variant vocabulary: an alternative equal to value is dropped (0 is never
re-emitted for 0), and alternatives that collapse onto one value are merged into a single
pair carrying every label, positioned at the first occurrence — so 1's pred and its zero
sentinel become one {0, ["pred", "zero"]} that either qualifier suppresses.
iex> Mutare.AST.numeric_alternatives(5, 1, 0)
[{6, ["succ"]}, {4, ["pred"]}, {0, ["zero"]}]
iex> Mutare.AST.numeric_alternatives(1, 1, 0)
[{2, ["succ"]}, {0, ["pred", "zero"]}]
iex> Mutare.AST.numeric_alternatives(0.0, 1.0, 0.0)
[{1.0, ["succ"]}, {-1.0, ["pred"]}]
Values, not nodes — build each with literal/1 (and filter first if a position can't take
some of them, e.g. a negative index).

  



    

  
    
      
    
    
      opts_get(opts, key, default \\ nil)



        
          
        

    

  


  

      

          @spec opts_get([Macro.t()], atom(), term()) :: Macro.t() | term()


      


Returns the value bound to key in a Sourceror-form keyword list.
Returns default when the key is absent; a key bound to a bare false or nil is
present. Keys are read with key_atom/1, so both [as: B] and [{:as, B}] match.

  



  
    
      
    
    
      parse!(source)



        
          
        

    

  


  

      

          @spec parse!(String.t()) :: Macro.t()


      


Parse a source string into a Sourceror AST node, raising on a syntax error.
The inverse of to_string/1. This is the node shape every Mutare.Mutator
receives, so a mutator's tests can parse a snippet the same way the engine does.
iex> {op, _meta, _args} = Mutare.AST.parse!("a + b")
iex> op
:+

  



  
    
      
    
    
      remote_call(mod, fun, args)



        
          
        

    

  


  

      

          @spec remote_call(Macro.t(), atom(), [Macro.t()]) :: Macro.t()


      


Builds a remote call mod.fun(args) around a pre-built callee node.
The general form of absolute_call/3: use it when the module reference is
already a node — an absolute_alias/1 result, a variable, or an alias taken
from the source being mutated.
iex> Mutare.AST.remote_call(Mutare.AST.absolute_alias([:Kernel]), :==, [1, 2])
{{:., [], [{:__aliases__, [], [:"Elixir", :Kernel]}, :==]}, [], [1, 2]}

  



    

  
    
      
    
    
      render_opts(opts \\ [])



        
          
        

    

  


  

      

          @spec render_opts(keyword()) :: keyword()


      


Sourceror.to_string/2 options with the formatter lookup pinned off — to_string/2's
defaults, for the few places that render through Sourceror directly.

  



  
    
      
    
    
      sentinel_alias()



        
          
        

    

  


  

      

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


      


The survivor sentinel as a module-alias path (Mutare.Mutant).

  



  
    
      
    
    
      sentinel_atom()



        
          
        

    

  


  

      

          @spec sentinel_atom() :: atom()


      


The survivor sentinel as an atom (:mutare).

  



  
    
      
    
    
      sentinel_string()



        
          
        

    

  


  

      

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


      


The survivor sentinel as a string: a value distinctive enough to flag a
surviving mutant in a report, yet unlikely to occur in real code. The literal
families (StringLiteral, ReturnValue, …) all substitute it, so the single
word lives here.

  



  
    
      
    
    
      string_binary?(arg1)



        
          
        

    

  


  

      

          @spec string_binary?(Macro.t()) :: boolean()


      


Whether a {:<<>>, meta, _} node is really a string, not a <<…>> bitstring.
Sourceror parses an interpolated string ("a#{x}b", or an interpolated heredoc) into a
<<>> node, distinguished from a true <<…>> bitstring literal by a :delimiter key cached
in its metadata. The string- and bitstring-literal families route on it with opposite intent
— StringLiteral mutates these (an interpolated string), BitstringLiteral/BitstringSpec
skip them (they apply to bitstring literals). A non-<<>> node is never a string binary.
iex> Mutare.AST.string_binary?({:<<>>, [delimiter: ~s(")], ["hi"]})
true
iex> Mutare.AST.string_binary?({:<<>>, [], [1, 2]})
false
iex> Mutare.AST.string_binary?({:__block__, [], [:atom]})
false

  



  
    
      
    
    
      strip_comments(ast)



        
          
        

    

  


  

      

          @spec strip_comments(Macro.t()) :: Macro.t()


      


Drops Sourceror's :leading_comments/:trailing_comments from every node of ast.
Sourceror attaches each comment to one node — a trailing # … to the leftmost leaf of
its line, a comment before end to the enclosing form — and Sourceror.to_string/1
renders whatever the subtree carries. Since a mutation reuses the original's operands,
the comment would ride into the mutated node too. to_string/1 strips it for you; call
this directly when a parsed node is re-emitted into generated code where the comment
should not repeat.
iex> {:a, meta, nil} = "# note\na" |> Mutare.AST.parse!() |> Mutare.AST.strip_comments()
iex> Keyword.take(meta, [:leading_comments, :trailing_comments])
[]

  



    

  
    
      
    
    
      to_string(ast, opts \\ [])



        
          
        

    

  


  

      

          @spec to_string(
  Macro.t(),
  keyword()
) :: String.t()


      


Render an AST node back to formatted source, the inverse of parse!/1.
Comment metadata is stripped first (strip_comments/1), so a node taken from parsed
source renders as its code alone — never the # … text Sourceror parked on it.
iex> Mutare.AST.to_string(Mutare.AST.literal("mutare"))
~s("mutare")
iex> "a > x # note" |> Mutare.AST.parse!() |> Mutare.AST.to_string()
"a > x"
opts are passed through to Sourceror.to_string/2; line_length: :infinity renders
without fits-based line breaks (structural breaks — do/end, clauses — still apply).
Local calls always render with parentheses (locals_without_parens: []), whatever the
settings in the target project's .formatter.exs. Left to its default, Sourceror.to_string/2
evaluates that file through Mix.Tasks.Format on every call — its import_deps
and plugins, inside Mutare's own process — and Mix can reject that evaluation mid-run (see NOTES
"Rendering never consults the target's formatter configuration"). Both spellings are
the same code, and the metamutant only has to compile.

  



  
    
      
    
    
      unwrap_literal(node)



        
          
        

    

  


  

      

          @spec unwrap_literal(Macro.t()) :: Macro.t()


      


Removes one Sourceror literal wrapper.
A single-element {:__block__, _, [inner]} returns inner; any other node is
returned unchanged. Unlike literal_value/1, this helper does not require the
inner term to be a scalar literal and does not wrap the result in {:ok, _}.
iex> Mutare.AST.unwrap_literal({:__block__, [], [:persistent_term]})
:persistent_term
iex> Mutare.AST.unwrap_literal(:persistent_term)
:persistent_term

  



  
    
      
    
    
      update_do_block(keyword, fun)



        
          
        

    

  


  

      

          @spec update_do_block(Macro.t(), (Macro.t() -> Macro.t())) :: Macro.t()


      


Map over a keyword list, replacing the value of the :do entry with fun.(value).
Recognises both Sourceror's keyword-block key ({:__block__, _, [:do]})
and a plain :do (via key_atom/1), preserves the original key node (so its
format: :keyword marker survives for the renderer), and leaves every other entry
— and a non-list argument — untouched.

  



  
    
      
    
    
      update_do_block_reduce(keyword, acc, fun)



        
          
        

    

  


  

      

          @spec update_do_block_reduce(Macro.t(), acc, (Macro.t(), acc -> {Macro.t(), acc})) ::
  {Macro.t(), acc}
when acc: var


      


update_do_block/2 threading an accumulator: fun.(value, acc) returns
{new_value, acc}, like Enum.map_reduce/3. Non-:do entries (and a non-list
argument) pass the accumulator through unchanged.

  


        

      


  

    
Mutare.Analyze 
    



      
Expression-level mutant generation for selector hosts and integrations.
Core analysis skips regions routed :hosted or :raw. These regions can still contain ordinary Elixir expressions: everything under an Ecto ^ pin is evaluated at runtime and interpolated as a query parameter. Expressions such as ^18 or ^(min + 1) can therefore be mutated with the user's configured Elixir families.
collect_expression/3 generates the logical single-point mutants of an expression subtree using the same analysis as for code outside a DSL. It returns them as data for the caller to embed through either delivery path:
	a selector host (Mutare.Mutator.MacroHost.host/2) wraps each rebuilt subtree back under its pin, appends it to its Mutare.Mutator.MacroHost.Target mutants with its original attribution and producing spec intact, and the ordinary hosted pipeline assigns ids, records sites under the producing family, and weaves the host's selector;
	a mutator offered the whole call of a registered macro (Mutare.Mutator.mutate/2 — the free-standing dynamic/1,2 shape, where the macro sits in ordinary expression position and its :raw argument stays as written) rebuilds the call around each mutant and relays it the same way; delivery is the ordinary in-place selector.

On both paths context.mutators contains the full set of enabled specs, including selector hosts, :as renames, and per-instance options. The interior is analyzed under that configuration, with no mutants from disabled families. For a mutator implementing hosting, generation uses both its ordinary node-level mutate/1,2 and its hosted callbacks. A registered macro inside the expression is passed whole to its registered mutator, as with a nested dynamic call. Hosted targets are lowered to whole-call rebuilds (splice(wrap(mutant))) using just the selected branch. This preserves their mutations without nesting hosted selectors:
defp pin_mutants({:^, meta, [inner]}, context) do
  for mutation <- Mutare.Analyze.collect_expression(inner, context.mutators, context) do
    Mutare.Mutator.Mutation.map_node(mutation, &{:^, meta, [&1]})
  end
end

      


      
        Summary


  
    Functions
  


    
      
        collect_expression(subtree, mutators, context \\ %{})

      


        Collects expression mutations as producer-attributed Mutare.Mutator.Mutation values.



    


    
      
        expression_mutations(subtree, mutators, context \\ %{})

      


        Returns the logical single-point mutants of the expression subtree, one rebuild per mutant.



    


    
      
        resolve(subtree, context)

      


        Resolves a region of the host's call that core left as written, in the lexical environment
the callback context carries — the first step of collect_expression/3, on its own.



    





      


      
        Functions


        


    

  
    
      
    
    
      collect_expression(subtree, mutators, context \\ %{})



        
          
        

    

  


  

      

          @spec collect_expression(Macro.t(), [Mutare.Mutator.Spec.t() | module()], map()) :: [
  Mutare.Mutator.Mutation.t()
]


      


Collects expression mutations as producer-attributed Mutare.Mutator.Mutation values.
Each node is the whole expression rebuilt around one mutation. Its attribution
preserves the logical source change, including explicit replacement/deletion attribution
and the source range and selection position. Notes, producer configuration and resolved
variant labels survive nested collection and hosting. The producing family's finalize/2
has already run; relaying the value does not finalize it again.
Use Mutare.Mutator.Mutation.map_node/2 to embed the replacement in surrounding syntax
without replacing its origin:
for mutation <- Mutare.Analyze.collect_expression(inner, context.mutators, context) do
  Mutare.Mutator.Mutation.map_node(mutation, &{:^, meta, [&1]})
end
A source patch at the preserved attribution must have the same behavior as the delivered
mutant; adapters remain responsible for that contract when rebuilding foreign syntax.
This function uses the core analyzer's traversal of runtime expressions, with the same
mutation rules as for code outside the DSL: call-routing stamps apply (a :raw or
:pattern argument stays raw, an :expression argument is traversed), pattern positions are
never mutated in place, and cross-family suppressions apply. A nested {:hosted, …} stamp
inside the subtree keeps its argument core-raw, but the subscribed host's
Mutare.Mutator.MacroHost.host/2 runs and each target mutant is lowered to a rebuild
of the hosting call — splice(wrap(mutant)), the woven selector degenerated to its selected
branch. By construction, this has the same value as the assembled selector when that mutant
is active. Hosted mutations are returned as data; only the calling host inserts a selector
for the region.
Node-level producers run through the ordinary dispatch (Mutare.Mutator.mutate/1 /
Mutare.Mutator.mutate/2 — so notes, variants, per-spec options, behaviours, and each
producer's Mutare.Mutator.finalize/2 funnel follow the established contract), and
selector hosts through the lowering above (their finalize/2 runs at target normalization,
same contract). Structural families in mutators are ignored — def-level, clause-level, and
return-value shapes don't apply to a bare expression subtree.
It assigns no ids and records no sites. The transform does both when embedding the returned
mutations. Pass the callback's context unchanged: it carries the enclosing call's lexical
environment and the configured routes and argument marks. Core resolves the declared Elixir
island there before analysis, including its pipes, aliases and imports. Nested hosted regions
remain syntax until their own hosts declare an island. During a scan, resolution also reports
the island's route/mark matches, even when it produces no mutations.
Without a callback context, the subtree must already carry any resolution its mutations need.

  



    

  
    
      
    
    
      expression_mutations(subtree, mutators, context \\ %{})



        
          
        

    

  


  

      

          @spec expression_mutations(Macro.t(), [Mutare.Mutator.Spec.t() | module()], map()) ::
  [
    {Mutare.Mutator.Spec.t(), Macro.t(), String.t() | nil,
     Mutare.Mutator.Mutation.variant()}
  ]


      


Returns the logical single-point mutants of the expression subtree, one rebuild per mutant.
This tuple-returning compatibility API discards source attribution. Prefer
collect_expression/3 when relaying mutations into a host or another call.
Each element is {producing_spec, mutated_subtree, note, variant}: the whole subtree with
exactly one position swapped, plus the producing Mutare.Mutator.Spec and the mutation's
optional advisory note and resolved # mutare:ignore variant label(s) — ready to wrap under
a %Mutare.Mutator.Mutation{} with producer: spec.
Examples
iex> subtree = Sourceror.parse_string!("min + 1")
iex> [{spec, mutated, _note, _variant}] =
...>   Mutare.Analyze.expression_mutations(subtree, [Mutare.Mutators.Arithmetic])
iex> {spec.name, Sourceror.to_string(mutated)}
{:arithmetic, "min - 1"}

  



  
    
      
    
    
      resolve(subtree, context)



        
          
        

    

  


  

      

          @spec resolve(Macro.t(), map()) :: Macro.t()


      


Resolves a region of the host's call that core left as written, in the lexical environment
the callback context carries — the first step of collect_expression/3, on its own.
Core does not interpret a :raw or :hosted argument (or a keyword value under either):
no call inside it is stamped, no Kernel pipe desugared, no registered macro routed. A
DSL may still embed calls the host must identify — a nested query, a macro the user
registered a route for. Handing such a region here reads it as Elixir: every call is
stamped with what it resolves to through the aliases and imports in force at the enclosing
call, a registered macro is routed (its :routing classifier invoked), and a Kernel
pipe becomes the direct call it is sugar for, still spelled as the pipe in reports. On
the result, Mutare.Calls.resolved_call/1, Mutare.Calls.resolved_routed_call/1 and
Mutare.Calls.routed_treatments/1 answer as they do for any resolved node. Nothing is
mutated, and no id is assigned.
This is the host's claim about its own syntax, so the host makes it: for the regions its
routes declared, at its Mutare.Mutator.MacroHost.host/2 or Mutare.Mutator.mutate/2
boundary, once. Resolution stops at the :raw/:hosted positions of the calls it routes
inside the region, as it does at the top; a host whose DSL nests that way reads those
through the same call. A configured :skip inside the region is honoured: the skipped
call is stamped, and its arguments are left as written. During a scan, the route and
argument-mark matches inside the region are reported like an island's.
Pass the callback's context unchanged, and the region itself — not the routed call
around it, which resolves again to the same boundaries and leaves the region as written.
A context that carries no environment (a producer driven directly, in a test) returns
subtree as it is.
def host(%Mutare.CallRouting.Call{arguments: [_query, fragment]}, context) do
  fragment = Mutare.Analyze.resolve(fragment, context)
  # nested `from(…)` calls are now `Mutare.Calls.resolved_routed_call/1` matches
  …
end

  


        

      


  

    
Mutare.Calls 
    



      
Call-resolution readers for custom mutators and macro integrations.
resolved_call/1 normalizes qualified, aliased, imported, __MODULE__, and Erlang-module calls to {module, function, arguments, rebuild}. Use rebuild to preserve the source's written call form when that is compile-safe; bare imported calls may be requalified when the replacement changes name or arity. It operates on nodes passed to a mutator by Mutare's transform.
This reads the alias/import stamps the transform places on the AST before mutators run, so it is only meaningful on a node handed to a mutator by the transform (a mutate/1 argument) — exactly where a call-matching mutator needs it.
module_key/1 encodes a real module atom into the key shape resolved_call/1 returns, and resolved_call_to/3 bundles the common "is this a call to module M (function F)?" match — together they save a caller from ever constructing or pattern-building the key representation itself.
resolved_routed_call/1 is the routed-call twin — a call matched by a call_routes entry, macro or function. It returns a stable Mutare.CallRouting.Call with a natural module atom, the call's arguments (a piped call's operand included, as argument 0), and a source-preserving rebuild function.
routed_treatments/1 reads the per-argument routing already assigned by the merged registry
(built-ins, mutators, extensions and configured routes). A host uses it on its own call's
node to locate the positions marked :hosted, including nested keyword values, without
re-classifying the call. It also reads nested calls in resolved Elixir arguments. Foreign
:raw/:hosted fragments have not been resolved or routed: their syntax, including pipes,
belongs to the DSL. To sub-contract an Elixir island, pass it and the callback context to
Mutare.Analyze.expression_mutations/3; to read the calls a DSL fragment embeds (a nested
query, a registered macro), resolve the fragment first with Mutare.Analyze.resolve/2 —
these readers then answer for it.
rebuild reuses the offered call's meta, its routing stamp included, and a mutator need
not strip or restamp what it rebuilds: Mutare routes a rebuilt call as the call it now is
before anything reads it — the registry's answer for the rebuilt head and arity, a
:routing classifier invoked on the rebuilt arguments, no route where nothing matches. A
classifier therefore classifies a rebuilt call to its macro as it classifies any call to
it — over the arguments as written, a nested pipe as a pipe — and a call the mutator left
as it was keeps its classification. What the rebuilt call binds and how it is delivered
follow that route: a mutant that stops a macro from evaluating an expression is not
credited with the expression's bindings, is withheld where a delivery would depend on
them, and, as a pipe stage, is not handed the piped value ahead of a callee that would
not evaluate it.
Example
defmodule MyApp.Mutators.Upcase do
  @behaviour Mutare.Mutator
  def name, do: :upcase_swap

  def mutate(node) do
    case Mutare.Calls.resolved_call(node) do
      {[:String], :upcase, [arg], rebuild} -> [rebuild.(:downcase, [arg])]
      _ -> :skip
    end
  end
end

      


      
        Summary


  
    Types
  


    
      
        module_key()

      


        A resolved module: an Elixir-module path ([:Enum], [:String]) or an Erlang-module atom
(:binary, :string). A mutator keys its table on the function's module-key representation.



    





  
    Functions
  


    
      
        module_key(module)

      


        The resolved-call key for a module atom — the shape resolved_call/1 returns in its
first element. An Elixir module becomes its segment path, an Erlang module stays an
atom. Use it to compare a configured module against resolved calls instead of
re-deriving the encoding.



    


    
      
        resolved_call(node)

      


        Returns {module, function, arguments, rebuild} for a resolved standard-library
call, or nil.



    


    
      
        resolved_call_to(node, module, functions \\ :any)

      


        Matches a resolved call against a target module and function name(s).



    


    
      
        resolved_routed_call(node)

      


        Return the stable call value for a node the call-route resolver matched, or nil for any
other node. Extension callbacks receive this value directly. Nested calls have routing
stamps only in regions core has resolved as Elixir, not inside raw or hosted syntax.



    


    
      
        routed_treatments(node)

      


        Returns the resolved treatment for each argument of a registered macro
call, or nil.



    





      


      
        Types


        


  
    
      
    
    
      module_key()



        
          
        

    

  


  

      

          @type module_key() :: Mutare.Transform.Calls.module_key()


      


A resolved module: an Elixir-module path ([:Enum], [:String]) or an Erlang-module atom
(:binary, :string). A mutator keys its table on the function's module-key representation.

  


        

      

      
        Functions


        


  
    
      
    
    
      module_key(module)



        
          
        

    

  


  

      

          @spec module_key(module()) :: module_key()


      


The resolved-call key for a module atom — the shape resolved_call/1 returns in its
first element. An Elixir module becomes its segment path, an Erlang module stays an
atom. Use it to compare a configured module against resolved calls instead of
re-deriving the encoding.
iex> Mutare.Calls.module_key(Ecto.Query)
[:Ecto, :Query]
iex> Mutare.Calls.module_key(:binary)
:binary

  



  
    
      
    
    
      resolved_call(node)



        
          
        

    

  


  

      

          @spec resolved_call(Macro.t()) ::
  {module_key(), atom(), [Macro.t()], (atom(), [Macro.t()] -> Macro.t())} | nil


      


Returns {module, function, arguments, rebuild} for a resolved standard-library
call, or nil.
module is an Elixir alias path such as [:String] or an Erlang module atom.
rebuild.(new_function, new_arguments) preserves the call's written qualifier when safe.
Remote calls keep their written qualifier or alias. Bare imported calls stay bare for
value-only replacements, but may be requalified when the replacement changes name or arity.
iex> node = Sourceror.parse_string!("String.upcase(s)")
iex> {module, function, arguments, rebuild} =
...>   Mutare.Calls.resolved_call(node)
iex> {module, function}
{[:String], :upcase}
iex> Sourceror.to_string(rebuild.(:downcase, arguments))
"String.downcase(s)"

iex> erlang = Sourceror.parse_string!(":binary.first(b)")
iex> {module, function, _arguments, _rebuild} =
...>   Mutare.Calls.resolved_call(erlang)
iex> {module, function}
{:binary, :first}

iex> Mutare.Calls.resolved_call(Sourceror.parse_string!("foo(x)"))
nil

  



    

  
    
      
    
    
      resolved_call_to(node, module, functions \\ :any)



        
          
        

    

  


  

      

          @spec resolved_call_to(Macro.t(), module() | module_key(), atom() | [atom()] | :any) ::
  {:ok, atom(), [Macro.t()], (atom(), [Macro.t()] -> Macro.t())} | :error


      


Matches a resolved call against a target module and function name(s).
module may be a real module atom or an already-encoded module_key/0; functions
is one name, a list of names, or :any (the default). Returns
{:ok, function, arguments, rebuild} on a match, :error otherwise — including for a
node that is not a resolved call at all. The common call-matching preamble without
hand-building the key:
iex> node = Sourceror.parse_string!("String.upcase(s)")
iex> {:ok, fun, args, rebuild} = Mutare.Calls.resolved_call_to(node, String)
iex> fun
:upcase
iex> Sourceror.to_string(rebuild.(:downcase, args))
"String.downcase(s)"

iex> node = Sourceror.parse_string!("String.upcase(s)")
iex> Mutare.Calls.resolved_call_to(node, String, [:downcase, :capitalize])
:error
iex> Mutare.Calls.resolved_call_to(node, Enum)
:error

  



  
    
      
    
    
      resolved_routed_call(node)



        
          
        

    

  


  

      

          @spec resolved_routed_call(Macro.t()) :: Mutare.CallRouting.Call.t() | nil


      


Return the stable call value for a node the call-route resolver matched, or nil for any
other node. Extension callbacks receive this value directly. Nested calls have routing
stamps only in regions core has resolved as Elixir, not inside raw or hosted syntax.

  



  
    
      
    
    
      routed_treatments(node)



        
          
        

    

  


  

      

          @spec routed_treatments(Macro.t()) ::
  [Mutare.CallRouting.routing_treatment()] | :skip | nil


      


Returns the resolved treatment for each argument of a registered macro
call, or nil.
Treatments come from the fully merged macro-routing registry and include any
shape-aware classification already performed for the call. The result may contain
static treatments, :hosted, or nested keyword routing.
Inside Mutare.Mutator.MacroHost.host/2, calling this on the received call's node returns
the treatments that granted hosting, so a host locates its :hosted positions without
re-classifying the call.
A keyed refinement reads back in the author form it was written in ([:expression, timeout: :raw]).
A piped call's operand is position 0, as in the direct call it is. A call routed :skip returns the
bare :skip; a call with no assigned route returns nil, including one inside unresolved
foreign syntax.
Routing describes arguments; registration identifies ownership
A route specifies how to treat a registered macro's arguments. It does not stop a mutator's own
catalog from matching the call, which the expression walk still offers — so a macro
registered :raw is opaque in its interior and exposed in its name. (The call-level :skip
is the exception: an inert leaf is offered to nobody, and this reader returns :skip for it.)
That matters for a catalog keyed on a bare function-name atom — all there is to match on
inside a DSL whose API functions are never imported. A name is not an identity: rewriting
somebody else's macro to a sibling name emits a call nobody defines, which the library rejects
while expanding. Having a treatment is exactly what being registered means, so a non-nil
result identifies a registered macro — skip the node:
def mutate(node) do
  if Mutare.Calls.routed_treatments(node), do: :skip, else: swap(node)
end
Test for nil, not for a non-empty list: [] is a registered macro with no visible
arguments, whose treatment is also defined by the registered route. The test recognises a registered macro —
including one registered by name only, the route for calls whose module cannot be resolved —
and nothing beyond that. An unregistered macro is indistinguishable from an ordinary call, so
a catalog still needs whatever arity and import gating it already applies.
A catalog that matches through resolved_call/1 needs no such test: it keys on
{module, function} and gets nil for a call it cannot resolve.

  


        

      


  

    
Mutare.Mutator behaviour
    



      
Behaviour for mutators: modules that produce AST replacements.
A mutator examines an AST node and returns either :skip or a list of mutations to generate at that site. Every mutator defines name/0 and at least one mutation-producing callback.
You must define name/0 to identify the mutator in reports, and at least one mutation-producing callback. The usual producer is mutate/1 (or the configurable mutate/2), but a Mutare.Mutator.Structural hook or a Mutare.Mutator.MacroHost.host/2 selector host counts too — a mutator that produces only through one of those needs no mutate/1. Optionally, you may implement variants/0 and variant/2 to classify your mutations into kinds, mutate_call_option_keys?/1 to control mutations of call-option names, and argument_marks/1 to have the transform mark specific call-argument positions (e.g. timeout literals) that you then recognise with marked?/2 in mutate/2 and skip.
When both mutate/1 and mutate/2 are exported, Mutare calls mutate/2. If a mutator needs both context-free and context-aware production, call the context-free helper explicitly from mutate/2.
Structural positions use Mutare.Mutator.Structural. Macro-aware mutators use Mutare.CallRouting, and mutators that emit mutations inside hosted DSL fragments also use Mutare.Mutator.MacroHost.
Writing a mutator
Match the node shapes to mutate and rebuild them with the changed node. Reuse the original operand AST when possible so the mutation stays small:
defmodule MyApp.Mutators.AndOr do
  @behaviour Mutare.Mutator

  @impl true
  def name, do: :and_or

  @impl true
  def mutate({:and, meta, [left, right]}), do: [{:or, meta, [left, right]}]
  def mutate({:or, meta, [left, right]}), do: [{:and, meta, [left, right]}]
  def mutate(_node), do: :skip
end
Two rules are important:
	Keep every replacement compile-safe. Mutare compiles one shared metamutant containing all emitted mutants.
	Do not choose delivery placement. A mutation is delivered in place or through lifting according to where the node appears.

Build literal replacements with Mutare.AST.literal/1. Use Mutare.Calls.resolved_call_to/3 when matching aliased or imported calls.
Registering a mutator
List it under :mutators in .mutare.exs alongside, or instead of, built-in family atoms:
[mutators: [:arithmetic, :relational, MyApp.Mutators.AndOr]]
Configuring a mutator ({module, opts})
Register a configurable mutator as {module, opts}. The options are available as context.opts. Node-level configurable mutators implement mutate/2:
defmodule MyApp.Mutators.MagicNumber do
  @behaviour Mutare.Mutator
  def name, do: :magic_number

  def mutate({:__block__, _m, [n]}, %{opts: opts}) when is_integer(n) do
    case Keyword.get(opts, :swaps, %{})[n] do
      nil -> :skip
      to -> [{:__block__, [], [to]}]
    end
  end

  def mutate(_node, _context), do: :skip
end

# .mutare.exs
[mutators: [:arithmetic, {MyApp.Mutators.MagicNumber, swaps: %{200 => 500}}]]
The reserved :as key changes the recorded family name, allowing the same module to run more than once under distinct names. It is removed before options reach the mutator. See Mutare.Mutator.Spec.
A mutator with a rich option surface implements init/1 to parse and validate its options once, when the instance is resolved — before any file is read — instead of re-reading context.opts at every offered node. The value init/1 returns reaches every context-aware callback as context.config; a typo'd option raises at startup, next to Mutare's own option validation. Without init/1, context.config is the raw options. For the common "which of my families are enabled" option, see Mutare.Mutator.Families.
A mutator that must post-process everything it produces — typically to apply that family selection and attach per-family report notes — implements finalize/2. Mutare calls it just before recording every produced mutation, including mutate/1/mutate/2 returns and hosted targets' :mutants.
Structural mutators use the context-aware structural arity instead: Mutare.Mutator.Structural.return_replacements/2, Mutare.Mutator.Structural.condition_replacements/2, or Mutare.Mutator.Structural.pattern_mutations/3.
A mutator that changes atom-like keys may implement mutate_call_option_keys?/1 to control mutation of a trailing call-option key such as timeout: in foo(x, timeout: 5). This policy belongs to the mutator because a context-free atom replacement may turn an option name into an unknown key, while a call-aware family may replace one legal option key with another.
[mutators: [..., {Mutare.Mutators.AtomLiteral, call_option_keys: false}]]
Leaving argument positions alone
Two user-facing facilities cover "don't mutate here", and a mutator author meets both from the
other side:
	Routing (call_routes: in .mutare.exs, or Mutare.CallRouting.call_routes/0) is
transform-enforced and positional: :skip makes a whole call an inert leaf, :raw leaves an
argument as written, :interior mutates an argument's contents but not its own node, and a
keyed refinement ([:expression, timeout: :raw]) reaches one option value of a literal keyword
argument. No mutator is consulted — see Mutare.CallRouting.

	Marks (argument_marks: in .mutare.exs, or argument_marks/1) are labels the
transform attaches to positions and passes to mutators as context.marks. Each mutator
implements its own handling of those labels. At :timeout positions,
Mutare.Mutators.IntegerLiteral skips integers and Mutare.Mutators.AtomLiteral skips only
:infinity, while other families still apply — and a user extends the same table for their
own functions with the same declaration shape:
[argument_marks: [
  {MyApp.Cache, :put, 3, [2], :timeout},                       # a positional argument
  {MyApp.Http, :get, 2, [{:keyword, :recv_timeout}], :timeout} # a trailing-option value
]]


A mark's meaning is defined by the mutators that read it (marked?/2), so a configured label
must be one some enabled mutator declares positions for (declared_labels/1) — a typo fails at
startup. Reach for a route when the position should simply not mutate; reach for a mark when the
reaction should depend on the value (only a duration-shaped literal held back, a computed
duration's sub-expressions still mutating).
Targeting a macro or DSL
A mutator whose mutation depends on a macro's arguments being routed specially implements Mutare.CallRouting and registers the macros from Mutare.CallRouting.call_routes/0. Routes may be static or use :routing with Mutare.CallRouting.route_arguments/1 for shape-aware classification. Listing the mutator in :mutators auto-registers them.
Core still offers the whole registered call to mutate/2, with context.mutators carrying the run's enabled specs — so a mutator that keeps a DSL argument raw (:raw) can rewrite the call itself and sub-contract the ordinary-Elixir islands inside that raw argument back to core's generation via Mutare.Analyze.expression_mutations/3, relaying each rebuild as a Mutare.Mutator.Mutation with producer: set (see Mutare.Analyze — the island is analyzed with the full set, so another mutator's registered macro inside it is offered to its owner the same way).
A mutator that produces mutations inside a compile-time DSL additionally implements Mutare.Mutator.MacroHost, subscribes with Mutare.Mutator.MacroHost.hosted_macros/0, and delivers foreign-DSL mutations through Mutare.Mutator.MacroHost.host/2. It need not own the DSL's routing: a separate extension may declare the :hosted position, and several hosts may subscribe to it. See the "which behaviours do I implement?" table in Mutare.CallRouting.
Structural mutators at routed positions (Mutare.Mutator.Structural)
Some targets are positions rather than individual nodes: a def/defp return tail, an if/unless/cond condition, or a structural pattern position. Pattern positions include def/defp heads, clause patterns, destructuring match patterns, and routed :binding_pattern macro arguments. Those callbacks live on Mutare.Mutator.Structural. A structural mutator declares both behaviours and implements the relevant structural callback.
The transform identifies the position, calls the matching callback on each enabled mutator that exports it, and records each emitted mutation under that mutator's name. Built-in examples are Mutare.Mutators.ReturnValue, Mutare.Mutators.IfCondition, and Mutare.Mutators.PatternSwap.
Behaviour-targeted mutators (context.behaviours)
A mutator can depend on behaviours implemented by the enclosing module. The behaviour set is available as context.behaviours, a MapSet of module atoms gathered from direct @behaviour attributes and use-injected behaviours.
defmodule MyApp.Mutators.GenServerReply do
  @behaviour Mutare.Mutator
  def name, do: :genserver_reply

  def mutate({:{}, m, [{:__block__, am, [:reply]}, _r, state]}, %{behaviours: bs}) do
    if MapSet.member?(bs, GenServer),
      do: [{:{}, m, [{:__block__, am, [:noreply]}, state]}],
      else: :skip
  end

  def mutate(_node, _context), do: :skip
end
Structural callbacks have context-aware arities carrying the same behaviour set: Mutare.Mutator.Structural.return_replacements/2, Mutare.Mutator.Structural.condition_replacements/2, and Mutare.Mutator.Structural.pattern_mutations/3. These callbacks receive context.behaviours and context.opts, so export the context-aware arity when a structural mutation depends on behaviours or configuration.
Matching aliased or imported calls (Mutare.Calls)
A mutator that targets a standard-library or remote call uses Mutare.Calls.resolved_call_to/3 with the real module atom (and optionally the function names it handles); it returns {:ok, function, arguments, rebuild} for resolved qualified, aliased, imported, and Erlang-atom module calls, and rebuild emits the replacement in the same written form as the source. For table-driven matching across modules, Mutare.Calls.resolved_call/1 returns the raw resolved tuple, keyed by Mutare.Calls.module_key/1.

      


      
        Summary


  
    Types
  


    
      
        context()

      


        Context passed to mutate/2 at each runtime call site.



    


    
      
        mark_declaration()

      


        One argument-mark declaration: {module, function, arity, positions, label} — the shape
argument_marks/1 returns and the argument_marks: option accepts. positions lists
argument indices and {:keyword, key} trailing-option keys.



    


    
      
        mutation()

      


        One element of a mutate/1 or mutate/2 return list.



    





  
    Callbacks
  


    
      
        argument_marks(config)

      


        Declares call-argument positions to mark for special treatment in mutate/2,
such as skipping a literal or applying a different mutation.



    


    
      
        finalize(mutation, context)

      


        Post-processes each produced mutation before it is recorded.



    


    
      
        init(opts)

      


        Parses the instance's options into its normalized configuration, once per
resolved instance.



    


    
      
        mutate(t)

      


        Produces node-level mutations for node.



    


    
      
        mutate(t, context)

      


        Produces context-aware mutations for node.



    


    
      
        mutate_call_option_keys?(opts)

      


        Controls mutation of trailing keyword-option keys.



    


    
      
        name()

      


        Short family name, shown in reports (e.g. :arithmetic).



    


    
      
        required_modules()

      


        Declares modules that must be loadable for this mutator's routing and hosting
to be valid.



    


    
      
        variant(original, mutated)

      


        Derives variant labels from an emitted {original, mutated} pair.



    


    
      
        variants()

      


        Declares the variant labels this mutator supports in
# mutare:ignore[family:label] filters.



    





  
    Functions
  


    
      
        argument_marks_from(entries, label)

      


        Turns a list of {module, function, arity, positions} entries into argument_marks/1
declarations under label. positions is a list of argument indices and
{:keyword, key} option keys, exactly as in a declaration; an index is validated against the
declared arity. Raises ArgumentError with a pointed message on a malformed entry, so a typo fails
at startup rather than silently marking nothing. The one-liner for a mutator that exposes its own
"also leave these positions alone" option under its label.



    


    
      
        declared_labels(mutators)

      


        The set of mark labels the given mutators declare positions for (argument_marks/1) — the
labels that mean something to some enabled family. Mutare.Options checks a configured
argument_marks: entry's label against this set, so a typo'd or orphaned label fails at startup
instead of marking positions with an unused label.



    


    
      
        marked?(arg1, label)

      


        Whether the node being offered carries the position mark label — i.e. sits at a position some
mutator requested via argument_marks/1. The reader half of the marking facility: a mutate/2
checks this and returns :skip (or adapts) at a marked position.



    


    
      
        op_swap_variant(arg1, arg2, ops)

      


        Classifies a binary operator swap for variant/2.



    


    
      
        validate_argument_marks!(entries)

      


        Validate a user-facing list of argument-mark declarations — the argument_marks: option in
.mutare.exs, whose entries are exactly what argument_marks/1 returns:
{module, function, arity, positions, label}. Shape-checked here (a bad index or a non-atom
label fails at startup); whether label is one some configured mutator declares positions for
is checked once the mutator set is known (Mutare.Options.new/1).



    





      


      
        Types


        


  
    
      
    
    
      context()



        
          
        

    

  


  

      

          @type context() :: %{
  optional(:name) => atom(),
  optional(:opts) => term(),
  optional(:config) => term(),
  optional(:behaviours) => MapSet.t(module()),
  optional(:mutators) => [Mutare.Mutator.Spec.t()],
  optional(:marks) => MapSet.t(atom()),
  optional(:resolution) => term()
}


      


Context passed to mutate/2 at each runtime call site.
	:opts — the configured mutator's per-instance options (the opts of a
{module, opts} entry in :mutators, with any :as name override
stripped), or [] for an unconfigured mutator.
	:config — the mutator's normalized configuration: what its init/1
returned for those options, or the raw options themselves when the mutator
does not export init/1.
	:behaviours — the enclosing module's behaviour set: a MapSet of the modules it
implements via @behaviour Foo (directly or injected by a use). Empty outside a
module.
	:mutators — present for selector hosts (Mutare.Mutator.MacroHost.host/2) and for
the whole-call mutate/2 offer of a registered macro call (a call some enabled
mutator or extension registered via Mutare.CallRouting): the run's enabled
Mutare.Mutator.Specs (hosts included), for sub-contracting ordinary-Elixir islands the
macro's routing left raw back to core's generation via
Mutare.Analyze.expression_mutations/3 — which lowers a nested host's targets to
whole-call rebuilds instead of weaving them, so hosted delivery never nests while every
surface (ordinary and hosted) participates. Absent on ordinary node offers — core fully
descends an unregistered node itself, so sub-contracting there would produce the same
mutant twice.

At sub-contract seams the context also carries opaque resolution state. Forward the context
unchanged to Mutare.Analyze.expression_mutations/3 so Elixir islands retain their lexical
environment, call routes and argument marks.
Every key is optional in the type because the base context is empty; dispatch injects the
configured options, the normalized configuration, and the behaviour set (and, at the
sub-contract seams above, the enabled specs) before calling a mutator.
Nothing here says whether a call was written as a pipe stage: left |> stage(args) is
offered as stage(left, args), the call it is sugar for, so no node is ever one argument
short.

  



  
    
      
    
    
      mark_declaration()



        
          
        

    

  


  

      

          @type mark_declaration() ::
  {module(), atom(), arity(), [non_neg_integer() | {:keyword, atom()}], atom()}


      


One argument-mark declaration: {module, function, arity, positions, label} — the shape
argument_marks/1 returns and the argument_marks: option accepts. positions lists
argument indices and {:keyword, key} trailing-option keys.

  



  
    
      
    
    
      mutation()



        
          
        

    

  


  

      

          @type mutation() :: Macro.t() | Mutare.Mutator.Mutation.t()


      


One element of a mutate/1 or mutate/2 return list.
	A bare AST node is an ordinary replacement. A top-level bare nil item is
rejected because it is too easy to confuse with “no replacement”; filter
inapplicable entries before returning the list. To replace a node with the
literal nil, return Mutare.AST.literal(nil).
	A Mutare.Mutator.Mutation.t/0 carries a replacement plus metadata such
as a report note, an ignore variant, or an :attribution — a report-location
override (Mutare.Mutator.Mutation.at/2 / at_drop/1) for a whole-node
rewrite, so a mutate/2 that rebuilds and returns an entire registered-macro
call is reported at the specific inner clause it changed rather than at the
call's line (see Mutare.Mutator.Mutation).

A plain map is not treated as mutation metadata because a quoted map is also a
valid AST replacement. Selector hosts use the same forms for :mutants.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      argument_marks(config)


        (optional)


        
          
        

    

  


  

      

          @callback argument_marks(config :: term()) :: [mark_declaration()]


      


Declares call-argument positions to mark for special treatment in mutate/2,
such as skipping a literal or applying a different mutation.
This is the general facility behind Mutare's "don't perturb an opaque literal" behaviour: the
special positions are defined in the mutator. The transform
stays domain-agnostic — it stamps label on the resolved position and surfaces it back as
context.marks (a MapSet of atoms); Mutare.Mutator.marked?/2 reads it. For example,
Mutare.Mutators.IntegerLiteral marks the millisecond/:infinity timeout arguments of Process.sleep,
GenServer.call, Task.await, Task.async_stream's :timeout option, … and skips them, so a
near-unkillable off-by-one on a duration is never minted.
Called once per resolved instance (like init/1) with that instance's config — so a mutator
can extend its built-in marks with positions from its own options. Return a list of declarations,
each naming a resolved call and the positions to mark with a label:
@impl true
def argument_marks(_config), do: timeout_marks()
A declaration is {module, function, arity, positions, label}. A position is an argument
index or a {:keyword, key} for a trailing-options key. A call written as a pipe stage is the
call it is sugar for, so its piped value is index 0 and counts toward the arity. Arity is part
of the key, so an option-bearing arity (Task.async_stream/3, /5) can be
marked while a same-named arity whose trailing argument is ordinary data (/4, the MFA
callback-args list) is left alone. Marks are resolved through the same alias/import machinery as
call matching, so aliased and imported forms are covered and a shadowing alias is not. Only the
named value node is marked, never an enclosing container, so unrelated mutations there (e.g. List
collapsing an options list) are untouched.
Two mutators marking the same position union their labels; the label is a shared vocabulary, so a
family can react to a label another declared (declare it too if that must survive the declarer
being disabled). Users extend the same tables from configuration — an argument_marks: entry has
exactly this shape, and its label must be one some enabled mutator declares (declared_labels/1).
No marks are declared for a mutator without this callback. argument_marks_from/2 turns a
{module, function, arity, positions} list into declarations under a label.

  



  
    
      
    
    
      finalize(mutation, context)


        (optional)


        
          
        

    

  


  

      

          @callback finalize(mutation(), context()) :: mutation() | :skip


      


Post-processes each produced mutation before it is recorded.
Mutare applies this hook to every mutation the mutator produces, on both delivery
paths — each element of a mutate/1/mutate/2 return list and each element of a
hosted target's :mutants (Mutare.Mutator.MacroHost.host/2) — with the same context
the producing callback received (including context.config, see init/1). Return:
	a mutation/0 — the (possibly rewrapped) mutation to record;
	:skip — drop this mutation.

Because Mutare guarantees the hook runs at every delivery site, a family-rich mutator
keeps its producers pure — return Mutare.Mutator.Mutation.tagged(node, [family | finer])
everywhere — and defines the tag → filter → enrich funnel once: finalize/2 reads the
leading variant label as the family, drops mutations of disabled families (see
Mutare.Mutator.Families), and attaches the family's report note. Delivery code shrinks
to pure production, and forgetting a site cannot silently deliver unfiltered, note-less
mutants.
Finalization is part of production, not reporting: it runs before overlap suppression and
# mutare:ignore filtering, and variant labels carried by the finalized mutation win over
variant/2 derivation exactly as at production. Two kinds of mutation are never
finalized: a relayed mutation carrying an explicit :producer
(see Mutare.Mutator.Mutation — it belongs to the producing family, whose own
finalize/2 already ran when the mutation was generated), and a
Mutare.Mutator.Structural hook's bare-AST replacements (they carry no metadata to
finalize). A target whose mutants all return :skip is dropped entirely.
A mutator without finalize/2 records mutations as returned.

  



  
    
      
    
    
      init(opts)


        (optional)


        
          
        

    

  


  

      

          @callback init(opts :: term()) :: term()


      


Parses the instance's options into its normalized configuration, once per
resolved instance.
Called when a :mutators entry is resolved to a Mutare.Mutator.Spec — before
the transform reads any file — with the instance's raw options (the opts of a
{module, opts} entry, :as already stripped; [] for a bare module). Raise
for invalid options: this is where a typo'd option fails loudly, at startup,
rather than on the first mutated node.
The return value is delivered to every context-aware callback as
context.config — mutate/2, the context-aware Mutare.Mutator.Structural
arities, and Mutare.Mutator.MacroHost.host/2. context.opts continues to
carry the raw options. A mutator without init/1 gets
context.config == context.opts.
A module listed more than once (the documented multi-instance :as pattern)
runs init/1 once per instance, each call receiving that entry's own
options. Mutare.CallRouting.route_arguments/1 is not config-aware: macro
routing is shared by every mutator that meets the routed call, so its
classification stays instance-independent by design (see Mutare.CallRouting).

  



  
    
      
    
    
      mutate(t)


        (optional)


        
          
        

    

  


  

      

          @callback mutate(Macro.t()) :: :skip | [mutation()]


      


Produces node-level mutations for node.
Return :skip when the mutator does not apply. Otherwise return one
mutation/0 entry per mutant. This callback is optional when a mutator
produces mutations only through mutate/2 or Mutare.Mutator.Structural.
Transform-managed families such as :guard_drop and :rescue_type are
registered for configuration and reporting but do not implement this callback.

  



  
    
      
    
    
      mutate(t, context)


        (optional)


        
          
        

    

  


  

      

          @callback mutate(Macro.t(), context()) :: :skip | [mutation()]


      


Produces context-aware mutations for node.
This callback is used for configurable, mark-reading, and behaviour-targeted
mutators: context.opts carries per-instance configuration, context.marks the labels on
the offered position, and context.behaviours the enclosing module's behaviour set.
When both mutate/1 and mutate/2 are exported, this callback takes
precedence. Mutare does not also call mutate/1. To compose them, call
mutate/1 from mutate/2 and combine the results explicitly. The return
shape is the same as mutate/1.

  



  
    
      
    
    
      mutate_call_option_keys?(opts)


        (optional)


        
          
        

    

  


  

      

          @callback mutate_call_option_keys?(opts :: term()) :: boolean()


      


Controls mutation of trailing keyword-option keys.
The transform calls this after identifying a candidate that mutates a call option
key such as timeout: in foo(timeout: 5). Return true to keep the
candidate or false to suppress it. A mutator without this callback keeps the
candidate.
The callback receives the mutator instance's configured options. It is separate
from mutate/2 because option-key detection happens after the key node has
already been offered to mutators.

  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @callback name() :: atom()


      


Short family name, shown in reports (e.g. :arithmetic).

  



  
    
      
    
    
      required_modules()


        (optional)


        
          
        

    

  


  

      

          @callback required_modules() :: [module()]


      


Declares modules that must be loadable for this mutator's routing and hosting
to be valid.
A DSL plugin has a deployment requirement Mutare cannot infer: the library
whose macros it routes (Mutare.CallRouting.call_routes/0) or hosts
(Mutare.Mutator.MacroHost.hosted_macros/0) must be loadable in the Mutare
process — otherwise its routes register against nothing and its mutations
silently fail to fire. Declaring those modules here turns the silent
degradation into a loud startup error: the check runs once, when the
:mutators entry is resolved to a Mutare.Mutator.Spec (before init/1,
before any source is read), and a missing module aborts the run with a
Mutare.EnvironmentError naming the plugin, the missing modules, and the
deployment requirement.
@impl true
def required_modules, do: [Ecto.Schema, Ecto.Query]
Loadability (Code.ensure_loaded?/1) is the whole check — it does not verify
that a module's application is started or that its version is compatible. A
plugin with a requirement beyond loadability raises its own descriptive error
from init/1 (or from Mutare.CallRouting.call_routes/0).
A non-mutating extension may export the same function — capability discovery
is by export, so Mutare.Extension.validate!/1 applies the same check to
:extensions entries. A module without this callback is assumed
environment-independent.

  



  
    
      
    
    
      variant(original, mutated)


        (optional)


        
          
        

    

  


  

      

          @callback variant(original :: Macro.t(), mutated :: Macro.t()) ::
  String.t() | atom() | [String.t() | atom()] | nil


      


Derives variant labels from an emitted {original, mutated} pair.
Return one label, a list of labels, or nil. Labels must be members of
variants/0 and are matched case-insensitively by ignore directives.
The pair is the node the mutator was offered and the replacement it returned, unless the
mutation carries its own attribution (Mutare.Mutator.Mutation.at/2), whose clause pair is
classified instead. A call written as a pipe stage arrives as the direct call, as it does in
mutate/1, even where the report shows the stage alone.
Classify from both nodes, not the mutated node alone. For example, a strip
mutation such as -(a + b) → a + b emits a + node but is not an operator
swap. Operator families can use op_swap_variant/3 for this pattern:
# in Mutare.Mutators.Relational
@swap_ops [:>, :>=, :<, :<=, :==, :!=, :===, :!==]
def variants, do: Enum.map(@swap_ops, &to_string/1)
def variant(original, mutated),
  do: Mutare.Mutator.op_swap_variant(original, mutated, @swap_ops)

  



  
    
      
    
    
      variants()


        (optional)


        
          
        

    

  


  

      

          @callback variants() :: [String.t() | atom()]


      


Declares the variant labels this mutator supports in
# mutare:ignore[family:label] filters.
A single source node may produce several sibling mutants. Variant labels allow a
directive to suppress one kind without suppressing the whole family.
A mutator that declares variants assigns labels in one of two ways:
	Tag at production — return a Mutare.Mutator.Mutation.tagged(node, label) from
mutate/1/mutate/2, attaching the label where the mutant is built. Best when the
kind is known at construction (a value family: tagged(AST.literal(0), "zero")).
	Derive afterwards — implement variant/2, which classifies the {original, mutated}
pair. Best when the label reads cleanly off the node (an operator family:
op_swap_variant/3 over the swapped operator).

A tagging mutator does not need variant/2. A mutator with no variant
vocabulary supports only the bare [family] filter; a qualified filter against
it is an error.
Labels must be non-empty wire-safe tokens: no whitespace, ,, (, ), ],
or ". Treat labels as public API because users write them in source comments.

  


        

      

      
        Functions


        


  
    
      
    
    
      argument_marks_from(entries, label)



        
          
        

    

  


  

      

          @spec argument_marks_from(term(), atom()) :: [
  {module(), atom(), arity(), [non_neg_integer() | {:keyword, atom()}], atom()}
]


      


Turns a list of {module, function, arity, positions} entries into argument_marks/1
declarations under label. positions is a list of argument indices and
{:keyword, key} option keys, exactly as in a declaration; an index is validated against the
declared arity. Raises ArgumentError with a pointed message on a malformed entry, so a typo fails
at startup rather than silently marking nothing. The one-liner for a mutator that exposes its own
"also leave these positions alone" option under its label.

  



  
    
      
    
    
      declared_labels(mutators)



        
          
        

    

  


  

      

          @spec declared_labels([Mutare.Mutator.Spec.t() | module()]) :: MapSet.t(atom())


      


The set of mark labels the given mutators declare positions for (argument_marks/1) — the
labels that mean something to some enabled family. Mutare.Options checks a configured
argument_marks: entry's label against this set, so a typo'd or orphaned label fails at startup
instead of marking positions with an unused label.
iex> Mutare.Mutator.declared_labels([Mutare.Mutators.IntegerLiteral]) |> MapSet.member?(:timeout)
true

  



  
    
      
    
    
      marked?(arg1, label)



        
          
        

    

  


  

      

          @spec marked?(context(), atom()) :: boolean()


      


Whether the node being offered carries the position mark label — i.e. sits at a position some
mutator requested via argument_marks/1. The reader half of the marking facility: a mutate/2
checks this and returns :skip (or adapts) at a marked position.
def mutate(node, context) do
  if Mutare.Mutator.marked?(context, :timeout), do: :skip, else: mutate(node)
end
Total over a context with no marks (the common case).

  



  
    
      
    
    
      op_swap_variant(arg1, arg2, ops)



        
          
        

    

  


  

      

          @spec op_swap_variant(Macro.t(), Macro.t(), [atom()]) :: String.t() | nil


      


Classifies a binary operator swap for variant/2.
When original and mutated are both two-argument operator nodes whose heads
are in ops, returns the new operator as a string. Otherwise returns nil.
Checking both nodes prevents unary strip mutations from being classified as
binary swaps.
def variant(o, m), do: Mutare.Mutator.op_swap_variant(o, m, @swap_ops)

  



  
    
      
    
    
      validate_argument_marks!(entries)



        
          
        

    

  


  

      

          @spec validate_argument_marks!(term()) :: [
  {module(), atom(), arity(), [non_neg_integer() | {:keyword, atom()}], atom()}
]


      


Validate a user-facing list of argument-mark declarations — the argument_marks: option in
.mutare.exs, whose entries are exactly what argument_marks/1 returns:
{module, function, arity, positions, label}. Shape-checked here (a bad index or a non-atom
label fails at startup); whether label is one some configured mutator declares positions for
is checked once the mutator set is known (Mutare.Options.new/1).
iex> Mutare.Mutator.validate_argument_marks!([{MyApp.Http, :get, 2, [{:keyword, :recv_timeout}], :timeout}])
[{MyApp.Http, :get, 2, [{:keyword, :recv_timeout}], :timeout}]

  


        

      


  

    
Mutare.Mutator.MacroHost behaviour
    



      
Capability behaviour for a mutator that hosts mutations inside a compile-time DSL.
Ordinary mutators operate on runtime Elixir expressions. A fragment inside a macro such as Ecto's where has the library's own semantics and cannot necessarily contain Mutare's ordinary selector. A macro host inserts selectors in the form that DSL accepts.
Macro registration and argument routing belong to the independent Mutare.CallRouting capability. A host subscribes to the macros it can mutate through hosted_macros/0; a separate library extension may define their routing. This lets several independent mutators target the same DSL without replacing one another.
host/2 is itself a mutation-producing callback, so a mutator that delivers all of its mutations through the DSL needs no mutate/1 — just name/0 to identify it in reports:
defmodule MyApp.Mutators.Ecto do
  alias Mutare.Mutator.MacroHost.Target

  @behaviour Mutare.Mutator
  @behaviour Mutare.Mutator.MacroHost

  @impl Mutare.Mutator
  def name, do: :ecto_query

  @impl Mutare.Mutator.MacroHost
  def hosted_macros, do: [{Ecto.Query, :where, :any}]

  @impl Mutare.Mutator.MacroHost
  def host(call, context) do
    [Target.new(fragment, mutations, &splice/2)]
  end
end
(Add a mutate/1 only if the mutator also mutates whole nodes outside the DSL.) See Mutare.CallRouting for the "which behaviours do I implement?" table. The same module may also implement Mutare.CallRouting when it provides both the DSL adapter and its mutations, but the capabilities remain independently composable.

      


      
        Summary


  
    Types
  


    
      
        macro_selector()

      


        A macro selector returned by hosted_macros/0.



    





  
    Callbacks
  


    
      
        host(call, context)

      


        Produces mutations for fragments inside a compile-time DSL.



    


    
      
        hosted_macros()

      


        Declare the macros this host can mutate.



    





      


      
        Types


        


  
    
      
    
    
      macro_selector()



        
          
        

    

  


  

      

          @type macro_selector() ::
  {module :: atom(), name :: atom()}
  | {module :: atom(), name :: atom(), arity :: non_neg_integer() | :any}


      


A macro selector returned by hosted_macros/0.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      host(call, context)



        
          
        

    

  


  

      

          @callback host(
  call :: Mutare.CallRouting.Call.t(),
  context :: Mutare.Mutator.context()
) :: [Mutare.Mutator.MacroHost.Target.t()]


      


Produces mutations for fragments inside a compile-time DSL.
The transform passes the callback a resolved Mutare.CallRouting.Call and expects a list of
Mutare.Mutator.MacroHost.Target values, one per fragment to mutate. A target carries:
	:original — the fragment before mutation, used for the baseline and the left side of the
reported diff;
	:mutants — mutated fragments, %Mutare.Mutator.Mutation{} values carrying report metadata,
with inapplicable entries filtered out before returning the list. A top-level bare nil
entry is rejected; use Mutare.AST.literal(nil) for a literal-nil replacement;
	:splice — a 2-arity (macro_node, case_node -> macro_node) function that inserts the
assembled selector into a copy of the macro node;
	:wrap — optional 1-arity (fragment -> node) function mapping each fragment to its branch
value, such as &dynamic([u], &1); defaults to identity;
	:range — optional Sourceror.Range.t() used for the site; defaults to the original
fragment's range.

The callback defines the DSL-specific mutations and selector placement.
Core assigns ids, records sites and coverage, and assembles selectors, so survivor diffs contain
only the logical fragment change.
Subscribe through hosted_macros/0. The active macro route must contain :hosted, either
statically or from Mutare.CallRouting.route_arguments/1. context is the same map
Mutare.Mutator.mutate/2 receives, plus :mutators — the run's enabled
Mutare.Mutator.Specs (hosts included; Mutare.Analyze.collect_expression/3 lowers a
nested host's targets to whole-call rebuilds instead of weaving them, so a sub-contracted
island analyzes with every surface — ordinary and hosted — and hosted delivery never nests).
A :hosted route is permission and a delivery mode, not a target list: the callback
receives the whole macro call, with its identity resolved, and locates the fragment(s) to mutate.
It need not re-classify the call to do so — Mutare.Calls.routed_treatments/1 on the
call's node returns the per-argument treatments the route produced, so the :hosted
positions (including values nested under {:keyword, …}) can be read back instead of
rediscovered. Core preserves hosted fragments as syntax: it neither desugars their pipes nor
resolves or routes calls inside them. The DSL owns their meaning. Other arguments follow their own
treatments, so an expression argument reaches the host with its Elixir calls resolved. A host
whose fragments embed calls it must identify (a nested query macro, one the user registered a
route for) resolves them itself with Mutare.Analyze.resolve/2, passing the callback context.
Sub-contracting ordinary Elixir inside a fragment
A hosted fragment may contain ordinary Elixir expressions: everything under an Ecto ^ pin
is evaluated at runtime. Use core's value mutations for those expressions through
Mutare.Analyze.collect_expression(island, context.mutators, context). Forward the context
unchanged: it retains the enclosing call's lexical environment and configured routes/marks,
which core uses to resolve the island before analyzing it. It returns each
single-point mutant as a Mutare.Mutator.Mutation, produced by the user's actual
configuration. Embed its replacement with Mutare.Mutator.Mutation.map_node/2 and relay
the resulting value. Its source attribution, producer, note and resolved variant survive
the rebuild, so the site's diff and line selection refer to the original change and its
# mutare:ignore labels refer to the producing family.

  



  
    
      
    
    
      hosted_macros()



        
          
        

    

  


  

      

          @callback hosted_macros() :: [macro_selector()]


      


Declare the macros this host can mutate.
Selectors contain identity only, not argument treatments. The merged Mutare.CallRouting
declaration remains the sole source of routing semantics. Wildcards follow call_routes/0:
:* may occupy the module or name slot, and omitted arity means :any.

  


        

      


  

    
Mutare.Mutator.Mutation 
    



      
A replacement AST node with optional report metadata.
Mutators normally return a bare replacement node. Return a Mutation when the replacement also needs any of these fields:
	note — text shown with a surviving mutant. It does not suppress the mutant or change its score.
	variant — one or more labels used by # mutare:ignore[family:label]. A mutator may attach the label here or derive it with Mutare.Mutator.variant/2.
	producer — the Mutare.Mutator.Spec this mutation is recorded under instead of the mutator that returned it. Set it only when relaying a mutation another family reasoned about — the selector-host sub-contract case, where Mutare.Mutator.MacroHost.host/2 returns interior mutants collected from core's families via Mutare.Analyze.collect_expression/3: the site (and its # mutare:ignore vocabulary) then belongs to the producing family, not the host. nil (the default) records the mutation under the returning mutator, exactly as before.
	attribution — decouples where the mutant is reported from what is spliced into the metamutant. Set it when :node is a whole-node rewrite whose textual footprint is one inner clause — a mutate/2 that rebuilds and returns an entire from(...) query but only changed its order_by:. Without it the site's line/column and before/after diff are pinned to the offered node (the whole from), so a multi-line rewrite reports every mutant at the from line and # mutare:ignore (line-keyed) cannot target the clause. Build one with at/2 (a replacement clause) or at_drop/1 (a removed clause); the metamutant is still built by splicing :node, attribution only moves the report. nil (the default) attributes to the offered node, exactly as before.

Mutation values are accepted by Mutare.Mutator.mutate/1, Mutare.Mutator.mutate/2, and Mutare.Mutator.MacroHost.host/2. Use this struct rather than a plain map, because a map is also a valid replacement AST node.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    


    
      
        variant()

      


        A produced mutation's variant label(s): nil, one label, or a list (see Mutare.Mutator.variant/2).



    





  
    Functions
  


    
      
        at(original, mutated)

      


        Builds a report-location override that shows original replaced by mutated.



    


    
      
        at_drop(original)

      


        Builds a report-location override that shows original removed.



    


    
      
        map_node(mutation, rebuild)

      


        Rebuilds the delivered node while preserving its producer, note, variant and attribution.



    


    
      
        new(node, note_or_opts \\ nil)

      


        Builds a mutation for replacement node.



    


    
      
        tagged(node, variant)

      


        Builds a mutation with one or more ignore-variant labels.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Mutare.Mutator.Mutation{
  attribution: Mutare.Mutator.Mutation.Attribution.t() | nil,
  node: Macro.t(),
  note: String.t() | nil,
  producer: Mutare.Mutator.Spec.t() | nil,
  variant: variant()
}


      



  



  
    
      
    
    
      variant()



        
          
        

    

  


  

      

          @type variant() :: nil | String.t() | atom() | [String.t() | atom()]


      


A produced mutation's variant label(s): nil, one label, or a list (see Mutare.Mutator.variant/2).

  


        

      

      
        Functions


        


  
    
      
    
    
      at(original, mutated)



        
          
        

    

  


  

      

          @spec at(Macro.t(), Macro.t()) :: Mutare.Mutator.Mutation.Attribution.t()


      


Builds a report-location override that shows original replaced by mutated.
Pass the result as a mutation's :attribution (see the moduledoc). original and mutated
are the clause before and after the change — the site is located at original's range
and its diff renders original → mutated, even though the mutation's :node splices a larger
rewrite into the metamutant.
Examples
iex> alias Mutare.Mutator.Mutation
iex> %Mutation.Attribution{mutated: :desc} = Mutation.at(:asc, :desc)

  



  
    
      
    
    
      at_drop(original)



        
          
        

    

  


  

      

          @spec at_drop(Macro.t()) :: Mutare.Mutator.Mutation.Attribution.t()


      


Builds a report-location override that shows original removed.
Pass the result as a mutation's :attribution (see the moduledoc). The site is located at
original's range and recorded as a deletion (a delete-style diff over the clause), even though
the mutation's :node splices the rewritten, clause-less node into the metamutant.
Examples
iex> alias Mutare.Mutator.Mutation
iex> Mutation.at_drop(:some_clause).operation
:delete

  



  
    
      
    
    
      map_node(mutation, rebuild)



        
          
        

    

  


  

      

          @spec map_node(t(), (Macro.t() -> Macro.t())) :: t()


      


Rebuilds the delivered node while preserving its producer, note, variant and attribution.
Use this when embedding a mutation returned by Mutare.Analyze.collect_expression/3
into surrounding syntax. The attributed source change must still describe the same
mutation after rebuilding; delivery wrappers do not belong in the reported diff.

  



    

  
    
      
    
    
      new(node, note_or_opts \\ nil)



        
          
        

    

  


  

      

          @spec new(Macro.t(), String.t() | nil | keyword()) :: t()


      


Builds a mutation for replacement node.
The second argument may be a note string or a keyword list containing :note,
:variant, :producer, and :attribution:
Mutation.new(mutated)
Mutation.new(mutated, "kill needs boundary data")
Mutation.new(mutated, note: "kill needs boundary data", variant: "zero")
Mutation.new(mutated, variant: "zero")
Mutation.new(mutated, producer: literal_spec)
Mutation.new(rebuilt_from, attribution: Mutation.at(order_by, flipped_order_by))
note must be a string or nil. variant may be one label, a list of labels,
or nil. producer must be a Mutare.Mutator.Spec or nil (see the moduledoc).
attribution must be a Mutare.Mutator.Mutation.Attribution (from at/2/at_drop/1)
or nil. Unknown options raise ArgumentError.
Examples
iex> alias Mutare.Mutator.Mutation
iex> mutation = Mutation.new(:replacement, note: "needs a boundary test", variant: "zero")
iex> {mutation.node, mutation.note, mutation.variant}
{:replacement, "needs a boundary test", "zero"}

iex> alias Mutare.Mutator.Mutation
iex> Mutation.new(:replacement, "shown for survivors").note
"shown for survivors"

  



  
    
      
    
    
      tagged(node, variant)



        
          
        

    

  


  

      

          @spec tagged(Macro.t(), variant()) :: t()


      


Builds a mutation with one or more ignore-variant labels.
This is equivalent to new(node, variant: variant).
Examples
iex> alias Mutare.Mutator.Mutation
iex> Mutation.tagged(:replacement, ["pred", "zero"]).variant
["pred", "zero"]

  


        

      


  

    
Mutare.Mutator.Spec 
    



      
A resolved mutator module, report name, and per-instance options.
A bare module uses its name/0 and receives empty options. A {module, opts} entry passes opts to context-taking callbacks; the reserved :as option changes the report and # mutare:ignore name and is removed before the mutator receives the remaining options.
Building a spec also verifies the module's declared environment (Mutare.Mutator.required_modules/0, when exported — a missing module raises Mutare.EnvironmentError here, at resolution time) and then runs the mutator's Mutare.Mutator.init/1 (when exported) on those remaining options, storing the result as the spec's config — so environment checking and option parsing happen once per resolved instance, and an invalid option raises here too. Without init/1, config is the options themselves. Dispatch delivers it to every context-aware callback as context.config.
The transform also attaches the enclosing module's @behaviour set before invoking a mutator.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        coerce(spec)

      


        Normalize any entry to a spec; a %Spec{} passes through unchanged (idempotent).



    


    
      
        configured(module, opts)

      


        Builds a spec for module with configuration opts.



    


    
      
        find(specs, module)

      


        Returns the spec in specs for module, or nil.



    


    
      
        for_module(module)

      


        A spec for a bare module (no opts), named by its name/0.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Mutare.Mutator.Spec{
  behaviours: MapSet.t(module()),
  config: term(),
  disabled_callbacks: MapSet.t({atom(), arity()}),
  module: module(),
  name: atom(),
  opts: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      coerce(spec)



        
          
        

    

  


  

      

          @spec coerce(t() | module()) :: t()


      


Normalize any entry to a spec; a %Spec{} passes through unchanged (idempotent).
iex> spec = Mutare.Mutator.Spec.for_module(Mutare.Mutators.Arithmetic)
iex> Mutare.Mutator.Spec.coerce(spec) == spec
true
iex> Mutare.Mutator.Spec.coerce(Mutare.Mutators.Arithmetic) == spec
true

  



  
    
      
    
    
      configured(module, opts)



        
          
        

    

  


  

      

          @spec configured(module(), keyword() | term()) :: t()


      


Builds a spec for module with configuration opts.
For keyword options, :as overrides the recorded family name and is removed
before the remaining options are passed to the mutator. Other option values are
passed through unchanged.
iex> spec = Mutare.Mutator.Spec.configured(
...>   Mutare.Mutators.Arithmetic,
...>   as: :strict,
...>   threshold: 5
...> )
iex> {spec.name, spec.opts}
{:strict, [threshold: 5]}

  



  
    
      
    
    
      find(specs, module)



        
          
        

    

  


  

      

          @spec find([t()], module()) :: t() | nil


      


Returns the spec in specs for module, or nil.
iex> specs = Mutare.Mutators.resolve([:arithmetic, :relational])
iex> Mutare.Mutator.Spec.find(specs, Mutare.Mutators.Relational).name
:relational
iex> Mutare.Mutator.Spec.find(specs, Enum)
nil

  



  
    
      
    
    
      for_module(module)



        
          
        

    

  


  

      

          @spec for_module(module()) :: t()


      


A spec for a bare module (no opts), named by its name/0.
iex> spec = Mutare.Mutator.Spec.for_module(Mutare.Mutators.Arithmetic)
iex> {spec.module, spec.name, spec.opts}
{Mutare.Mutators.Arithmetic, :arithmetic, []}

  


        

      


  

    
Mutare.Mutator.Structural behaviour
    



      
Behaviour for mutating positions that are larger than a single AST node: clause return values, if/unless/cond conditions, and structural pattern positions.
Declare both Mutare.Mutator and this behaviour, define name/0, then implement whichever structural callbacks you need. A structural mutator does not need Mutare.Mutator.mutate/1.
defmodule MyApp.Mutators.AlwaysReturnNil do
  @behaviour Mutare.Mutator
  @behaviour Mutare.Mutator.Structural

  @impl Mutare.Mutator
  def name, do: :always_nil

  @impl Mutare.Mutator.Structural
  def return_replacements(_tail), do: [Mutare.AST.literal(nil)]
end
Each callback also has a context-taking arity for reading the enabled mutator's options and restricting mutations by the enclosing module's @behaviour set. Implement either the base arity or its context-taking counterpart.

      


      
        Summary


  
    Types
  


    
      
        context()

      


        Context passed to the context-aware structural callbacks (return_replacements/2,
condition_replacements/2, pattern_mutations/3). Carries



    





  
    Callbacks
  


    
      
        condition_replacements(condition)

      


        Returns replacements for an if, unless, or cond condition.



    


    
      
        condition_replacements(condition, context)

      


        Context-aware form of condition_replacements/1.



    


    
      
        pattern_mutations(head_args, used_outside)

      


        Returns pattern replacements for a structural pattern position.



    


    
      
        pattern_mutations(head_args, used_outside, context)

      


        Context-aware form of pattern_mutations/2.



    


    
      
        return_replacements(tail)

      


        Returns replacements for a clause return expression.



    


    
      
        return_replacements(tail, context)

      


        Context-aware form of return_replacements/1.



    





      


      
        Types


        


  
    
      
    
    
      context()



        
          
        

    

  


  

      

          @type context() :: %{opts: term(), config: term(), behaviours: MapSet.t(module())}


      


Context passed to the context-aware structural callbacks (return_replacements/2,
condition_replacements/2, pattern_mutations/3). Carries:
	:opts — the options from a {Module, opts} mutator configuration entry, or
[] for an unconfigured mutator;
	:config — the normalized configuration Mutare.Mutator.init/1 returned for
those options (the options themselves when the mutator has no init/1);
	:behaviours — the enclosing module's @behaviour set, as a MapSet.

This gives structural mutators the same configuration channel as
Mutare.Mutator.mutate/2, without adding context to the base callback arities.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      condition_replacements(condition)


        (optional)


        
          
        

    

  


  

      

          @callback condition_replacements(condition :: Macro.t()) :: [Macro.t()]


      


Returns replacements for an if, unless, or cond condition.
Return [] when the condition is not eligible.

  



  
    
      
    
    
      condition_replacements(condition, context)


        (optional)


        
          
        

    

  


  

      

          @callback condition_replacements(condition :: Macro.t(), context :: context()) :: [
  Macro.t()
]


      


Context-aware form of condition_replacements/1.
Implement this form to use configuration or the enclosing module's behaviours.
When exported, it takes precedence over condition_replacements/1.

  



  
    
      
    
    
      pattern_mutations(head_args, used_outside)


        (optional)


        
          
        

    

  


  

      

          @callback pattern_mutations(head_args :: [Macro.t()], used_outside :: MapSet.t()) :: [
  [Macro.t()]
]


      


Returns pattern replacements for a structural pattern position.
head_args contains the patterns for that position. For def/defp heads
and multi-pattern clauses, this is the whole pattern list; for single-pattern
positions such as a destructuring match, a case clause, or a routed
:binding_pattern macro argument, this is a one-element list. used_outside
contains variable names read after the pattern. Each returned list must be a
valid, compile-safe replacement for the same pattern position.

  



  
    
      
    
    
      pattern_mutations(head_args, used_outside, context)


        (optional)


        
          
        

    

  


  

      

          @callback pattern_mutations(
  head_args :: [Macro.t()],
  used_outside :: MapSet.t(),
  context :: context()
) :: [[Macro.t()]]


      


Context-aware form of pattern_mutations/2.
Implement this form to use configuration or the enclosing module's behaviours.
When exported, it takes precedence over pattern_mutations/2.

  



  
    
      
    
    
      return_replacements(tail)


        (optional)


        
          
        

    

  


  

      

          @callback return_replacements(tail :: Macro.t()) :: [Macro.t()]


      


Returns replacements for a clause return expression.
Each result must be clean-meta AST suitable for direct insertion. Return []
when the expression is not eligible.
The tails of a unit-returning function — every return path of every clause
literally :ok or nil — are never offered to this callback; see the
exclusions in Mutare.Mutators.ReturnValue.

  



  
    
      
    
    
      return_replacements(tail, context)


        (optional)


        
          
        

    

  


  

      

          @callback return_replacements(tail :: Macro.t(), context :: context()) :: [Macro.t()]


      


Context-aware form of return_replacements/1.
Implement this form to use configuration or the enclosing module's behaviours.
When exported, it takes precedence over return_replacements/1.

  


        

      


  

    
Mutare.Test 
    



      
Test helpers for projects that implement their own Mutare.Mutator.
Import this module into an ExUnit.Case to test a mutator at three levels:
	node_mutations/2 tests the replacements returned for one parsed node;
	diffs/3, diffs_for/4, and metamutant_source/3 test what the full source transform produces;
	compile_metamutant/3 and with_active_mutant/2 (or observe_mutant/3, which composes them) verify that selecting a mutant changes the compiled program's behaviour.

The source-driven helpers all call Mutare.transform_string/2 and inherit its defaults — notably expand_uses: true, which the schema/query routing of use-heavy DSLs depends on. Each takes a trailing opts keyword list forwarded to Mutare.transform_string/2 (the mutators argument overrides any :mutators option), so a suite can thread :call_routes, :extensions, or expand_uses: false without dropping to Mutare.transform_string/2 itself.
One default differs: the source-driven helpers pass verify_invariants: true unless opts says otherwise, so every transform a test makes also checks that the mutators left the metamutant sound — each recorded mutant selectable and listed in a coverage record, none rendering unchanged, the render deterministic — and raises Mutare.InvariantError if not. A mutator that breaks one of these fails its own tests instead of silently distorting a real run's report. Pass verify_invariants: false to skip the checks, which cost a second emit pass and a parse per transform.
Selection is private to the test module
The live-mutant helpers select on a :persistent_term key private to the running ExUnit
test module (isolate_selector/0 — one key per execution of the module, so two
:parameterize instances are apart too), set before a metamutant is transformed or a
mutant selected, so a test module using them may be async: true. A process no ExUnit
test runs above must be given the key (isolate_selector/1), or the helper raises;
outside ExUnit the key is the VM-wide one, and such callers must not run concurrently
with one another.
import Mutare.Test in an ExUnit.Case to use them:
defmodule MyMutatorTest do
  use ExUnit.Case, async: true
  import Mutare.Test

  test "swaps + for -" do
    assert node_mutations("1 + 2", MyApp.PlusMutator) == ["1 - 2"]
  end
end
Driving a live mutant in-process
The semantic check — does the mutant actually run? — compiles a metamutant once, then flips the selection switch per id:
defmodule MyQueryTest do
  use ExUnit.Case, async: true
  import Mutare.Test

  test "the mutant changes the result, not just the source" do
    {[mod], sites} =
      compile_metamutant("defmodule Q do
  def n, do: 1 + 1
end", [MyApp.PlusMutator])
    id = site_id(sites, {"1 + 1", "1 - 1"})

    assert mod.n() == 2                              # baseline
    assert with_active_mutant(id, fn -> mod.n() end) == 0   # the mutant is live
    assert mod.n() == 2                              # restored
  end
end

      


      
        Summary


  
    Types
  


    
      
        mutator()

      


        A mutator entry the source helpers accept — anything :mutators takes: a family
atom (:arithmetic), a custom module, a {module, opts} pair, or an already-resolved
Mutare.Mutator.Spec.



    





  
    Functions
  


    
      
        assert_metamutant_compiles(source, mutators, opts \\ [])

      


        Transforms source, compiles the complete metamutant, and returns its compiled
{module, binary} pairs.



    


    
      
        compile_metamutant(source, mutators, opts \\ [])

      


        Render source to its metamutant, compile it, and return {modules, mutants}.



    


    
      
        diffs(source, mutators, opts \\ [])

      


        Returns every recorded mutation as
{family_name, original_code, mutated_code}.



    


    
      
        diffs_for(source, mutators, name, opts \\ [])

      


        Returns the {original_code, mutated_code} pairs recorded for one family.



    


    
      
        isolate_selector()

      


        Selects, for this process, on a key private to the running ExUnit test module, and
returns it.



    


    
      
        isolate_selector(context)

      


        isolate_selector/0 as a setup callback — setup_all :isolate_selector, or setup —
taking the key ahead of the module's first transform and putting it in the context as
:mutare_selector_key, for a process the walk cannot reach to install.



    


    
      
        metamutant_source(source, mutators, opts \\ [])

      


        Returns the rendered metamutant source for source.



    


    
      
        node_mutations(snippet, mutators)

      


        Returns the rendered node-level mutations for a parsed source snippet.



    


    
      
        observe_mutant(sites, pattern, fun)

      


        Runs fun once at baseline and once with the site matching pattern active,
returning {baseline, mutated}.



    


    
      
        site_by(sites, label, pred)

      


        Returns the single site for which predicate returns true.



    


    
      
        site_id(sites, arg)

      


        Returns the id of the single site matching {original_code, mutated_code}.



    


    
      
        with_active_mutant(id, fun)

      


        Runs zero-arity fun with mutant id selected, then restores the previous
selection.



    





      


      
        Types


        


  
    
      
    
    
      mutator()



        
          
        

    

  


  

      

          @type mutator() ::
  atom() | module() | {atom() | module(), term()} | Mutare.Mutator.Spec.t()


      


A mutator entry the source helpers accept — anything :mutators takes: a family
atom (:arithmetic), a custom module, a {module, opts} pair, or an already-resolved
Mutare.Mutator.Spec.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      assert_metamutant_compiles(source, mutators, opts \\ [])



        
          
        

    

  


  

      

          @spec assert_metamutant_compiles(String.t(), [mutator()], keyword()) :: [
  {module(), binary()}
]


      


Transforms source, compiles the complete metamutant, and returns its compiled
{module, binary} pairs.
source must contain a complete compilation unit such as a defmodule. The
helper compiles it inside a unique wrapper and captures compiler output. The
compiled modules stay loaded under their unique names, as in compile_metamutant/3.
opts is forwarded as in diffs/3.
defmodule MyMutatorTest do
  use ExUnit.Case, async: true
  import Mutare.Test

  test "every mutant compiles" do
    assert_metamutant_compiles(
      "defmodule Sample do
  def f(a, b), do: a + b
end",
      [MyApp.PlusMutator]
    )
  end
end

  



    

  
    
      
    
    
      compile_metamutant(source, mutators, opts \\ [])



        
          
        

    

  


  

      

          @spec compile_metamutant(String.t(), [mutator()], keyword()) ::
  {[module()], [Mutare.MutationSite.t()]}


      


Render source to its metamutant, compile it, and return {modules, mutants}.
By default, compilation occurs inside a uniquely named wrapper module. This
prevents module-name collisions and keeps ordinary self-references working.
The compiled modules stay loaded after the test, a few kilobytes each: no later
compile reuses their names, and unloading a module blocks the VM's single code
server while it checks every process for the old code, which slows an async: true
suite far more than the memory is worth. With uniquify: false the modules keep
their written names, which a later test may compile again, so they are unloaded
when the test exits.
Wrapper nesting can capture references to a real module with the same leading
namespace, and it cannot resolve a forward reference to a later sibling module.
Use self-contained fixtures with short module names. When top-level names are
required, pass uniquify: false and manage collisions explicitly.
Each isolated compilation creates permanent module-name atoms and loaded modules,
so this helper is intended for a bounded set of fixtures rather than an unbounded
generated test.
Options are forwarded to Mutare.transform_string/2. :uniquify is consumed by
this helper, and the mutators argument overrides any :mutators option.
modules are the metamutant's own compiled module atoms (the empty wrapper shell excluded), in
compilation order — typically a single-element list for a single defmodule; mutants are
public Mutare.MutationSite DTOs, used to resolve a mutant's id from its logical diff
(site_id/2 / site_by/3).
{[module], mutants} =
  compile_metamutant(
    "defmodule Q do
  def n, do: 1 + 1
end",
    [MyApp.PlusMutator]
  )

assert module.n() == 2
id = site_id(mutants, {"1 + 1", "1 - 1"})
assert with_active_mutant(id, fn -> module.n() end) == 0

  



    

  
    
      
    
    
      diffs(source, mutators, opts \\ [])



        
          
        

    

  


  

      

          @spec diffs(String.t(), [mutator()], keyword()) :: [{atom(), String.t(), String.t()}]


      


Returns every recorded mutation as
{family_name, original_code, mutated_code}.
This helper uses the complete transform pipeline, including name resolution, pipe
handling, overlap suppression, and structural families. opts is forwarded to
Mutare.transform_string/2 (the mutators argument overrides any :mutators
option).
iex> import Mutare.Test
iex> diffs("def f(a, b), do: a + b", [Mutare.Mutators.Arithmetic])
[{:arithmetic, "a + b", "a - b"}]

  



    

  
    
      
    
    
      diffs_for(source, mutators, name, opts \\ [])



        
          
        

    

  


  

      

          @spec diffs_for(String.t(), [mutator()], atom(), keyword()) :: [
  {String.t(), String.t()}
]


      


Returns the {original_code, mutated_code} pairs recorded for one family.
name is the recorded family name, including any configured :as override.
opts is forwarded as in diffs/3.
iex> import Mutare.Test
iex> mutators = [Mutare.Mutators.Arithmetic, Mutare.Mutators.ReturnValue]
iex> diffs_for("def f(a, b), do: a + b", mutators, :arithmetic)
[{"a + b", "a - b"}]

  



  
    
      
    
    
      isolate_selector()



        
          
        

    

  


  

      

          @spec isolate_selector() :: atom()


      


Selects, for this process, on a key private to the running ExUnit test module, and
returns it.
The key names one execution of the module. ExUnit's runner records the running test in
the process that runs the module — the parent of each test process and of the
setup_all process — so the key is found by walking up from the caller, and
is the same in a setup_all, in each test, and in a task a test starts: a metamutant
compiled once in setup_all and selected in a test read one slot. Two executions of one
module (:parameterize runs an async module once per parameter set, concurrently) have
different runners and so different keys. Every helper here that transforms or selects
calls it first; a test that transforms through Mutare.Transform itself calls it before
doing so.
Under ExUnit, isolation is not optional: where the walk finds no test while ExUnit is
running this raises, rather than fall back to the VM-wide key and share it. A process the
walk cannot reach — one started under a supervisor, say — is given the key instead:
isolate_selector/1 puts it in the setup context, and
Process.put(Mutare.Selector.process_key(), key) in that process installs it, ahead of
the walk. Outside ExUnit the process keeps the key in force (Mutare.Selector.key/0).
The key also gives the process a private coverage readiness key
(Mutare.Coverage.Recorder.track_key/0 derives it), so a test module that turns
coverage recording on for its metamutants reaches no other module's.

  



  
    
      
    
    
      isolate_selector(context)



        
          
        

    

  


  

      

          @spec isolate_selector(map()) :: %{mutare_selector_key: atom()}


      


isolate_selector/0 as a setup callback — setup_all :isolate_selector, or setup —
taking the key ahead of the module's first transform and putting it in the context as
:mutare_selector_key, for a process the walk cannot reach to install.

  



    

  
    
      
    
    
      metamutant_source(source, mutators, opts \\ [])



        
          
        

    

  


  

      

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


      


Returns the rendered metamutant source for source.
For =~ assertions on the scaffolding the transform weaves — a selector, a host's
dynamic([u], …) — without destructuring Mutare.Transform.Result. opts is
forwarded as in diffs/3.
metamutant = metamutant_source(source, [{Mutare.Ecto, repo: MyApp.Repo}])
assert metamutant =~ "dynamic([u]"

  



  
    
      
    
    
      node_mutations(snippet, mutators)



        
          
        

    

  


  

      

          @spec node_mutations(
  String.t(),
  module() | Mutare.Mutator.Spec.t() | [module() | Mutare.Mutator.Spec.t()]
) :: [String.t()]


      


Returns the rendered node-level mutations for a parsed source snippet.
This helper calls mutators directly without the transform's resolution passes or
structural mutations. mutators must therefore be a module, a resolved
Mutare.Mutator.Spec, or a list of either; family atoms are not accepted.
A pipe stage reaches a mutator as the direct call it is sugar for, so write the snippet
that way: Enum.sort(xs) stands for xs |> Enum.sort() too.
iex> import Mutare.Test
iex> node_mutations("1 + 2", Mutare.Mutators.Arithmetic)
["1 - 2"]

iex> node_mutations("Enum.sort(xs, :desc)", Mutare.Mutators.CollectionArity)
["Enum.reverse(xs)"]

  



  
    
      
    
    
      observe_mutant(sites, pattern, fun)



        
          
        

    

  


  

      

          @spec observe_mutant([Mutare.MutationSite.t()], {pattern, pattern}, (-> result)) ::
  {result, result}
when pattern: String.t() | Regex.t(), result: var


      


Runs fun once at baseline and once with the site matching pattern active,
returning {baseline, mutated}.
sites and pattern are as in site_id/2. The baseline runs first, and with the
baseline selection pinned explicitly — so a wrong first element means the fixture
is broken, not the mutant.
{baseline, mutated} =
  observe_mutant(sites, {"u.age > 18", "u.age >= 18"}, fn -> Repo.all(adults()) end)

assert boundary_user in mutated -- baseline

  



  
    
      
    
    
      site_by(sites, label, pred)



        
          
        

    

  


  

      

          @spec site_by([Mutare.MutationSite.t()], String.t(), (Mutare.MutationSite.t() ->
                                                  boolean())) ::
  Mutare.MutationSite.t()


      


Returns the single site for which predicate returns true.
label identifies the lookup in failure messages. The lookup fails and lists
candidates when zero or multiple sites match.

  



  
    
      
    
    
      site_id(sites, arg)



        
          
        

    

  


  

      

          @spec site_id(
  [Mutare.MutationSite.t()],
  {pattern, pattern}
) :: pos_integer()
when pattern: String.t() | Regex.t()


      


Returns the id of the single site matching {original_code, mutated_code}.
A string matches exactly. A Regex matches the corresponding code field by
pattern, and either side may use a different match type. The lookup fails when
zero or multiple sites match and lists the candidates in the failure message.
Use site_by/3 when code matching cannot identify the site.

  



  
    
      
    
    
      with_active_mutant(id, fun)



        
          
        

    

  


  

      

          @spec with_active_mutant(non_neg_integer(), (-> result)) :: result when result: var


      


Runs zero-arity fun with mutant id selected, then restores the previous
selection.
Selects on the test module's private key (isolate_selector/0), the one a metamutant
compiled by compile_metamutant/3 in this module reads; restoration keeps sequential
calls from leaking into one another.

  


        

      


  

    
Mutare.Test.RoutingExtension 
    



      
A shipped routing-only extension for testing composition with foreign macro routing.
Libraries define how their macro arguments should be treated through Mutare.CallRouting. Use this fixture to test that your mutator respects routes registered by an independent module. It defines two inert pass-through macros and registers their argument routing:
	Macro	Route	Pins
	opaque/1	:raw	every argument is left as written — nothing inside the call is mutated
	tagged/2	[:expression, :raw]	per-argument routing — the expression mutates, the label never does

Both expand to their (first) argument, so fixtures using them still compile and run (Mutare.Test.assert_metamutant_compiles/3, Mutare.Test.compile_metamutant/3). Enable the routes by threading the module through the Mutare.Test helpers' opts — routing applies only when the extension is enabled, so the same source doubles as the unrouted contrast:
import Mutare.Test
alias Mutare.Test.RoutingExtension

source = """
defmodule M do
  import Mutare.Test.RoutingExtension
  def f(x), do: opaque(x + 1)
end
"""

# Unrouted, the argument mutates; routed, the foreign :raw suppresses it.
assert {:arithmetic, "x + 1", "x - 1"} in diffs(source, [:arithmetic])
assert diffs(source, [:arithmetic], extensions: [RoutingExtension]) == []
This is an extension — no name/0, no mutations — so it goes under :extensions (or a declarative :call_routes entry naming its macros, to test the config channel). It deliberately covers only the end-user treatments: the adapter-grade ones (:interpolated, {:keyword, …}, :hosted) assert facts about a real DSL's semantics that no generic fixture can stand in for — model those on the Mutare.CallRouting and Mutare.Mutator.MacroHost contracts against the library you're describing.
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    Functions
  


    
      
        opaque(expr)

      


        Passes expr through unchanged. Routed fully :raw — its argument is opaque.



    


    
      
        tagged(expr, label)

      


        Passes expr through, discarding label. Routed [:expression, :raw].
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      opaque(expr)


        (macro)


        
          
        

    

  


  

Passes expr through unchanged. Routed fully :raw — its argument is opaque.

  



  
    
      
    
    
      tagged(expr, label)


        (macro)


        
          
        

    

  


  

Passes expr through, discarding label. Routed [:expression, :raw].

  


        

      


  

    
Mutare.CallRouting behaviour
    



      
Behaviour for describing how Mutare should treat particular calls.
A call route names a resolved {module, function, arity} — a macro or a plain function,
with the same lookup rules for both — and specifies one of two treatments:
	skip the whole call (:skip): the call is an inert leaf. None of its arguments is
descended and the call node itself is never offered to a mutator. A value piped into the
call is its first argument and is skipped with the rest, so a |> f(b) and f(a, b) are
skipped alike — and a skipped stage in the middle of a chain takes everything upstream of
it along. To leave a call alone and still mutate what flows into it, route it by position
instead: {Mixpanel, :track, 3, [:expression, :raw, :raw]}. A skipped call in
tail position still gets the enclosing function's return-value mutants. The word for "this
call is not worth testing" (Mixpanel.track/3, a logger, a metrics emitter). It applies to
whatever the head resolves to — a function, a macro such as Kernel.if/2, or a special form
({Kernel.SpecialForms, :case, :skip}; special-form arities follow the AST, so use the
any-arity form).
	treat each argument by a position: :expression (ordinary runtime code, the default),
:lazy_expression (the same, for a callee that may evaluate the argument late,
conditionally, more than once, or never — see "Evaluation" below), :raw (leave the argument exactly as written — a DSL body, a pattern interpreted by the macro, an
identifier list), :interior (descend into the argument but offer nothing on its own node —
an assigns map whose emptying is a crash-kill while its values are the signal), :pattern /
:binding_pattern (descend as a match pattern), and — for a literal keyword-list argument — a
keyed refinement [leading, key: position, …] that routes one named option's value by its
own position ([:expression, timeout: :raw]; the leading treatment defaults to :expression,
pairs may nest).

Users write routes under call_routes: in .mutare.exs; a module implementing this behaviour
registers them through call_routes/0. A route may be static, or use the :routing sentinel to
defer a concrete call's argument treatments to route_arguments/1.
Both extensions and mutators may implement this behaviour. Enabling the module under :extensions
or :mutators also enables its routes.
A piped first argument is a first argument. Mutare treats a piped call as the direct call
Kernel.|>/2 would build, so a route, a classifier, a host and a mutator all see
from(p in Post, …) for (p in Post) |> from(…), and a :raw declaration reaches the macro
as the syntax it is. The enclosing call is normalized before classification, but its
arguments are still written syntax: routing decides which regions core may interpret as
Elixir. Expression regions are then resolved recursively; :raw and :hosted regions,
including keyword values with those treatments, keep their pipes and are not traversed.
A :skipped call's arguments likewise remain untouched. A host that identifies an Elixir
island can hand it to Mutare.Analyze.expression_mutations/3 with its callback context;
core resolves that island in the enclosing call's lexical environment. A host whose DSL
embeds calls it must identify — a nested query macro, a macro the user registered —
resolves the region with Mutare.Analyze.resolve/2, the same resolution without the
analysis. A registered macro nested in a :raw or :hosted region is that region's
syntax to the analysis that decides what an enclosing mutant must preserve: it withholds
nothing on the macro's account, where the same macro inside a :skipped call's argument —
ordinary Elixir that runs — leaves what it binds unreadable and the dependent mutants
withheld.
defmodule MyApp.EctoRouting do
  @behaviour Mutare.CallRouting

  @impl Mutare.CallRouting
  def call_routes do
    [
      {Ecto.Query, :where, :any, :routing},
      {Ecto.Query, :from, 2, [:expression, :raw]}
    ]
  end

  @impl Mutare.CallRouting
  def route_arguments(call) do
    routes = Enum.map(call.arguments, &classify/1)
    Mutare.CallRouting.ArgumentRoutes.new(call, routes)
  end
end
Shape-dependent routes use :routing. A :hosted treatment marks a position as raw for core and available to every enabled Mutare.Mutator.MacroHost subscribing to that macro. Routing and mutation ownership are independent: one library adapter can describe the DSL while several mutators contribute mutations inside it.
Ordinary calls
A call is ordinary in every respect its route does not address. Ordinary is how a plain
function call behaves: each argument is a runtime expression, evaluated once, ahead of the
call and in order; the call binds nothing its caller can see; and the call itself is a value
a mutant may replace. Mutare treats every call that way — unrouted, or routed for some other
reason (a call routed [:raw, :expression] to hold one argument back is ordinary
everywhere else) — and it never works out whether the callee is a function or a macro in
order to decide. Most macros are ordinary in this sense (assert, a logging wrapper) and
need no route. One that is not says how, with the word for it: a position it reads as a
pattern is :pattern, one it reads as syntax is :raw, one it may never evaluate is
:lazy_expression. A mutant placed where a macro cannot accept it fails the metamutant's
compile and is recovered as poison: dropped, and reported :poisoned. Where Mutare cannot
tell which mutant to drop, the run stops and prints the route to add.
Evaluation
Ordinary includes when a call's arguments run, and to deliver a whole-call mutant on a pipe
stage Mutare relies on it, evaluating the piped value once and handing every branch the
result. It does so whenever the stage's first position is :expression or :interior,
routed or not. (A mutant that itself moves or replaces that argument evaluates its own
expression, in its own order.)
A macro need not evaluate its arguments that way (value |> lazy(enabled?) may expand to
if enabled?, do: value), and nothing in :expression says it does. Route such a position
:lazy_expression: Mutare mutates the argument exactly as it would an :expression, and
never evaluates it ahead of the call — every branch hands the callee the expression itself.
A position routed as syntax (:raw, a pattern, :hosted, …) is never evaluated ahead either.
:lazy_expression changes two things, and nothing else: the argument is never evaluated
ahead of the call, and a name it binds fresh (lazy(x = f()), with no x bound before
the call) is the callee's to scope, so Mutare does not carry it past the call's selector —
under :expression it would. A name already bound before the call is carried either way,
whatever the argument rebinds it to. So it is safe to declare wherever you are unsure,
provided the position does not bind fresh names read after the call; the price is a larger
metamutant for long chains of such stages.
The vocabulary, tiered
:skip, :raw, :interior, :expression, :lazy_expression, :pattern, :binding_pattern, and keyed refinements built from them can only remove or re-route mutants, and preserve those declared argument contexts; they are the whole vocabulary the declarative call_routes: configuration key accepts. :interpolated, {:keyword, ...}, and :hosted are adapter-grade: each asserts a fact about a DSL that Mutare cannot verify, and the module routing it takes responsibility for that fact. An :interpolated position must genuinely accept ^ interpolation — where it doesn't, the spliced selector fails the single metamutant compile and is recovered as poison, discarding those mutants after a rebuild. A {:keyword, ...} list routes keyword values positionally and must name exactly one treatment per pair — a length mismatch raises at transform time, and a non-keyword argument under it is left raw (warned when a :routing classifier routed it; silent for a static route, whose other call shapes may be legal forms). A :hosted route without an enabled subscribing host aborts the run at scan time. These treatments must come from a module implementing this behaviour — an adapter written and tested against the library it describes; a declarative call_routes: entry that uses one (a keyed refinement included) is rejected with an ArgumentError.
:skip is a statement about the call, so it is valid only as a route's bare treatment ({Mixpanel, :track, 3, :skip}); inside a per-position list it is rejected with a message naming :raw. Every other word is a statement about a position.
Structural heads. The forms Mutare analyzes structurally rather than as calls — if/unless, |>, the boolean connectives (and/or/&&/||) and negations (!/not), in, and the construct special forms (case, cond, with, for, try, receive, fn, quote, &) — have no argument positions in the routing sense: a route on one accepts only :skip. An explicit positional route ({Kernel, :if, 2, [:raw, :expression]}) is rejected with an ArgumentError; a wildcard route's positions ({Kernel, :*, :raw}) simply do not apply to them. These are the Kernel forms only: a |> that a module displaced (import Kernel, except: [|>: 2] beside its own operator) is an ordinary call to that operator — unrouted, both operands are values — and takes any positional route. A pipe-shaped macro reads its right side as the syntax of a call still missing an argument, so route it {MyPipe, :|>, 2, [:expression, :interior]}: the stage's own node is withheld, its arguments still mutate. Definitions and directives (def/defp, defmacro/defmacrop, defmodule, defimpl/defprotocol/defdelegate, use, @) are not calls a route can act on at all — nor are the directives (alias/import/require), the compiler-internal forms (__block__, __aliases__, .), or the literal and pattern forms ({}, %{}, %, <<>>, =, ^, ::), whose mutations are handled by the literal families (--mutators, # mutare:ignore[<family>]). # mutare:ignore is the tool for leaving a definition alone, and # mutare:ignore[conditional] (or --mutators) for holding back particular mutants inside an if.
Routes are positional and transform-enforced: no mutator is consulted. The other facility for leaving something alone — argument marks (argument_marks: / Mutare.Mutator.argument_marks/1) — labels a position for value-dependent handling by each mutator. The built-in timeout exclusions use these marks to skip duration literals while allowing mutations in computed durations. Reach for a route when the position should simply not mutate; reach for a mark when the reaction should depend on the value. See Mutare.Mutator.
A custom pipe hidden by macro expansion. If Mutare cannot see the import that replaces
Kernel.|>/2, route the operator by name: {:*, :|>, 2, [:expression, :interior]} (or
{:*, :|>, :skip} to leave it alone). When that route wins the normal specificity cascade,
it overrides the assumption that a bare |> belongs to Kernel: Mutare keeps the operator
as a two-argument call and applies the route to its left and right operands. This also affects
ordinary pipes reached by the same route; use a module-specific route when the provider can
be resolved. A more specific Kernel route keeps precedence and the usual pipe desugaring.
Which behaviours do I implement?
Routing and selector delivery are separate capabilities, so you declare only the ones you use:
	Goal	Behaviours	Callbacks
	Library-vocabulary routing, no mutations (a :extensions entry)	Mutare.CallRouting	call_routes/0 (+ route_arguments/1 if any route is :routing)
	A mutator whose mutation depends on routing	Mutare.Mutator + Mutare.CallRouting	name/0, a producer, call_routes/0 (+ route_arguments/1)
	A mutator that mutates inside a DSL fragment (:hosted)	Mutare.Mutator + Mutare.Mutator.MacroHost	name/0, hosted_macros/0, host/2; it may also implement CallRouting when it also defines the DSL's routes

Always declare the @behaviours you implement. The registry discovers capabilities by exported callbacks, so a typo'd or missing callback would otherwise compile to a silently inert module. Declaring @behaviour lets the compiler check the required callbacks, and the registry additionally rejects, at scan time, a module whose route_arguments/1 or host/2 no route ever reaches (a forgotten :routing/:hosted registration).
Route forms and precedence
A route is {module, name, arity, treatments} or {module, name, treatments} for any arity, where treatments is :skip, one position for every argument, or a per-position list (padded with :expression). :* in the name position covers a whole module; :* in the module position is the last-resort name-only match for calls whose module cannot be resolved. Exact routes beat any-arity routes, which beat whole-module routes, which beat name-only routes — so {Mixpanel, :*, :skip} plus {Mixpanel, :track, 3, [:expression, :raw, :raw]} skips every Mixpanel call except track/3, which mutates its first argument.
Identical declarations from multiple code providers coalesce. Conflicting code-provided routes raise Mutare.CallRouting.ContractError instead of depending on configuration order. A declarative call_routes: entry is an explicit final override for its key, restricted to the user-tier vocabulary above; a configured :skip that displaces an adapter's hosted route is honoured (the user turned the call off), not reported as the adapter's contract violation. A configured :skip withholds mutation, not what the declaration it displaced — or shadowed, when a more specific skip wins over an any-arity, module-wide or name-only declaration — said the arguments mean: destructure/2's pattern still binds and match?/2's still binds nothing for the analysis that decides what an enclosing mutant must preserve, whether the skipped call is read directly or inside another skipped call's arguments — a static declaration is read as declared, a classifier the skip withholds (or providers that disagreed) as unknown, which withholds the dependent mutants. A configured positional route replaces the meaning too. The --skip-call Module.fun/arity flag is the CLI spelling of a :skip entry.
Mutare matches module-specific routes against remote calls (including aliases) and imports it
can resolve, with or without a pipe, through the same resolution the call-matching mutator
families use.
Local-call limitation. Mutare does not resolve an unqualified call to a function defined in
the calling module to that module. Thus {SomeModule, :foobar, 0, :skip} does not skip
foobar() inside SomeModule. It does skip SomeModule.foobar(), whether called inside or
outside SomeModule, and foobar() in another module that imports SomeModule when Mutare
can resolve the import. This limitation applies to module-specific routes regardless of their
treatment.
A module wildcard bypasses that limitation: {:*, :foobar, 0, :skip} matches by name and arity,
including local foobar() calls inside modules that define foobar/0. It applies across
modules, subject to the precedence of more specific routes above.
A configured route (or mark) that matched no call anywhere in a full scan is reported as a
warning, so a typo'd module or a wrong arity never sits silently inert.
The committed surface
An adapter should build against exactly these, and can expect compatibility from them:
	this behaviour's callbacks and Mutare.Mutator.MacroHost's;
	Mutare.CallRouting.Call — fields may be added, so match only the ones you need;
	Mutare.CallRouting.ArgumentRoutes, built through its constructors and read through its accessors (the struct itself is opaque);
	Mutare.Mutator.MacroHost.Target.new/4;
	the Mutare.Calls readers (Mutare.Calls.resolved_call/1, Mutare.Calls.resolved_routed_call/1, Mutare.Calls.routed_treatments/1);
	Mutare.CallRouting.ContractError as the failure type for provider conflicts and callback contract violations — its structured fields are stable; its message strings may improve at any time.

Everything else in the routing path — the registry and its entries, the normalized route spec, transform metadata keys, candidate structs, and how selectors are assembled and nested — is internal and free to change between releases.
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        keyword_value_treatment()

      


    


    
      
        route()

      


    


    
      
        route_args()

      


    


    
      
        route_arity()

      


    


    
      
        route_module()

      


        A call route entry returned by call_routes/0: a {module, name, arity, treatment}
4-tuple or a {module, name, treatment} 3-tuple (arity :any). module/name/arity may be
the wildcard :*; treatment is the call-level :skip, a static treatment/0, a list of
treatments, or the :routing classifier sentinel.



    


    
      
        route_name()

      


    


    
      
        routing_treatment()

      


    


    
      
        treatment()

      


        A treatment for one call argument or nested keyword value: an atom treatment, a {:keyword, …}
per-pair routing, or a keyed refinement [leading, key: treatment, …] (a list whose optional
first element is the leading treatment and whose remaining elements are {key, treatment} pairs).
The call-level :skip is not a treatment — see route_args/0.



    





  
    Callbacks
  


    
      
        call_routes()

      


        Returns call-route declarations.



    


    
      
        route_arguments(call)

      


        Classify a concrete call registered with the :routing sentinel.
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          @type keyword_value_treatment() :: treatment()
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          @type route() ::
  {route_module(), route_name(), route_args()}
  | {route_module(), route_name(), route_arity(), route_args()}
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          @type route_args() :: :skip | treatment() | [treatment()] | :routing
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          @type route_arity() :: non_neg_integer() | :any | :*
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          @type route_module() :: atom()


      


A call route entry returned by call_routes/0: a {module, name, arity, treatment}
4-tuple or a {module, name, treatment} 3-tuple (arity :any). module/name/arity may be
the wildcard :*; treatment is the call-level :skip, a static treatment/0, a list of
treatments, or the :routing classifier sentinel.
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          @type route_name() :: atom()


      



  



  
    
      
    
    
      routing_treatment()



        
          
        

    

  


  

      

          @type routing_treatment() :: treatment()


      



  



  
    
      
    
    
      treatment()



        
          
        

    

  


  

      

          @type treatment() ::
  :expression
  | :lazy_expression
  | :interior
  | :raw
  | :pattern
  | :binding_pattern
  | :hosted
  | :interpolated
  | {:keyword, [treatment()]}
  | [treatment() | {atom(), treatment()}]


      


A treatment for one call argument or nested keyword value: an atom treatment, a {:keyword, …}
per-pair routing, or a keyed refinement [leading, key: treatment, …] (a list whose optional
first element is the leading treatment and whose remaining elements are {key, treatment} pairs).
The call-level :skip is not a treatment — see route_args/0.
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      call_routes()



        
          
        

    

  


  

      

          @callback call_routes() :: [route()]


      


Returns call-route declarations.
A treatment may be static or the :routing sentinel. :routing requires
route_arguments/1. A :hosted treatment requires at least one enabled
Mutare.Mutator.MacroHost whose Mutare.Mutator.MacroHost.hosted_macros/0 matches it.
Route declarations do not receive per-instance options.

  



  
    
      
    
    
      route_arguments(call)


        (optional)


        
          
        

    

  


  

      

          @callback route_arguments(call :: Mutare.CallRouting.Call.t()) ::
  Mutare.CallRouting.ArgumentRoutes.t()


      


Classify a concrete call registered with the :routing sentinel.
A static per-position treatment list cannot express routing that depends on the call's shape —
where(q, category: "Foo") is plain data while where(q, [u], u.x == u.y) contains a DSL
fragment. Return a Mutare.CallRouting.ArgumentRoutes value.
The callback receives the call and nothing else — no mutator options, because routing is a
global library fact.
The call is a stable Mutare.CallRouting.Call, already normalized across bare, qualified,
aliased, imported, and piped forms: a piped call arrives as the direct call, its piped operand
as argument 0, so that position is routed by its shape like any other (Post |> from(…) and
build(x) |> from(…) need not share a treatment). What sits inside the arguments
is as the user wrote it: no pipe desugaring or nested name resolution has run yet. Classify
that syntax to establish which arguments belong to Elixir and which belong to the DSL.
Hosts and whole-call mutators subsequently see expression arguments resolved and foreign
arguments preserved. Return ArgumentRoutes.new(call, treatments), one treatment
per argument, in the order a static declaration uses. Returned treatments and lengths are
validated by the transform.
	{:keyword, treatments} — routes keyword values positionally while leaving
keys unchanged; the list must name exactly one treatment per pair, and nested
keyword routing is supported
	:interpolated — the value is interpolable data: core reuses its own
mutators on it and delivers every mutation through ^ interpolation,
introducing the pin for a bare scalar and descending inside an existing
^; use only where the macro accepts interpolation
	:hosted — delegates the position to
Mutare.Mutator.MacroHost.host/2; only an enabled hosting mutator may return
it

Static and dynamic routes share one recursive treatment vocabulary (a classifier may return a
keyed refinement [leading, key: treatment, …] exactly as a static route writes it):
	{:keyword, value_treatments} for a keyword-list argument. Core routes each pair's value by
the corresponding positional treatment and leaves every key raw, because a DSL keyword key
is a field or option name, not a value. The list is strict — exactly one treatment per pair
(:raw a value to leave it as written); a length mismatch at a concrete call raises, so a static
keyword route fits only call sites with a fixed pair count (variable shapes belong to
:routing). A value treatment may itself be {:keyword, ...}, so nested keyword lists route
recursively. A non-keyword argument under this treatment is left raw — silently for a static
route (a non-keyword call site is a legitimate alternate macro form, set(q, opts)), with a
printed warning when a :routing classifier did it (the classifier saw the concrete
argument, so the mismatch is a classifier bug). A nested :hosted value is delivered
through Mutare.Mutator.MacroHost.host/2, which receives the resolved whole macro call.

	:interpolated for a value in a compile-time DSL position that accepts interpolation but
not a bare selector case. The name is the contract: the value is interpolated data, and
core reuses its own mutators on it, delivering every mutation through the ^. For a bare
scalar (category: "Foo") the configured literal families attach their ordinary mutations —
each Site records the owning family's name (:string, :integer, …), never the adapter's —
and the selector is emitted wrapped in ^. Its limits, precisely:
	Bare values must be scalar. A bare compound value (a list, map, or tuple) attaches
mutations to descendant nodes that the ^ wrap cannot reach, so it is rejected at
transform time with an ArgumentError rather than left to poison the build. Route a
compound value :raw, or route a keyword list per-pair via {:keyword, ...}.
	An already-^-pinned value is descended, not re-pinned. Past a ^ the source wrote
itself, the code is plain Elixir evaluated at build time, where ordinary selectors are
legal — core mutates it like any runtime expression, arbitrarily deep, and leaves the
existing ^ alone. The scalar-only rule applies to bare values — the ones core must pin
itself — so a static route stays sound on call sites that mix category: "Foo" with
total: ^(a + b).
	The DSL must genuinely accept ^ interpolation at that position. Mutare cannot check
this assertion; where it is wrong, the spliced ^(case …) fails the single metamutant
compile and is recovered as poison — those mutants are discarded after a rebuild.
	Only in-place mutations on a bare value's own node apply. For a scalar literal that is
core's literal families; a variable yields no mutants at all. (The guard is positional,
not kind-based: a mutation whose node is the whole value — an operator swap on a + b —
rides the same pin, sound in any DSL that accepted the bare expression to begin with.)



Returning :hosted leaves that position raw for core and offers the call to every subscribed
host mutator.
call.arguments preserve the written syntax at classification. In particular, a pipe
inside an argument remains a {:|>, …} node: the classifier may be deciding whether that
operator even has Elixir semantics. The enclosing call's module, name and arity are
resolved; calls nested inside its arguments are not. A module name in an argument is
written as the call site's aliases make it, and Mutare.CallRouting.Call.resolved_module/2
reads it through them (Post → MyApp.Post under alias MyApp.Post), and __MODULE__ as
the module the call is written in. Nodes can carry Mutare metadata,
so match syntax shapes rather than comparing against hand-built ASTs for equality. A call
a mutator rebuilt to this macro is classified the same way, its arguments spelled as
written; the classifier's answer for it governs how the mutant is read and delivered.
The motivating keyword case is where(q, category: "Foo", deleted_at: nil), classified as
{:keyword, [:interpolated, :raw]}: mutate "Foo" through a ^-pinned selector, keep the column-name
keys raw, and skip the nil pair whose DSL meaning may be IS NULL rather than an Elixir value.

  


        

      


  

    
Mutare.Extension 
    



      
Non-mutating extensions for call routing, use expansion, and coverage attribution.
An extension implements one or more of these behaviours:
	Mutare.CallRouting — static or shape-aware macro-argument routing;
	Mutare.UseExpansion — an override for a use that cannot be expanded normally;
	Mutare.CoverageAttribution — hooks, installed in the coverage probe's test VM,
that tell Mutare which test a process with no lineage link to one is working for.

Extensions do not produce mutations or appear in reports. Add them to :extensions as modules or {module, opts} pairs:
[extensions: [Mutare.Gettext]]
Entries may be bare modules or {module, opts} pairs. Options are delivered to Mutare.UseExpansion.expand_use/3 and Mutare.CoverageAttribution.attach_attribution/1; Mutare.CallRouting.call_routes/0 declarations and Mutare.CallRouting.route_arguments/1 classification are intentionally options-independent. The probe's test VM receives attach_attribution/1's options as written-out source, so an extension exporting it must be given plain data (atoms, numbers, strings, and lists, tuples and maps of them); anything else is refused here.
Mutators may implement Mutare.CallRouting too, but belong under :mutators. They are rejected from :extensions so their mutation producers cannot be enabled accidentally as routing-only modules.
An extension that routes a library's DSL may declare that library's modules by exporting required_modules/0 (the same optional callback mutators declare — see Mutare.Mutator.required_modules/0); validate!/1 checks each is loadable and aborts with a Mutare.EnvironmentError otherwise, so an external-source run fails loudly at startup instead of silently registering routes against nothing.

      


      
        Summary


  
    Functions
  


    
      
        extension?(module)

      


        Returns whether module is loaded and implements at least one extension
capability.



    


    
      
        validate!(extensions)

      


        Validates and resolves an :extensions list.



    





      


      
        Functions


        


  
    
      
    
    
      extension?(module)



        
          
        

    

  


  

      

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


      


Returns whether module is loaded and implements at least one extension
capability.

  



  
    
      
    
    
      validate!(extensions)



        
          
        

    

  


  

      

          @spec validate!(term()) :: [Mutare.Extension.Spec.t()]


      


Validates and resolves an :extensions list.
Entries may be modules, {module, options} pairs, or resolved
Mutare.Extension.Spec structs. Raises ArgumentError for invalid entries.

  


        

      


  

    
Mutare.Extension.Spec 
    



      
A resolved non-mutating extension module and its per-instance options.
A bare module in :extensions resolves with empty options. A {module, opts} entry carries configuration to Mutare.UseExpansion.expand_use/3 through context.opts, and to Mutare.CoverageAttribution.attach_attribution/1 as its argument. Mutare.CallRouting callbacks never receive these options.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(spec)

      


        Resolve one :extensions entry to a spec. Capability validation is performed by
Mutare.Extension.validate!/1.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Mutare.Extension.Spec{module: module(), opts: keyword()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(spec)



        
          
        

    

  


  

      

          @spec new(t() | module() | {module(), keyword()}) :: t()


      


Resolve one :extensions entry to a spec. Capability validation is performed by
Mutare.Extension.validate!/1.
Examples
iex> Mutare.Extension.Spec.new(Enum)
%Mutare.Extension.Spec{module: Enum, opts: []}

iex> Mutare.Extension.Spec.new({Enum, [domain: "errors"]}).opts
[domain: "errors"]

  


        

      


  

    
Mutare.UseExpansion behaviour
    



      
Capability behaviour for overriding a use that Mutare cannot expand safely in-process.
Mutare.Transform.Uses normally expands module-level use calls to recover injected imports, aliases, requires, and behaviours. Some __using__ macros mutate their caller or depend on compile-time state unavailable to the scan process. An enabled extension can implement expand_use/3 to supply those directives explicitly.
This capability is independent of macro routing. A library integration commonly implements both Mutare.UseExpansion and Mutare.CallRouting, but either may be used alone. The module is listed once under :extensions:
defmodule Mutare.Gettext do
  @behaviour Mutare.UseExpansion
  @behaviour Mutare.CallRouting

  @impl Mutare.UseExpansion
  def expand_use(Gettext, _args, _context) do
    Mutare.UseExpansion.expand([quote(do: import(Gettext.Macros))])
  end

  def expand_use(_used, _args, _context), do: :decline

  @impl Mutare.CallRouting
  def call_routes, do: [{Gettext.Macros, :gettext, 1, [:raw]}]
end
Multiple handlers are called in :extensions order; the first result other than :decline wins. Options from a {module, opts} entry are passed in context.opts.

      


      
        Summary


  
    Types
  


    
      
        context()

      


        Context passed to expand_use/3.



    


    
      
        expansion()

      


        The result of handling a use, or :decline to try the next handler.



    





  
    Callbacks
  


    
      
        expand_use(used_module, args, context)

      


        Overrides expansion of use used_module, ....



    





  
    Functions
  


    
      
        expand(directives, behaviours \\ [])

      


        Build an expansion from injected directives and optional behaviour modules.



    





      


      
        Types


        


  
    
      
    
    
      context()



        
          
        

    

  


  

      

          @type context() :: %{
  :module => module(),
  :opts => keyword(),
  optional(atom()) => term()
}


      


Context passed to expand_use/3.
	:module — the alias-resolved caller module containing the use;
	:opts — options from this extension's {module, opts} configuration entry.

It is a map so future context can be added without changing callback arity.

  



  
    
      
    
    
      expansion()



        
          
        

    

  


  

      

          @type expansion() :: Mutare.UseExpansion.Expansion.t() | :decline


      


The result of handling a use, or :decline to try the next handler.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      expand_use(used_module, args, context)



        
          
        

    

  


  

      

          @callback expand_use(used_module :: module(), args :: [Macro.t()], context :: context()) ::
  expansion()


      


Overrides expansion of use used_module, ....
used_module is alias-resolved. args is the quoted argument list written
after the module. Return an expansion built by expand/2, or :decline to let
the next handler try. Invalid returns, raises, throws, and exits are wrapped in
Mutare.UseExpansion.ContractError.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      expand(directives, behaviours \\ [])



        
          
        

    

  


  

      

          @spec expand([Macro.t()], [module()]) :: Mutare.UseExpansion.Expansion.t()


      


Build an expansion from injected directives and optional behaviour modules.
Examples
iex> expansion = Mutare.UseExpansion.expand([quote(do: import String)], [GenServer])
iex> {length(expansion.directives), expansion.behaviours}
{1, [GenServer]}

  


        

      


  

    
Mutare.UseExpansion.ContractError exception
    



      
Raised when an enabled Mutare.UseExpansion handler returns an invalid result or fails.
This is a configuration error in an installed extension, not a property of the target source. The distinct exception lets the otherwise failure-tolerant use harvesting boundary re-raise extension failures while still degrading safely when the target's own __using__ cannot expand.

      




  

    
Mutare.UseExpansion.Expansion 
    



      
The directives and behaviours supplied by Mutare.UseExpansion.expand_use/3.
Directives are folded into name resolution as if they had been injected by use; behaviours augment the enclosing module's resolved @behaviour set. Build this struct through Mutare.UseExpansion.expand/2.
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    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Mutare.UseExpansion.Expansion{
  behaviours: [module()],
  directives: [Macro.t()]
}


      



  


        

      


  

    
Mutare.Mutators 
    



      
The registry and resolver for Mutare's built-in mutator families.
All built-in families run by default. Set :mutators to a list of family atoms or custom mutator modules to choose a different set. A {mutator, opts} pair configures one entry.
Include :builtins to add entries to the default set:
mutators: [:builtins, MyApp.Mutators.AccessPolicy]
Without that token, the list replaces the defaults. Use {:builtins, except: [:family]} to start with all built-ins except selected families. See resolve/1 for every accepted entry form.

      


      
        Summary


  
    Functions
  


    
      
        all()

      


        The default mutator set: every built-in module, in registry order.



    


    
      
        built_in?(module)

      


        Whether module is one of the built-in mutators — as opposed to a custom module a project
lists under :mutators.



    


    
      
        families()

      


        Every known built-in family atom, in registry order.



    


    
      
        registry()

      


        The ordered family => module registry of every built-in mutator.



    


    
      
        resolve(mutators)

      


        Resolves mutator configuration entries to Mutare.Mutator.Spec structs in the
supplied order.



    


    
      
        transform_managed()

      


        Returns built-in families implemented directly by the transform.



    





      


      
        Functions


        


  
    
      
    
    
      all()



        
          
        

    

  


  

      

          @spec all() :: [module()]


      


The default mutator set: every built-in module, in registry order.
iex> Mutare.Mutators.all() |> List.first()
Mutare.Mutators.Arithmetic

  



  
    
      
    
    
      built_in?(module)



        
          
        

    

  


  

      

          @spec built_in?(module()) :: boolean()


      


Whether module is one of the built-in mutators — as opposed to a custom module a project
lists under :mutators.
Built-in swaps are compile-safe by construction (they reuse the source's operands), which a
custom mutator's replacement need not be. The transform reads this where that difference
decides a delivery: see Mutare.Transform.LiftedEmit.
iex> Mutare.Mutators.built_in?(Mutare.Mutators.Relational)
true
iex> Mutare.Mutators.built_in?(String)
false

  



  
    
      
    
    
      families()



        
          
        

    

  


  

      

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


      


Every known built-in family atom, in registry order.
iex> :arithmetic in Mutare.Mutators.families()
true

  



  
    
      
    
    
      registry()



        
          
        

    

  


  

      

          @spec registry() :: [{atom(), module()}]


      


The ordered family => module registry of every built-in mutator.

  



  
    
      
    
    
      resolve(mutators)



        
          
        

    

  


  

      

          @spec resolve([
  atom() | module() | {atom() | module(), term()} | Mutare.Mutator.Spec.t()
]) :: [
  Mutare.Mutator.Spec.t()
]


      


Resolves mutator configuration entries to Mutare.Mutator.Spec structs in the
supplied order.
Entries may be:
	a registered family atom
	a custom mutator module
	a configured {family_or_module, options} pair
	:builtins for every built-in family
	{:builtins, except: families} to exclude selected built-ins
	an existing Mutare.Mutator.Spec

A group token expands at its position in the list. Without a group token, only
the explicitly listed families are enabled. To reconfigure a built-in, exclude
it from the group and add a configured entry.
Raises ArgumentError for unknown families, unsupported group options, or modules
that do not implement the required mutator capability.
iex> specs = Mutare.Mutators.resolve([:arithmetic, {:integer, as: :ints}])
iex> Enum.map(specs, &{&1.name, &1.module, &1.opts})
[{:arithmetic, Mutare.Mutators.Arithmetic, []}, {:ints, Mutare.Mutators.IntegerLiteral, []}]

iex> Mutare.Mutators.resolve([:builtins]) ==
...>   Mutare.Mutators.resolve(Mutare.Mutators.all())
true

  



  
    
      
    
    
      transform_managed()



        
          
        

    

  


  

      

          @spec transform_managed() :: [module()]


      


Returns built-in families implemented directly by the transform.
These families remain registered and configurable but do not implement the
Mutare.Mutator producing callbacks.

  


        

      


  

    
Mutare.Mutators.AliasLiteral 
    



      
Module-alias mutations: replace a literal alias used as a value with a distinct sentinel alias (Mutare.Mutant), dropping it when the original already equals the sentinel.
An alias is mutated only where it is a runtime value — apply(MyModule, :f, []), x = MyModule, [A, B], is_struct(x, MyModule), a behaviour/strategy module passed as an argument. A weak suite that never pins down which module is used there lets the sentinel survive; anywhere the module is actually invoked, the mutant (a nonexistent module) raises and is killed.
It is not mutated where it is a name/type rather than a value:
	the module side of a remote call (MyModule.foo());
	a struct name (%MyStruct{…}) — it is a type, and the sentinel is not a struct;
	alias/import/require/use directives, @behaviour/@type/specs, and a defmodule name — all compile-time;
	the module of a defimpl/for:, a defprotocol, or a defdelegate to: (a defimpl's implementation body still mutates).

Only fully-literal aliases (every segment an atom) are touched; an alias led by __MODULE__ (__MODULE__.Sub) or holding a computed segment (unquote(m).Foo) is left alone.

      




  

    
Mutare.Mutators.Arithmetic 
    



      
Mutates arithmetic operators:
	+ ↔ -
	* ↔ /
	div ↔ rem
	-x → x

div and rem are mutated in guards and piped calls.
Equivalent identity mutations are omitted. Unary -0 is not removed, while -0.0 remains eligible because the sign of floating-point zero is observable. a * 1 and a / 1 are not exchanged; this applies only when 1 is the right operand. Although multiplication by one may retain an integer where division returns a float, the two are treated as equivalent for this filter.
Additive zero is not filtered. In particular, exchanging x + 0.0 and x - 0.0 can change the sign of floating-point zero. div and rem are also retained when the divisor is one because their results differ.
This family is enabled by default. Its ignore variants are +, -, *, /, div, and rem.

      




  

    
Mutare.Mutators.AtomLiteral 
    



      
Replaces a literal atom with :mutare. The replacement is omitted when the original atom is already :mutare.
The following atoms are excluded:
	true and false, handled by Mutare.Mutators.BooleanLiteral; and nil, left unmutated
	:ok/:error, :cont/:halt, and :lt/:gt, which are handled by Mutare.Mutators.ConventionAtom
	block keys such as do:, else:, and rescue:
	struct field names and for options such as into:, uniq:, and reduce:

Ordinary atom values, data map and keyword keys, and atoms in case, receive, and fn patterns remain eligible. Keys in a trailing call-options list are also mutated by default. Configure {Mutare.Mutators.AtomLiteral, call_option_keys: false} to exclude those keys.
:infinity in a known timeout/duration position (e.g. the Task.await/2 or GenServer.stop/3 timeout) is left unmutated. This family reuses Mutare.Mutators.IntegerLiteral's timeout table (via Mutare.Mutator.argument_marks/1) so both families use the same timeout positions, and skips :infinity when the :timeout mark is present. A non-duration sibling atom in the same call still mutates: GenServer.stop(s, :normal, :infinity) mutates the :normal reason but not the :infinity timeout.
Project-specific timeout positions come from the argument_marks: option (declared with the
:timeout label, as documented on Mutare.Mutators.IntegerLiteral); :infinity at such a
position is left alone the same way. To keep an atom position out of every family whatever its
value — a mode or an action name — route it :raw in call_routes: (see Mutare.CallRouting).
Interpolated quoted atoms (:"a#{x}b") are mutated as a whole to the sentinel — their runtime value can never statically be :mutare, so the swap always applies — while the expressions inside the interpolation stay eligible for their own mutations, mirroring how Mutare.Mutators.StringLiteral treats interpolated strings.

      




  

    
Mutare.Mutators.BitstringLiteral 
    



      
Bitstring-literal mutation: collapse a non-empty <<…>> literal to the empty bitstring <<>>. Like the corresponding list, map, and tuple mutations, this tests whether the binary's contents affect the test results. A binary that is built but whose bytes no test pins down lets <<>> survive.
Not mutated — constructs that merely share the <<…>> AST shape:
	an interpolated string ("a#{x}b") — conceptually a string, left to StringLiteral's domain (which mutates the whole interpolated string to ""/"mutare", the empty-bitstring collapse being the wrong shape for it);
	a sigil's content (~r/…/, ~D[…]) — the sigil mutators handle the whole node;
	an interpolated quoted atom's content (the <<>> inside :"a#{x}b"'s binary_to_atom call) — atom content, handled as a whole by AtomLiteral; the analyzer never offers the wrapper here.

A bitstring in a pattern is left alone, so a match like <<a, b>> = bin is not corrupted. The segment values still mutate independently (a byte via Literal, a string segment via StringLiteral, an expression via Arithmetic, a size(expr) arg via Literal).

      




  

    
Mutare.Mutators.BitstringSpec 
    



      
Mutates Unicode encoding and byte-order specifiers in bitstring constructors. Each mutant changes one segment along one of these axes.
Encoding
A segment using utf8, utf16, or utf32 receives replacements using each of the other encodings. These encodings accept the same Unicode scalar values but produce different byte widths for non-empty values.
Byte order
big and little are exchanged for utf16 and utf32 segments. A bare UTF-16 or UTF-32 specifier defaults to big-endian and receives a variant with little added. UTF-8 has no byte-order mutation. native is not used as a source or replacement because its result depends on the host architecture.
For literal integer and binary values, each candidate is encoded before emission. A candidate whose bytes equal the original is removed. This filters empty values and byte-palindromic values whose byte order is unobservable. Variable values remain eligible because some runtime input can distinguish the encodings.
The family applies only to runtime bitstring constructors. Bitstring patterns are not mutated because an in-place selector cannot wrap a pattern. Interpolated strings and segments without a UTF encoding are also excluded. UTF segments with size or unit specifiers are not valid targets. Segment values may still be mutated independently by other families.

      




  

    
Mutare.Mutators.Bitwise 
    



      
Mutates bitwise operators and their Bitwise function forms:
	&&& ↔ ||| (band ↔ bor)
	<<< ↔ >>> (bsl ↔ bsr)
	~~~x → x (bnot(x) → x)

Function calls may be direct, aliased, imported, or piped. Bitwise operations are guard-safe and are also mutated in guards.
A left/right shift by the literal value 0 is unchanged and is therefore omitted. AND/OR replacements and complement removal remain eligible.
bxor and ^^^ are not mutated because XOR has no complementary operator. The deprecated ~~~ form is supported. Imports introduced by use Bitwise are available only when that use can be expanded during resolution.
This family is enabled by default. Its ignore variants are &&&, |||, <<<, and >>>.

      




  

    
Mutare.Mutators.BooleanLiteral 
    



      
Boolean-literal mutation: true ↔ false.
Only literals in runtime positions are mutated, never pattern literals. A flip that would
reproduce the original value is impossible, so every eligible boolean yields exactly one mutant.
This is the boolean flip that used to be the second arm of the old literal family (whose integer
arm is now Mutare.Mutators.IntegerLiteral). true and false are handled here and excluded from
Mutare.Mutators.AtomLiteral. Distinct
from Mutare.Mutators.Conditional, which forces boolean-valued operator expressions (a > b,
a and b) to a constant — it never fires on a bare literal.
Filterable variants — qualify a # mutare:ignore filter with :label to suppress the one kind
(Mutare.Mutator.variants/0): negate.

      




  

    
Mutare.Mutators.CallRemoval 
    



      
Removes a call that transforms its first argument and returns that argument instead.
The following calls are supported at every available arity:
	Enum.sort / Enum.sort_by / Enum.reverse / Enum.shuffle
	Enum.uniq / Enum.uniq_by / Enum.dedup / Enum.dedup_by
	Enum.intersperse
	Stream.uniq / Stream.uniq_by / Stream.dedup / Stream.dedup_by / Stream.intersperse
	List.flatten
	Map.delete / Map.drop / Map.take, and the corresponding Keyword calls
	List.delete / List.delete_at / List.keydelete
	String.trim / String.trim_leading / String.trim_trailing
	String.downcase / String.upcase / String.capitalize
	String.reverse / String.normalize / String.replace_invalid
	String.pad_leading / String.pad_trailing / String.slice / String.byte_slice
	URI.encode_www_form / URI.decode_www_form
	NaiveDateTime.beginning_of_day / NaiveDateTime.end_of_day
	Date.beginning_of_month / Date.end_of_month / Date.beginning_of_week / Date.end_of_week
	Kernel.abs (abs(x) → x)
	Kernel.binary_slice/2,3, Kernel.binary_part/3, and :erlang.binary_part/2,3
	the corresponding Erlang :string transforms — trim/strip/chomp, lowercase/uppercase/titlecase/casefold/to_lower/to_upper, reverse, pad/left/right/centre, slice/substr/sub_string

The list is limited to calls whose first argument and result have compatible types. Slicing calls are included because returning the whole input remains type-compatible. Calls such as map, filter, reduce, replace, and split are excluded.
A regular call is replaced by its first argument: Enum.sort(xs) becomes xs. A pipe stage is removed the same way: xs |> Enum.sort() becomes xs. Guard-safe removals, such as abs(x), also apply inside guards.
This family is enabled by default. It matches aliased and imported calls, including Erlang modules. Bare Kernel calls match only at their defined arities, so a same-named local function is not removed.

      




  

    
Mutare.Mutators.CharlistLiteral 
    



      
Charlist-sigil mutations: replace a ~c"…" (or ~C"…") charlist with both the empty charlist ~c"" and a non-empty sentinel (~c"mutare"), dropping whichever already equals the original and preserving the sigil head (~C stays ~C). The charlist counterpart of Mutare.Mutators.StringLiteral.
Interpolated charlists are mutated as a whole too, and both replacements always apply (their runtime value can never statically be either); the expressions inside the interpolation stay eligible for their own mutations. That covers the sigil form ~c"a#{x}b" and the legacy single-quoted form 'a#{x}b' — the latter parses as a List.to_charlist/1 call, and its replacements are rendered in the modern ~c syntax.
The non-interpolated legacy form '…' parses as an ordinary list literal ({:__block__, _, [charlist]} carrying the ' delimiter), so Mutare.Mutators.List produces the empty collapse (emitting ~c"" here too would duplicate that mutant), while this family produces the sentinel replacement — 'abc' → ~c"mutare" — so legacy charlists receive the same mutations as ~c charlists. An already-sentinel 'mutare' is skipped.
Not mutated: on the RHS of a guard in (when x in ~c"ab") the empty variant ~c"" is dropped — it is x in [] ≡ false, which Mutare.Mutators.Conditional already produces — but the non-empty sentinel ~c"mutare" is kept. Body in expressions keep the empty variant because left-side evaluation is observable.
Filterable variants — qualify a # mutare:ignore filter with :label to suppress just one half (Mutare.Mutator.variants/0): empty (the ~c"") or sentinel (the ~c"mutare").

      




  

    
Mutare.Mutators.ClauseDrop 
    



      
Removes one clause of a multi-clause function, so inputs it handled fall through to a later clause (or raise FunctionClauseError):
def f(0), do: :zero      →      def f(n), do: n + 1
def f(n), do: n + 1
Each body-bearing clause of a def/defp group is offered in turn. This tests whether the suite depends on that clause's behaviour rather than the behaviour of a later matching clause.
Two conditions narrow it:
	At least two body-bearing clauses must remain in play — a single-clause function has nothing to fall through to.
	A bodiless head (def f(a, b) with no do, declaring default arguments or carrying docs) is never dropped. It is not a clause, so dropping it is a no-op, and dropping the implementation while the header remains leaves a defp with no body — "implementation not provided", a compile error that would poison the build.

rescue clause removal is a separate concern and belongs to the rescue_type family.
This family is enabled by default and uses the clause_drop ignore name.
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Mutare.Mutators.Collection 
    



      
Renames collection calls to a complementary operation:
	Enum.filter ↔ Enum.reject
	Enum.all? ↔ Enum.any?
	Enum.min ↔ Enum.max
	Enum.min_by ↔ Enum.max_by
	Enum.take ↔ Enum.drop
	Enum.take_while ↔ Enum.drop_while
	Enum.take_every ↔ Enum.drop_every
	Enum.sum ↔ Enum.product
	Map.filter ↔ Map.reject
	Map.take ↔ Map.drop
	Keyword.filter ↔ Keyword.reject
	Keyword.take ↔ Keyword.drop
	List.first ↔ List.last
	List.foldl ↔ List.foldr
	MapSet.filter ↔ MapSet.reject
	Stream.filter ↔ Stream.reject
	Stream.take ↔ Stream.drop
	Stream.take_while ↔ Stream.drop_while
	Stream.take_every ↔ Stream.drop_every

The family only changes the function name; it does not add or remove arguments. Pairs whose same-arity forms have different meanings, such as Enum.sort/2 and Enum.reverse/2, are therefore not included.
Direct, aliased, and imported calls are supported. An alias that resolves to another module does not match. This family is enabled by default.

      




  

    
Mutare.Mutators.CollectionArity 
    



      
Changes collection calls to a related operation with fewer arguments:
	Enum.sort/1 → Enum.reverse/1
	Enum.sort/2 → Enum.reverse/1, dropping the comparator
	Enum.reverse/1 → Enum.sort/1
	Enum.sort_by/2 → Enum.reverse/1, dropping the key function
	Enum.sort_by/3 → Enum.reverse/1, dropping the key function and sorter
	Enum.count/2 → Enum.count/1, dropping the predicate
	Enum.count_until/3 → Enum.count_until/2, dropping the predicate but retaining the limit
	Access.get_and_update/3 → Access.get/2, dropping the update function

The Access replacement also changes the result from {value, updated_container} to the value alone. Enum.reverse/2 is not mutated because its second argument is a list tail rather than a sorting refinement.
Direct, aliased, imported, and piped calls are supported. This family is enabled by default.

      




  

    
Mutare.Mutators.Conditional 
    



      
Replace a boolean-valued expression with the constants true and false — the "remove conditionals" mutation. Forcing a decision to one side checks that both branches it guards are actually exercised by the suite.
Applies to the nodes that are guaranteed boolean-typed: the comparison and membership operators (>, >=, <, <=, ==, !=, ===, !==, in) and the logical connectives (and, or, &&, ||, not, !). Guard-safe — a bare boolean is legal in a when.
On by default. It overlaps the relational/logical swaps and roughly doubles the mutants at every condition, but the extra signal — proving each branch is actually exercised — is worth the volume. (On a short-circuit and/or whose left operand is itself a boolean op, the redundant whole-node constant is dropped, since forcing the left operand already covers it.)
Filterable variants — qualify a # mutare:ignore filter with :label to suppress just one kind (Mutare.Mutator.variants/0): true, false.

      


      
        Summary


  
    Functions
  


    
      
        boolean_node?(node)

      


        Whether a node is one of Kernel's boolean operators, rather than a custom call.



    


    
      
        boolean_op?(op)

      


        Whether op is one of the boolean-valued operators this mutator forces to
true/false — the comparison/membership/logical connectives.
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          @spec boolean_node?(Macro.t()) :: boolean()


      


Whether a node is one of Kernel's boolean operators, rather than a custom call.
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          @spec boolean_op?(atom()) :: boolean()


      


Whether op is one of the boolean-valued operators this mutator forces to
true/false — the comparison/membership/logical connectives.
Mutare.Mutators.ReturnValue and Mutare.Mutators.IfCondition reuse it to skip a boolean
tail/condition rather than emit a mutant that would just duplicate this family's true/false;
a custom mutator that forces values boolean can use it the same way, to avoid producing
redundant mutants on a node Conditional already covers.

  


        

      


  

    
Mutare.Mutators.ConventionAtom 
    



      
Replaces convention atoms with a compatible alternative:
	{:ok, payload} ↔ {:error, reason} — both 2-tuples
	{:cont, acc} ↔ {:halt, acc} — both 2-tuples (Enum.reduce_while, Stream.transform)
	:lt ↔ :gt — bare comparison results

These atoms are excluded from Mutare.Mutators.AtomLiteral, so only the compatible replacement is emitted. :eq remains under AtomLiteral. OTP return tags such as :reply, :noreply, and :stop are not included because changing only the tag can produce an invalid return tuple.
Configurable
Add application-specific pairs with the :pairs option:
[mutators: [..., {Mutare.Mutators.ConventionAtom, pairs: [[:active, :inactive]]}]]
Custom pairs extend the built-in pairs; they do not replace them. For example, pairs: [[:ok, :okay]] makes :ok mutate to both :error and :okay.
Set call_option_keys: false to skip atoms used as call-option names without changing ordinary atom values:
{Mutare.Mutators.ConventionAtom, call_option_keys: false}
The family applies in value positions and patterns, but not where an atom names a function. An :ok that is a unit-returning function's return tail — every return path of every clause literally :ok or nil, and the function not a behaviour callback — is not a value position and is left alone; there the atom spells "no value", not data (see the exclusions in Mutare.Mutators.ReturnValue). It is enabled by default.
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        Returns the built-in convention atoms.
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          @spec members() :: [atom()]


      


Returns the built-in convention atoms.
Mutare.Mutators.AtomLiteral excludes these atoms so this family can replace
them with their configured convention sibling.

  


        

      


  

    
Mutare.Mutators.DateTimeLiteral 
    



      
Calendar-sigil mutations: shift a date/time literal by one unit.
	~D[2020-01-01] → ~D[2020-01-02]   (+1 day)
	~T[12:00:00]   → ~T[12:00:01]     (+1 second)
	~N[…]          → +1 day             (NaiveDateTime)
	~U[…Z]         → +1 day             (DateTime, UTC)

The temporal counterpart of Mutare.Mutators.IntegerLiteral's off-by-one: a one-unit shift is the boundary nudge that catches ==/</> comparisons and date arithmetic a too-weak suite leaves unpinned.
Why a shift, not a sentinel. Calendar sigils are validated at compile time (~D[2020-13-99] is a compile error), so a mutation must stay a valid date/time. The literal is parsed, shifted by one unit, and re-serialised, so the result is always a real calendar value.
At the end of the sigil-supported year range that forward shift would itself be a compile error (~D[9999-12-31] renders as 10000-01-01, which the sigil rejects — the sigil requires a four-digit year), so the nudge runs backwards there instead and the mutant is still a one-unit boundary shift. Each candidate is re-parsed before it is offered, which is the same check the compiler performs; a literal no direction can shift produces no mutant.
Only non-interpolated sigils are reached (calendar sigils require literal content).

      




  

    
Mutare.Mutators.DefaultDrop 
    



      
Drops a trailing optional argument so the call uses its default value.
Not-found defaults — implicit nil
These lookups use nil when the optional fallback is removed:
	Map.get/3 → Map.get/2            Keyword.get/3 → Keyword.get/2
	Access.get/3 → Access.get/2      Access.key/2 → Access.key/1
	Map.pop/3 → Map.pop/2            Keyword.pop/3 → Keyword.pop/2
	Keyword.pop_first/3 → Keyword.pop_first/2
	Enum.at/3 → Enum.at/2
	List.pop_at/3 → List.pop_at/2
	List.keyfind/4 → List.keyfind/3
	List.flatten/2 → List.flatten/1
	List.first/2 → List.first/1      List.last/2 → List.last/1
	Map.get_lazy/3 → Map.get/2       Keyword.get_lazy/3 → Keyword.get/2
	Map.pop_lazy/3 → Map.pop/2       Keyword.pop_lazy/3 → Keyword.pop/2

The _lazy forms also change to their non-lazy counterpart.
Refinement defaults — a precision, base, separator, or fill
These calls revert to their standard precision, base, separator, fill, or trimming behavior:
	Float.round/2, Float.ceil/2, Float.floor/2 → /1 — drop the precision (implicit 0)
	Integer.to_string/2, Integer.to_charlist/2, Integer.parse/2, Integer.digits/2, Integer.undigits/2 → /1 — drop the base (implicit 10)
	Enum.join/2 → Enum.join/1 — drop the separator (implicit "")
	String.pad_leading/3, String.pad_trailing/3 → /2 — drop the fill (implicit " ")
	String.trim/2, String.trim_leading/2, String.trim_trailing/2 → /1 — drop the to-trim string, reverting to whitespace trimming

A call is skipped when its trailing literal already equals the implicit default: nil for the lookups, 0 for the rounding precision, 10 for the integer base, "" for Enum.join, " " for the pads — Map.get(m, k, nil), Float.round(x, 0), Integer.to_string(n, 10), Enum.join(xs, ""), String.pad_leading(s, n, " ") are all unchanged. List.flatten(xs, []) is also skipped because [] is the implicit tail. Non-default literals, variables, and expressions are eligible.
Lazy fallbacks are always eligible. The string argument to String.trim/2 and its directional variants is also always eligible because no string value reproduces the default whitespace behavior.
Default comparison uses the decoded value of a string literal.
This mutator is enabled by default and matches aliased and imported calls. It may produce a separate mutant alongside: Mutare.Mutators.CallRemoval removes String.trim/pad_leading/pad_trailing outright, while this family retains the call with default behavior; Mutare.Mutators.Numeric changes Float.ceil to Float.floor or vice versa while retaining the precision.

      




  

    
Mutare.Mutators.FloatLiteral 
    



      
Float-literal mutations: x → x + 1.0, x - 1.0, and 0.0, deduplicated and never equal to x.
The float counterpart of Mutare.Mutators.IntegerLiteral. On by default.
Add project-specific positions to leave alone with the :skip_arguments option (a list of {module, function, arity, positions}, as in Mutare.Mutators.IntegerLiteral).
Filterable variants — qualify a # mutare:ignore filter with :label to suppress just one kind (Mutare.Mutator.variants/0): zero, succ, pred.

      




  

    
Mutare.Mutators.GenServer 
    



      
Changes a GenServer callback return into another valid OTP return tuple. It runs only in modules that use or declare the GenServer behaviour.
The mutator covers return values from handle_call/3, handle_cast/2, handle_info/2, and handle_continue/2:
handle_call/3
  {:reply, reply, new_state}                     ->  {:noreply, new_state}
  {:reply, reply, new_state, action}             ->  {:noreply, new_state, action}
  {:noreply, new_state}                          ->  {:stop, :normal, new_state}
  {:noreply, new_state, action}                  ->  {:stop, :normal, new_state}
  {:stop, reason, new_state}                     ->  {:noreply, new_state}
  {:stop, reason, reply, new_state}              ->  {:reply, reply, new_state}

handle_cast/2, handle_info/2, handle_continue/2
  {:noreply, new_state}                          ->  {:stop, :normal, new_state}
  {:noreply, new_state, action}                  ->  {:stop, :normal, new_state}
  {:stop, reason, new_state}                     ->  {:noreply, new_state}
Here action is a timeout, :hibernate, or {:continue, term()}. Each mutation preserves the original state, reply, and action where the new tuple accepts them.
Other tuple shapes do not match. This excludes init/1 returns, :ignore, two-element {:stop, reason} tuples, and returns from callbacks such as terminate/2 and code_change/3. Actions and stop reasons are not mutated.
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        return_replacements(tail, map)

      


        Returns the alternative GenServer return for tail when the enclosing module
implements GenServer. Returns [] otherwise.
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Returns the alternative GenServer return for tail when the enclosing module
implements GenServer. Returns [] otherwise.

  


        

      


  

    
Mutare.Mutators.GuardDrop 
    



      
Removes a clause guard so the clause matches without its when condition:
def f(x) when is_binary(x), do: value  →  def f(x), do: value
case value do x when is_atom(x) -> x end  →  case value do x -> x end
Guards on def, defp, case, receive, and fn clauses are eligible. A multi-pattern anonymous-function clause is skipped because its guardless head cannot be rendered as a clean report diff.
A guard is removed only when no other enabled mutator produces a mutation inside it. This avoids duplicating mutations such as:
	x > 0, already covered by relational and conditional mutations
	Integer.is_even(x), covered by the Integer family
	abs(x) > 0, covered by relational and call-removal mutations

Guards such as is_binary(x), a bare value, or an otherwise untouched custom guard remain eligible. This check uses the active mutator set: disabling the family that covers a guard can make guard removal available.
This family is enabled by default and uses the guard_drop ignore name.
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Mutare.Mutators.IfCondition 
    



      
Replaces each eligible if, unless, and cond condition with true and false.
This family handles conditions whose boolean role comes from their position, such as if user, if valid?(value), or if Map.has_key?(map, key). Boolean operators are excluded because Mutare.Mutators.Conditional already produces the same constant replacements.
Literal true, false, and nil conditions are also excluded.
A binding condition requires special handling because its bindings may be used in the branch body. Bindings in if and unless conditions are hoisted before the condition is mutated. A binding condition in cond is not mutated.
This family is enabled by default and uses the if_condition ignore name.
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        Returns clean-meta true and false replacements for an eligible condition.



    





      


      
        Functions


        


  
    
      
    
    
      condition_replacements(condition)



        
          
        

    

  


  

      

          @spec condition_replacements(Macro.t()) :: [Macro.t()]


      


Returns clean-meta true and false replacements for an eligible condition.
Returns [] for boolean operators handled by Mutare.Mutators.Conditional,
literal boolean or nil conditions, and binding nodes. The transform may hoist
bindings from if and unless before calling this callback.

  


        

      


  

    
Mutare.Mutators.IntegerCall 
    



      
Swap complementary Integer calls for their opposite:
	Integer.mod ↔ Integer.floor_div — the two halves of floored division (mod is the remainder, floor_div the quotient); confusing one for the other is a classic off-by-operation bug
	Integer.is_even ↔ Integer.is_odd — the parity predicates

The integer-call sibling of Mutare.Mutators.Numeric/Math (and named like Mutare.Mutators.StringCall beside the Mutare.Mutators.IntegerLiteral value family, to keep "calls to Integer" distinct from "integer literals").
Integer.is_even/is_odd are guard-safe macros, so a swap in a when clause is mutated too. On by default. Matches aliased and bare-imported calls (alias Integer, as: I; I.is_even → I.is_odd), while a shadowing alias MyApp.Integer is left alone.

      




  

    
Mutare.Mutators.IntegerLiteral 
    



      
Integer-literal mutations: n → n + 1, n - 1, and 0 (the "off-by-one" boundary plus the zero sentinel), deduplicated and never equal to n.
Only literals in runtime positions are mutated, never pattern literals. Mutations that would reproduce the original value are dropped (0 is not re-emitted for the literal 0; n - 1 and 0 collapse for n = 1).
An integer literal in a known timeout/duration position (Process.sleep/1, the third argument of Process.send_after/3, the GenServer.call/3 timeout, Task.async_stream's :timeout option, …) is left unmutated — a near-unkillable equivalent mutant that also risks minting false :timeout kills. This family defines those positions in Mutare.Mutator.argument_marks/1. The transform marks them :timeout, and mutate/2 skips integer literals with that mark. A computed duration (base * 2) is not a literal at the marked node, so it still mutates. (Mutare.Mutators.AtomLiteral reuses the same table to leave :infinity alone there.)
Configuring extra positions. Add project-specific timeout positions with the argument_marks:
option in .mutare.exs — entries have the declaration shape this table is written in
({module, function, arity, positions, label}; positions lists argument indices and
{:keyword, key} option keys), and the :timeout label gives them exactly this family's reaction:
[argument_marks: [
  {MyApp.Cache, :put, 3, [2], :timeout},                       # a TTL argument
  {MyApp.Http, :get, 2, [{:keyword, :recv_timeout}], :timeout}
]]
Mutare.Mutators.AtomLiteral reacts to the same label, so a configured position also keeps its
:infinity alone. To leave a position alone for every family regardless of value, route it
:raw in call_routes: instead (see Mutare.CallRouting).
Integer literals are pervasive, so this is the highest-volume built-in — the cost is paid in the denominator, the benefit is catching constants the suite never pins down. The integer sibling of Mutare.Mutators.FloatLiteral (step 1, zero 0); the boolean flip that used to share this family now lives in Mutare.Mutators.BooleanLiteral.
Filterable variants — qualify a # mutare:ignore filter with :label to suppress just one kind (Mutare.Mutator.variants/0): zero, succ, pred.
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        timeout_marks()

      


        The built-in timeout/duration argument marks (the :timeout label), config-independent. Public so
Mutare.Mutators.AtomLiteral can declare the identical positions — keeping the two value families'
view of "an opaque timeout literal" in one place.
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          @spec timeout_marks() :: [
  {module(), atom(), arity(), [non_neg_integer() | {:keyword, atom()}], atom()}
]


      


The built-in timeout/duration argument marks (the :timeout label), config-independent. Public so
Mutare.Mutators.AtomLiteral can declare the identical positions — keeping the two value families'
view of "an opaque timeout literal" in one place.

  


        

      


  

    
Mutare.Mutators.KeywordDelete 
    



      
Exchanges the two duplicate-key deletion operations for keyword lists:
	Keyword.delete/2 ↔ Keyword.delete_first/2

delete/2 removes every entry for a key, while delete_first/2 removes only the first. There is no corresponding Map mutation because map keys are unique.
Matching is restricted to arity two. The deprecated three-argument delete form has no three-argument delete_first counterpart and is not mutated. Piped, direct, aliased, and imported calls are supported.
Mutare.Mutators.CallRemoval may separately replace Keyword.delete with the original keyword list. This family retains the call and changes its deletion breadth. It is enabled by default.

      




  

    
Mutare.Mutators.List 
    



      
List operator and literal mutations:
	++ ↔ -- (list concatenation ↔ difference)
	a non-empty list literal → []

Not mutated: on the RHS of a guard in (when x in [a, b]) the [] collapse yields x in [] ≡ false, which Mutare.Mutators.Conditional already produces — so it is dropped there (the list's elements still mutate). Body in expressions keep the collapse because left-side evaluation is observable.
Filterable variants — qualify a # mutare:ignore filter with :label to suppress just one kind (Mutare.Mutator.variants/0): ++, --, empty.

      




  

    
Mutare.Mutators.Logical 
    



      
Logical/boolean operator mutations: and↔or, &&↔||, and negation stripping (not x → x, !x → x).
The strict connectives and/or and not are legal in when guards, so a swap there is mutated too; the relaxed &&/||/! are forbidden in guards by the compiler, so they only ever appear in ordinary bodies.
The two pairs are kept distinct rather than collapsed: &&/|| accept any term and short-circuit on truthiness, while and/or require booleans. Swapping within each pair preserves that contract.
Not mutated: in a double negation with the same operator (not not x / !!x) the inner strip is identical to the outer's, so only the outer is offered. A mixed not !x is kept — its two strips can diverge on a non-boolean operand (not x raises where !x coerces).
Filterable variants — qualify a # mutare:ignore filter with :label to suppress just one kind (Mutare.Mutator.variants/0): and, or, &&, ||.

      




  

    
Mutare.Mutators.MapKeyword 
    



      
Renames Map and Keyword writes according to how they handle present and absent keys:
	function	key present	key absent
	put	overwrite	insert
	put_new	leave unchanged	insert
	replace	overwrite	ignore
	replace!	overwrite	raise

The following /3 pairs are exchanged:
	put ↔ put_new
	put ↔ replace
	put_new ↔ replace
	replace ↔ replace!

The same pairs apply to both Map and Keyword. Direct, aliased, and imported calls are supported; an alias that resolves to another module does not match.
This family is enabled by default. Its family name is map_keyword.

      




  

    
Mutare.Mutators.MapLiteral 
    



      
Map-literal mutation: collapse a non-empty map literal %{…} to the empty map %{}. Like the non-empty-list collapse in Mutare.Mutators.List, this tests whether the map's contents affect the test results. A weak suite that builds a map but never reads a key it carries lets the empty map survive.
What is not mutated
	The empty map %{} — collapsing it to itself is a no-op.
	A map update %{m | …} — not a literal; %{} would drop the base map m (a different operation, not a smaller version of the same one).

	A struct's field map (%User{…}) — emptying it would drop required fields, so the inner %{} is left alone (the struct's field values still mutate).
	The RHS of a guard in (when x in %{…}) — x in %{} ≡ false, which Mutare.Mutators.Conditional already produces. Body in expressions keep the collapse because left-side evaluation is observable.


      




  

    
Mutare.Mutators.MapSet 
    



      
Swap a MapSet set-combination call for its complement:
	MapSet.union ↔ MapSet.intersection

The two opposite ways to combine two sets — keep-everything-from-either vs keep-only-the-shared — so the swap tests whether the suite distinguishes union from intersection. Classic untested-edge territory when a test only exercises overlapping or disjoint inputs.
Only the commutative combinators live here (order doesn't matter, so the swap is a pure name change). The non-commutative MapSet calls — difference and subset?, where the argument order carries the meaning — are operand-order swaps, so they belong to Mutare.Mutators.OperandSwap, not here.
On by default. Matches aliased (alias MapSet, as: MS; MS.union(a, b)) and bare-imported calls too, while a shadowing alias MyApp.MapSet is left alone. The family atom is :map_set.

      




  

    
Mutare.Mutators.Math 
    



      
Mutate calls to the Erlang :math module — the floating-point cousin of Mutare.Mutators.Numeric, asking: does any test actually depend on which trigonometric/logarithmic function (or constant) this call computes?
	:math.pi()  → 3.0                  — a nearby-but-wrong constant
	:math.tau() → 6.0                  — likewise (τ = 2π)
	:math.sin   ↔ :math.cos            — co-function swaps
	:math.asin  ↔ :math.acos
	:math.sinh  ↔ :math.cosh
	:math.asinh ↔ :math.acosh
	:math.log ↔ :math.log2 ↔ :math.log10 — the logarithm-base trio (each maps to the other two)

The constant swaps (pi/tau, both /0) replace the whole call with a plain float literal that is the right shape but the wrong value — a magnitude any test pinning down the geometry will catch.
On by default. Matches the direct :math.sin, an aliased alias :math, as: M; M.sin, and a bare imported import :math; sin alike.

      




  

    
Mutare.Mutators.ModeSwap 
    



      
Replaces mode and unit atoms in supported standard-library calls. Each replacement is valid for that function and argument position.
Time and calendar units
	DateTime.add/3,4, DateTime.diff/3, and the corresponding NaiveDateTime and Time calls: replace the trailing time unit with an adjacent unit.
	DateTime.truncate/2, NaiveDateTime.truncate/2, and Time.truncate/2: replace :microsecond, :millisecond, or :second with an adjacent precision.
	System.system_time/1, System.monotonic_time/1, System.os_time/1, and both unit arguments of System.convert_time_unit/3: replace the clock unit. :native changes to :second.
	DateTime.from_unix/2,3, DateTime.from_unix!/2,3, and DateTime.to_unix/2: replace the timestamp unit.
	DateTime.shift/2,3, NaiveDateTime.shift/2, Time.shift/2, and Date.shift/2: replace each duration key with an adjacent valid unit while retaining its amount. Time accepts only time units and Date only date units. :microsecond is excluded because its value has a different shape.
	Date.day_of_week/2, Date.beginning_of_week/2, and Date.end_of_week/2: replace the starting weekday with an adjacent day. :default changes to :tuesday.

String and encoding modes
	String.upcase/2, String.downcase/2, and String.capitalize/2: :greek and :turkic change to :default. :default and :ascii are not exchanged.
	String.normalize/2: exchange :nfc with :nfd, and :nfkc with :nfkd.
	DateTime.to_iso8601/2,3 and the corresponding NaiveDateTime, Time, and Date calls: exchange :extended and :basic.
	URI.encode_query/2 and URI.decode_query/3: exchange :www_form and :rfc3986.

Sort modes
For Enum.sort/2, Enum.sort_by/3, and List.keysort/3, the mutator exchanges :asc and :desc. It also changes the direction in {:asc | :desc, module} tuples. A literal module sorter, such as Enum.sort(values, Date), becomes {:desc, Date}. Variables and function sorters are not wrapped.
Keyword option modes
	The case: option for Base.encode16/2, Base.decode16/2, Base.decode16!/2, and the corresponding Base32 and hex Base32 functions exchanges :upper and :lower. :mixed is unchanged.
	The return: option for Regex.scan/3 and Regex.run/3 exchanges :index and :binary.
	The on: option for Regex.split/3 changes :first and :all to :none; :none, :all_but_first, and :all_names change to :first. Lists of capture references are unchanged.

Ordered sets use adjacent replacements, so a position produces at most two mutants. Unrecognized atoms and values of other types are ignored.
This family is enabled by default. It matches aliased and piped calls alike. Because it rewrites the whole call, overlapping Mutare.Mutators.AtomLiteral and Mutare.Mutators.AliasLiteral leaf mutants are removed.

      




  

    
Mutare.Mutators.Numeric 
    



      
Renames numeric selection and rounding calls to a complementary function:
	Kernel.min/2 ↔ Kernel.max/2
	Kernel.round/1 ↔ Kernel.trunc/1
	Kernel.ceil/1 ↔ Kernel.floor/1
	Float.ceil ↔ Float.floor at any arity
	Float.max_finite/0 ↔ Float.min_finite/0

Only the listed pairs are produced. In particular, the four integer-returning rounding functions are not treated as a full set because some cross-pair replacements are equivalent for common inputs. Float.round is not included because it has no complementary Float function.
Kernel calls are matched only at their defined arities and may also be mutated in guards. Aliased and imported calls are supported; a Kernel function displaced by an import is not matched. The div/rem pair belongs to Mutare.Mutators.Arithmetic.
This family is enabled by default.

      




  

    
Mutare.Mutators.OperandSwap 
    



      
Reverses the first two operands of non-commutative operators and calls.
Operators
	-, /, and **
	<>
	++ and --
	div, rem — integer division / remainder.

The operator is retained; only the operands are exchanged.
The following operators are excluded:
	>, >=, <, and <=, because Mutare.Mutators.Relational already produces the equivalent direction change
	commutative operators such as +, *, equality, and boolean operators
	in, because the swapped right operand may not be enumerable
	= and |>, whose operands have different roles

Calls
The first two arguments are exchanged in these calls:
	before?/2, after?/2, compare/2, and diff/2,3 on DateTime, Date, Time, and NaiveDateTime, where those functions exist
	Version.compare/2
	MapSet.difference/2 and MapSet.subset?/2

A trailing unit in diff/3 is retained and may be mutated separately by Mutare.Mutators.ModeSwap.
Aliased and imported calls are supported. An alias that resolves to another module does not match.
Piped calls
A pipe stage is the call it is sugar for, so its piped value is the first operand and the transpose moves it:
foo |> Kernel.++(bar)  →  bar |> Kernel.++(foo)
This is how a pipe expresses an operator, so the explicit Kernel call forms (Kernel.++, Kernel.-, Kernel.<>, Kernel.div, …) are transposed like the operators they name, written directly or piped.
Skipped cases
Identical operands are not swapped. Unary minus has no second operand and is handled by Mutare.Mutators.Arithmetic.
Guard-safe operators and calls are also mutated in guards.

      




  

    
Mutare.Mutators.PatternSwap 
    



      
Exchanges two variables within a container in a structural pattern position:
	{x, y} → {y, x}
	[x, y] → [y, x]
	%{left: x, right: y} → %{left: y, right: x}
	[left: x, right: y] → [left: y, right: x]
	<<x::8, y::16>> → <<y::8, x::16>>

Structural pattern positions include def/defp heads, clause patterns, destructuring match patterns, and routed :binding_pattern macro arguments. Swaps occur within tuples, lists, map and keyword values, and bitstring segment values. Map and keyword keys and bitstring specifiers remain in place. A top-level pattern list, such as a function argument list or multi-pattern clause head, is not itself a swap site.
The two variables must have distinct names. _ and underscore-prefixed names are excluded. Pinned variables may be swapped with another pin or with a binding. Repeated same-name variables are handled by Mutare.Mutators.PatternWildcard instead.
A bitstring value used by another segment as a size is not moved. For example, n in <<n, rest::binary-size(n)>> remains in place.
This family is enabled by default and uses the pattern_swap ignore name.

      


      
        Summary


  
    Functions
  


    
      
        pattern_mutations(head_args, used_outside)

      


        Returns every single-swap variant of the structural pattern position.



    





      


      
        Functions


        


  
    
      
    
    
      pattern_mutations(head_args, used_outside)



        
          
        

    

  


  

      

          @spec pattern_mutations([Macro.t()], MapSet.t()) :: [[Macro.t()]]


      


Returns every single-swap variant of the structural pattern position.
Each variant exchanges two distinct variables within the same container.
used_outside does not affect swaps because variable usage is unchanged.
Returns [] when no eligible pair exists.

  


        

      


  

    
Mutare.Mutators.PatternWildcard 
    



      
Replaces repeated variables in a pattern with _, removing the equality constraint created by the repetition:
def equal?(x, x), do: true  →  def equal?(_, _), do: true
The replacement policy keeps required bindings intact:
	If the variable is read by the guard or body, or appears at least three times in the head, one mutant is produced for each wildcarded occurrence.
	If it appears exactly twice and is not read elsewhere, both occurrences are replaced in one mutant. Replacing only one would leave an unused binding.

_, underscore-prefixed names, pinned variables, and module-attribute reads
(%{@key => v} — a compile-time constant whose inner AST merely looks like a
variable) are not counted or replaced. On the right side of a bitstring ::, atoms such as binary have the same AST shape as variables, so that side is not searched for pattern occurrences.
A variable read by a bitstring specifier is also excluded. For example, the n bound and read by <<n, rest::size(n)>> cannot be wildcarded without leaving an invalid size reference.
This family is enabled by default and uses the pattern_wildcard ignore name.

      


      
        Summary


  
    Functions
  


    
      
        pattern_mutations(head_args, used_outside)

      


        Returns the wildcard variants for repeated variables in head_args.



    





      


      
        Functions


        


  
    
      
    
    
      pattern_mutations(head_args, used_outside)



        
          
        

    

  


  

      

          @spec pattern_mutations([Macro.t()], MapSet.t()) :: [[Macro.t()]]


      


Returns the wildcard variants for repeated variables in head_args.
used_outside contains variable names read by the clause body or guard and
determines whether one occurrence must remain bound. Returns [] when no
variable is repeated.

  


        

      


  

    
Mutare.Mutators.PeriodBoundary 
    



      
Exchanges the beginning and end of a calendar period:
	Date.beginning_of_month ↔ Date.end_of_month
	Date.beginning_of_week ↔ Date.end_of_week
	NaiveDateTime.beginning_of_day ↔ NaiveDateTime.end_of_day

Only the function name changes. Optional arguments are retained, so Date.beginning_of_week(date, :sunday) becomes Date.end_of_week(date, :sunday). The weekday may be changed separately by Mutare.Mutators.ModeSwap.
Mutare.Mutators.CallRemoval may produce another mutant at the same call by removing the boundary operation entirely. This family retains the call and changes its direction.
Direct, aliased, and imported calls are supported. An alias that resolves to another module does not match. This family is enabled by default.

      




  

    
Mutare.Mutators.RegexLiteral 
    



      
Mutates non-interpolated ~r sigils. Each changed token or modifier produces a separate mutant.
Pattern replacements
	Whole pattern: replace the pattern with ~r// and ~r/mutare/. A replacement equal to the original is omitted.
	Anchors: remove a leading ^ or A, or a trailing $, z, or Z. Escaped and character-class occurrences are ignored.
	Anchor variants: exchange ^ and A, or $ and Z, only where multiline mode makes them different. Exchange $ and z in either mode. Sigil modifiers and inline flag groups determine the mode at each anchor.
	Character classes: complement �, w, and ; exchange 
  
    
    Mutare.Mutators.RegexLiteral.Flags - mutare v0.5.1
    
    

    


  
  

    
Mutare.Mutators.RegexLiteral.Flags 
    



      
Positional flag-scope tracking for a regex pattern.
A regex's effective option flags (i/m/s/x/u/…) are not a single set for the whole pattern: an inline modifier changes them positionally, so the same ^ can be multiline in one place and not in another. This module models that, so a mode-aware mutator (anchor swaps today; a dotall-aware ., a caseless mutation, … tomorrow) can check the active flags at a particular position rather than use one global boolean.
The model — a scope stack
The state is a stack of flag sets (MapSet of flag bytes), innermost on top, the baseline (the sigil's own modifiers) at the bottom. As a left-to-right byte walk meets group boundaries outside a character class it threads the stack through open/2 and close/1, and reads the current frame with active?/2:
	scoped (?flags:…) / (?flags-flags:…) — push a frame = current ∪ adds ∖ removes. The matching ) pops it (so the change is confined to the group).
	bare (?flags) / (?-flags) — mutate the current (top) frame in place and push nothing. Because that frame is popped by the enclosing group's ), the change automatically applies to "the rest of the enclosing group" — PCRE's exact semantics — and is inherited by nested groups (which push a copy of the mutated frame). At the top level there is no enclosing ), so it runs to the pattern end.
	ordinary group / lookaround / named capture / atomic / conditional / (?: — push a copy of the current frame (no flag change). Recursion/backref atoms like (?R)/(?P=n) self-balance through the same push/pop and are harmless.
	comment (?#…) — swallowed whole (its body is not regex), no flag change.

open/2's job is purely to classify the opener and update the stack; the consuming walk keeps doing its own escape/character-class tracking (a ( inside […] is a literal and never reaches here).
Boundaries
Only the genuine inline-flag letters (i m s x u U J n) are recognised as a modifier group; an unknown future letter degrades to an ordinary group (safe — no spurious flag change). x-mode whitespace/#-comment stripping is not modelled (we don't tokenize x-mode), which can only ever miss a flag change inside an x-mode comment, never invent one — consistent with how an unrecognised construct fails safe.

      


      
        Summary


  
    Types
  


    
      
        stack()

      


    





  
    Functions
  


    
      
        active?(list, flag)

      


        Return whether flag (a byte, e.g. ?m) is active in the innermost scope.



    


    
      
        close(stack)

      


        Process a group closer outside a character class, never popping below the baseline.



    


    
      
        initial(baseline)

      


        Return the initial stack for the sigil's baseline flag bytes.



    


    
      
        open(after_paren, stack)

      


        Process a group opener encountered outside a character class.
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          @type stack() :: [MapSet.t()]


      



  


        

      

      
        Functions


        


  
    
      
    
    
      active?(list, flag)



        
          
        

    

  


  

      

          @spec active?(stack(), byte()) :: boolean()


      


Return whether flag (a byte, e.g. ?m) is active in the innermost scope.

  



  
    
      
    
    
      close(stack)



        
          
        

    

  


  

      

          @spec close(stack()) :: stack()


      


Process a group closer outside a character class, never popping below the baseline.

  



  
    
      
    
    
      initial(baseline)



        
          
        

    

  


  

      

          @spec initial(MapSet.t()) :: stack()


      


Return the initial stack for the sigil's baseline flag bytes.

  



  
    
      
    
    
      open(after_paren, stack)



        
          
        

    

  


  

      

          @spec open(binary(), stack()) ::
  {:push | :mutate | :comment, binary(), binary(), stack()}


      


Process a group opener encountered outside a character class.
after_paren is the pattern slice immediately after (. Returns
{action, consumed, rest, stack}:
	action — :push for a normal group or scoped (?flags:…), :mutate
for a bare inline (?flags), or :comment for (?#…).
	consumed — the bytes consumed after ( itself, such as ?flags:,
?flags), or ?#…); "" for an ordinary group.
	rest — the pattern remaining after consumed.
	stack — the updated scope stack.


  


        

      


  

  
    
    Mutare.Mutators.Relational - mutare v0.5.1
    
    

    


  
  

    
Mutare.Mutators.Relational 
    



      
Relational/equality operator swaps:
:>   → :>=, :<       :==  → :!=
:>=  → :>,  :<=      :!=  → :==
:<   → :<=, :>       :=== → :!==
:<=  → :<,  :>=      :!== → :===
Ordering operators mutate to both their boundary neighbour and their direction flip (the classic boundary + reversal pair); equality operators flip polarity, and membership (in) flips to not in (the polarity flip for membership, mirroring == → !=). Legal in bodies and when guards.
Not mutated:
	not in → in is not produced — x not in y parses as not(x in y), which Mutare.Mutators.Logical already strips. For the same reason, an in node that is the direct operand of not/! is left to Logical.
	An equality operator (==/!=/===/!==) directly under not/! is left to Logical — each is its own exact polarity complement, so !(a != b) ≡ a == b (Logical's strip). The ordering operators are not suppressed there: their boundary/reversal swaps are not the negation complement, so they survive a surrounding negation as genuinely new mutants.

Filterable variants — qualify a # mutare:ignore filter with :label to suppress just one kind (Mutare.Mutator.variants/0): >, >=, <, <=, ==, !=, ===, !==.

      




  

  
    
    Mutare.Mutators.RescueType - mutare v0.5.1
    
    

    


  
  

    
Mutare.Mutators.RescueType 
    



      
Narrows the exceptions handled by a rescue.
For a clause with two or more exception types, the mutator removes each type in turn:
rescue e in [ArgumentError, RuntimeError] -> handle(e)
produces clauses that rescue only ArgumentError or only RuntimeError. Both bound var in [A, B] and bare [A, B] forms are supported. A one-element list, a single type, and a bare variable are unchanged because they cannot be narrowed this way without removing the rescue entirely.
A rescue with two or more clauses also produces one mutant per removed clause. This covers the common form where each clause handles one exception type. At least one clause is always retained, and the removed clause may have any valid head, including a catch-all variable.
Both explicit try expressions and the def ... rescue ... shorthand are supported. Type-list narrowing and clause removal are reported under the rescue_type family.

      


      
        Summary


  
    Functions
  


    
      
        drops(types)

      


        Returns one list for each exception type removed from types.



    


    
      
        name()
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          @spec drops([Macro.t()]) :: [[Macro.t()]]


      


Returns one list for each exception type removed from types.
At least two types are required, so every returned list remains non-empty.
Returns [] for shorter lists.
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    Mutare.Mutators.ReturnValue - mutare v0.5.1
    
    

    


  
  

    
Mutare.Mutators.ReturnValue 
    



      
Replaces function return expressions with fixed constants.
It applies to each def and defp return path. When a clause tail is a case/cond/if/unless/with/try/receive, each branch's tail is its own return path. The value of a try after block is excluded because it is discarded. Each clause of an anonymous function is handled in the same way.
Each eligible return path produces two replacements based on its shape:
	tail shape	empty/zero	sentinel
	numeric (a + b, x * 2, div(a, b), -n)	0	1
	string concatenation (a <> b)	""	"mutare"
	list expression (a ++ b, xs -- ys)	[]	[:mutare]
	anything else (variable, call, tuple, map,	nil	:mutare
	:ok/:error atom, an opaque-macro result)		

A replacement equal to the original return is omitted.
Two separate rules keep this family from restating another's work, and they answer different
questions. A literal tail belongs to its node-level family outright, whatever the run
enables — see Exclusions. On every tail this family does claim, the transform then compares
values: when an enabled node-level family already produces the same scalar replacement at
that return expression, it keeps the node-level mutation and drops this family's duplicate.
So with AtomLiteral enabled, :foo → :mutare is reported as atom while :foo → nil
stays a return_value mutation; disable AtomLiteral and both replacements come back.
Exclusions
	Boolean expressions are handled by Mutare.Mutators.Conditional.
	Integer, float, string, list, and boolean literals are handed to their node-level families
outright — unlike the value comparison above, this holds even when that family is disabled.
On a literal tail the contrasting pair earns nothing: nil/:mutare collide with no
replacement those families emit, so no comparison would catch them, and they are at best
weaker restatements of one. A do: false tail mutated to nil is the clearest case — both
are falsy, so every refute-style assertion lets it through, and only a strict comparison
or a false pattern match kills it. Bare atoms remain eligible.
	nil return expressions are not mutated.
	A unit-returning function — one whose every return path, across all its clauses, is literally :ok or nil — has no return positions at all. Its return carries no data, so a replacement there survives whenever the caller discards the value (the norm for a side-effect helper) and is killed only by a test asserting a static fact. A behaviour callback is exempt — a function that is a callback of one of the module's declared behaviours, or that carries an @impl — because its caller is the behaviour's runtime, which may inspect a lone :ok as one contract outcome among several (an Oban.Worker.perform/1). Anonymous functions are classified the same way. The classification is syntactic, over the clauses visible in the source (a clause a macro generates beside hand-written ones of the same signature is invisible to it), and otherwise errs only toward missing a unit function: a call in tail position (Logger.info(x)), a variable bound to :ok, or an else-less with (its non-matching value is a return path) is not recognised, and one :ok path beside a {:error, _} path is still mutated — that :ok carries the success bit. A tail that never returns (raise/reraise/throw/exit, or the :erlang primitives) is not a return path, so an :ok-or-raise function is unit; the raising tail itself keeps its return mutants.
	quote blocks are compile-time code and are not mutated as a whole.

The empty and sentinel variants can be selected independently in an ignore directive, for example # mutare:ignore[return_value:empty]. This family is enabled by default.

      


      
        Summary


  
    Functions
  


    
      
        return_replacements(tail)

      


        Returns clean-meta constant replacements for a clause return expression.



    





      


      
        Functions


        


  
    
      
    
    
      return_replacements(tail)



        
          
        

    

  


  

      

          @spec return_replacements(Macro.t()) :: [Macro.t()]


      


Returns clean-meta constant replacements for a clause return expression.
Eligible expressions receive an empty or zero value and a non-empty sentinel,
excluding any replacement equal to the original. Returns [] for expressions
handled by another value family, boolean expressions, nil, and quoted code.

  


        

      


  

  
    
    Mutare.Mutators.StrictEquality - mutare v0.5.1
    
    

    


  
  

    
Mutare.Mutators.StrictEquality 
    



      
Relaxes strict equality without changing polarity:
	a === b → a == b
	a !== b → a != b

The reverse replacements are not produced. This family checks whether the numeric type distinction made by strict equality is required.
Mutare.Mutators.Relational independently changes equality polarity, such as === to !==. Both families may therefore produce distinct mutants at the same expression. Under not or !, relational polarity changes may overlap with a logical mutation and be suppressed; strictness relaxation remains distinct and is retained.
These operators are guard-safe and are also mutated in guards. The ignore variants are == and !=.

      




  

  
    
    Mutare.Mutators.StringByte - mutare v0.5.1
    
    

    


  
  

    
Mutare.Mutators.StringByte 
    



      
Narrow the grapheme-aware String.length to the byte-level byte_size — the question "does this code actually depend on Unicode/grapheme semantics, or would raw byte semantics pass the suite?":
	String.length(s) → byte_size(s)   — grapheme count → byte count

For pure-ASCII input the two return the same number, so a suite that only ever exercises ASCII can't tell them apart — exactly the gap this surfaces. The moment a multi-byte grapheme is involved ("héllo" is 5 graphemes but 6 bytes) the answers diverge, so a surviving mutant pinpoints code whose UTF-8 length handling is untested. The swap is type-preserving — both return a non-negative integer.
The swap is deliberately one-directional (String.length → byte_size), never the reverse: byte_size is strictly more general (it accepts any binary and is legal in a guard, where String.length is not), so broadening a byte op to a string op would be unsound or noisy. So this family has just the one forward rewrite.
On by default. Matches aliased and bare-imported String.length too, while a shadowing alias MyApp.String is left alone. The byte-semantics sibling of Mutare.Mutators.StringCall — there the swap stays within String; here it crosses out of String into the byte world.

      




  

  
    
    Mutare.Mutators.StringCall - mutare v0.5.1
    
    

    


  
  

    
Mutare.Mutators.StringCall 
    



      
Renames string calls to a complementary operation:
	String.starts_with? ↔ String.ends_with?
	String.upcase ↔ String.downcase
	String.trim_leading ↔ String.trim_trailing
	String.replace_prefix ↔ String.replace_suffix
	String.replace_leading ↔ String.replace_trailing
	String.pad_leading ↔ String.pad_trailing
	String.first ↔ String.last
	String.graphemes ↔ String.codepoints
	:string.uppercase ↔ :string.lowercase
	:string.to_upper ↔ :string.to_lower
	:string.left ↔ :string.right
	:binary.first ↔ :binary.last

The Erlang :string trim direction is an argument rather than a function name, so it is not included.
String.equivalent?(a, b) also produces Kernel.==(a, b), removing Unicode normalization from the comparison.
Direct, aliased, and imported calls are supported for Elixir and Erlang modules. An alias that resolves to another module does not match. This family is enabled by default and is separate from Mutare.Mutators.StringLiteral, which changes string values rather than calls.

      




  

  
    
    Mutare.Mutators.StringLiteral - mutare v0.5.1
    
    

    


  
  

    
Mutare.Mutators.StringLiteral 
    



      
String-literal mutations: replace a string with both the empty string "" and a non-empty sentinel ("mutare"), dropping whichever already equals the original. So a typical non-empty string yields two mutants (empties it and swaps its content); "" yields just the sentinel; "mutare" yields just "".
Both plain and interpolated strings are mutated. A plain literal parses as {:__block__, _, [binary]} and gets the value-based no-op drop above. An interpolated string ("a#{x}b") — and an interpolated heredoc — parses instead as a <<>> carrying a delimiter meta key; the whole thing is replaced by ""/"mutare" (its runtime value can never be statically either, so both variants apply), while the interpolation's own sub-expressions still mutate independently underneath. A real <<…>> bitstring (no delimiter) is not a string — it is left to Mutare.Mutators.BitstringLiteral.
Pattern delivery removes one low-signal duplicate: an ordinary exact string pattern keeps only the sentinel retarget ("foo" → "mutare"; with "" as the fallback when the sentinel is the source or would duplicate a sibling map key). A string below binary-composing pattern syntax (<> or <<>>) keeps both variants because emptying a segment can remove a structural constraint while the sentinel preserves a non-empty constraint. Runtime positions always keep both. This positional policy lives in Mutare.Transform.Tag; this mutator continues to produce the complete pair without deciding where it will be delivered.
Add project-specific positions to leave alone with the :skip_arguments option (a list of {module, function, arity, positions}, as in Mutare.Mutators.IntegerLiteral).
Filterable variants — qualify a # mutare:ignore filter with :label to suppress just one half (Mutare.Mutator.variants/0): empty (the "") or sentinel (the "mutare").

      




  

  
    
    Mutare.Mutators.StringSigilLiteral - mutare v0.5.1
    
    

    


  
  

    
Mutare.Mutators.StringSigilLiteral 
    



      
Replaces a ~s or ~S sigil with the plain string literals "" and "mutare". A replacement equal to a static sigil value is omitted:
	~s(hello) produces both replacements
	~s() produces only "mutare"
	~s(mutare) produces only ""

Replacements are plain string literals because these sigils have no modifier that changes their value type.
Interpolated ~s sigils also receive both replacements because their runtime value cannot be compared statically. Expressions inside the interpolation remain eligible for their own mutations. ~S sigils do not interpolate.
The whole sigil is mutated only in runtime positions, not in patterns. The ignore variants are empty and sentinel.

      




  

  
    
    Mutare.Mutators.TemporalOrder - mutare v0.5.1
    
    

    


  
  

    
Mutare.Mutators.TemporalOrder 
    



      
Exchanges temporal ordering predicates:
	Date.before? ↔ Date.after?
	Time.before? ↔ Time.after?
	DateTime.before? ↔ DateTime.after?
	NaiveDateTime.before? ↔ NaiveDateTime.after?

These calls express the same polarity as < and > for calendar/time structs. Swapping the predicate tests whether a suite covers the ordering direction rather than only equality or same-side examples.
Direct, aliased, and imported calls are supported. An alias that resolves to another module does not match. This family is enabled by default.

      




  

  
    
    Mutare.Mutators.TupleLiteral - mutare v0.5.1
    
    

    


  
  

    
Mutare.Mutators.TupleLiteral 
    



      
Tuple-literal mutation: collapse a non-empty tuple literal to the empty tuple {}. Like the corresponding list and map mutations, this tests whether the suite depends on the tuple's structure or contents. A {:ok, value} that is built but never pattern-matched (or whose shape no test pins down) lets {} survive; anywhere the shape is used, the mutant is killed.
Two AST shapes, because Elixir represents a 2-element tuple specially: a literal pair {a, b} parses as {:__block__, _, [{a, b}]} (the value is a raw 2-tuple), while {}, {a}, and {a, b, c, …} parse as {:{}, _, elements}. Both non-empty shapes collapse to {:{}, [], []} ({}); the empty tuple is left alone.
A tuple in a pattern is left alone, so a match like {:ok, v} = … is not corrupted.

      




  

  
    
    Mutare.Mutators.WordListLiteral - mutare v0.5.1
    
    

    


  
  

    
Mutare.Mutators.WordListLiteral 
    



      
Replaces a non-interpolated ~w or ~W word list with an empty list and a one-element sentinel list:
	~w(a b) → ~w()
	~w(a b) → ~w(mutare)

The sigil modifier is retained, so a and c word lists keep atom and charlist elements. Equivalent replacements are detected from the parsed words rather than the raw source; for example, a whitespace-only word list does not produce another empty-list mutant.
Interpolated ~w sigils are not mutated. ~W never interpolates.
On the right side of a guard in, the empty replacement is suppressed because membership in an empty list is already covered by Mutare.Mutators.Conditional. The sentinel replacement remains eligible. Body in expressions keep the empty replacement because left-side evaluation is observable.
The ignore variants are empty and sentinel.

      




  

  
    
    Mutare.Report - mutare v0.5.1
    
    

    


  
  

    
Mutare.Report 
    



      
Renders mutation results for the human report.
Diffs are patched against the original source via Sourceror.patch_string at the site's recorded range, so untouched source stays byte-identical and a survivor reads as a precise source-range change. A replacement is parenthesized where its position would otherwise reread it (!(a == b) → (a == b) beside a |>, a -1 for the 0.75 of -0.75), on the assumption that binary operators are spaced as mix format writes them: in unformatted a-0, a -1 replacement is patched as a--1.
The mutation score and tallies in the report come from Mutare.Score, which also implements the CI gates; this module only renders.

      


      
        Summary


  
    Functions
  


    
      
        broken_partition(broken)

      


        One line for a partition whose environment failed the run's tests with no mutant
active (Mutare.Run.BrokenPartition), e.g.
partition 2 BROKEN — with no mutant active, the tests that killed mutant 12 failed: ** (RuntimeError) no database.



    


    
      
        diff(site, source)

      


        A -/+ diff of the lines touched by the mutation.



    


    
      
        harness_error(result)

      


        One line for a harness-errored mutant, including a compact diagnostic.



    


    
      
        header(site)

      


        Header line for a surviving mutant, e.g.
lib/x.ex:42:7 [relational, in-place] SURVIVED.



    


    
      
        ignored(site)

      


        One line for an ignored mutant, e.g.
lib/x.ex:42:7 [arithmetic] IGNORED — off-by-one is intentional.



    


    
      
        no_coverage(results)

      


        The lines holding mutants no test ran, one line per file, with runs of
consecutive lines collapsed into a range. Files keep the order of results.
Returns "" when every mutant was covered.



    


    
      
        patch(site, source)

      


        Apply a single mutation to the original source string.



    


    
      
        render(results, sources)

      


        Render the whole report from results and a %{file => original_source} map.



    


    
      
        render(results, sources, opts)

      


        Renders the human report with the same arity as machine reporters.



    


    
      
        summary(results, scope \\ nil)

      


        One-line tally, e.g. mutation score: 66.7% (2 killed, 1 survived, 3 total).



    


    
      
        survivor(site, source)

      


        Full diff block (header + diff) for one survivor.



    





      


      
        Functions


        


  
    
      
    
    
      broken_partition(broken)



        
          
        

    

  


  

      

          @spec broken_partition(Mutare.Run.BrokenPartition.t()) :: String.t()


      


One line for a partition whose environment failed the run's tests with no mutant
active (Mutare.Run.BrokenPartition), e.g.
partition 2 BROKEN — with no mutant active, the tests that killed mutant 12 failed: ** (RuntimeError) no database.

  



  
    
      
    
    
      diff(site, source)



        
          
        

    

  


  

      

          @spec diff(Mutare.Site.t(), String.t()) :: String.t()


      


A -/+ diff of the lines touched by the mutation.
The diff is line-based within the site's source range. Changed lines are shown
as deletions and insertions; unchanged lines inside a multi-line fragment are
shown as context. This keeps multi-line replacements aligned when a mutation adds
or removes a line in the middle of the fragment.

  



  
    
      
    
    
      harness_error(result)



        
          
        

    

  


  

      

          @spec harness_error(Mutare.Result.t()) :: String.t()


      


One line for a harness-errored mutant, including a compact diagnostic.

  



  
    
      
    
    
      header(site)



        
          
        

    

  


  

      

          @spec header(Mutare.Site.t()) :: String.t()


      


Header line for a surviving mutant, e.g.
lib/x.ex:42:7 [relational, in-place] SURVIVED.
A mutation with a note appends it as a trailing — note, matching the ignored
mutant reason format.

  



  
    
      
    
    
      ignored(site)



        
          
        

    

  


  

      

          @spec ignored(Mutare.Site.t()) :: String.t()


      


One line for an ignored mutant, e.g.
lib/x.ex:42:7 [arithmetic] IGNORED — off-by-one is intentional.
The trailing — reason is present only when the directive carried one, so a
bare # mutare:ignore reads as … IGNORED with nothing after it.

  



  
    
      
    
    
      no_coverage(results)



        
          
        

    

  


  

      

          @spec no_coverage([Mutare.Result.t()]) :: String.t()


      


The lines holding mutants no test ran, one line per file, with runs of
consecutive lines collapsed into a range. Files keep the order of results.
Returns "" when every mutant was covered.
Listing each uncovered mutant would flood a large run, since a line can hold
many; collapsing to lines keeps the section proportional to the untested
regions. Only strictly consecutive lines merge: a line with no uncovered
mutant between two that have one may be covered or outside the run's scope,
so a range never spans it.
iex> results = [
...>   %Mutare.Result{status: :no_coverage, site: %Mutare.Site{file: "lib/a.ex", line: 13}},
...>   %Mutare.Result{status: :no_coverage, site: %Mutare.Site{file: "lib/a.ex", line: 12}},
...>   %Mutare.Result{status: :killed, site: %Mutare.Site{file: "lib/a.ex", line: 20}},
...>   %Mutare.Result{status: :no_coverage, site: %Mutare.Site{file: "lib/a.ex", line: 30}},
...>   %Mutare.Result{status: :no_coverage, site: %Mutare.Site{file: "lib/b.ex", line: 7}}
...> ]
iex> Mutare.Report.no_coverage(results)
"no test ran the mutants on:\n  lib/a.ex:12-13, 30\n  lib/b.ex:7"

  



  
    
      
    
    
      patch(site, source)



        
          
        

    

  


  

      

          @spec patch(Mutare.Site.t(), String.t()) :: String.t()


      


Apply a single mutation to the original source string.

  



  
    
      
    
    
      render(results, sources)



        
          
        

    

  


  

      

          @spec render([Mutare.Result.t()], %{optional(String.t()) => String.t()}) :: String.t()


      


Render the whole report from results and a %{file => original_source} map.
The report lists each survivor as a diff, then the lines holding mutants no
test ran (no_coverage/1), then ignored mutants and harness errors, one per
line, then the partitions whose kills may be false, and ends with the
summary/2 tally.

  



  
    
      
    
    
      render(results, sources, opts)



        
          
        

    

  


  

      

          @spec render([Mutare.Result.t()], %{optional(String.t()) => String.t()}, keyword()) ::
  String.t()


      


Renders the human report with the same arity as machine reporters.
opts[:scope] is the summary/2 scope note, and opts[:broken_partitions]
(Mutare.Run's) the partitions whose kills may be false; the other options are
ignored (score gating is handled by the caller).

  



    

  
    
      
    
    
      summary(results, scope \\ nil)



        
          
        

    

  


  

      

          @spec summary([Mutare.Result.t()], String.t() | nil) :: String.t()


      


One-line tally, e.g. mutation score: 66.7% (2 killed, 1 survived, 3 total).
A run that tested only part of the project (--since, --line, …) passes the
flags that chose that part as scope, appended as a trailing — scoped by …:
its score is over those mutants alone, not the project's.
iex> Mutare.Report.summary([
...>   %Mutare.Result{status: :killed},
...>   %Mutare.Result{status: :survived}
...> ])
"mutation score: 50.0%  (1 killed, 1 survived, 2 total)"

iex> Mutare.Report.summary([%Mutare.Result{status: :killed}], "--since main")
"mutation score: 100.0%  (1 killed, 0 survived, 1 total)  — scoped by --since main"

  



  
    
      
    
    
      survivor(site, source)



        
          
        

    

  


  

      

          @spec survivor(Mutare.Site.t(), String.t()) :: String.t()


      


Full diff block (header + diff) for one survivor.

  


        

      


  

  
    
    Mutare.Report.Events - mutare v0.5.1
    
    

    


  
  

    
Mutare.Report.Events 
    



      
The events of mix mutare --events FILE: one JSON object per line, appended as the run goes,
so a consumer can follow a run with tail -f and filter it a line at a time
(jq -c 'select(.status == "survived")'). The JSON report is the complete record of a
finished run; this is the record of one in progress.
Every event has an event name and elapsed_ms, the milliseconds since the run started.
In order:
	start — the run has started, and its scan with it. version is this format's version
(1), mutare the Mutare version.
	scanned — the scan is done: mutants will be tested, from files files.
	phase — the run entered phase: compiling, baseline, coverage_probe, running
(with mutants, the number it will test), confirming_timeouts (with mutants, the
number of provisional timeouts to re-run one at a time), and, under --partition-env,
checking_partitions (with partitions, the number whose environment it re-runs one
kill's tests in with no mutant active).
	mutant — one mutant's verdict, written once the run accepts it. The run tests several
mutants at once but accepts their verdicts in source order, so a slow mutant holds back
the lines of mutants after it that have already finished: a quiet file does not mean no
mutant has finished. A provisional timeout is re-run alone after the others
(confirming_timeouts), so its line comes at the end. Fields:	evaluated — how many mutant lines the file holds, this one included: against the
scanned count, how far the run has got;
	id — the report id, an integer: the JSON report's id, which that report writes as
a string;
	file, line, column — where the mutant is: the location the human report prints,
--line selects by, and # mutare:ignore reads;
	mutator, variant — the family, and the variant labels its
# mutare:ignore[family:label] filters match (a list, empty when the family declares
none);
	status — one of killed, timeout, atom_exhausted, survived, no_coverage, ignored, poisoned, harness_error;
	range, original, replacement — the patch: original is the source text between
range.start and range.end (1-based, end exclusive), and replacement the text that
takes its place, exactly as the human report's diff applies it. A replacement may cover
more than it changes: removing a pipe stage rewrites the whole pipe, while line and
column point at the stage. A column, here and in column, counts graphemes, as
Elixir's columns do — not bytes, code points or UTF-16 units — so on a line with
non-ASCII text, slice by graphemes or find original on the line;
	duration_ms, selection — how long the mutant's test run took, and which tests it ran
(tests, files, app or suite); absent for a mutant that launched no run (one
no_coverage, ignored or poisoned);
	note, reason — an advisory note from the mutator, and why a mutant was ignored or why
its run reached no verdict; each absent when there is none.


	finish — the last line, written once the reports are. stopped says why: complete,
max_survivors, time_budget, sigterm, or error. All but error carry mutants
(the number the run set out to test; null if a SIGTERM stopped the scan),
evaluated, counts (every status, zeros included) and score, over the mutants
evaluated. An error carries error, the reason's name (baseline_failed,
compile_failed, …, and aborted for an abort with no reason of its own, such as a bad
# mutare:ignore qualifier or --strict-ignores), and
message, the text mix mutare prints. An error writes no final report, so a report
file holds what it held before: an earlier run's report, or, when the error came after
mutants had run (too_many_harness_errors), possibly this run's last checkpoint, with
the mutants it had not tested Pending. A SIGTERM that arrives while the final reports
are being written stops the writes: each report is then either its final version or the
last checkpoint, which may hold fewer verdicts than the finish counts.

A file that ends without a finish belongs to a run that is still going or died without
stopping cleanly — a SIGKILL or a crash; its stderr says which.
Object keys are not in a fixed order, and a later version may add fields and events: a
consumer ignores the ones it does not know. A change that would mislead such a consumer
bumps version.

      


      
        Summary


  
    Types
  


    
      
        stopped()

      


        Why a run stopped, as a finish event names it.



    





      


      
        Types


        


  
    
      
    
    
      stopped()



        
          
        

    

  


  

      

          @type stopped() :: :complete | :max_survivors | :time_budget | :sigterm


      


Why a run stopped, as a finish event names it.

  


        

      


  

  
    
    Mutare.Report.Html - mutare v0.5.1
    
    

    


  
  

    
Mutare.Report.Html 
    



      
Renders an HTML page that hosts the interactive mutation report.
Deliberately not a bespoke renderer: it embeds the Mutare.Report.Json document into the official mutation-test-report-app web component (loaded from a pinned CDN bundle), which renders the file tree, per-file source with inline mutant annotations, and the score. The report data is embedded in one HTML file you can open or attach to CI.
Tradeoff: viewing the page fetches the component bundle from unpkg, so it needs network access. Vendoring the bundle is a possible later toggle.

      


      
        Summary


  
    Functions
  


    
      
        render(results, sources, opts \\ [])

      


        Render an HTML report. opts is forwarded to Mutare.Report.Json
(so :min_score sets the thresholds the viewer colours by).



    





      


      
        Functions


        


    

  
    
      
    
    
      render(results, sources, opts \\ [])



        
          
        

    

  


  

      

          @spec render([Mutare.Result.t()], %{optional(String.t()) => String.t()}, keyword()) ::
  String.t()


      


Render an HTML report. opts is forwarded to Mutare.Report.Json
(so :min_score sets the thresholds the viewer colours by).

  


        

      


  

  
    
    Mutare.Report.Json - mutare v0.5.1
    
    

    


  
  

    
Mutare.Report.Json 
    



      
Renders a mutation run as a mutation-testing-elements report-schema JSON document (the schema used by Stryker and its viewer/dashboard).
This is the lossless machine format: every mutant (not just survivors) is emitted, keyed by file, with its location and status. A mutant the run has no result for — a report written before the run finished, or after it stopped early — is emitted as Pending, so a partial report never reads as a complete one. Mutare's Mutare.Result statuses map exactly onto the schema's MutantStatus vocabulary (see status/1), so the report drops straight into the existing ecosystem — Mutare.Report.Html embeds this same document into the report web component, and it can be uploaded to the Stryker dashboard unchanged.
Two fields locate a mutant. The schema's location is the source span its replacement text replaces. Mutare adds position, a {line, column} point: where the mutant is, the location the human report prints and --line selects by. Its line is the one # mutare:ignore reads. Usually position is where location starts. A mutant whose replacement must cover more text than it changes is the exception: removing a pipe stage, for instance, rewrites the whole pipe but is positioned at the stage.
Under :partition_env (--partition-db or --partition-env), Mutare also adds each mutant's partition, the one its run used. A kill on a partition whose environment failed the tests with no mutant active (Mutare.Run's :broken_partitions) carries a statusReason saying the kill may be false.
Emitted by mix mutare --report json or mix mutare --report json:path.json.

      


      
        Summary


  
    Functions
  


    
      
        render(results, sources, opts \\ [])

      


        Render results and their original sources as a report-schema JSON string.



    





      


      
        Functions


        


    

  
    
      
    
    
      render(results, sources, opts \\ [])



        
          
        

    

  


  

      

          @spec render([Mutare.Result.t()], %{optional(String.t()) => String.t()}, keyword()) ::
  String.t()


      


Render results and their original sources as a report-schema JSON string.
opts[:min_score] (when set) becomes the report's score thresholds,
opts[:pending] lists the sites with no result yet, emitted as Pending, and
opts[:broken_partitions] (Mutare.Run's) gives each kill on one of those
partitions a statusReason saying the kill may be false.

  


        

      


  

  
    
    Mutare.Report.Live - mutare v0.5.1
    
    

    


  
  

    
Mutare.Report.Live 
    



      
Live progress for the human report.
Progress is written to stderr so stdout remains safe for the final or machine-readable report. An interactive terminal gets a spinner, current mutant, counts, and ETA; pipes and CI logs get plain scrollback. Survivors, timeouts, and harness errors remain visible after the live display advances.
In plain mode a PROGRESS line (Lines.progress_line/2) stands in for the status block: the counts and ETA at each tenth of the mutants, and the current phase with its elapsed time whenever the interval passes with no such line. A timer drives the second trigger, not results, so a long compile or one slow mutant still writes to the log — CI systems that kill a job after a stretch with no output would otherwise kill a healthy run.
--verbose prints a line for every mutant and timing details for each phase. --quiet suppresses live progress entirely and takes precedence over --verbose.
This module manages the process, output modes, and terminal writes; the text of every line it draws is rendered by Mutare.Report.Live.Lines.

      


      
        Summary


  
    Types
  


    
      
        phase_event()

      


    





  
    Functions
  


    
      
        animating?(server)

      


        Returns whether the reporter is using an animated ANSI status block.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        clear(server)

      


        Clears the current status block without stopping the reporter.



    


    
      
        color_enabled?()

      


        Returns whether persistent labels may use color.



    


    
      
        default_ansi?(stderr_tty?)

      


        Returns whether the default live reporter should draw its ANSI status block for
the detected stderr terminal state.



    


    
      
        finish(server)

      


        Stops the status display and clears its terminal lines.



    


    
      
        phase(server, phase)

      


        Records a phase transition or detail event.



    


    
      
        report(server, result)

      


        Records a completed mutant result and updates the progress display.



    


    
      
        scanned(server, progress)

      


        Updates scanning progress with the processed file count, total file count, and
number of mutants found.



    


    
      
        start_link(opts \\ [])

      


        Starts the live reporter.



    


    
      
        started(server, site)

      


        Records the mutant currently being tested.



    





      


      
        Types


        


  
    
      
    
    
      phase_event()



        
          
        

    

  


  

      

          @type phase_event() ::
  :scanning
  | :compiling
  | :baseline
  | :coverage_probe
  | {:running, non_neg_integer()}
  | {:confirming_timeouts, non_neg_integer()}
  | {:checking_partitions, pos_integer()}
  | {:compiled, non_neg_integer()}
  | {:baseline_done, non_neg_integer()}
  | {:coverage_done, map()}
  | {:run_config, map()}
  | {:seed_app_build, map()}
  | {:inference_override_declined, map()}
  | {:poison_round, map()}
  | {:macro_poison, map()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      animating?(server)



        
          
        

    

  


  

      

          @spec animating?(GenServer.server()) :: boolean()


      


Returns whether the reporter is using an animated ANSI status block.
Plain reporters emit persistent lines but do not display the current-mutant
activity line.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



  
    
      
    
    
      clear(server)



        
          
        

    

  


  

      

          @spec clear(GenServer.server()) :: :ok


      


Clears the current status block without stopping the reporter.
This call is synchronous, so the terminal is clear before subsequent output.

  



  
    
      
    
    
      color_enabled?()



        
          
        

    

  


  

      

          @spec color_enabled?() :: boolean()


      


Returns whether persistent labels may use color.
Any non-empty NO_COLOR value disables color. This does not disable ANSI cursor
animation.

  



  
    
      
    
    
      default_ansi?(stderr_tty?)



        
          
        

    

  


  

      

          @spec default_ansi?(boolean()) :: boolean()


      


Returns whether the default live reporter should draw its ANSI status block for
the detected stderr terminal state.
This is intentionally independent of IO.ANSI.enabled?/0: Elixir's flag is
initialized from stdout, but Mutare's live UI is written to stderr.

  



  
    
      
    
    
      finish(server)



        
          
        

    

  


  

      

          @spec finish(GenServer.server()) :: :ok


      


Stops the status display and clears its terminal lines.

  



  
    
      
    
    
      phase(server, phase)



        
          
        

    

  


  

      

          @spec phase(GenServer.server(), phase_event()) :: :ok


      


Records a phase transition or detail event.
Phase transitions are :scanning, :compiling, :baseline, :coverage_probe,
{:running, total}, {:confirming_timeouts, count} (the post-stream
confirmation pass, announced while the phase stays :running), and
{:checking_partitions, count} (the partition check after it, which leaves a line in
every mode, since no result reports in while it runs). Detail events are
verbose-only notes: {:compiled, ms}, {:baseline_done, ms}, {:run_config, cfg}
(stashed for the {:running, total} label), {:seed_app_build, summary}, and
{:inference_override_declined, info}. {:coverage_done, summary} is verbose for
its breakdown, but its whole-suite news (a run-all degrade, or mutants that will run
the whole suite under a narrowing mode) leaves a line in every mode, as do
{:poison_round, info} (a compile-poison recovery round) and {:macro_poison, info}
(the macro-expansion fallback skipping an inline DSL macro). Unrecognised events are
ignored.

  



  
    
      
    
    
      report(server, result)



        
          
        

    

  


  

      

          @spec report(GenServer.server(), Mutare.Result.t()) :: :ok


      


Records a completed mutant result and updates the progress display.

  



  
    
      
    
    
      scanned(server, progress)



        
          
        

    

  


  

      

          @spec scanned(GenServer.server(), %{
  done: non_neg_integer(),
  total: non_neg_integer(),
  found: non_neg_integer()
}) :: :ok


      


Updates scanning progress with the processed file count, total file count, and
number of mutants found.
Animated reporters redraw the status block. Plain reporters do not print a line
for each update.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: GenServer.on_start()


      


Starts the live reporter.
Options:
	:device — output device; defaults to :standard_error
	:ansi — enables or disables animation; by default it is enabled when stderr
is a terminal
	:color — enables or disables colored persistent labels; by default it
follows animation and NO_COLOR
	:width — terminal width; defaults to the detected width or 80
	:verbose — retains a line for every mutant and shows phase details;
defaults to false
	:heartbeat_ms — without animation, the longest stretch without a progress
line; defaults to two minutes


  



  
    
      
    
    
      started(server, site)



        
          
        

    

  


  

      

          @spec started(GenServer.server(), Mutare.Site.t()) :: :ok


      


Records the mutant currently being tested.

  


        

      


  

  
    
    Mutare.Report.Live.Lines - mutare v0.5.1
    
    

    


  
  

    
Mutare.Report.Live.Lines 
    



      
The text of the live display, rendered from the reporter's state.
Mutare.Report.Live manages the process, output modes, and terminal writes; every line it
draws or leaves in scrollback is rendered here — the animated status block
(status_block/2), the plain-mode progress line (progress_line/2), a mutant's
leave-behind or --verbose line, a phase's label or
detail note, and compile-poison diagnostics. Nothing here touches the terminal, so
each line is testable on its own. Cursor-control sequences are the reporter's, never
part of a line.

      


      
        Summary


  
    Functions
  


    
      
        checking_partitions_label(count)

      


        The line announcing the partition check that follows the mutant stream:
count partitions each rerun one kill's tests with no mutant active.



    


    
      
        confirming_label(count)

      


        The label announcing the post-stream timeout-confirmation pass.



    


    
      
        coverage_notes(summary, verbose?)

      


        The persistent lines the coverage probe's {:coverage_done, summary} leaves, in order:
the whole-suite news, if any, in every mode — a ⚠ when the probe degraded to run-all
(naming why), a ↺ when mutants nobody asked to run the whole suite will (covered only
from processes no test owns) — then, in verbose, the ✓ selection breakdown with the
derived cap. A :full run asked for whole-suite runs, so it gets no news line. Whole-suite
runs are the one cost that makes a run look stuck, so their line is not a verbose detail.



    


    
      
        detail_line(arg)

      


        Renders a verbose detail event as a persistent status line: a phase's completion, or a
mix.exs whose inference override did not land.



    


    
      
        eta_secs(done, remaining, elapsed)

      


        Estimates remaining seconds from completed work, remaining work, and elapsed
seconds.



    


    
      
        humanize_ms(ms)

      


        Milliseconds as one-decimal seconds (e.g. 450 → "0.5s", 3100 → "3.1s").



    


    
      
        humanize_secs(s)

      


        Seconds as Ns (under a minute) or Nm Ss.



    


    
      
        leave_behind(status)

      


        Returns the persistent {label, color} for status, or nil when the status
only updates the counter.



    


    
      
        leave_line(styled, result, color?)

      


        A mutant's permanent line: its leave_behind/1 styling (coloured when color?), the
mutant descriptor, and — for a harness error — the compact diagnostic.



    


    
      
        macro_poison_line(map)

      


        Renders the macro-expansion poison fallback as a loud, persistent warning: names the
inline DSL macro(s) whose argument wouldn't compile with a mutation spliced in, and the
copy-paste route to pin the skip up front (Mutare.Poison.Hint.route_tuple/2 — :raw
for a call, :skip for a head Mutare analyzes structurally), or a # mutare:ignore
pointer when no route can name any of them.



    


    
      
        phase_label(phase)

      


        The label of a pre-mutant phase (:scanning, :compiling, :baseline,
:coverage_probe), or nil for anything else.



    


    
      
        poison_round_line(info)

      


        Renders one compile-poison recovery round as a persistent status line: how many
mutants were dropped, how many block macros were escalated (skipped wholesale), and how
many clean regions lost their uninstrumented copy — naming the escalated macros so the
line explains why the compile is being retried. A round that dropped only clean regions
reads "dropped 0 mutants", which is the point: it cost none.



    


    
      
        progress_line(state, now)

      


        Returns the plain-mode progress line for state at monotonic time now_ms, or nil
when no phase is under way.



    


    
      
        running_label(arg1, total)

      


        The :running phase's label. In verbose mode it appends the worker count, and each
worker's scheduler count when trimmed, from the
stashed :run_config ({:run_config, cfg} always fires just before
{:running, total}); the non-verbose label is unchanged.



    


    
      
        seed_line(map)

      


        Renders the app-build seed's outcome (Mutare.Sandbox.Seed.summary/0) as a persistent
status line, or nil for a :skipped seed (the broad-run default — no line even in
verbose). :seeded shows the reused vs recompiling beam counts; :partial adds how many
apps fell back (an umbrella per-app miss); :fallback names the otherwise-silent fall
back to a cold compile.



    


    
      
        status_block(state, now)

      


        Returns the status-block lines for state at monotonic time now_ms.



    


    
      
        verbose_leave(status)

      


        Returns the persistent {label, color} for status in verbose mode.



    


    
      
        verbose_line(result, color?)

      


        The verbose per-mutant line: every status's verbose_leave/1 label (coloured when
color?), the shared descriptor, (whole suite) / (app + dependents) for a broad run,
and a duration suffix for a mutant that actually ran (duration_ms > 0 — so a
no-coverage/ignored/poisoned mutant, which launched no suite, shows no time).



    





      


      
        Functions


        


  
    
      
    
    
      checking_partitions_label(count)



        
          
        

    

  


  

      

          @spec checking_partitions_label(pos_integer()) :: String.t()


      


The line announcing the partition check that follows the mutant stream:
count partitions each rerun one kill's tests with no mutant active.

  



  
    
      
    
    
      confirming_label(count)



        
          
        

    

  


  

      

          @spec confirming_label(non_neg_integer()) :: String.t()


      


The label announcing the post-stream timeout-confirmation pass.

  



  
    
      
    
    
      coverage_notes(summary, verbose?)



        
          
        

    

  


  

      

          @spec coverage_notes(map(), boolean()) :: [String.t()]


      


The persistent lines the coverage probe's {:coverage_done, summary} leaves, in order:
the whole-suite news, if any, in every mode — a ⚠ when the probe degraded to run-all
(naming why), a ↺ when mutants nobody asked to run the whole suite will (covered only
from processes no test owns) — then, in verbose, the ✓ selection breakdown with the
derived cap. A :full run asked for whole-suite runs, so it gets no news line. Whole-suite
runs are the one cost that makes a run look stuck, so their line is not a verbose detail.

  



  
    
      
    
    
      detail_line(arg)



        
          
        

    

  


  

      

          @spec detail_line(tuple()) :: String.t()


      


Renders a verbose detail event as a persistent status line: a phase's completion, or a
mix.exs whose inference override did not land.

  



  
    
      
    
    
      eta_secs(done, remaining, elapsed)



        
          
        

    

  


  

      

          @spec eta_secs(non_neg_integer(), non_neg_integer(), non_neg_integer()) ::
  non_neg_integer() | nil


      


Estimates remaining seconds from completed work, remaining work, and elapsed
seconds.
Returns nil until at least one item has completed and elapsed time is non-zero.

  



  
    
      
    
    
      humanize_ms(ms)



        
          
        

    

  


  

      

          @spec humanize_ms(non_neg_integer()) :: String.t()


      


Milliseconds as one-decimal seconds (e.g. 450 → "0.5s", 3100 → "3.1s").

  



  
    
      
    
    
      humanize_secs(s)



        
          
        

    

  


  

      

          @spec humanize_secs(non_neg_integer()) :: String.t()


      


Seconds as Ns (under a minute) or Nm Ss.

  



  
    
      
    
    
      leave_behind(status)



        
          
        

    

  


  

      

          @spec leave_behind(Mutare.Result.status()) :: {String.t(), atom()} | nil


      


Returns the persistent {label, color} for status, or nil when the status
only updates the counter.

  



  
    
      
    
    
      leave_line(styled, result, color?)



        
          
        

    

  


  

      

          @spec leave_line({String.t(), atom()}, Mutare.Result.t(), boolean()) :: String.t()


      


A mutant's permanent line: its leave_behind/1 styling (coloured when color?), the
mutant descriptor, and — for a harness error — the compact diagnostic.

  



  
    
      
    
    
      macro_poison_line(map)



        
          
        

    

  


  

      

          @spec macro_poison_line(map()) :: String.t()


      


Renders the macro-expansion poison fallback as a loud, persistent warning: names the
inline DSL macro(s) whose argument wouldn't compile with a mutation spliced in, and the
copy-paste route to pin the skip up front (Mutare.Poison.Hint.route_tuple/2 — :raw
for a call, :skip for a head Mutare analyzes structurally), or a # mutare:ignore
pointer when no route can name any of them.

  



  
    
      
    
    
      phase_label(phase)



        
          
        

    

  


  

      

          @spec phase_label(term()) :: String.t() | nil


      


The label of a pre-mutant phase (:scanning, :compiling, :baseline,
:coverage_probe), or nil for anything else.

  



  
    
      
    
    
      poison_round_line(info)



        
          
        

    

  


  

      

          @spec poison_round_line(map()) :: String.t()


      


Renders one compile-poison recovery round as a persistent status line: how many
mutants were dropped, how many block macros were escalated (skipped wholesale), and how
many clean regions lost their uninstrumented copy — naming the escalated macros so the
line explains why the compile is being retried. A round that dropped only clean regions
reads "dropped 0 mutants", which is the point: it cost none.

  



  
    
      
    
    
      progress_line(state, now)



        
          
        

    

  


  

      

          @spec progress_line(map(), integer()) :: String.t() | nil


      


Returns the plain-mode progress line for state at monotonic time now_ms, or nil
when no phase is under way.
A running phase shows the status block's counter (done/total, counts, elapsed, ETA);
a pre-run phase shows its label and the time spent in it (state.phase_at). Every line
leads with a fixed PROGRESS label, so a log reader finds the latest status with
grep PROGRESS log | tail -n 1.

  



  
    
      
    
    
      running_label(arg1, total)



        
          
        

    

  


  

      

          @spec running_label(map(), non_neg_integer()) :: String.t()


      


The :running phase's label. In verbose mode it appends the worker count, and each
worker's scheduler count when trimmed, from the
stashed :run_config ({:run_config, cfg} always fires just before
{:running, total}); the non-verbose label is unchanged.

  



  
    
      
    
    
      seed_line(map)



        
          
        

    

  


  

      

          @spec seed_line(map()) :: String.t() | nil


      


Renders the app-build seed's outcome (Mutare.Sandbox.Seed.summary/0) as a persistent
status line, or nil for a :skipped seed (the broad-run default — no line even in
verbose). :seeded shows the reused vs recompiling beam counts; :partial adds how many
apps fell back (an umbrella per-app miss); :fallback names the otherwise-silent fall
back to a cold compile.

  



  
    
      
    
    
      status_block(state, now)



        
          
        

    

  


  

      

          @spec status_block(map(), integer()) :: [String.t()]


      


Returns the status-block lines for state at monotonic time now_ms.
A running phase has an activity line and a counter. A pre-run phase has one
line. An idle state has none. Cursor-control sequences are not included.

  



  
    
      
    
    
      verbose_leave(status)



        
          
        

    

  


  

      

          @spec verbose_leave(Mutare.Result.status()) :: {String.t(), atom()}


      


Returns the persistent {label, color} for status in verbose mode.
Every registered status has a verbose label. An unknown status raises.

  



  
    
      
    
    
      verbose_line(result, color?)



        
          
        

    

  


  

      

          @spec verbose_line(Mutare.Result.t(), boolean()) :: String.t()


      


The verbose per-mutant line: every status's verbose_leave/1 label (coloured when
color?), the shared descriptor, (whole suite) / (app + dependents) for a broad run,
and a duration suffix for a mutant that actually ran (duration_ms > 0 — so a
no-coverage/ignored/poisoned mutant, which launched no suite, shows no time).

  


        

      


  

  
    
    Mutare.Report.Sarif - mutare v0.5.1
    
    

    


  
  

    
Mutare.Report.Sarif 
    



      
Renders surviving mutants as a SARIF 2.1.0 log.
A surviving mutant is a gap in the suite at a specific location, which is exactly what SARIF models — so GitHub code scanning (and other SARIF consumers) surface each survivor as an inline annotation on the PR diff. Only :survived results become findings; killed/skipped mutants are not actionable and are omitted. The mutation description (Mutare.Site.describe/1) is reused verbatim as the finding message.
Under :partition_env (--partition-db or --partition-env), a partition whose environment failed the tests with no mutant active (Mutare.Run's :broken_partitions) becomes a warning-level tool execution notification on the run's invocation, whose descriptor the driver declares among its notifications: its kills may be false, so survivors may be missing from the findings.
Emitted by mix mutare --report sarif or mix mutare --report sarif:path.sarif.

      


      
        Summary


  
    Functions
  


    
      
        render(results, sources, opts \\ [])

      


        Render the survivors in results as a SARIF 2.1.0 log string. opts[:broken_partitions]
(Mutare.Run's) become notifications on the run's invocation.



    





      


      
        Functions


        


    

  
    
      
    
    
      render(results, sources, opts \\ [])



        
          
        

    

  


  

      

          @spec render([Mutare.Result.t()], %{optional(String.t()) => String.t()}, keyword()) ::
  String.t()


      


Render the survivors in results as a SARIF 2.1.0 log string. opts[:broken_partitions]
(Mutare.Run's) become notifications on the run's invocation.

  


        

      


  

  
    
    Mutare.CallRouting.ArgumentRoutes - mutare v0.5.1
    
    

    


  
  

    
Mutare.CallRouting.ArgumentRoutes 
    



      
The resolved argument treatments returned by
Mutare.CallRouting.route_arguments/1.
One treatment per entry of Mutare.CallRouting.Call.arguments, in order. new/2 validates
that shape immediately (and normalizes each treatment — a keyed refinement written
[leading, key: treatment, …] is stored in its internal form); Mutare validates callback
results again at the boundary.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(call, treatments)

      


        Build the routes for call: one treatment per argument, in argument order — the order a
static route declaration uses.



    


    
      
        treatments(argument_routes)

      


        The treatments, aligned with the call's arguments.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(call, treatments)



        
          
        

    

  


  

      

          @spec new(Mutare.CallRouting.Call.t(), [Mutare.CallRouting.treatment()]) :: t()


      


Build the routes for call: one treatment per argument, in argument order — the order a
static route declaration uses.

  



  
    
      
    
    
      treatments(argument_routes)



        
          
        

    

  


  

      

          @spec treatments(t()) :: [Mutare.CallRouting.treatment()]


      


The treatments, aligned with the call's arguments.

  


        

      


  

  
    
    Mutare.CallRouting.Call - mutare v0.5.1
    
    

    


  
  

    
Mutare.CallRouting.Call 
    



      
Stable, resolved view of a known-macro call passed to routing and hosting callbacks.
arguments are the call's arguments, all of them, however the call was written: Mutare
treats a piped routed call as the direct call Kernel.|>/2 would build, so
(p in Post) |> from(order_by: …) is shown as from(p in Post, order_by: …). A classifier
routes the piped operand as the first argument it is, and a host or mutator can read and
rewrite it like any other. rebuild.(name, arguments) preserves the source's bare,
qualified, or aliased call form; reports still show the pipe the user wrote.
At classification, arguments retain their written syntax. After routing, hosts see Elixir
arguments resolved and :raw/:hosted fragments preserved, including their pipe operators.
A module named in an argument is written as the call site's aliases make it (Post for
MyApp.Post under alias MyApp.Post), or through __MODULE__ (__MODULE__,
__MODULE__.Comment). Arguments are not resolved at classification, so resolved_module/2
reads such a name through the aliases and the module in force at the call site. It answers
for the call handed to Mutare.CallRouting.route_arguments/1; a call obtained any other
way carries neither, and resolves only an Elixir.-qualified name.
The struct is produced by Mutare. Extension callbacks should match only the fields they need so
additional fields can be added compatibly. alias_env and enclosing_module are internal,
read only through resolved_module/2. To build one in a test, use new/4 or new/5.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(node, module, name, rebuild)

      


        Build a call value from the written call node, the resolved module and name, and the
rebuild function. arguments are read off node, so the two always agree.



    


    
      
        new(node, module, name, rebuild, site)

      


        new/4, with what is in force at the call site, for resolved_module/2 to read



    


    
      
        resolved_module(call, node)

      


        The module a node in the call's arguments names, read through the aliases and the module in
force at the call site: {:ok, module}, or :error for a node that is not a module name, or
that needs something the call does not carry (see the moduledoc). An Elixir.-qualified name
ignores aliases, as the compiler does, and so resolves either way. __MODULE__ is the module
the call is written in, and __MODULE__.Comment a name beneath it, as the compiler reads
them: at a file's top level __MODULE__ is :error and __MODULE__.Comment is Comment,
and in a module whose name is computed (defmodule Module.concat(…)) both are :error.
Whether the module exists is not checked.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Mutare.CallRouting.Call{
  alias_env: map() | nil,
  arguments: [Macro.t()],
  enclosing_module: module() | nil,
  module: module() | atom() | nil,
  name: atom(),
  node: Macro.t(),
  rebuild: (atom(), [Macro.t()] -> Macro.t())
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(node, module, name, rebuild)



        
          
        

    

  


  

      

          @spec new(Macro.t(), module() | atom() | nil, atom(), (atom(), [Macro.t()] ->
                                                   Macro.t())) :: t()


      


Build a call value from the written call node, the resolved module and name, and the
rebuild function. arguments are read off node, so the two always agree.
iex> node = quote(do: where(Post, x > 1))
iex> call = Mutare.CallRouting.Call.new(node, Ecto.Query, :where,
...>   fn name, args -> {name, [], args} end)
iex> length(call.arguments)
2

  



  
    
      
    
    
      new(node, module, name, rebuild, site)



        
          
        

    

  


  

      

          @spec new(
  Macro.t(),
  module() | atom() | nil,
  atom(),
  (atom(), [Macro.t()] -> Macro.t()),
  aliases: %{required(atom()) => module()},
  enclosing_module: module() | nil
) :: t()


      


new/4, with what is in force at the call site, for resolved_module/2 to read:
	aliases: %{Short => Module} — the aliases, the way an alias Module, as: Short would
bind them;
	enclosing_module: Module — the module the call is written in, which __MODULE__ names;
nil for a file's top level.

Either may be left out; a call without it resolves no name that needs it.
iex> node = quote(do: where(Post, x > 1))
iex> call = Mutare.CallRouting.Call.new(node, Ecto.Query, :where,
...>   fn name, args -> {name, [], args} end, aliases: %{Post: MyApp.Post})
iex> Mutare.CallRouting.Call.resolved_module(call, hd(call.arguments))
{:ok, MyApp.Post}

  



  
    
      
    
    
      resolved_module(call, node)



        
          
        

    

  


  

      

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


      


The module a node in the call's arguments names, read through the aliases and the module in
force at the call site: {:ok, module}, or :error for a node that is not a module name, or
that needs something the call does not carry (see the moduledoc). An Elixir.-qualified name
ignores aliases, as the compiler does, and so resolves either way. __MODULE__ is the module
the call is written in, and __MODULE__.Comment a name beneath it, as the compiler reads
them: at a file's top level __MODULE__ is :error and __MODULE__.Comment is Comment,
and in a module whose name is computed (defmodule Module.concat(…)) both are :error.
Whether the module exists is not checked.
iex> node = quote(do: from(p in Post))
iex> call = Mutare.CallRouting.Call.new(node, Ecto.Query, :from,
...>   fn name, args -> {name, [], args} end, aliases: %{Post: MyApp.Post})
iex> {:in, _, [_binding, source]} = hd(call.arguments)
iex> Mutare.CallRouting.Call.resolved_module(call, source)
{:ok, MyApp.Post}
iex> Mutare.CallRouting.Call.resolved_module(call, quote(do: Post.Comment))
{:ok, MyApp.Post.Comment}
iex> Mutare.CallRouting.Call.resolved_module(call, quote(do: p))
:error
__MODULE__ reads the module the call is written in:
iex> node = quote(do: from(p in __MODULE__))
iex> call = Mutare.CallRouting.Call.new(node, Ecto.Query, :from,
...>   fn name, args -> {name, [], args} end, enclosing_module: MyApp.Post)
iex> {:in, _, [_binding, source]} = hd(call.arguments)
iex> Mutare.CallRouting.Call.resolved_module(call, source)
{:ok, MyApp.Post}
iex> Mutare.CallRouting.Call.resolved_module(call, quote(do: __MODULE__.Comment))
{:ok, MyApp.Post.Comment}
iex> unplaced = Mutare.CallRouting.Call.new(node, Ecto.Query, :from,
...>   fn name, args -> {name, [], args} end)
iex> Mutare.CallRouting.Call.resolved_module(unplaced, source)
:error

  


        

      


  

  
    
    Mutare.CallRouting.ContractError - mutare v0.5.1
    
    

    


  
  

    
Mutare.CallRouting.ContractError exception
    



      
Raised when a macro-routing provider violates the extension contract.
The structured fields identify the provider, route, callback, rejected value, and reason where
they are known. Configuration syntax errors remain ArgumentErrors; this exception is reserved
for conflicts and callback-backed extension failures.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Mutare.CallRouting.ContractError{
  __exception__: true,
  callback: {atom(), non_neg_integer()} | nil,
  message: String.t(),
  provider: module() | nil,
  reason: atom() | nil,
  route: term(),
  value: term()
}


      



  


        

      


  

  
    
    Mutare.Changes - mutare v0.5.1
    
    

    


  
  

    
Mutare.Changes 
    



      
Source lines changed versus a git ref — the basis for mix mutare --since,
the CI mode that mutation-tests only what a branch touched.
Scoping is per-line, not per-file: a one-line edit to a large module mutates
only that line, not the whole file. The changed lines are fed to :only_lines
(the same site filter --line uses), so a --since run and a --line run
share all the downstream machinery.
"Changed" means what the branch changed: lines differing between the working
tree and the point where HEAD forked from the ref (their merge base), plus
every line of an untracked .ex file. Commits the ref gained after the fork are
not the branch's changes and are not included.

      


      
        Summary


  
    Functions
  


    
      
        since(root, ref)

      


        Lines changed under root versus ref, as a set of {relative_path, line}
pairs on the new side of the diff (the lines that now exist to be mutated).



    





      


      
        Functions


        


  
    
      
    
    
      since(root, ref)



        
          
        

    

  


  

      

          @spec since(Path.t(), String.t()) :: {:ok, MapSet.t()} | {:error, String.t()}


      


Lines changed under root versus ref, as a set of {relative_path, line}
pairs on the new side of the diff (the lines that now exist to be mutated).
The diff runs from the merge base of ref and HEAD to the working tree, so
it holds the branch's committed and uncommitted changes and nothing ref gained
after the branch forked — what a pull request's diff shows. Untracked files
that .gitignore does not exclude are new relative to any ref, so every line
of each untracked .ex file is included, as git diff reports a newly added
file. Only .ex files, because only those are discovered for mutation; reading
other untracked files would cost time and add nothing.
Uses git diff -U0 --relative, run with root as the working dir, so paths
are scoped to and relative to root. The diff command disables
presentation/user hooks and pins prefixes because the output is parsed, and
turns off core.quotePath so a non-ASCII pathname is returned verbatim rather
than octal-escaped. -U0 drops context lines so only genuinely-added lines
land in the set; pure deletions contribute nothing (their file drops out
entirely if it has no other changes). Returns {:error, detail} if git fails
(no repo, bad ref, git missing) or finds no merge base (unrelated histories,
or a shallow clone missing the fork point).

  


        

      


  

  
    
    Mutare.Config - mutare v0.5.1
    
    

    


  
  

    
Mutare.Config 
    



      
Translate Mutare options from an optional .mutare.exs file and CLI flags.
CLI flags win over file config. The result is a raw keyword list that
Mutare.Options.new/1 normalizes and validates into the Mutare.Options
struct threaded through the rest of the pipeline. This module handles CLI syntax
and precedence only; it does not resolve runtime option values.
The 1:1 passthrough flags (whose CLI name is a plain rename of an option
key) are derived from Mutare.Options.Registry, so this module only spells out
the exceptional flags it actually translates (see cli_switches/0 and the
translations in merge/2).

      


      
        Summary


  
    Functions
  


    
      
        cli_switches()

      


        The CLI switches translated by this module: the exceptional/translated flags whose mapping is not a
1:1 passthrough (a repeatable accumulator, a renamed/derived key, or a --no- toggle handled in
merge/2). The Mix task composes these with Mutare.Options.Registry.cli_switches/0 (the
passthrough options) and its own project/inspect flags into OptionParser's strict switch list,
so a flag's parse shape lives next to its translation.



    


    
      
        load(root)

      


        Load .mutare.exs from root, or [] when it is absent.



    


    
      
        merge(file_config, flags, root \\ ".")

      


        Merge file_config with parsed CLI flags into an options keyword list for
Mutare.Options.new/1. CLI flags win over file config: each set
flag is translated to its option key and put over the file value; an unset flag
leaves the file's value (or the option default) in place. For translated boolean
flags, the negative form is a real override too: e.g. --no-full restores
coverage-guided selection and --no-partition-db disables partitioning even when
.mutare.exs enabled it. root is the target project the flags resolve against;
only --since reads it (it runs git diff there).



    





      


      
        Functions


        


  
    
      
    
    
      cli_switches()



        
          
        

    

  


  

      

          @spec cli_switches() :: keyword()


      


The CLI switches translated by this module: the exceptional/translated flags whose mapping is not a
1:1 passthrough (a repeatable accumulator, a renamed/derived key, or a --no- toggle handled in
merge/2). The Mix task composes these with Mutare.Options.Registry.cli_switches/0 (the
passthrough options) and its own project/inspect flags into OptionParser's strict switch list,
so a flag's parse shape lives next to its translation.

  



  
    
      
    
    
      load(root)



        
          
        

    

  


  

      

          @spec load(Path.t()) :: keyword()


      


Load .mutare.exs from root, or [] when it is absent.

  



    

  
    
      
    
    
      merge(file_config, flags, root \\ ".")



        
          
        

    

  


  

      

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


      


Merge file_config with parsed CLI flags into an options keyword list for
Mutare.Options.new/1. CLI flags win over file config: each set
flag is translated to its option key and put over the file value; an unset flag
leaves the file's value (or the option default) in place. For translated boolean
flags, the negative form is a real override too: e.g. --no-full restores
coverage-guided selection and --no-partition-db disables partitioning even when
.mutare.exs enabled it. root is the target project the flags resolve against;
only --since reads it (it runs git diff there).
The recognised flags and what they mean are documented for users in the
Mix.Tasks.Mutare moduledoc — this is the translation layer, so it records only the
mappings that aren't a 1:1 rename: a repeatable --only accumulates into :paths
(each a directory or single .ex file, in order), --line FILE:LINE[:COLUMN] into
:only_lines, which --since REF then narrows to the lines changed versus that git
ref (intersecting an explicit --line or file filter rather than replacing it),
--skip-lifting Module.fun/arity into :skip_lifting, --skip-call Module.fun/arity (or Module.fun for any arity, Module.* for a whole module) appends a
{Module, :fun, arity, :skip} route to :call_routes (the one flag that extends the file value
rather than replacing it, so a run can skip one more call without restating the file's routes),
--full/--no-full and --per-file/--no-per-file resolve to
:test_selection, and
--partition-db/--no-partition-db/--partition-env resolve to
:partition_env, and --schedulers N|all to :schedulers (an integer, or :all).
A :mutators
CLI value is translated from CSV into a list of names; Mutare.Options resolves
those names, including the :builtins group token, through the mutator catalog.
iex> opts = Mutare.Config.merge([paths: ["lib"], min_score: 70], only: "lib/billing", full: true)
iex> {opts[:paths], opts[:min_score], opts[:test_selection]}
{["lib/billing"], 70, :full}

iex> Mutare.Config.merge([], report: "json:mutare.json")[:reporters]
[{:human, nil}, {:json, "mutare.json"}]

  


        

      


  

  
    
    Mutare.Coverage - mutare v0.5.1
    
    

    


  
  

    
Mutare.Coverage 
    



      
Read back the coverage the metamutant recorded during the probe run.
The metamutant self-records coverage synchronously, in the test process, as
the suite runs (Mutare.Coverage.Recorder generates the recording code); at suite end
an ExUnit.after_suite/1 hook dumps it to a file. This module reads that dump.
The dump is three things, all keyed by mutant id (no metamutant↔original line
mapping — the original line is only for the report):
	:aggregate — the set of mutant ids whose selector ran at all, in any
process (test body, setup, setup_all, a spawned task). This is the
no-coverage signal: an id not in it can never be killed, so skip it and
keep it out of the score's denominator.
	:by_file — %{test_file => MapSet(mutant ids)}: which mutant ids each test
file covered. A line running in the test process is labeled directly; one
running in a Task it spawned is attributed via the caller chain; one running
in a module's setup_all is attributed via the __ex_unit__/2 stacktrace
frame (module-granular, the file selection needs). This drives per-file test
selection.
	:unlabeled — the set of mutant ids whose selector ran in a process with no
recoverable test label at all — a bare spawn, a setup-registered on_exit
closure, or the rare setup_all whose work happened off-stack in a Task it
spawned (an on_exit registered in a test body is recovered, via its
closure frame in ExUnit's per-test runner process, and a process that declared
its owner with Mutare.CoverageAttribution.attribute_to/1 is attributed to that
owner's test). An id here
was covered, but cannot be attributed to a specific test, so the caller runs the
whole suite for it — even if :by_file also attributes it to some file,
since that partial attribution would otherwise mask the unlabeled coverage and
manufacture a false survivor.

Two more keys carry the finer test-case granularity :tests selection uses
(both keyed by mutant id):
	:by_test — %{mutant id => MapSet(runnable test names)}: the individual
ExUnit tests (test/doctest/property names) that covered each id, so a
mutant can run mix test <file> --only test:<name> instead of the whole file.
	:wholefile — the set of ids with a labeled but non-narrowable
attribution (a setup_all or an on_exit, which cover through a module-scoped
context, not a single runnable test). :tests must run the whole file for such
an id — narrowing to named tests would drop the covering context and
manufacture a false survivor.

Mutare.Runner.CoverageProbe reconciles them all. A valid empty aggregate means
no emitted mutant was covered. The helper writes an explicit error if any
capture table is missing, so lost capture data cannot masquerade as zero hits,
and it always writes all five keys — a dump missing one is malformed, not a
partial capture, and is rejected like any other wrong shape.
Schema dumps record {file_namespace, local_id} identities; standalone
transforms record integers. On disk, each id collection groups local ids under
their namespace (nil for integers), so a file path appears once per group, not
once per id. read_dump/2 flattens the groups and accepts
Mutare.RuntimeId.index(schema.sites) to translate every collection to report
ids before the runner consumes it. An unknown identity invalidates the dump and
triggers run-all, never false no-coverage. read_dump/1 exposes the runtime
identities as recorded.
Why not :cover: its counters live in a single global table keyed
{module, line} with no per-process partition, so attributing coverage to a
test in one run needs a per-test snapshot, and the only global per-test signal
ExUnit emits is an async cast to formatters that races test execution (fast
async: false modules' coverage is lost). Self-recording in the metamutant
sidesteps that entirely — and is process-agnostic for the aggregate, so it is a
better no-coverage detector than :cover ever was.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        The decoded dump. Keyed by mutant id throughout



    





  
    Functions
  


    
      
        read_dump(path, report_ids \\ nil)

      


        Read and decode the probe's coverage dump at path.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Mutare.Coverage{
  aggregate: MapSet.t(Mutare.RuntimeId.t()),
  by_file: %{required(String.t()) => MapSet.t(Mutare.RuntimeId.t())},
  by_test: %{required(Mutare.RuntimeId.t()) => MapSet.t(String.t())},
  unlabeled: MapSet.t(Mutare.RuntimeId.t()),
  wholefile: MapSet.t(Mutare.RuntimeId.t())
}


      


The decoded dump. Keyed by mutant id throughout:
	aggregate — the process-agnostic hit set (no-coverage detection).
	by_file — per-test-file attribution (:coverage selection, and the
:tests fallback).
	unlabeled — the whole-suite hit set.
	by_test — per-test-case attribution: id => runnable test names that
covered it (:tests narrowing).
	wholefile — ids with a labeled but non-narrowable attribution
(setup_all/on_exit), which :tests must not narrow to named tests.


  


        

      

      
        Functions


        


    

  
    
      
    
    
      read_dump(path, report_ids \\ nil)



        
          
        

    

  


  

      

          @spec read_dump(Path.t(), map() | nil) :: {:ok, t()} | {:error, term()}


      


Read and decode the probe's coverage dump at path.
An optional runtime-to-report index translates every recorded identity. Omitting
it returns raw runtime identities, useful for inspecting a standalone dump.
Returns {:error, _} on anything unusable (missing file, truncated/garbled
payload, a capture error from the helper, unexpected shape — including a
well-formed outer map whose nested keys, ids or collections are the wrong type)
— the caller degrades such uncertainty to running the whole suite, never to a
false :no_coverage. It raises for no input.

  


        

      


  

  
    
    Mutare.Coverage.Recorder - mutare v0.5.1
    
    

    


  
  

    
Mutare.Coverage.Recorder 
    



      
The generated-code side of coverage capture: the contract the metamutant and
the test bootstrap share to record coverage synchronously, in the test
process, with no race.
Mutare.Coverage reads what this produces; this module defines how it is
produced. There are three pieces, all emitted into generated code:
	record_ast/1 — spliced by Mutare.Transform into every selector
catch-all. At baseline, under a tracking flag, it records the site's mutant
ids into shared ETS — in whatever process runs the line, including the test
process. (Mutare.Selector defines the selection contract the same way.)
	helper_source/0 — a dependency-free helper module
(Mutare.Sandbox writes it into the sandbox) holding the ETS writes and the
end-of-suite dump, so the per-site code stays a single call and the
OTP-version-tolerant label read lives in one place.
	Lifecycle ASTs — mode_ast/1 initializes probe mode in the mix.exs
prefix, before target project/config/application code. tables_ast/1
creates tables and enables recording before user test_helper.exs code.
attribution_ast/1 calls the coverage-attribution extensions after the
user's helper, and after_suite_ast/0 registers the dump after the helper
starts ExUnit. Both scoped ASTs take :harness or :fixture explicitly — there is no default,
because a bootstrap's scope is a property of where it is written, not of the
environment of the process that rendered it.

Probe mode (:mutare_probe) is immutable after initialization. Recording
readiness (:mutare_track) becomes true only after table setup. They have
different lifetimes: a function or closure can span table setup, so only mode
is a candidate for hoisting. Keeping readiness in the per-site gate also keeps
early target code from calling the helper before it is loadable. The helper
checks table existence again for direct calls and fixture table replacement.
A process that selects on a private key (Mutare.Selector.process_key/0, which
Mutare.Test.isolate_selector/0 installs) also records under a private readiness
key derived from it (track_key/0): the two switches have the same scope and are
baked into a metamutant together, so an async: true test module that turns
recording on reaches only its own metamutants.
A process with no lineage link to a test — a web server's request process in a
browser-driven test — can declare the pid it works for under the descriptor's
anchor_key (Mutare.CoverageAttribution.attribute_to/1 writes the harness key,
typically from hooks an extension installs through attribution_ast/1). The
helper resolves that pid as the declaring process would resolve itself, before
$callers and $ancestors, and guards its memo with the declaration, so a
process re-declared for another test is attributed afresh.
The compiled HelperTemplate uses private fixture tables, process-dictionary
caches and dump variables. Under self-hosting, the existing helper-name override
also selects the private recording key for fixture metamutants; generated harness
bootstraps always use the harness descriptor. Fixture setup cannot alter the
outer probe, and its table-owning tests can run during that probe.
Why this, not :cover
:cover's counters live in a single global table keyed {module, line} — there
is no per-process partition, so attributing coverage to a test in one run
needs a snapshot at each test boundary, and the only global per-test signal
ExUnit emits is an async cast to formatters that races test execution
(fast async: false modules' coverage is lost). The metamutant, by contrast,
is code we generate and that runs synchronously in the test process. So the
capture lives there, accumulate-only (never reset), keyed by mutant id directly.
The gate (why it is inert outside the probe)
The spliced expression (record_ast/3) is two nested short-circuits:
case (case :erlang."=:="(mutare_active, 0) do
        true -> :persistent_term.get(:mutare_track, false)
        _ -> false
      end) do
  true -> <helper>.hit([<ids>])
  _ -> false
end
	per-mutant runs (a local id in the selected file, :inactive elsewhere)
short-circuit on the comparison with zero —
~zero hot-loop cost;
	the baseline green run and Mutare's own unit tests (recording disabled)
short-circuit on the persistent-term read — the helper is never called;
	only the probe run (MUTARE_COVERAGE set → :mutare_track true,
mutare_active == 0) records.

They are cases, not ands: the record is spliced into the target's own modules,
where a narrowed or replaced Kernel import would redefine and under it, and
:erlang.andalso — the form and compiles to in a guard — is undefined in a body.
A special form is the one thing no import can redirect. The comparison is an explicit
:erlang call for the same reason, and neither case can read as a hoisted
selector (case mutare_active do).
Schema emission supplies a namespace to record_ast/3, producing
hit(namespace, local_ids). The helper keeps a seen-cache per namespace and
qualifies an id as {namespace, local_id} only when recording it to ETS, so
local id 1 in two files stays two hits; the dump groups local ids by namespace.
Mutare.Coverage flattens them and maps them back to the current run's report
ids before test selection.

      


      
        Summary


  
    Functions
  


    
      
        after_suite_ast()

      


        After-suite AST appended after the target's test helper.



    


    
      
        attribution_ast(attachments)

      


        Attach each coverage-attribution extension's hooks in the probe's test VM.



    


    
      
        catch_all_pattern(var \\ :mutare_active)

      


        Catch-all clause pattern that binds the selector subject to var.



    


    
      
        dump_file()

      


        The file (relative to the sandbox) the end-of-suite dump is written to.



    


    
      
        dump_path_env()

      


        Env var the probe sets to the absolute path the dump is written to.



    


    
      
        env_var()

      


        Env var the probe sets to turn coverage recording on for one run.



    


    
      
        fixture_module()

      


        The helper used by emitted fixture code and Mutare's test/support/mutare_cov.ex stand-in.



    


    
      
        fixture_override_env()

      


        Env var a sandbox run sets to give the suite-under-test's stand-in a private module name.



    


    
      
        gate_ast(var)

      


        The coverage gate, independent of the helper payload and its recognition.



    


    
      
        helper_module()

      


        The dependency-free helper module emitted into the sandbox.



    


    
      
        helper_source()

      


        Source for the dependency-free coverage helper written into the sandbox.



    


    
      
        hit_ast(ids, namespace)

      


        The helper call carrying this record's literal runtime ids.



    


    
      
        mode_ast(scope)

      


        Initialize immutable probe mode before target project code. Repeated project or
umbrella helper evaluation leaves the initialized value intact. Harness code
bakes the harness key; in-process fixture code uses its isolated runtime.
No helper module or ETS table needs to exist yet.



    


    
      
        no_warn_attr_ast(namespace \\ nil)

      


        AST for the @compile {:no_warn_undefined, {<helper>, :hit, 1}} attribute.



    


    
      
        record?(node)

      


        Recognise a gated coverage payload, independently of how its gate is evaluated.



    


    
      
        record_ast(ids, var \\ :mutare_active, namespace \\ nil)

      


        AST that records coverage for this selector's mutant ids.



    


    
      
        recorded_ids(node)

      


        The runtime ids a gated coverage payload records, or :error for any other node.



    


    
      
        root_env()

      


        Env var the probe sets to the absolute root test-file paths are relative to.



    


    
      
        runtime(atom)

      


        Capture state for one scope: :harness is what a generated sandbox bootstrap and
the written :mutare_cov helper use; :fixture is the disjoint set the compiled
HelperTemplate and Mutare's own in-process fixtures use, so fixture capture can
run inside an outer dogfood probe without touching it.



    


    
      
        suite_fixture_module()

      


        The private stand-in module name (fixture_override_env/0's value) used under dogfooding.



    


    
      
        tables_ast(scope)

      


        Create capture tables in the test-helper process, which owns them through the
suite. Mode is already initialized; this phase never changes it. Umbrella helpers
share one set of tables. Recording readiness is enabled only after creation.
The helper also checks table existence dynamically for direct calls.



    


    
      
        track_key()

      


        The recording-readiness key a spliced record reads.



    


    
      
        var_name()

      


        The canonical selector-subject variable name (:mutare_active); the default var.



    





      


      
        Functions


        


  
    
      
    
    
      after_suite_ast()



        
          
        

    

  


  

      

          @spec after_suite_ast() :: Macro.t()


      


After-suite AST appended after the target's test helper.
ExUnit.after_suite/1 requires ExUnit to be started, so the dump callback is
registered after the user's helper even though coverage tracking starts before
it.

  



  
    
      
    
    
      attribution_ast(attachments)



        
          
        

    

  


  

      

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


      


Attach each coverage-attribution extension's hooks in the probe's test VM.
attachments pairs each extension module exporting
Mutare.CoverageAttribution.attach_attribution/1 with its options, in
:extensions order. Appended after the target's test helper, where the project's
applications and whatever the helper starts are running, and gated on probe mode,
so no other run calls an extension. An empty list renders nothing.
Each call must return :ok; anything else, or a raise, fails the probe run, as
Mutare.CoverageAttribution.attach_attribution/1 documents.

  



    

  
    
      
    
    
      catch_all_pattern(var \\ :mutare_active)



        
          
        

    

  


  

      

          @spec catch_all_pattern(atom()) :: Macro.t()


      


Catch-all clause pattern that binds the selector subject to var.
Mutare.Transform uses this instead of _ so record_ast/2 can read the
active id without a second :persistent_term lookup. Pass the same per-file
variable to this function and to record_ast/2.

  



  
    
      
    
    
      dump_file()



        
          
        

    

  


  

      

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


      


The file (relative to the sandbox) the end-of-suite dump is written to.

  



  
    
      
    
    
      dump_path_env()



        
          
        

    

  


  

      

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


      


Env var the probe sets to the absolute path the dump is written to.

  



  
    
      
    
    
      env_var()



        
          
        

    

  


  

      

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


      


Env var the probe sets to turn coverage recording on for one run.

  



  
    
      
    
    
      fixture_module()



        
          
        

    

  


  

      

          @spec fixture_module() :: module()


      


The helper used by emitted fixture code and Mutare's test/support/mutare_cov.ex stand-in.
helper_module/0 (:mutare_cov) unless fixture_override_env/0 names another —
the one knob self-hosting needs so the stand-in does not collide with the real
helper the sandbox writes (see the constant's comment above).

  



  
    
      
    
    
      fixture_override_env()



        
          
        

    

  


  

      

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


      


Env var a sandbox run sets to give the suite-under-test's stand-in a private module name.

  



  
    
      
    
    
      gate_ast(var)



        
          
        

    

  


  

      

          @spec gate_ast(atom()) :: Macro.t()


      


The coverage gate, independent of the helper payload and its recognition.

  



  
    
      
    
    
      helper_module()



        
          
        

    

  


  

      

          @spec helper_module() :: module()


      


The dependency-free helper module emitted into the sandbox.

  



  
    
      
    
    
      helper_source()



        
          
        

    

  


  

      

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


      


Source for the dependency-free coverage helper written into the sandbox.
The source comes from Mutare.Coverage.HelperTemplate, a normal
compile-checked module. Only its defmodule line is rewritten to
helper_module/0 (:mutare_cov).
The helper's hit/1 writes coverage to shared ETS tables. Its dump/1
callback, registered with ExUnit.after_suite/1, writes dump_file/0 and
maps each test module back to its source file.

  



  
    
      
    
    
      hit_ast(ids, namespace)



        
          
        

    

  


  

      

          @spec hit_ast([pos_integer()], String.t() | nil) :: Macro.t()


      


The helper call carrying this record's literal runtime ids.

  



  
    
      
    
    
      mode_ast(scope)



        
          
        

    

  


  

      

          @spec mode_ast(:harness | :fixture) :: Macro.t()


      


Initialize immutable probe mode before target project code. Repeated project or
umbrella helper evaluation leaves the initialized value intact. Harness code
bakes the harness key; in-process fixture code uses its isolated runtime.
No helper module or ETS table needs to exist yet.

  



    

  
    
      
    
    
      no_warn_attr_ast(namespace \\ nil)



        
          
        

    

  


  

      

          @spec no_warn_attr_ast(String.t() | nil) :: Macro.t()


      


AST for the @compile {:no_warn_undefined, {<helper>, :hit, 1}} attribute.
Mutare.Transform prepends this to every metamutant module body. Selector
catch-alls call the generated coverage helper's hit/1; in an umbrella that
helper can live in a generated sibling app, so the mutated app may compile before
the helper and trigger a benign xref warning. The call resolves at runtime. This
attribute suppresses only that compile-time warning and is harmless when the
helper is compiled in the same app.

  



  
    
      
    
    
      record?(node)



        
          
        

    

  


  

      

          @spec record?(Macro.t()) :: boolean()


      


Recognise a gated coverage payload, independently of how its gate is evaluated.
The outer short-circuit case and the helper's literal positive-id payload
are the record contract. The condition may read tracking inline or use a bound
boolean. The tuple-selector reader separately verifies the selector identity and
the input/output variables; a coverage record alone never identifies a selector.
Both raw and literal-encoded reparsed ASTs are accepted.

  



    

    

  
    
      
    
    
      record_ast(ids, var \\ :mutare_active, namespace \\ nil)



        
          
        

    

  


  

      

          @spec record_ast([pos_integer()], atom(), String.t() | nil) :: Macro.t()


      


AST that records coverage for this selector's mutant ids.
Mutare.Transform prepends this expression to a selector catch-all body. It
records only when the selector is at baseline and the coverage probe has enabled
tracking; see the moduledoc for the full gate.
var must be the variable introduced by catch_all_pattern/1. The AST is
built directly so it can share that binding and splice ids as a literal list
of integers.
namespace selects the helper's hit/2 form; nil retains standalone hit/1.
Literals use clean metadata (Mutare.AST.literal/1); a bare integer can render badly
when this expression is emitted as a statement in a generated function body.
The comparison is an explicit :erlang call and both short-circuits use case,
so target imports cannot redefine them and no guard-only :erlang.andalso call
appears in a body. record?/1 recognises the outer case and helper payload
without depending on the gate's implementation.

  



  
    
      
    
    
      recorded_ids(node)



        
          
        

    

  


  

      

          @spec recorded_ids(Macro.t()) :: {:ok, [pos_integer()]} | :error


      


The runtime ids a gated coverage payload records, or :error for any other node.
The reader half of hit_ast/2, under the same recognition as record?/1: a namespaced
payload yields its local ids (the namespace is the file's, which the caller already knows).
Mutare.Manifest reads it to check that every emitted mutant has a record.

  



  
    
      
    
    
      root_env()



        
          
        

    

  


  

      

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


      


Env var the probe sets to the absolute root test-file paths are relative to.

  



  
    
      
    
    
      runtime(atom)



        
          
        

    

  


  

      

          @spec runtime(:harness | :fixture) :: map()


      


Capture state for one scope: :harness is what a generated sandbox bootstrap and
the written :mutare_cov helper use; :fixture is the disjoint set the compiled
HelperTemplate and Mutare's own in-process fixtures use, so fixture capture can
run inside an outer dogfood probe without touching it.

  



  
    
      
    
    
      suite_fixture_module()



        
          
        

    

  


  

      

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


      


The private stand-in module name (fixture_override_env/0's value) used under dogfooding.

  



  
    
      
    
    
      tables_ast(scope)



        
          
        

    

  


  

      

          @spec tables_ast(:harness | :fixture) :: Macro.t()


      


Create capture tables in the test-helper process, which owns them through the
suite. Mode is already initialized; this phase never changes it. Umbrella helpers
share one set of tables. Recording readiness is enabled only after creation.
The helper also checks table existence dynamically for direct calls.

  



  
    
      
    
    
      track_key()



        
          
        

    

  


  

      

          @spec track_key() :: atom()


      


The recording-readiness key a spliced record reads.
A process holding a private selection key (Mutare.Selector.process_key/0) gets a
private readiness key derived from it, so the test module execution that selects on its
own key also turns recording on and off for its own metamutants alone. Only a test holds
one; the harness, Mutare.Schema's workers and a sandbox run fall through to the rule
below.
Otherwise this follows fixture_module/0 rather than taking a scope, because it must
track whatever the emitter is emitting: a transform run in the harness bakes the
harness key into the metamutant, and a transform run by the suite-under-test (where
fixture_override_env/0 is set) bakes the fixture key into its fixtures. The
lifecycle ASTs are the other half of that contract and take their scope
explicitly (mode_ast/1, tables_ast/1) — they are written into generated
bootstraps, where the ambient override need not match the VM that will run them.
Don't pair this function with a lifecycle AST; reach for runtime/1 instead, whose
scope you have then named.

  



  
    
      
    
    
      var_name()



        
          
        

    

  


  

      

          @spec var_name() :: atom()


      


The canonical selector-subject variable name (:mutare_active); the default var.

  


        

      


  

  
    
    Mutare.CoverageAttribution - mutare v0.5.1
    
    

    


  
  

    
Mutare.CoverageAttribution behaviour
    



      
Capability behaviour for telling Mutare which test a process is working for.
Mutare runs each mutant against only the tests that executed its line. The
coverage probe finds the test from the process the line ran in: the test process
itself, or a process it started, through a Task's $callers or a process's
$ancestors. A process with none of those links to a test records coverage no
test owns, and each mutant it covers runs the whole suite. A web server's request
process in a browser-driven test (Wallaby, Hound, Playwright) is the usual case:
the test's browser sent the request, but nothing the probe can read says so.
A library that does know, because the request carries something the test put
there, can say so with attribute_to/1. An extension implementing this behaviour
installs whatever makes that call — typically :telemetry handlers on events the
library already emits — from attach_attribution/1, and is listed under
:extensions:
# .mutare.exs
[extensions: [Mutare.Phoenix.Ecto]]
Mutare calls attach_attribution/1 in the coverage probe's test VM, after the
project's own test_helper.exs has run and before any test, and nowhere else: a
plain mix test, the baseline run, and the per-mutant runs never call it.
The extension module is loaded in the run that reads .mutare.exs and in the
probe's test VM alike, so it belongs in a dependency available to both (only: [:dev, :test]), not in the project's test/support.

      


      
        Summary


  
    Callbacks
  


    
      
        attach_attribution(opts)

      


        Installs the hooks that declare owners with attribute_to/1, then returns :ok.



    





  
    Functions
  


    
      
        attribute_to(owner)

      


        Declares that the calling process is doing work for owner, so the coverage it
records is attributed to the test owner belongs to. nil withdraws the
declaration.



    





      


      
        Callbacks


        


  
    
      
    
    
      attach_attribution(opts)



        
          
        

    

  


  

      

          @callback attach_attribution(opts :: keyword()) :: :ok


      


Installs the hooks that declare owners with attribute_to/1, then returns :ok.
Called with the options of the extension's {module, opts} entry ([] for a
bare module), so options must be plain data: atoms, numbers, strings, and lists,
tuples and maps of them. An umbrella evaluates each app's test helper in one VM,
so the call may come once per app; a second call must leave the hooks installed
once. A raise, or a return other than :ok, fails the probe run, which Mutare
then retries once before degrading to running every mutant against the whole
suite.

  


        

      

      
        Functions


        


  
    
      
    
    
      attribute_to(owner)



        
          
        

    

  


  

      

          @spec attribute_to(pid() | nil) :: :ok


      


Declares that the calling process is doing work for owner, so the coverage it
records is attributed to the test owner belongs to. nil withdraws the
declaration.
owner is resolved the way the calling process would be: its own test label,
else the processes it acts for (its declared owner, its $callers, its
$ancestors). So it may be the test process or anything that test started — the
owner process Ecto.Adapters.SQL.Sandbox.start_owner!/2 starts resolves through
its $ancestors — or another process that declared an owner. The attribution
holds while that test is alive; after it exits, the process's coverage counts as
owned by no test again, which is the conservative side.
It lasts until the next call, so a process that works for one owner after
another — a keep-alive connection serving successive requests — declares each
one, and withdraws the last (nil) where it starts work no owner is known for;
otherwise that work is attributed to the previous owner's test. A process it
spawns resolves through it like any caller, taking the declaration in force when
the spawned process first records coverage, until the test found through it
exits.
Only the probe reads the declaration; everywhere else it is an unread
process-dictionary entry. The claim is trusted: it is only safe when the named
test can observe the work, as it can a request its own browser sent.

  


        

      


  

  
    
    Mutare.Duration - mutare v0.5.1
    
    

    


  
  

    
Mutare.Duration 
    



      
Parse a human duration string ("10m", "90s", "1h30m") into milliseconds.
Used by the :time_budget option (--time-budget) — a wall-clock budget for the
per-mutant phase (see Mutare.Runner). The grammar is deliberately tiny: one or
more <integer><unit> segments, units h/m/s, in descending order, each
optional but at least one required. Any non-negative integer is allowed in a
segment (so "90s" and "1h90m" are fine — there is no 0–59 range check), and the
total must be positive.
A bare number with no unit ("600") is rejected — the unit would be ambiguous — as
is any other malformed input (wrong order, an unknown unit, a unit with no number).
The parser never guesses; callers get an {:error, reason} they can surface verbatim.
iex> Mutare.Duration.parse("1h30m")
{:ok, 5_400_000}

iex> Mutare.Duration.parse("90s")
{:ok, 90_000}

iex> match?({:error, _}, Mutare.Duration.parse("600"))
true

iex> match?({:error, _}, Mutare.Duration.parse("30s10m"))
true

      


      
        Summary


  
    Functions
  


    
      
        parse(input)

      


    





      


      
        Functions


        


  
    
      
    
    
      parse(input)



        
          
        

    

  


  

      

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


      



  


        

      


  

  
    
    Mutare.EnvironmentError - mutare v0.5.1
    
    

    


  
  

    
Mutare.EnvironmentError exception
    



      
A plugin's declared environment is not satisfied: a module it listed in
Mutare.Mutator.required_modules/0 is not loadable in the Mutare process.
Raised once at startup — when a :mutators entry is resolved to a
Mutare.Mutator.Spec, or an :extensions entry is validated by
Mutare.Extension.validate!/1 — before any source is read, so a plugin whose
routing would silently register against nothing fails loudly instead. The
message is core-owned and names the plugin, the missing modules, and the
deployment requirement.
Structured fields:
	:plugin — the plugin module whose requirement failed;
	:missing — the declared modules that are not loadable (a subset of the
plugin's required_modules/0).


      


      
        Summary


  
    Types
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    Functions
  


    
      
        verify!(plugin)

      


        Verifies plugin's declared environment, raising when it is not satisfied.
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          @type t() :: %Mutare.EnvironmentError{
  __exception__: true,
  missing: [module()],
  plugin: module()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      verify!(plugin)



        
          
        

    

  


  

      

          @spec verify!(module()) :: :ok


      


Verifies plugin's declared environment, raising when it is not satisfied.
When plugin exports required_modules/0 (see
Mutare.Mutator.required_modules/0), each declared module is checked
loadable (Code.ensure_loaded?/1); any missing module raises this error. A
module without the callback — or one that is itself not loadable, which other
validation reports — passes unchecked. Raises ArgumentError when the
callback returns anything but a list of modules.
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Mutare.Ignore.SpecError exception
    



      
Raised when a # mutare:ignore directive is provably wrong — a variant qualifier that
can't be honoured, or a broken -start/-end region pairing — surfaced by mix mutare as a
clean abort with a fix-it message, before any mutant runs.
Two reasons are about a qualified [family:label] directive whose label, for a known family,
can't be resolved (a typo; file/line locate the directive):
	:no_variants — the family declares no variant labels, so it admits only the bare [family]
filter. Drop the :label.
	:unknown_variant — the family declares variants, but not this one. The message lists the
family's known labels and suggests the closest.

An unknown family (qualified or bare) is never this error — a built-in is always known (even one
disabled this run with --mutators), but a custom family not enabled this run can't be told apart
from a typo, so it stays a soft "ineffective ignore" warning instead.
Three reasons are region-pairing mistakes in the scoped
# mutare:ignore-start/# mutare:ignore-end grammar — hard errors because the mistake is
provable from the delimiters alone, and every lenient reading fails the wrong way
(file/line locate the offending delimiter comment; family/label are nil):
	:unmatched_end — an # mutare:ignore-end with no open # mutare:ignore-start.
	:nested_region — an # mutare:ignore-start inside an already-open region; regions
don't nest.
	:unterminated_region — an # mutare:ignore-start never closed. To suppress through
the end of the file, close the region — or use # mutare:ignore-file.

The other two are bugs in a custom mutator's declaration (no directive involved, so file/line
are nil):
	:wire_unsafe_label — a declared variant label (Mutare.Mutator.variants/0) that can't be
written as a [family:label] token: it is empty, or contains whitespace, ,, (, ), ],
or ". label is the offending token.
	:unfilterable_family — the mutator's family name (its Mutare.Mutator.name/0 or :as
rename) can't be written as a # mutare:ignore[...] token: it contains a : (the qualifier
separator) or a wire-unsafe character. family is the offending name; rename it.
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      reason()



        
          
        

    

  


  

      

          @type reason() ::
  :no_variants
  | :unknown_variant
  | :unmatched_end
  | :nested_region
  | :unterminated_region
  | :wire_unsafe_label
  | :unfilterable_family


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Mutare.Ignore.SpecError{
  __exception__: true,
  family: String.t() | nil,
  file: String.t() | nil,
  label: String.t() | nil,
  line: pos_integer() | nil,
  message: String.t(),
  reason: reason()
}
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Mutare.InvariantError exception
    



      
Raised under verify_invariants: true (mix mutare --verify-invariants) when a rendered
metamutant breaks a property the run's results depend on.
Every violation is a bug in Mutare or in a custom mutator, host, or extension enabled for the
run — never a problem with the project under test. Most would otherwise corrupt the report
silently: a recorded mutant that the metamutant cannot select runs the unmutated code, so it
survives whatever the suite checks, and one that no coverage record lists is reported as
uncovered and never tested.
file is the transformed file; violations lists what the checks found, in this order:
	{:unparseable_metamutant, message} — the rendered metamutant is not valid Elixir, so
no other readback check could run.
	{:missing_branch, site} — no generated code selects the mutant.
	{:unreachable_branch, site, enclosing} — the mutant's only branches sit inside the
branches of other mutants (enclosing), which never run while this one is the only active
mutant.
	{:stray_branch, subject} — generated code selects an id that the transform did not
deliver.
	{:missing_record, site} — no coverage record outside every mutant branch lists the
mutant.
	{:stray_record, subject} — a coverage record lists an id that the transform did not
deliver.
	{:unread_clean_region, decision} — the transform emitted a clean region
(Mutare.Transform.CleanRegion) whose uninstrumented copy Mutare.Manifest cannot find.
The copy belongs to no mutant, so a compile error inside it could be blamed on nothing
and would sink the single build.
	{:stray_clean_region, range} — the metamutant holds a clean region the transform did
not decide on.
	{:unchanged_mutant, site} — the mutant renders identically to its original code, so no
test can kill it.
	{:nondeterministic_render, differences} — emitting the same source again gave a
different result, so report-time diffs (which re-render) may describe other mutants than
the ones that ran.

A subject is {local_id, site}: the integer the generated code selects on, and the Site the
transform recorded under it (nil when there is none — then the id belongs to no mutant).
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        clean_decision()

      


        What the transform decided for one clean region: the :function it belongs to, its
:delivery (:lifted or :in_place), and the :range of ids identifying it, among
other fields.



    


    
      
        subject()

      


        An id the generated code names, and the Site recorded under it, if any.



    


    
      
        t()

      


    


    
      
        violation()
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      clean_decision()



        
          
        

    

  


  

      

          @type clean_decision() :: %{
  :function => {atom(), arity()},
  :delivery => :lifted | :in_place,
  :range => Mutare.Manifest.clean_range(),
  optional(atom()) => term()
}


      


What the transform decided for one clean region: the :function it belongs to, its
:delivery (:lifted or :in_place), and the :range of ids identifying it, among
other fields.

  



  
    
      
    
    
      subject()



        
          
        

    

  


  

      

          @type subject() :: {non_neg_integer(), Mutare.Site.t() | nil}


      


An id the generated code names, and the Site recorded under it, if any.
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          @type t() :: %Mutare.InvariantError{
  __exception__: true,
  file: String.t(),
  message: String.t(),
  violations: [violation()]
}


      



  



  
    
      
    
    
      violation()



        
          
        

    

  


  

      

          @type violation() ::
  {:unparseable_metamutant, String.t()}
  | {:missing_branch, Mutare.Site.t()}
  | {:unreachable_branch, Mutare.Site.t(), [subject()]}
  | {:stray_branch, subject()}
  | {:missing_record, Mutare.Site.t()}
  | {:stray_record, subject()}
  | {:unread_clean_region, clean_decision()}
  | {:stray_clean_region, Mutare.Manifest.clean_range()}
  | {:unchanged_mutant, Mutare.Site.t()}
  | {:nondeterministic_render, [String.t()]}
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A map from mutant ids to their generated line ranges in a rendered metamutant,
and a list of every place the generated code names a mutant id.
Mutare.Transform writes the metamutant; this is what Mutare.Poison reads
back. It is built lazily (from_source/2), by Mutare.Poison on a failed
compile, only for the file(s) the error names — not eagerly during the scan,
where re-parsing every rendered metamutant was the scan's dominant cost yet is
read only when a compile actually fails (rare — built-in mutators are
compile-safe). Poison memoizes it within one recovery so a file faulting on
several lines is walked once.
The one exception is verify_invariants: true (mix mutare --verify-invariants):
the transform then builds a manifest for every file it renders and compares its
:mentions with the mutants it recorded, raising Mutare.InvariantError on a
mismatch.
Mutare.Poison uses each mutant's generated ranges — the metamutant line
spans of the code that exists only because of that mutant, so a compile error's
line maps back to the corresponding mutant id.
(Coverage is recorded separately: the metamutant self-records coverage at runtime
— see Mutare.Coverage.Recorder — keyed by mutant id directly, so there is no
metamutant {module, line} location to precompute.)
Why ranges, not a single line
Poison recovery used to match a compile error's line against the start line of
a selector clause body only. That missed every poison whose bad code isn't on
that exact line:
	lifted mutations — a guard/head-pattern mutant's code appears in a generated
defp <base>(mutare_active, …) when mutare_active === <id> … clause, not in
the dispatcher (which only forwards). The error points into that gated clause,
away from the dispatcher;
	multiline bodies — an in-place mutant whose body spans several lines can
fault on any of them, not just the first;
	structural errors — the compiler sometimes points at the surrounding
case rather than a clause body.

So we record, per mutant, the full line ranges of its generated code:
	each selector clause body (<id> -> <mutated>) — catches in-place mutants,
including multiline bodies;
	each lifted mutant clause (gated when mutare_active === <id>) — catches a
guard/head-pattern poison, whose code is outside the dispatcher. A clause shared by
several guard mutants (one when alternative each) gives every alternative to its own
mutant, and the whole clause — head patterns and the one shared body — to all of them;
	the whole selector case, attributed to all the mutant ids it hosts — the
coarse fallback for a structural error that points at the case itself.

ids_at_line/2 resolves an error line by narrowest containing range: a line
inside a specific clause/def range maps to that one mutant; only when nothing
narrower contains it does the whole-case fallback fire (dropping every mutant
the case hosts — a bounded over-drop that still recovers the build, never the
old "couldn't map it → abort").
Clean copies
A clean region (Mutare.Transform.CleanRegion) keeps a function's uninstrumented source
beside the instrumented code. That copy belongs to no mutant, and the transform copies
any source without asking whether it survives the copy, so the copy's lines are recorded
too, under the region's identity — the id interval its guard carries (:clean,
clean_span/0). blame_at_line/2 weighs both kinds by the same narrowest-range rule,
and poison recovery drops a blamed region as it drops a blamed mutant. A lifted group's
clean clauses sit outside their dispatcher, under the name CleanRegion.read/2 reports;
each such definition is a span of that region.
Ranges are in metamutant line space, which only exists after rendering, so
the manifest is built by re-parsing the rendered metamutant and ranging its
generated nodes with Sourceror.get_range/1, recognising selectors via
Mutare.Metamutant.subject?/2. A selector inside a function body reads the
file's dispatch variable rather than :persistent_term directly, and a
lifted or tupled mutant clause is gated on it (<var> === <id>) — so that name
must be supplied to the reader. It is per file (:mutare_active, or a salted variant
when the source already uses that identifier), chosen by the transform and
handed out with the metamutant (Mutare.Transform.Result.dispatch_var,
Mutare.Schema's :dispatch_vars); from_source/2 takes it alongside the source.
The re-parse uses Elixir's own Code.string_to_quoted! (with :token_metadata
	:columns), not Sourceror.parse_string!. get_range/1 only needs that
token metadata (:line/:column/:closing/:end/:end_of_expression), which
the stdlib parser already produces; what Sourceror.parse_string! adds is a
comment-merging pass that is quadratic on a large metamutant (a lifted 1.8 MB
file re-parses in ~0.6 s here, versus minutes for Sourceror) and that the
manifest never reads. A :literal_encoder reproduces Sourceror's
{:__block__, meta, [literal]} wrapping so the recognisers — already tolerant of
both shapes — accept the resulting nodes; the two parses yield identical
ranges. (Sourceror is still the renderer; only this readback parse changed.)


      


      
        Summary


  
    Types
  


    
      
        clean_range()

      


        A clean region's identity within its file: the inclusive interval of file-local mutant ids
its guard carries. Regions claim disjoint ids, and ids are stable across poison rebuilds.



    


    
      
        clean_span()

      


        A line range holding a clean region's uninstrumented copy, under the region's identity. :part is :branch for the clean branch of
the region case — an in-place body, or a lifted dispatcher's call to its clean clauses —
and :definition for one relocated clean clause.



    


    
      
        mention()

      


        One place where the generated code names a mutant id



    


    
      
        region()

      


        A generated line range and the mutant ids whose code occupies it.



    


    
      
        t()

      


        One file's manifest



    





  
    Functions
  


    
      
        blame_at_line(manifest, line)

      


        What a compile error on line is blamed on: the mutant ids whose generated code occupies
it, and the clean regions whose uninstrumented copy does — %{ids: ids, clean: ranges}.



    


    
      
        from_source(metamutant_source, dispatch_var)

      


        Build a manifest from one file's rendered metamutant source and its dispatch variable.



    


    
      
        ids_at_line(manifest, line)

      


        Mutant ids whose generated code occupies line.



    


    
      
        ids_in_named_calls(manifest, names)

      


        Mutant ids inside a call to one of names, grouped by that call's function name.
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      clean_range()



        
          
        

    

  


  

      

          @type clean_range() :: {pos_integer(), pos_integer()}


      


A clean region's identity within its file: the inclusive interval of file-local mutant ids
its guard carries. Regions claim disjoint ids, and ids are stable across poison rebuilds.

  



  
    
      
    
    
      clean_span()



        
          
        

    

  


  

      

          @type clean_span() :: %{
  range: clean_range(),
  part: :branch | :definition,
  lo: pos_integer(),
  hi: pos_integer()
}


      


A line range holding a clean region's uninstrumented copy, under the region's identity. :part is :branch for the clean branch of
the region case — an in-place body, or a lifted dispatcher's call to its clean clauses —
and :definition for one relocated clean clause.

  



  
    
      
    
    
      mention()



        
          
        

    

  


  

      

          @type mention() :: %{
  kind: :branch | :exclusion | :record,
  id: pos_integer(),
  within: [pos_integer(), ...] | nil
}


      


One place where the generated code names a mutant id:
	:branch — code that runs only while id is active: a selector clause body, a gated
clause (lifted, tupled, fn, receive), or a gated guard alternative;
	:exclusion — an original clause stepping aside while id is active (<var> =/= <id>,
or the range form for a run of ids). A dropped clause leaves only this trace;
	:record — a coverage record listing id.

within names the innermost mutant branch enclosing the mention — the ids under which
that branch runs — or is nil outside every branch. It is a list because a clause shared
by several guard mutants runs its one body under any of them; every other branch has one
id. Code inside a branch runs only while one of its ids is active, so a run that activates
id alone reaches the mention only when within is nil or holds id.
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          @type region() :: %{ids: [pos_integer()], lo: pos_integer(), hi: pos_integer()}


      


A generated line range and the mutant ids whose code occupies it.
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          @type t() :: %Mutare.Manifest{
  ast: Macro.t() | nil,
  clean: [clean_span()],
  mentions: [mention()],
  regions: [region()]
}


      


One file's manifest:
	:regions — generated line ranges, for mapping a compile error back to a mutant.
	:mentions — every generated mention of a mutant id, in source order, for
Mutare.Transform.Invariants to check against the mutants the transform recorded.
	:clean — the line ranges of clean regions' uninstrumented copies, in source order.
	:ast — the parsed metamutant the regions were ranged over, retained so the
macro-expansion fallback (ids_in_named_calls/2) can range a blamed macro's calls in
the same tree rather than parse the file a second time. nil on a hand-built manifest.
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      blame_at_line(manifest, line)



        
          
        

    

  


  

      

          @spec blame_at_line(t(), pos_integer()) :: %{
  ids: [pos_integer()],
  clean: [clean_range()]
}


      


What a compile error on line is blamed on: the mutant ids whose generated code occupies
it, and the clean regions whose uninstrumented copy does — %{ids: ids, clean: ranges}.
Both kinds compete by the narrowest containing range, as in ids_at_line/2. A clean
copy holds no mutant code, so in practice a line has one kind of owner; the shared rule
only settles nesting.
Examples
iex> manifest = %Mutare.Manifest{
...>   regions: [%{ids: [1], lo: 3, hi: 4}],
...>   clean: [%{range: {1, 2}, part: :branch, lo: 6, hi: 9}]
...> }
iex> Mutare.Manifest.blame_at_line(manifest, 7)
%{ids: [], clean: [{1, 2}]}
iex> Mutare.Manifest.blame_at_line(manifest, 3)
%{ids: [1], clean: []}
iex> Mutare.Manifest.blame_at_line(manifest, 5)
%{ids: [], clean: []}
Nested and overlapping owners:
iex> manifest = %Mutare.Manifest{
...>   regions: [
...>     %{ids: [1, 2, 3], lo: 3, hi: 8},
...>     %{ids: [1, 2], lo: 5, hi: 6},
...>     %{ids: [2, 3], lo: 5, hi: 6}
...>   ]
...> }
iex> Mutare.Manifest.blame_at_line(manifest, 5)
%{ids: [1, 2, 3], clean: []}
iex> Mutare.Manifest.blame_at_line(manifest, 4)
%{ids: [1, 2, 3], clean: []}
iex> Mutare.Manifest.blame_at_line(%{manifest | regions: Enum.take(manifest.regions, 2)}, 5)
%{ids: [1, 2], clean: []}

  



  
    
      
    
    
      from_source(metamutant_source, dispatch_var)



        
          
        

    

  


  

      

          @spec from_source(String.t(), atom()) :: t()


      


Build a manifest from one file's rendered metamutant source and its dispatch variable.
Re-parses (for Sourceror.get_range/1) and walks the tree once, attributing
every selector clause, lifted private definition, and selector case to the
mutant id(s) it belongs to, and collecting every mention of an id (mention/0). dispatch_var is the name the transform chose for this
file (Mutare.Transform.Result.dispatch_var): the hoisted selectors read it as their
subject and the gated mutant clauses compare it, so it is what makes them recognisable.
The parse is kept on the manifest (:ast): one failed compile can need both
attributions of the same file, and Mutare.Poison holds one manifest per file for the
round.
Examples
iex> source = "defmodule Demo do\n  def add(a, b), do: a + b\nend\n"
iex> result = Mutare.transform_string(source, mutators: [:arithmetic])
iex> %Mutare.Manifest{regions: regions} =
...>   Mutare.Manifest.from_source(result.metamutant, result.dispatch_var)
iex> regions == []
false

  



  
    
      
    
    
      ids_at_line(manifest, line)



        
          
        

    

  


  

      

          @spec ids_at_line(t(), pos_integer()) :: [pos_integer()]


      


Mutant ids whose generated code occupies line.
Resolved by narrowest containing range: a specific clause/def range beats the
coarse whole-case fallback, so a precise error drops exactly the offending
mutant; a structural error that only the case range contains drops every mutant
it hosts. Returns [] when no generated code spans line.
Examples
iex> manifest = %Mutare.Manifest{
...>   regions: [
...>     %{ids: [1, 2], lo: 3, hi: 8},
...>     %{ids: [1], lo: 5, hi: 5}
...>   ]
...> }
iex> Mutare.Manifest.ids_at_line(manifest, 5)
[1]
iex> Mutare.Manifest.ids_at_line(manifest, 4)
[1, 2]
iex> Mutare.Manifest.ids_at_line(manifest, 99)
[]

  



  
    
      
    
    
      ids_in_named_calls(manifest, names)



        
          
        

    

  


  

      

          @spec ids_in_named_calls(t(), MapSet.t(atom())) :: %{optional(atom()) => MapSet.t()}


      


Mutant ids inside a call to one of names, grouped by that call's function name.
The macro-expansion fallback's attribution (Mutare.Poison.macro_poison/4): when a
mutation splices a selector case into an argument a macro rewrites at compile time, the
macro raises during expansion and the compiler reports the macro call line — which no
region covers — so ids_at_line/2 finds nothing. Given the macro name from the compiler's
expanding macro: frame, this instead finds every call of that name in the rendered
metamutant, takes its full line range (Sourceror.get_range/1, to the closing
delimiter — so a literal argument on its own line is still spanned), and collects the ids of
every region contained in it.
Works in metamutant space: the rendered source is what the compiler read, so the ids
found inside a blamed macro's span are exactly the ones that could have poisoned it — no
mapping back to original-source coordinates is needed, or possible. Reads the manifest's
retained :ast (a from_source/2 manifest, whose regions were ranged with the file's
dispatch variable), so the file is parsed once for both attributions. Returns
%{fun_atom => MapSet.t()}, empty when nothing matched.
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The shape of a selector case subject in the metamutant.
This is the one piece of generated structure that Mutare.Transform writes
and that Mutare.Manifest recognises for Mutare.Poison readback.
Owning it in a single module keeps the producer from hand-building the same AST
literal twice and keeps the consumer from re-deriving how to spot a selector.
A selector case looks like:
case :persistent_term.get(:mutare_active, 0) do
  17 -> <mutated>     # one clause per mutant id hosted here
  18 -> <mutated>
  _  -> <original>    # the catch-all: baseline + every inactive mutant
end
The subject is one of two shapes. A module-level / :scaffold / head-default
selector reads :persistent_term inline (the form above). A selector inside a
function body instead reads the hoisted active id — a bare reference to the
dispatch variable mutare_active, bound once per function activation (the lifted
dispatcher threads it as the base clause's first parameter; a non-lifted function
binds it in a :do-block prologue), so the per-site :persistent_term.get is gone:
case mutare_active do          # the hoisted read — same shape, cheaper subject
  17 -> <mutated>
  mutare_active -> <original>
end
Recognising the subject is enough to find every selector:
	subject_ast/0 builds the inline subject Transform splices in,
	subject?/2 recognises either shape — the inline read unconditionally, the
hoisted bare variable only when the active-id variable name is supplied (the
predicate Mutare.Manifest uses to walk a rendered metamutant, under the name the
transform recorded for the file — Mutare.Transform.Result.dispatch_var).

subject?/2 is tolerant of how the subject is parsed back: bare ASTs may keep
:persistent_term/:mutare_active as atoms, while Mutare.Manifest
re-parses with Code.string_to_quoted! plus a literal encoder that wraps literals as
{:__block__, _, [literal]} for Sourceror.get_range/1 compatibility. The
predicate must match both shapes.
Mutare.Selector defines the runtime constants (the :persistent_term key and
the baseline id); this module builds their AST.
Schema builds pass a file namespace to subject_ast/1. Its read projects the
single global selection before it is used by any local selector or lifted guard:
case :persistent_term.get(:mutare_active, 0) do
  {:"lib/example.ex", mutare_local_id} when :erlang.is_integer(mutare_local_id) ->
    mutare_local_id

  0 ->
    0

  _ ->
    :inactive
end
This projection is hoisted with the read in function bodies; default arguments
and other inline positions keep it self-contained. Local gates and exclusions
remain integer-based. :inactive differs from baseline so other files' coverage
gates short-circuit without consulting the tracking flag. subject?/2 recognises
the complete projection, including after literal-encoded reparse. Its inner case
has no positive integer branches and therefore contributes no mutant to Manifest.

      


      
        Summary


  
    Functions
  


    
      
        pattern_subject?(node, var \\ nil)

      


        Returns whether node is a tupled selector subject.



    


    
      
        pattern_subject_ast(read, scrutinee, active_var, subject_var, record)

      


        Build the tupled selector subject with one recording point after both inputs
succeed. The clause-local temporaries never enter source clause scopes, and the
original scrutinee's bindings escape unchanged. pattern_subject?/2 reads this
same structure after rendering; coverage gate construction belongs to Recorder.



    


    
      
        subject?(node, var \\ nil)

      


        Returns whether node is a selector subject.



    


    
      
        subject_ast(namespace \\ nil)

      


        The selector subject Transform splices into every selector/dispatcher case:
:persistent_term.get(<key>, <baseline>), optionally projected into a file namespace.
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      pattern_subject?(node, var \\ nil)



        
          
        

    

  


  

      

          @spec pattern_subject?(Macro.t(), atom() | nil) :: boolean()


      


Returns whether node is a tupled selector subject.
The tuple-the-scrutinee path starts with {<selector_subject>, <scrutinee>}.
A generated single-clause case records coverage after evaluating this tuple and returns
the tuple unchanged; its temporary bindings stay outside source clause scopes. Recognise
that wrapper only through its coverage record and matching input/output variables.
The mutant clauses gate on the active id in guards.
var is compared against the variable the pattern binds, not against anything inside
the record: Mutare.Coverage.Recorder.record?/1 deliberately ignores the gate, so the
gate may later become a hoisted boolean without breaking attribution. That the gate and
the pattern name the same variable is therefore an emitter invariant now, held by
pattern_subject_ast/5 and its caller building both from one Config.active_var, and
not something this reader can re-check.
Both the bare two-tuple and the {:__block__, _, [{first, scrutinee}]} wrapper
produced by literal-encoded reparse are accepted. var is passed through so the
hoisted selector-variable form is recognised too.
Examples
iex> subject = {Mutare.Metamutant.subject_ast(), {:value, [], nil}}
iex> Mutare.Metamutant.pattern_subject?(subject)
true

iex> subject = {{:mutare_active, [], nil}, {:value, [], nil}}
iex> Mutare.Metamutant.pattern_subject?(subject)
false
iex> Mutare.Metamutant.pattern_subject?(subject, :mutare_active)
true

  



  
    
      
    
    
      pattern_subject_ast(read, scrutinee, active_var, subject_var, record)



        
          
        

    

  


  

      

          @spec pattern_subject_ast(Macro.t(), Macro.t(), atom(), atom(), Macro.t()) ::
  Macro.t()


      


Build the tupled selector subject with one recording point after both inputs
succeed. The clause-local temporaries never enter source clause scopes, and the
original scrutinee's bindings escape unchanged. pattern_subject?/2 reads this
same structure after rendering; coverage gate construction belongs to Recorder.
active_var must be the same variable the record was gated on — this function is
the one place that pairs them, because the reader no longer can (see
pattern_subject?/2).

  



    

  
    
      
    
    
      subject?(node, var \\ nil)



        
          
        

    

  


  

      

          @spec subject?(Macro.t(), atom() | nil) :: boolean()


      


Returns whether node is a selector subject.
Mutare.Manifest uses this while walking rendered metamutant source. Three shapes
match:
	the inline read built by subject_ast/0:
:persistent_term.get(<key>, <baseline>)
	the namespace projection built by subject_ast/1
	the hoisted read used inside function bodies: a bare reference to the active
mutant variable var

The hoisted form is recognised only when var is supplied. That prevents an
ordinary source-level case some_var do ... from being treated as a selector.
Literal wrappers added by Mutare.Manifest's readback parse are accepted,
as are bare atoms from ordinary quoted ASTs.
Examples
iex> Mutare.Metamutant.subject?(Mutare.Metamutant.subject_ast())
true
iex> Mutare.Metamutant.subject?({:mutare_active, [], nil})
false
iex> Mutare.Metamutant.subject?({:mutare_active, [], nil}, :mutare_active)
true

  



    

  
    
      
    
    
      subject_ast(namespace \\ nil)



        
          
        

    

  


  

      

          @spec subject_ast(String.t() | nil) :: Macro.t()


      


The selector subject Transform splices into every selector/dispatcher case:
:persistent_term.get(<key>, <baseline>), optionally projected into a file namespace.
Examples
iex> Mutare.Metamutant.subject_ast() |> Mutare.Metamutant.subject?()
true

  


        

      


  

  
    
    Mutare.MutationSite - mutare v0.5.1
    
    

    


  
  

    
Mutare.MutationSite 
    



      
Stable public description of one generated mutant.
Mutare.Site is Mutare's internal runner/report record. This struct is the public API shape
returned from Mutare.transform_string/2: it keeps the fields useful to custom mutator and
extension authors while leaving delivery, runner, and reporter internals free to change.

      


      
        Summary


  
    Types
  


    
      
        position()

      


    


    
      
        range()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      position()



        
          
        

    

  


  

      

          @type position() :: %{line: pos_integer(), column: pos_integer()}


      



  



  
    
      
    
    
      range()



        
          
        

    

  


  

      

          @type range() :: %{start: position(), end: position()} | nil


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Mutare.MutationSite{
  column: pos_integer() | nil,
  emitted: boolean(),
  file: String.t(),
  id: pos_integer(),
  ignore_reason: String.t() | nil,
  ignored: boolean(),
  line: pos_integer() | nil,
  mutated_code: String.t() | nil,
  mutator: atom(),
  note: String.t() | nil,
  operation: :replace | :delete,
  original_code: String.t() | nil,
  range: range(),
  variant: [String.t()]
}


      



  


        

      


  

  
    
    Mutare.Mutator.Families - mutare v0.5.1
    
    

    


  
  

    
Mutare.Mutator.Families 
    



      
A declarative family catalog for a family-rich mutator's configuration.
A plugin that emits many mutation kinds under one mutator module usually exposes a
families: option so users can narrow the catalog. This module generates that option's
selection-and-validation machinery from one declaration, so every such plugin parses the
same grammar — the one Mutare's own {:builtins, except: […]} uses — and fails loudly in
the same shapes:
defmodule MyPlugin.Config do
  use Mutare.Mutator.Families,
    plugin: "MyPlugin",
    all: ~w(comparison connective null_predicate string_literal)a,
    opt_in: ~w(string_literal)a
end
use options:
	:all (required) — every family the mutator can emit, ordered; duplicates rejected.
	:opt_in (default []) — the subset excluded from the default set; each must be
in :all.
	:plugin (default the using module's name) — the plugin name included in error messages,
e.g. "Mutare.Ecto".

The declaration generates, all overridable:
	all_families/0 — the :all list;
	default_families/0 — all -- opt_in, the set used when families: is unset;
	parse_families!/1 — a configured families: value (:default, :all, an explicit
list, or {:all | :default, except: […]}) to the enabled MapSet, raising
ArgumentError on an unknown family or a malformed except:;
	family_enabled?/2 — whether a family is in a parsed set, or in the set a raw
keyword list's families: value parses to;
	@type family — the union of the declared family atoms.

Only selection and validation are generated. What each family means — notes, variant
labels, delivery — stays the plugin's, typically alongside this use in its config module.
Parse once per run by calling parse_families!/1 from the mutator's
Mutare.Mutator.init/1 and reading the result back from context.config; then apply
the selection once, in Mutare.Mutator.finalize/2 — Mutare runs it on every produced
mutation, on both delivery paths, so producers stay pure and every delivery site applies
the filter.

      


      
        Summary


  
    Types
  


    
      
        catalog()

      


        The catalog a use Mutare.Mutator.Families declaration compiles to — the value the
generated functions close over and the runtime faces (parse!/2, enabled?/3) take.



    





  
    Functions
  


    
      
        enabled?(enabled, family, catalog)

      


        Whether family is enabled — the runtime behind the generated family_enabled?/2.
A MapSet is an already-parsed selection; a keyword list is raw options, whose
families: value (default :default) is parsed first.



    


    
      
        except!(base, opts, catalog, token)

      


        base minus a validated except: list — the one parser behind {:builtins, except: […]}
and {:all | :default, except: […]}, so the grammar and its failure shapes are owned once.



    


    
      
        parse!(families, catalog)

      


        Parses a families: value against catalog — the runtime behind the generated
parse_families!/1, kept here so the grammar and its error messages are owned once.



    





      


      
        Types


        


  
    
      
    
    
      catalog()



        
          
        

    

  


  

      

          @type catalog() :: %{plugin: String.t(), all: [atom()], default: [atom()]}


      


The catalog a use Mutare.Mutator.Families declaration compiles to — the value the
generated functions close over and the runtime faces (parse!/2, enabled?/3) take.

  


        

      

      
        Functions


        


  
    
      
    
    
      enabled?(enabled, family, catalog)



        
          
        

    

  


  

      

          @spec enabled?(MapSet.t(atom()) | keyword(), atom(), catalog()) :: boolean()


      


Whether family is enabled — the runtime behind the generated family_enabled?/2.
A MapSet is an already-parsed selection; a keyword list is raw options, whose
families: value (default :default) is parsed first.

  



  
    
      
    
    
      except!(base, opts, catalog, token)



        
          
        

    

  


  

      

          @spec except!([atom()], term(), catalog(), String.t()) :: [atom()]


      


base minus a validated except: list — the one parser behind {:builtins, except: […]}
and {:all | :default, except: […]}, so the grammar and its failure shapes are owned once.
opts must be a keyword list whose only key is :except, naming families in catalog.all,
so a typo ({:builtins, exept: …} / except: [:integr_literal]) fails loudly rather than
silently keeping a family it meant to drop. token names the form in the error messages
(":builtins", "MyPlugin families {:all | :default, ...}").

  



  
    
      
    
    
      parse!(families, catalog)



        
          
        

    

  


  

      

          @spec parse!(term(), catalog()) :: MapSet.t(atom())


      


Parses a families: value against catalog — the runtime behind the generated
parse_families!/1, kept here so the grammar and its error messages are owned once.

  


        

      


  

  
    
    Mutare.Mutator.MacroHost.Target - mutare v0.5.1
    
    

    


  
  

    
Mutare.Mutator.MacroHost.Target 
    



      
One logical fragment and its mutations returned by a macro host.
Build targets with new/4; the struct is opaque so Mutare can extend its internal
representation without making every field part of the callback contract.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(original, mutants, splice, opts \\ [])

      


        Build a hosted mutation target.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(original, mutants, splice, opts \\ [])



        
          
        

    

  


  

      

          @spec new(
  Macro.t(),
  [Mutare.Mutator.mutation()],
  (Macro.t(), Macro.t() -> Macro.t()),
  keyword()
) :: t()


      


Build a hosted mutation target.
Options are :wrap, a one-argument branch wrapper, and :range, the source range reported for
the site when a mutation has no attribution of its own. Mutare defaults :wrap to identity
and :range to the original fragment's range. A mutation's explicit attribution takes
precedence and must lie within the target's range; it changes reporting, not the node
passed through :wrap and splice.

  


        

      


  

  
    
    Mutare.Mutator.Mutation.Attribution - mutare v0.5.1
    
    

    


  
  

    
Mutare.Mutator.Mutation.Attribution 
    



      
A report-location override for a Mutare.Mutator.Mutation (see its :attribution field).
Names the clause a whole-node rewrite should be reported at, independent of the node spliced
into the metamutant. original is the clause before the change (its range locates the site and
renders the diff's "before"). operation distinguishes a :replace, whose mutated
is the replacement AST, from a :delete, whose mutated is unused (nil). No AST
value denotes deletion: at(original, :drop) replaces the original with the atom :drop.
Build through Mutare.Mutator.Mutation.at/2 and Mutare.Mutator.Mutation.at_drop/1.
Collected mutations also carry the core-resolved range and position: the source
footprint and, when different, the location used for line selection and suppression
(for example a stage whose replacement spans its whole pipe). Preserve these fields
when relaying a mutation; adapters need not set them.

      


      
        Summary


  
    Types
  


    
      
        deletion()

      


    


    
      
        replacement()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      deletion()



        
          
        

    

  


  

      

          @type deletion() :: %Mutare.Mutator.Mutation.Attribution{
  mutated: nil,
  operation: :delete,
  original: Macro.t(),
  position: keyword() | nil,
  range: Sourceror.Range.t() | nil
}


      



  



  
    
      
    
    
      replacement()



        
          
        

    

  


  

      

          @type replacement() :: %Mutare.Mutator.Mutation.Attribution{
  mutated: Macro.t(),
  operation: :replace,
  original: Macro.t(),
  position: keyword() | nil,
  range: Sourceror.Range.t() | nil
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: replacement() | deletion()


      



  


        

      


  

  
    
    Mutare.Poison - mutare v0.5.1
    
    

    


  
  

    
Mutare.Poison 
    



      
Identify compile-poisoning mutants from a failed metamutant compile.
Every mutated branch is included in one build, so a single mutation that won't
compile would prevent the whole run. Built-in mutators are compile-safe by
construction, but a custom mutator can emit something that doesn't (an unbound
variable, an undefined local call, …). The runner uses this module to identify
the mutant ids at the error location, then drops them and rebuilds.
We map each error's file:line to the mutant id(s) whose generated code
spans that line, via a Mutare.Manifest built on demand from the file's
rendered metamutant and the dispatch variable its generated code reads
(paired in Mutare.Schema's per-file snapshot; see
Manifest.ids_at_line/2). Only error diagnostics are
scanned, never warnings: compiler output also includes warnings caused by mutations
(each with a footer in the same file:line format), and mistaking those for
the error's location dropped valid mutants as false poison (see error_locations/1).
The manifest records the
full line range of every mutant's generated code — its selector clause body,
and for a lifted mutant the gated clause (when mutare_active === <id>) where its
guard/head-pattern code appears — so a poison is found whether the error
points at the clause, a later line of a multiline body, a lifted mutant clause, or
(as a coarse fallback) the surrounding case. Matching only the selector clause's
start line, as we used to, missed all but the first of those.
The manifest is built here, lazily, only for the file(s) a compile error
names — not eagerly for every mutated file during the scan. That eager build
was pure waste: a manifest is read only on a failed compile (rare — built-in
mutators are compile-safe), yet a full Sourceror.parse_string! of a large
metamutant is by far the most expensive step of the scan (a 1500-line source
whose metamutant is ~40k lines took minutes to re-parse). Deferring it to the
poison path removes that cost from every healthy run.
When line attribution maps nothing — the signature of an inline DSL macro that rejects
the spliced selector, where the compiler reports an error on the macro-call line no manifest region
covers — the runner falls back to macro_poison/4, which attributes by the macro name
in the compiler output (via Mutare.Manifest.ids_in_named_calls/2) instead of by line. Only
when both fail does the run abort. The runner obtains both results through attribution/4,
which builds each file's manifest once for the round; ids/4 and macro_poison/4 are
the two halves on their own.
An error can also land in a clean region's uninstrumented copy
(Mutare.Transform.CleanRegion), which belongs to no mutant: the transform copies any
source without asking whether it survives the copy (a macro may refuse to expand twice, or
under a relocated name). attribution/4 reports those regions under :clean, as
{file, range} — the identity the region's own guard carries — and the runner drops them
through Mutare.Schema's skip_regions. A macro that raises inside a clean copy is
excluded from the macro fallback: there is no selector in a copy for it to have rejected,
so its mutants elsewhere in the file are not the cause.
A schema metamutant contains local integer ids. The runner supplies
Mutare.RuntimeId.file_index(schema.sites) so attribution translates {file, local_id}
to report ids before merging files. Without an index these APIs return the integers read
from the metamutant, as used by standalone transforms. The macro fallback retains the
call-site file through that conversion; two files' local id 1 must never collapse together.
An id absent from the index corresponds to no mutant in this run — a file the selection left with
nothing to emit renders pristine, and pristine source can imitate a selector — so it is
dropped, degrading to "mapped nothing" rather than crashing a run mid-recovery.

      


      
        Summary


  
    Types
  


    
      
        clean_region()

      


        A clean region, by its file and the id interval its guard carries.



    


    
      
        dispatch_vars()

      


        Each rendered file's dispatch variable (Mutare.Transform.Result.dispatch_var), by
root-relative file. Every file in metamutants/0 must have one.



    


    
      
        macro_matches()

      


        The macro-expansion fallback's matches: {{module_string, fun_atom}, ids} per implicated macro
that matched at least one mutant, in first-seen order.



    


    
      
        metamutants()

      


        The rendered metamutants of a build, by root-relative file.



    





  
    Functions
  


    
      
        attribution(compile_output, schema)

      


        Attribute a compile failure using the schema's captured rendered files and runtime IDs.



    


    
      
        attribution(compile_output, metamutants, dispatch_vars, report_ids \\ nil)

      


        Every attribution of one failed compile — %{line: ids, macro: matches, clean: regions}:
the results of ids/4 and macro_poison/4, and the clean regions whose uninstrumented
copy an error line falls in — from one manifest per file.



    


    
      
        ids(compile_output, metamutants, dispatch_vars, report_ids \\ nil)

      


        Mutant ids implicated by compile_output, given %{file => metamutant_source} and
%{file => dispatch_var} (the variable each metamutant's generated code reads,
Mutare.Transform.Result.dispatch_var; every file in metamutants must have one).



    


    
      
        macro_poison(compile_output, metamutants, dispatch_vars, report_ids \\ nil)

      


        The macro-expansion fallback attribution: mutant ids inside calls to macros
listed in the compiler's expansion stack, grouped by macro.



    





      


      
        Types


        


  
    
      
    
    
      clean_region()



        
          
        

    

  


  

      

          @type clean_region() :: {String.t(), Mutare.Manifest.clean_range()}


      


A clean region, by its file and the id interval its guard carries.

  



  
    
      
    
    
      dispatch_vars()



        
          
        

    

  


  

      

          @type dispatch_vars() :: %{optional(String.t()) => atom()}


      


Each rendered file's dispatch variable (Mutare.Transform.Result.dispatch_var), by
root-relative file. Every file in metamutants/0 must have one.

  



  
    
      
    
    
      macro_matches()



        
          
        

    

  


  

      

          @type macro_matches() :: [{{String.t(), atom()}, MapSet.t()}]


      


The macro-expansion fallback's matches: {{module_string, fun_atom}, ids} per implicated macro
that matched at least one mutant, in first-seen order.

  



  
    
      
    
    
      metamutants()



        
          
        

    

  


  

      

          @type metamutants() :: %{optional(String.t()) => String.t()}


      


The rendered metamutants of a build, by root-relative file.

  


        

      

      
        Functions


        


  
    
      
    
    
      attribution(compile_output, schema)



        
          
        

    

  


  

      

          @spec attribution(String.t(), Mutare.Schema.t()) :: %{
  line: MapSet.t(),
  macro: macro_matches(),
  clean: MapSet.t(clean_region())
}


      


Attribute a compile failure using the schema's captured rendered files and runtime IDs.

  



    

  
    
      
    
    
      attribution(compile_output, metamutants, dispatch_vars, report_ids \\ nil)



        
          
        

    

  


  

      

          @spec attribution(String.t(), metamutants(), dispatch_vars(), map() | nil) :: %{
  line: MapSet.t(),
  macro: macro_matches(),
  clean: MapSet.t(clean_region())
}


      


Every attribution of one failed compile — %{line: ids, macro: matches, clean: regions}:
the results of ids/4 and macro_poison/4, and the clean regions whose uninstrumented
copy an error line falls in — from one manifest per file.
The runner's poison-recovery loop uses both every round (macro attribution takes priority,
with line attribution as a fallback). The macro's call-site file is normally also listed
in the error's source locations. With a shared cache, each such metamutant is parsed and
ranged once per round, not once per attribution.

  



    

  
    
      
    
    
      ids(compile_output, metamutants, dispatch_vars, report_ids \\ nil)



        
          
        

    

  


  

      

          @spec ids(String.t(), metamutants(), dispatch_vars(), map() | nil) :: MapSet.t()


      


Mutant ids implicated by compile_output, given %{file => metamutant_source} and
%{file => dispatch_var} (the variable each metamutant's generated code reads,
Mutare.Transform.Result.dispatch_var; every file in metamutants must have one).
Builds the per-file Mutare.Manifest lazily — only for the file(s) an error
names — and memoizes it across error locations, so a file faulting on several
lines is parsed once. Returns an empty set when nothing could be mapped (the
caller then aborts).

  



    

  
    
      
    
    
      macro_poison(compile_output, metamutants, dispatch_vars, report_ids \\ nil)



        
          
        

    

  


  

      

          @spec macro_poison(String.t(), metamutants(), dispatch_vars(), map() | nil) ::
  macro_matches()


      


The macro-expansion fallback attribution: mutant ids inside calls to macros
listed in the compiler's expansion stack, grouped by macro.
When a mutation splices a runtime selector case into an argument that a macro rewrites
at compile time (an Ecto.Query.from/2-style inline DSL, a macro needing a literal), the
macro raises while expanding and the compiler reports the macro-call line — one line
above the selector case recorded in Mutare.Manifest — so ids/4 finds nothing and
the run would abort. The failure output identifies the macro in an expanding macro: Mod.fun/arity frame, followed by the location that invoked it (Hint.culprits/1). This
maps that name back to mutant ids through the metamutant of that call-site file
(Manifest.ids_in_named_calls/2): find every call of the name in the rendered source and
collect the ids inside its span. Bare-name match (the call is usually an imported
from(...), not Ecto.Query.from), so two same-named macros in the file are skipped
together — conservative, and one of them did raise.
Only the call-site file is searched — deliberately not every file the error located: a
macro defined in the target project also puts frames from its implementation file (and
Elixir internals) on the stack, and scanning those would drop valid mutants in an unrelated
same-named call there as poison. A call site we didn't render (a dependency), or a frame
with no location, attributes nothing.
Attributing through the metamutant + manifest (not the schema's :sites) is deliberate, and
for the same reason as the line-based ids/4 it backs up: this is positional work in
metamutant space — spans of the rendered source the compiler actually read — which
:sites, recorded in original-source coordinates, cannot answer.
Returns one {{module_string, fun_atom}, ids} entry per implicated macro that matched at least
one mutant, so the caller can drop the union and name each macro in the diagnostic and the
{Module, :fun, :raw} suggestion.

  


        

      


  

  
    
    Mutare.Poison.Hint - mutare v0.5.1
    
    

    


  
  

    
Mutare.Poison.Hint 
    



      
Turns one unrecoverable compile failure into advice the user can act on.
Almost every compile-poisoning mutation is recovered automatically — Mutare
finds the offending mutant, drops it, and rebuilds. One case can't be: a macro
that requires a compile-time literal argument (Size.megabytes(5) and the
like). Mutating the literal turns it into runtime code, the macro rejects it and
raises while the compiler is expanding it, and because the compiler reports the error at the
macro call rather than at the mutation inside it, Mutare cannot identify which single
mutant to drop. The whole run aborts.
The way out is to leave that macro's arguments as written by routing it :raw
in .mutare.exs (the :call_routes option). This module recognises the situation
from the failed compile's output, identifies the macro(s) at fault, and produces
that advice — including a copy-pasteable snippet — so the error the user sees
explains how to get unblocked instead of just echoing the raw compiler error.
Returns nil for any other compile failure, where the raw error stands on its
own.

      


      
        Summary


  
    Functions
  


    
      
        culprits(output)

      


        The culprit macro of each stacktrace in output, paired with where it was invoked:
{{module_string, function_atom}, {file, line} | nil}, in source order — one entry per
stacktrace whose innermost frame names a macro we can advise on.



    


    
      
        escalation_note(escalations)

      


        A copy-pasteable :call_routes suggestion for the block macros a successful run
had to escalate (skip wholesale) during compile-poison recovery, or nil when there
were none.



    


    
      
        expanding_macros(output)

      


        The macro(s) to advise skipping, as distinct {module_string, function_atom}
pairs read from the expanding macro: frames in output, in first-seen order.
[] when there are none. The names of culprits/1, deduplicated.



    


    
      
        for_compile_failure(output)

      


        A copy-pasteable remediation hint for the failed-compile output, or nil.



    


    
      
        macro_skip_note(macro_skipped)

      


        A copy-pasteable :call_routes suggestion for the inline DSL macros a successful run
had to skip via the macro-expansion fallback (Mutare.Poison.macro_poison/4), or nil
when there were none.



    


    
      
        route_tuple(module, fun)

      


        The copy-pasteable call_routes: entry that leaves module.fun's arguments as written,
as source text: {Module, :fun, :raw} for a call, {Module, :fun, :skip} for a head
Mutare analyzes structurally (Kernel.in/2 — the only route it accepts); nil for a head
no route can name (a definition or compiler syntax such as Kernel.def/2), which only a
# mutare:ignore around the offending code can silence. The one place the tuple is spelt,
shared by the abort hint, the recovery notes, and the live reporter's ⚠ line.



    





      


      
        Functions


        


  
    
      
    
    
      culprits(output)



        
          
        

    

  


  

      

          @spec culprits(String.t()) :: [
  {{String.t(), atom()}, {String.t(), pos_integer()} | nil}
]


      


The culprit macro of each stacktrace in output, paired with where it was invoked:
{{module_string, function_atom}, {file, line} | nil}, in source order — one entry per
stacktrace whose innermost frame names a macro we can advise on.
Each compile error reports only its innermost macro — the one whose literal argument
was actually mutated. A literal-only macro nested inside another (if Size.megabytes(5))
also lists the enclosing macros, but skipping those would needlessly hide valid mutants, so
only the culprit is kept (the frames come from
Mutare.Sandbox.Command.Output.macro_expansion_stacks/1, innermost first). The call site is
the frame's own — the file whose metamutant holds the poisoning mutant — which is why
Mutare.Poison.macro_poison/4 reads this rather than expanding_macros/1.
iex> Mutare.Poison.Hint.culprits("expanding macro: Size.megabytes/1\n    lib/a.ex:8: A.f/0\n")
[{{"Size", :megabytes}, {"lib/a.ex", 8}}]

  



  
    
      
    
    
      escalation_note(escalations)



        
          
        

    

  


  

      

          @spec escalation_note([Mutare.Run.escalation()]) :: String.t() | nil


      


A copy-pasteable :call_routes suggestion for the block macros a successful run
had to escalate (skip wholesale) during compile-poison recovery, or nil when there
were none.
Unlike for_compile_failure/1 — which fires on an unrecoverable abort — this is the
advice printed after a run recovered: the metamutant compiled, but only because
Mutare guessed a DSL body could be mutated, hit poison, and skipped the block at
runtime. That recovery is rediscovered from scratch on every run (the dropped ids are
in-memory only), so we hand the user the durable, name-based fix. Each escalated macro
becomes a module-wildcard {:*, :name, :raw} route (the invocation's module is an
unknown DSL we don't resolve), skipping that macro name wherever it appears.
escalations is Mutare.Run's :recovery.escalated (a list of
Mutare.Run.escalation/0).
iex> Mutare.Poison.Hint.escalation_note([%{macro: :guarded, file: "lib/x.ex", line: 3, count: 2}])
...> |> String.contains?("{:*, :guarded, :raw}")
true

  



  
    
      
    
    
      expanding_macros(output)



        
          
        

    

  


  

      

          @spec expanding_macros(String.t()) :: [{String.t(), atom()}]


      


The macro(s) to advise skipping, as distinct {module_string, function_atom}
pairs read from the expanding macro: frames in output, in first-seen order.
[] when there are none. The names of culprits/1, deduplicated.
iex> Mutare.Poison.Hint.expanding_macros("expanding macro: Size.megabytes/1\n")
[{"Size", :megabytes}]

  



  
    
      
    
    
      for_compile_failure(output)



        
          
        

    

  


  

      

          @spec for_compile_failure(String.t()) :: String.t() | nil


      


A copy-pasteable remediation hint for the failed-compile output, or nil.
Recognises the one poison case Mutare can't recover on its own — a macro that
needs a compile-time literal argument — and returns advice on how to skip it.
Any other failure returns nil, leaving the raw compiler error to stand alone.

  



  
    
      
    
    
      macro_skip_note(macro_skipped)



        
          
        

    

  


  

      

          @spec macro_skip_note([%{module: String.t(), macro: atom()}]) :: String.t() | nil


      


A copy-pasteable :call_routes suggestion for the inline DSL macros a successful run
had to skip via the macro-expansion fallback (Mutare.Poison.macro_poison/4), or nil
when there were none.
The sibling of escalation_note/1 for inline macros rather than block macros: a mutation
wouldn't compile inside a macro that rewrites its argument at compile time, so Mutare
dropped that macro's mutants and rebuilt. Because the compiler named the macro (an
expanding macro: frame), the module is known — so unlike the block case's {:*, …}
wildcard this suggests the precise {Module, :fun, :raw}. That recovery is rediscovered
(and its rebuilds repaid) on every run, so pinning it is the durable fix.
macro_skipped is Mutare.Run's :recovery.macro_skipped (a list of
%{module: module_string, macro: fun_atom}).
iex> Mutare.Poison.Hint.macro_skip_note([%{module: "Ecto.Query", macro: :from}])
...> |> String.contains?("{Ecto.Query, :from, :raw}")
true

  



  
    
      
    
    
      route_tuple(module, fun)



        
          
        

    

  


  

      

          @spec route_tuple(String.t(), atom()) :: String.t() | nil


      


The copy-pasteable call_routes: entry that leaves module.fun's arguments as written,
as source text: {Module, :fun, :raw} for a call, {Module, :fun, :skip} for a head
Mutare analyzes structurally (Kernel.in/2 — the only route it accepts); nil for a head
no route can name (a definition or compiler syntax such as Kernel.def/2), which only a
# mutare:ignore around the offending code can silence. The one place the tuple is spelt,
shared by the abort hint, the recovery notes, and the live reporter's ⚠ line.
iex> Mutare.Poison.Hint.route_tuple("Ecto.Query", :from)
"{Ecto.Query, :from, :raw}"
iex> Mutare.Poison.Hint.route_tuple("Kernel", :in)
"{Kernel, :in, :skip}"
iex> Mutare.Poison.Hint.route_tuple("Kernel", :def)
nil

  


        

      


  

  
    
    Mutare.Project - mutare v0.5.1
    
    

    


  
  

    
Mutare.Project 
    



      
Resolve the shape of the target into a copy-root and a mutate-scope.
Mutare copies one tree into the sandbox and mutates a set of source files in it.
For a plain Mix project those are the same directory. For an umbrella they
differ: the whole umbrella is copied (so in_umbrella sibling deps and the
shared deps//config/ keep resolving), while only a chosen subset of apps/*
gets metamutants.
resolve/2 turns the user-supplied target path plus the --app/--workspace
flags into:
	copy_root — the directory materialised into the sandbox (the umbrella
root, or the project root for a single app). This is the root the rest of
the pipeline (Mutare.Schema, Mutare.Sandbox, Mutare.Runner) treats as
authoritative for every path operation; the struct duplicates it only so it is
available to the entry points.
	mutate_scope — the apps whose sources are mutated, as %{app, dir} entries
with dir relative to copy_root ("apps/foo", or "." for a single app).
	apps — every app whose suite runs (all umbrella apps), which the per-app
bootstrap injection and the dependency-graph scoping need.

Detection is static — Mutare runs outside the target's Mix, so the layout is
read from the filesystem (an apps/ dir plus an apps_path: in the root
mix.exs) rather than from Mix.Project.

      


      
        Summary


  
    Types
  


    
      
        app()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        app_test_scopes(project, sandbox, forward)

      


        Per mutate-scope app, the root-relative test/ dirs a broad (whole-suite) run
may be narrowed to: the app itself plus every app that (transitively) depends on
it. A mutant in app A can only be killed by a test that executes A's code, and a
sibling executes A's code only through a declared dependency — so this set is a
safe superset of A's possible killers; narrowing below it would risk a false
survivor, so we never do.



    


    
      
        project_dirs(project)

      


        Root-relative directories that hold a Mix project file Mutare may rewrite in the sandbox.



    


    
      
        project_file(dir)

      


        The root-relative mix.exs path for a project_dirs/1 entry.



    


    
      
        resolve(target, opts \\ [])

      


        Resolve target (+ scope flags) into a t/0.



    


    
      
        umbrella_root?(dir)

      


        Is dir (an absolute path) the root of an umbrella project?



    





      


      
        Types


        


  
    
      
    
    
      app()



        
          
        

    

  


  

      

          @type app() :: %{app: atom() | nil, dir: String.t()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Mutare.Project{
  apps: [app()],
  copy_root: Path.t(),
  mutate_scope: [app()],
  umbrella?: boolean()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      app_test_scopes(project, sandbox, forward)



        
          
        

    

  


  

      

          @spec app_test_scopes(t(), Path.t(), %{required(atom()) => [atom()]}) :: %{
  required(atom()) => [String.t()]
}


      


Per mutate-scope app, the root-relative test/ dirs a broad (whole-suite) run
may be narrowed to: the app itself plus every app that (transitively) depends on
it. A mutant in app A can only be killed by a test that executes A's code, and a
sibling executes A's code only through a declared dependency — so this set is a
safe superset of A's possible killers; narrowing below it would risk a false
survivor, so we never do.
forward is the declared inter-app graph, %{app => [apps it depends on]},
as Mutare.Runner.AppGraph.read/2 reads it from Mix (nodes and deps outside the
umbrella are ignored). Declared, not runtime: a runtime: false sibling dep is
absent from the compiled .app's applications yet fully callable from the
dependent's tests. Only dirs that actually exist under sandbox are returned.
Returns %{} (⇒ no narrowing, run the whole umbrella) for a single app, or when
forward lacks an umbrella app — a missing node would hide that app's
dependents, so degrade safe rather than narrow on doubt.

  



  
    
      
    
    
      project_dirs(project)



        
          
        

    

  


  

      

          @spec project_dirs(t() | nil) :: [String.t()]


      


Root-relative directories that hold a Mix project file Mutare may rewrite in the sandbox.
The root, plus each umbrella child. Mutare.Sandbox attempts to wrap exactly these
mix.exs files to force infer_signatures: false. Wrapping is not possible for an unreadable
file, source that Sourceror cannot faithfully round-trip, or a mix.exs defining no module
of its own. Mutare.Sandbox.Seed therefore realigns manifests
against the successfully applied wrappers — reported back by
CompilerOptions.project_source/1 — not against this list. Realigning an app that
compiles with inference on invents a cache-key mismatch and cold-compiles it for nothing.

  



  
    
      
    
    
      project_file(dir)



        
          
        

    

  


  

      

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


      


The root-relative mix.exs path for a project_dirs/1 entry.
The one derivation both halves of the inference override share: Mutare.Sandbox builds the
files it wraps from it, and Mutare.Sandbox.Seed rebuilds the same key to check whether a
given app's wrapper was applied. Two spellings of this join would silently stop matching.

  



    

  
    
      
    
    
      resolve(target, opts \\ [])



        
          
        

    

  


  

      

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


      


Resolve target (+ scope flags) into a t/0.
opts:
	:apps — app-name strings to mutate (from --app); nil/[] means "all".
	:workspace — true mutates every app (from --workspace).

A single (non-umbrella) project resolves to copy_root: target with a lone
%{app: nil, dir: "."} scope, so the existing single-app pipeline is unchanged.

  



  
    
      
    
    
      umbrella_root?(dir)



        
          
        

    

  


  

      

          @spec umbrella_root?(Path.t()) :: boolean()


      


Is dir (an absolute path) the root of an umbrella project?
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Mutare.Report.HarnessDiagnostic 
    



      
Compact diagnostics for mutants that ended as :harness_error.
The runner already captures the raw mix test output, but the final reports
need a short, stable summary rather than an entire suite log. This module is the
shared presentation layer for human, JSON, live, and abort messages.
This module formats the diagnostic. Mutare.Sandbox.Command.Output parses
Mix's output: salient_line/1 selects the line to show, and boot_failure?/1
identifies the known boot crash.

      


      
        Summary


  
    Functions
  


    
      
        line(result)

      


        Return a site-prefixed diagnostic line suitable for multi-error summaries.



    


    
      
        summary(result)

      


        Return a one-line diagnostic for a harness-errored result.



    





      


      
        Functions


        


  
    
      
    
    
      line(result)



        
          
        

    

  


  

      

          @spec line(Mutare.Result.t()) :: String.t()


      


Return a site-prefixed diagnostic line suitable for multi-error summaries.

  



  
    
      
    
    
      summary(result)



        
          
        

    

  


  

      

          @spec summary(Mutare.Result.t()) :: String.t()


      


Return a one-line diagnostic for a harness-errored result.
Includes the exit status when known plus the output's salient line
(Mutare.Sandbox.Command.Output.salient_line/1), truncated. The known
self-erasing boot crash gets a cause-specific summary because its output is
explicitly not useful for recovering the original exception.
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Mutare.Result.Status 
    



      
The single descriptor registry for the Mutare.Result status vocabulary.
A result status carries the same handful of facts at every surface that touches
it: is it a kill (score numerator), is it scored (in the denominator), did it
run (launched a mix test), what is its mutation-testing-elements / Stryker
name, how is it labelled in the one-line Mutare.Report.summary/1 and the live
counter, does it leave a permanent line behind in Mutare.Report.Live (and how
--verbose labels its always-emitted line). Those
facts used to be re-listed inline in five places — Mutare.Result
(classification lists), Mutare.Report (the summary tally), Mutare.Report.Json
(the schema map), and Mutare.Report.Live (@leave_behind + the counter extras)
— which drift apart silently when a status is added (see CLAUDE.md "Result
statuses"). They live here once: one descriptor map per status, ordered as the
summary/counter render them, the consumers reading fields off all/0/fetch!/1
rather than re-enumerating the vocabulary.
Adding a status is two edits — a row here and the @type status union in
Mutare.Result — and Mutare.Result.StatusTest pins the registry to that type so
the two cannot diverge unnoticed. A descriptor is a plain map (a struct can't be
built in its own module's compile-time attributes), but the rows are validated at
compile time against the schema below, so a missing required key or a typo'd field
name fails the build rather than silently producing a wrong descriptor.
Per-field defaults are chosen so a row states only what is unusual about a
status: a status is scored?/ran? and not a kill? unless explicitly configured otherwise
(the common in-the-denominator, reached-a-verdict, didn't-detect shape), and it is
not pinned into the summary nor surfaced as a live extra/leave-behind unless it
opts in.

      


      
        Summary


  
    Types
  


    
      
        colour()

      


        An IO.ANSI colour name for a leave-behind label.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        all()

      


        Every status descriptor, in summary/counter render order.



    


    
      
        fetch!(status)

      


        The descriptor for status, raising on an unregistered name. Loud by design — the
same fail-fast a missing Map.fetch! key gave the JSON map: a status with no row
is a bug, surfaced rather than silently rendered blank.



    


    
      
        get(status)

      


        The descriptor for status, or nil for an unregistered name.



    


    
      
        names()

      


        Every status name, in render order.



    


    
      
        where(field)

      


        The status names whose descriptor field field is truthy, in render order.



    





      


      
        Types


        


  
    
      
    
    
      colour()



        
          
        

    

  


  

      

          @type colour() :: atom()


      


An IO.ANSI colour name for a leave-behind label.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{
  name: Mutare.Result.status(),
  kill?: boolean(),
  scored?: boolean(),
  ran?: boolean(),
  json: String.t(),
  summary_label: String.t(),
  always_in_summary?: boolean(),
  extra_label: String.t() | nil,
  leave_behind: {String.t(), colour()} | nil,
  verbose_label: {String.t(), colour()}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      all()



        
          
        

    

  


  

      

          @spec all() :: [t()]


      


Every status descriptor, in summary/counter render order.
Examples
iex> Mutare.Result.Status.all() |> Enum.map(& &1.name) |> Enum.take(3)
[:killed, :timeout, :atom_exhausted]

  



  
    
      
    
    
      fetch!(status)



        
          
        

    

  


  

      

          @spec fetch!(Mutare.Result.status()) :: t()


      


The descriptor for status, raising on an unregistered name. Loud by design — the
same fail-fast a missing Map.fetch! key gave the JSON map: a status with no row
is a bug, surfaced rather than silently rendered blank.
Examples
iex> Mutare.Result.Status.fetch!(:survived).json
"Survived"

  



  
    
      
    
    
      get(status)



        
          
        

    

  


  

      

          @spec get(atom()) :: t() | nil


      


The descriptor for status, or nil for an unregistered name.
Examples
iex> Mutare.Result.Status.get(:not_a_status)
nil

  



  
    
      
    
    
      names()



        
          
        

    

  


  

      

          @spec names() :: [Mutare.Result.status()]


      


Every status name, in render order.
Examples
iex> Mutare.Result.Status.names()
[:killed, :timeout, :atom_exhausted, :survived, :no_coverage, :ignored, :poisoned, :harness_error]

  



  
    
      
    
    
      where(field)



        
          
        

    

  


  

      

          @spec where(atom()) :: [Mutare.Result.status()]


      


The status names whose descriptor field field is truthy, in render order.
Examples
iex> Mutare.Result.Status.where(:kill?)
[:killed, :timeout, :atom_exhausted]
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Mutare.Run.BrokenPartition 
    



      
A partition (:partition_env) whose environment failed the run's tests with no mutant
active, while the same tests passed on partition 1 — one of Mutare.Run's
:broken_partitions.
	:partition — the partition.
	:mutant — the report id of the kill on :partition whose tests were rerun there.
	:failure — how the rerun failed (failure/0).
	:reason — the output line that best explains the failure, or nil.


      


      
        Summary


  
    Types
  


    
      
        failure()

      


        How the rerun failed: its tests failed (:tests_failed), ran past the per-mutant cap
(:timeout), or the application would not start (:app_start).



    


    
      
        t()

      


    





  
    Functions
  


    
      
        kills(broken_partition, results)

      


        How many of results are kills on broken's partition: the kills that may be false.



    


    
      
        rerun_failure(broken)

      


        How the rerun failed, as a clause naming the kill by its id (what_failed/2), then the
explaining output line if any, e.g.
the tests that killed mutant 12 failed: ** (RuntimeError) no database.



    


    
      
        what_failed(broken_partition, mutant)

      


        How the rerun failed, as a clause, naming the kill whose tests were rerun as mutant
("mutant 12", or with its location where the caller has the site), e.g.
the tests that killed mutant 12 failed.



    





      


      
        Types


        


  
    
      
    
    
      failure()



        
          
        

    

  


  

      

          @type failure() :: :tests_failed | :timeout | :app_start


      


How the rerun failed: its tests failed (:tests_failed), ran past the per-mutant cap
(:timeout), or the application would not start (:app_start).

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Mutare.Run.BrokenPartition{
  failure: failure(),
  mutant: pos_integer(),
  partition: pos_integer(),
  reason: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      kills(broken_partition, results)



        
          
        

    

  


  

      

          @spec kills(t(), [Mutare.Result.t()]) :: non_neg_integer()


      


How many of results are kills on broken's partition: the kills that may be false.

  



  
    
      
    
    
      rerun_failure(broken)



        
          
        

    

  


  

      

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


      


How the rerun failed, as a clause naming the kill by its id (what_failed/2), then the
explaining output line if any, e.g.
the tests that killed mutant 12 failed: ** (RuntimeError) no database.

  



  
    
      
    
    
      what_failed(broken_partition, mutant)



        
          
        

    

  


  

      

          @spec what_failed(t(), String.t()) :: String.t()


      


How the rerun failed, as a clause, naming the kill whose tests were rerun as mutant
("mutant 12", or with its location where the caller has the site), e.g.
the tests that killed mutant 12 failed.
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Mutare.Run.Context 
    



      
The runtime wiring for a mutation run: the validated Mutare.Options
(configuration) bundled with the things that are not configuration — the
resolved Mutare.Project (copy-root + mutate-scope, derived from the target
path and --app/--workspace) and the four optional live-progress hooks
(reporter, on_phase, on_start, on_scan).
on_phase receives both the phase-transition atoms (:compiling → :baseline
→ :coverage_probe → {:running, total}) and structured detail events fired
alongside them — {:compiled, ms}, {:baseline_done, ms}, {:coverage_done, summary} (the test selection, whole-suite runs counted apart — see Mutare.Runner),
{:run_config, cfg} (from Mutare.Runner), and {:seed_app_build, summary} and {:inference_override_declined, info} (what Mutare.Sandbox reports
back from materialising, relayed by the runner during :compiling: what the app-build
_build seed did and each mix.exs whose inference override did not land) — carrying
the behind-the-scenes detail --verbose renders. A custom hook should ignore unrecognised events (the in-tree consumer,
Mutare.Report.Live, has a catch-all).
Splitting these off Mutare.Options keeps that struct pure configuration. The
pipeline (Mutare.Schema, Mutare.Sandbox, Mutare.Runner) threads a
Run.Context, reading config from context.options and wiring from the
context's own fields.
Wrap-at-boundary
new/1 is the normalization boundary, mirroring Mutare.Options.new/1: it
accepts an existing Run.Context (idempotent), a bare Mutare.Options (no
wiring), or a keyword list. For a keyword list it splits the wiring keys
(:project + the hooks) from the configuration keys, validating the former here
and routing the latter through Mutare.Options.new/1. So an existing
keyword-list call site — Schema.build(root, project: p, mutators: m) — keeps
working unchanged: the wiring rides into the context, the rest into options.
new/2 is the convenience the Mix task uses to attach wiring to an already
resolved Options (Run.Context.new(options, project: project)).

      


      
        Summary


  
    Types
  


    
      
        hook()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        ensure_project(context, root)

      


        Ensure the context carries a Mutare.Project, resolving one from root if it is
unset. The entry points (Mutare.Runner.run/2, the Mix task) resolve the project
from the target path + scope flags; the direct Mutare.run/2 API leaves it nil,
so it is resolved here as a single-app project at root.



    


    
      
        hook(context, field)

      


        The 1-arity hook bound to field (:reporter/:on_phase/:on_start/:on_scan),
or a no-op when unset — so Mutare.Runner and Mutare.Schema invoke it
unconditionally without each re-stating the || fn _ -> :ok end default. The
single home for that default.



    


    
      
        listen(context, field, listener)

      


        The context with listener also called on each event of the hook bound to field, after
the hook already there (if any) — how the Mix task's partial report and event log listen
beside the live reporter.



    


    
      
        new(context)

      


        Normalize an input into a Run.Context.



    


    
      
        new(options, wiring)

      


        Build a Run.Context from already-resolved options (an Options or a keyword
list) plus a keyword list of wiring (:project and/or the hooks).



    





      


      
        Types


        


  
    
      
    
    
      hook()



        
          
        

    

  


  

      

          @type hook() :: (term() -> any()) | nil


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Mutare.Run.Context{
  defer_site_code: boolean(),
  on_phase: hook(),
  on_scan: hook(),
  on_start: hook(),
  options: Mutare.Options.t(),
  project: Mutare.Project.t() | nil,
  reporter: hook(),
  summarize_sites: boolean()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      ensure_project(context, root)



        
          
        

    

  


  

      

          @spec ensure_project(t(), Path.t()) :: t()


      


Ensure the context carries a Mutare.Project, resolving one from root if it is
unset. The entry points (Mutare.Runner.run/2, the Mix task) resolve the project
from the target path + scope flags; the direct Mutare.run/2 API leaves it nil,
so it is resolved here as a single-app project at root.

  



  
    
      
    
    
      hook(context, field)



        
          
        

    

  


  

      

          @spec hook(t(), atom()) :: (term() -> any())


      


The 1-arity hook bound to field (:reporter/:on_phase/:on_start/:on_scan),
or a no-op when unset — so Mutare.Runner and Mutare.Schema invoke it
unconditionally without each re-stating the || fn _ -> :ok end default. The
single home for that default.

  



  
    
      
    
    
      listen(context, field, listener)



        
          
        

    

  


  

      

          @spec listen(t(), :reporter | :on_phase | :on_start | :on_scan, (term() -> any())) ::
  t()


      


The context with listener also called on each event of the hook bound to field, after
the hook already there (if any) — how the Mix task's partial report and event log listen
beside the live reporter.
iex> ctx = Mutare.Run.Context.new(reporter: &send(self(), {:first, &1}))
iex> ctx = Mutare.Run.Context.listen(ctx, :reporter, &send(self(), {:then, &1}))
iex> ctx.reporter.(:result)
iex> Process.info(self(), :messages)
{:messages, [first: :result, then: :result]}

  



  
    
      
    
    
      new(context)



        
          
        

    

  


  

      

          @spec new(t() | Mutare.Options.t() | keyword()) :: t()


      


Normalize an input into a Run.Context.
Accepts an existing Run.Context (returned as-is), a Mutare.Options (wrapped
with no wiring), or a keyword list (wiring keys split out and validated, the
rest validated through Mutare.Options.new/1).
iex> ctx = Mutare.Run.Context.new(mutators: [:arithmetic], on_scan: fn _ -> :ok end)
iex> {Enum.map(ctx.options.mutators, & &1.name), is_function(ctx.on_scan, 1)}
{[:arithmetic], true}

iex> ctx = Mutare.Run.Context.new(workers: 2)
iex> Mutare.Run.Context.new(ctx) == ctx
true

  



  
    
      
    
    
      new(options, wiring)



        
          
        

    

  


  

      

          @spec new(
  Mutare.Options.t() | keyword(),
  keyword()
) :: t()


      


Build a Run.Context from already-resolved options (an Options or a keyword
list) plus a keyword list of wiring (:project and/or the hooks).
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Mutare.Runner.AppGraph 
    



      
Read an umbrella's declared inter-app dependency graph out of the sandbox.
Mutare.Project.app_test_scopes/3 narrows a broad (whole-umbrella) mutant run
to the mutant's owning app plus its transitive dependents, which needs the
forward graph %{app => [sibling apps it depends on]}. This module gets it from
Mix: one mix eval in the sandbox (no compile, no deps check) merges
Mix.Project.deps_tree/0 from the umbrella root with sibling applications named
by each child's application/0. Every child's deps/0 and application/0 are
evaluated under MIX_ENV=test with the same settings as the test runs. Consequently,
a runtime: false sibling and one named only through :extra_applications or
explicit :applications all count as dependencies, while an only: that
excludes the test env does not. Why the graph is read this way rather than only
off the build: NOTES "Umbrella narrowing must follow the declared graph".
Output contract
The evaluated snippet prints one mutare-dep <app> <dep> <dep>… line per node
of the tree and a closing mutare-dep-end line. parse/2 keeps the lines
naming an umbrella app, drops deps that aren't umbrella apps (Hex packages),
matches names as strings against the known app list (never String.to_atom/1
on subprocess output), and is :error unless every umbrella app was reported
and the end marker arrived — a missing node would silently lose that app's
edges, so any incompleteness means "unknown graph" and the caller runs the
whole umbrella.

      


      
        Summary


  
    Types
  


    
      
        forward()

      


        The declared forward graph over umbrella apps: %{app => [apps it depends on]}.



    





  
    Functions
  


    
      
        parse(output, names)

      


        Decode mix eval output (see the module doc's output contract) into the forward
graph over names, the known umbrella apps.



    


    
      
        read(project, sandbox)

      


        The declared graph of project's umbrella apps, read from the sandbox.



    





      


      
        Types


        


  
    
      
    
    
      forward()



        
          
        

    

  


  

      

          @type forward() :: %{required(atom()) => [atom()]}


      


The declared forward graph over umbrella apps: %{app => [apps it depends on]}.

  


        

      

      
        Functions


        


  
    
      
    
    
      parse(output, names)



        
          
        

    

  


  

      

          @spec parse(String.t(), [atom()]) :: {:ok, forward()} | :error


      


Decode mix eval output (see the module doc's output contract) into the forward
graph over names, the known umbrella apps.

  



  
    
      
    
    
      read(project, sandbox)



        
          
        

    

  


  

      

          @spec read(Mutare.Project.t(), Path.t()) :: {:ok, forward()} | :error


      


The declared graph of project's umbrella apps, read from the sandbox.
A single (non-umbrella) project is {:ok, %{}} without running anything. For an
umbrella, a failed mix eval or an incomplete tree (see parse/2) is :error
— logged, since the fallback (every broad run covers the whole umbrella) is
safe but slow.

  


        

      


  

  
    
    Mutare.Runner.Baseline - mutare v0.5.1
    
    

    


  
  

    
Mutare.Runner.Baseline 
    



      
Run the complete test suite green-checked against the baseline mutant
(MUTARE_ACTIVE_MUTANT=0) — once, several times to catch a flaky suite, or
with retries to survive an occasionally red startup run.
This is the authoritative green check and the source of baseline_ms. Two
things hang on it being a run of the whole suite:
	Timing. baseline_ms is the wall-clock of one process boot plus the
suite, which the runner scales into the per-mutant timeout cap. Summing
per-file probe runs (as the old conflated probe did) folded N process boots
into the figure and inflated every mutant's cap. When the suite runs more
than once (see flakiness, below) we take the slowest green run, so the
cap stays conservative.
	Green-ness. The suite is confirmed green together. A per-file probe
never runs the suite as a whole, so a cross-file dependency could pass
file-by-file (or fail in isolation) without the suite's real state ever
being checked.

Mutation testing on a red suite is meaningless — every "kill" is suspect — so a
non-green baseline aborts the run: {:error, :baseline_failed, output}. When
:baseline_retries is non-zero, an all-red baseline attempt is retried before
aborting; a mixed pass/fail attempt still aborts as flaky immediately. No
--cover here: mutant runs don't use it, so an uninstrumented baseline times
the cap against like conditions (and the --cover instrumentation belongs to
Mutare.Runner.CoverageProbe, which runs separately afterwards).
Flakiness (:baseline_runs)
A flaky test — one that passes/fails nondeterministically regardless of the
mutant — is corrosive here: when it goes red during a mutant's run it marks
that mutant killed, a false kill that hides a real survivor. Flakiness is a
property of the suite, not of any one mutant, so the cheapest place to catch it
is right here: run the baseline up to :baseline_runs times (default 1) and
classify the outcomes (classify/1):
	all green → proceed ({:ok, slowest_green_ms});
	all red → {:error, :baseline_failed, output} (a deterministically
broken suite — unchanged from a single run);
	mixed → a test disagreed with itself → {:error, :baseline_flaky, detail}, aborting loudly with the flaky tests named, rather than scoring
against a suite that manufactures false kills.

Collection short-circuits the moment outcomes disagree — flakiness is already
proven, so there's no point running the rest. With :baseline_runs at its
default of 1 this is exactly the old single-run behavior: one run, green or red.
Retry survival (:baseline_retries)
:baseline_retries (default 0) wraps the whole :baseline_runs check: if an
attempt is consistently red (:baseline_failed), Mutare tries the baseline
again up to that many times. This is for startup/load/order flakes where the
project may be green on a later run. It deliberately does not retry
:baseline_flaky: when one :baseline_runs attempt observes both pass and
fail, the suite has already disagreed with itself and scoring against it would
hide false kills.

      


      
        Summary


  
    Types
  


    
      
        outcome()

      


    


    
      
        result()

      


    





  
    Functions
  


    
      
        classify(outcomes)

      


        Classify a non-empty list of baseline run outcomes into a run result.



    


    
      
        run(sandbox, runs \\ 1, opts \\ [])

      


        Run the whole suite up to runs times at baseline, then classify (classify/1).
Returns {:ok, baseline_ms} when consistently green, {:error, :baseline_failed, output} when consistently red, or {:error, :baseline_flaky, detail} when the
runs disagree.



    


    
      
        run(sandbox, runs, retries, opts)

      


        Run the baseline check with retries extra all-red attempts before returning
:baseline_failed.



    





      


      
        Types


        


  
    
      
    
    
      outcome()



        
          
        

    

  


  

      

          @type outcome() :: {:pass, non_neg_integer()} | {:fail, String.t()}


      



  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() ::
  {:ok, non_neg_integer()}
  | {:error, :baseline_failed, String.t()}
  | {:error, :baseline_flaky, String.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      classify(outcomes)



        
          
        

    

  


  

      

          @spec classify([outcome()]) :: result()


      


Classify a non-empty list of baseline run outcomes into a run result.
Pure: the I/O lives in run/2, the decision (and the flaky message) here, so it
is unit-testable without spawning mix. All green → {:ok, slowest_ms}; all red
→ {:error, :baseline_failed, _}; a mix of both → {:error, :baseline_flaky, _}.

  



    

    

  
    
      
    
    
      run(sandbox, runs \\ 1, opts \\ [])



        
          
        

    

  


  

      

          @spec run(Path.t(), pos_integer(), Mutare.Sandbox.Command.Invocation.run_opts()) ::
  result()


      


Run the whole suite up to runs times at baseline, then classify (classify/1).
Returns {:ok, baseline_ms} when consistently green, {:error, :baseline_failed, output} when consistently red, or {:error, :baseline_flaky, detail} when the
runs disagree.
opts are the run options each run is invoked with
(Mutare.Sandbox.Command.Invocation.run_opts/0): a fixed :partition entry
(e.g. MIX_TEST_PARTITION=1) when :partition_env is on, so a partitioned suite
finds a valid database, the :max_heap_mb cap, and the mutants' :schedulers trim
(the elapsed time returned is the yardstick for their cap); [] (the default) sets none.
The baseline is sequential, so one fixed partition suffices
(Mutare.Runner.Partitions).

  



  
    
      
    
    
      run(sandbox, runs, retries, opts)



        
          
        

    

  


  

      

          @spec run(
  Path.t(),
  pos_integer(),
  non_neg_integer(),
  Mutare.Sandbox.Command.Invocation.run_opts()
) ::
  result()


      


Run the baseline check with retries extra all-red attempts before returning
:baseline_failed.
A retry wraps the full runs sample. :baseline_flaky is never retried because
a mixed pass/fail sample has already proven suite nondeterminism.
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Mutare.Runner.CoverageProbe 
    



      
Select the test files to run for each mutant — coverage-driven test selection.
Runs after Mutare.Runner.Baseline has confirmed the suite green and measured
the timing; this module is purely about coverage and never green-checks or times
anything. Keeping the two apart is the point: folding coverage into the baseline
made baseline_ms a sum of per-file process boots (an inflated timeout cap), and
meant the suite was never confirmed green together — only file-by-file.
It is one instrumented suite run. The probe runs mix test once at baseline
with the coverage-capture flag set, so the metamutant self-records — in the test
process, synchronously — which mutant ids each test file covers, plus a
process-agnostic aggregate of every id that ran at all (Mutare.Coverage.Recorder
implements the capture, Mutare.Coverage reads the dump). No :cover, no per-file
subprocess fan-out, and no async-formatter race that loses fast async: false
modules' coverage.
Three modes, set by :test_selection, a granularity ladder from safest/slowest to
fastest — :full ⊃ :coverage ⊃ :tests:
	:tests (default) — per mutant, run only the individual test cases that
covered its line, via mix test <file> --only test:<name> (one --only
per covering test). Finer than :coverage: where :coverage runs a whole
covering file, :tests runs just the tests in it that touched the line. It
falls back to :coverage's whole-file selection for any id whose coverage
can't be pinned to runnable tests — an id in the wholefile set (covered
through a setup_all/on_exit, which map to a module-scoped context, not a
single test), or one covered via an unlabeled process (whole suite). So the
narrowing is applied only where every covering attribution is a concrete,
runnable test.
	:coverage — per mutant, run only the test files that covered its line (a
setup_all attributes to its own module's file via the __ex_unit__/2
stacktrace frame; a Task via its caller chain; a test-registered on_exit
via its closure frame); a mutant whose code ran in an unlabeled process (a
bare spawn, a setup-registered on_exit closure, or a setup_all whose work
happened in a spawned Task) runs the whole suite — even if some file also
attributes it, since that partial attribution would otherwise mask the
unlabeled coverage and produce a false survivor; a mutant that never ran at all
is :no_coverage (skipped, and kept out of the score's denominator).
	:full — no per-file selection: every covered mutant runs the whole suite,
the rest are :no_coverage. Safest for suites with cross-file dependencies —
including a setup_all with cross-module global side effects, which :coverage
attributes to its own file only (see Mutare.Coverage.Recorder).

:tests and the file-granular safety margin it trades away
:coverage is file-granular on purpose: if any test in a file covers the line, the
whole file runs — so a sibling test that kills the mutant indirectly (fails
because a covering test in the same async: false module ran the mutated line and
left corrupt shared state, without the sibling touching the line itself) is still
run. :tests narrows to the covering tests only, dropping that sibling — so on a
stateful, cross-test-dependent suite :tests can turn such a kill into a false
survivor. It is the default on the assumption that suites are predominantly
async: true with per-test-isolated state (where a sibling that never runs the
line cannot observe the mutation, so nothing is lost); :coverage is the opt-out
(--per-file) and :full the fully conservative escape hatch.
The narrowing never manufactures a false kill: every name emitted is a test that
actually ran in one of the included files during the probe, so at least one test
always matches and mix test --only never hits its "no test executed" error (which
would otherwise surface as a harness error, not a kill).
Coverage is advisory, never authoritative. Anything uncertain — a non-zero
probe exit, an unreadable dump, or missing capture tables — degrades to
run-all ({:run_all, degrade}, the reason attached): we never skip a mutant on
doubt. A valid empty dump means none of
the emitted mutants ran; focused selection can legitimately leave the entire
aggregate empty. But because run-all makes every covered mutant run the
whole suite — prohibitive on a large project — a failed probe run is retried
once before degrading: the baseline was green moments earlier, so a probe
failure is usually a flaky test, and one extra suite run is cheap next to a
whole run's selection quality. The probe run is wall-clock capped for the same reason (by
default a generous multiple of the per-mutant cap, since instrumentation adds
overhead a plain baseline doesn't have; :probe_timeout sets an explicit cap
instead): a pathological interaction between the coverage capture and the
target's hot loops must degrade to run-all, not hang the whole run at the
probe stage forever.
Every path into "run the whole suite" is loud. The selection's summarize/1 counts
whole-suite runs apart from narrowed ones and carries the run-all reason, and
broad_ids/1 names the mutants concerned, so Mutare.Runner's {:coverage_done, …}
event lets Mutare.Report.Live say so in every mode but --quiet and mark each such
mutant as it runs — a silent whole-suite run reads as a hang, or as Mutare being slow.

      


      
        Summary


  
    Types
  


    
      
        degrade()

      


        Why the probe degraded to run-all (selection/0): the probe run exited non-zero
(:probe_failed, with its exit status), it overran its wall-clock cap
(:probe_timed_out, with the cap in ms), or it exited green but its dump was
unreadable (:dump_unreadable, with Mutare.Coverage.read_dump/2's error). Data,
not text: Mutare.Report.Live.Lines renders it, and the API caller reads it.



    


    
      
        outcome()

      


        What the probe decided for one mutant: a whole suite, whole files, particular
tests, or no coverage. Umbrella app scoping happens later, before execution.



    


    
      
        selection()

      


        What the probe decided for the whole run



    





  
    Functions
  


    
      
        broad_ids(arg)

      


        The ids whose run is the whole suite (:suite) in a selective selection — what
the live display marks in flight, so a run that takes fifty times its neighbours is
explained on the line that shows it. :all under run-all. Pure.



    


    
      
        broad_runs?(arg)

      


        Does selection hold a whole-suite run — run-all, or any :suite outcome
(:full mode's covered mutants; an id covered only from an unlabeled process)?
Mutare.Runner reads the umbrella dependency graph (a Mix boot) only when it does,
since that graph narrows nothing else. Pure.



    


    
      
        run(sandbox, schema, mode, opts \\ [])

      


        Build the per-mutant test selection (see selection/0).



    


    
      
        select(mode, schema, coverage)

      


        Compute the per-mutant selection/0 from an already-decoded coverage dump.



    


    
      
        summarize(arg)

      


        Summarise a selection/0 for display (the {:coverage_done, …} phase event
Mutare.Report.Live renders): how many mutants run under each Mutare.TestSelection shape —
tests, files, suite — versus were skipped as no_coverage. A whole-suite
run under :tests/:coverage is the slowdown nobody asked for, so it is counted
apart, never folded into a "covered" total. {:run_all, degrade} (coverage unusable
or uncertain) carries no per-mutant counts — every covered mutant runs the whole
suite — so its counts are zero, run_all? is true, and degrade says why. Pure (no
IO), so it is unit-testable without a probe run.



    





      


      
        Types


        


  
    
      
    
    
      degrade()



        
          
        

    

  


  

      

          @type degrade() ::
  %{cause: :probe_failed, exit_status: non_neg_integer()}
  | %{cause: :probe_timed_out, cap_ms: pos_integer() | nil}
  | %{cause: :dump_unreadable, error: term()}


      


Why the probe degraded to run-all (selection/0): the probe run exited non-zero
(:probe_failed, with its exit status), it overran its wall-clock cap
(:probe_timed_out, with the cap in ms), or it exited green but its dump was
unreadable (:dump_unreadable, with Mutare.Coverage.read_dump/2's error). Data,
not text: Mutare.Report.Live.Lines renders it, and the API caller reads it.

  



  
    
      
    
    
      outcome()



        
          
        

    

  


  

      

          @type outcome() :: Mutare.TestSelection.covered() | :no_coverage


      


What the probe decided for one mutant: a whole suite, whole files, particular
tests, or no coverage. Umbrella app scoping happens later, before execution.

  



  
    
      
    
    
      selection()



        
          
        

    

  


  

      

          @type selection() ::
  {:run_all, degrade()} | {:selective, %{required(pos_integer()) => outcome()}}


      


What the probe decided for the whole run:
	{:run_all, degrade} — coverage is unusable or uncertain (the probe failed, the
dump couldn't be read, or capture tables were missing — degrade/0 says which).
Run every mutant against the whole suite — never skip on doubt.
	{:selective, outcomes} — a per-mutant decision. outcomes is total:
every mutant id maps to an explicit outcome, so a :no_coverage mutant
is named, never implied by a missing key.


  


        

      

      
        Functions


        


  
    
      
    
    
      broad_ids(arg)



        
          
        

    

  


  

      

          @spec broad_ids(selection()) :: :all | MapSet.t(pos_integer())


      


The ids whose run is the whole suite (:suite) in a selective selection — what
the live display marks in flight, so a run that takes fifty times its neighbours is
explained on the line that shows it. :all under run-all. Pure.

  



  
    
      
    
    
      broad_runs?(arg)



        
          
        

    

  


  

      

          @spec broad_runs?(selection()) :: boolean()


      


Does selection hold a whole-suite run — run-all, or any :suite outcome
(:full mode's covered mutants; an id covered only from an unlabeled process)?
Mutare.Runner reads the umbrella dependency graph (a Mix boot) only when it does,
since that graph narrows nothing else. Pure.

  



    

  
    
      
    
    
      run(sandbox, schema, mode, opts \\ [])



        
          
        

    

  


  

      

          @spec run(
  Path.t(),
  Mutare.Schema.t(),
  :tests | :coverage | :full,
  Mutare.Sandbox.Command.Invocation.run_opts()
) :: selection()


      


Build the per-mutant test selection (see selection/0).
Never fails: every uncertainty degrades to the conservative run-all. The
green check and timing live in Mutare.Runner.Baseline, which runs first.
opts are the probe run's options (Mutare.Sandbox.Command.Invocation.run_opts/0):
a fixed :partition entry (e.g. MIX_TEST_PARTITION=1) when :partition_env is
on, so the partitioned suite finds a valid database (the probe is a single
sequential run, so one fixed partition suffices — Mutare.Runner.Partitions); the
:max_heap_mb cap; the mutants' :schedulers trim, so the probe executes what a mutant
run will (a suite may branch on the scheduler count, and ExUnit's concurrency follows it);
and a :cap (ms, or nil for uncapped) bounding the probe's
wall clock via the same injected self-halt watcher a per-mutant run uses — an
overrun exits Mutare.Sandbox.Command.Exit.timeout/0 and degrades to run-all
like any other non-zero probe exit (see the moduledoc). The probe adds its own
:coverage option; [] (the default) sets nothing else.

  



  
    
      
    
    
      select(mode, schema, coverage)



        
          
        

    

  


  

      

          @spec select(:tests | :coverage | :full, Mutare.Schema.t(), Mutare.Coverage.t()) ::
  {:selective, %{required(pos_integer()) => outcome()}}


      


Compute the per-mutant selection/0 from an already-decoded coverage dump.
The pure core of run/4 (no IO): given the mode, the Mutare.Schema (for the
total id list), and a valid Mutare.Coverage.t(), it returns a total
{:selective, outcomes}. An empty aggregate marks every mutant :no_coverage;
run/4 handles probe failures and unusable dumps before selection. Exposed so
the mode reconciliation — including :tests narrowing and its whole-file/whole-suite
fallbacks — is unit-testable without spawning a probe.

  



  
    
      
    
    
      summarize(arg)



        
          
        

    

  


  

      

          @spec summarize(selection()) :: %{
  tests: non_neg_integer(),
  files: non_neg_integer(),
  suite: non_neg_integer(),
  no_coverage: non_neg_integer(),
  run_all?: boolean(),
  degrade: degrade() | nil
}


      


Summarise a selection/0 for display (the {:coverage_done, …} phase event
Mutare.Report.Live renders): how many mutants run under each Mutare.TestSelection shape —
tests, files, suite — versus were skipped as no_coverage. A whole-suite
run under :tests/:coverage is the slowdown nobody asked for, so it is counted
apart, never folded into a "covered" total. {:run_all, degrade} (coverage unusable
or uncertain) carries no per-mutant counts — every covered mutant runs the whole
suite — so its counts are zero, run_all? is true, and degrade says why. Pure (no
IO), so it is unit-testable without a probe run.
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Mutare.Runner.Partitions 
    



      
Per-worker partition slots, for DB (or any resource) isolation across the
concurrent mutant runs.
When :partition_env names an environment variable, every concurrently-running
mutant mix test process is given a distinct partition id under that name,
drawn from a bounded, recycled pool. The user's config/test.exs reads it to
pick a per-worker database:
config :my_app, MyApp.Repo,
  database: "my_app_test#{System.get_env("MIX_TEST_PARTITION")}"
— exactly the mix test --partitions convention (default name
MIX_TEST_PARTITION), so two live runs never collide on one database.
Why a pool, not rem(index, workers)
Task.async_stream hands each item no stable lane index, and rem(index, workers) is unsafe: tasks don't finish in index order, so task 0 (→
partition 1) can still be running when task workers (→ partition 1) starts —
two live runs on one database. So this is a checkout/checkin pool of
workers tokens (partitions 1..workers): a task checks out a free partition
before spawning mix, runs it (harness retries included, since they recurse
inside the same task), then checks it back in. A counting argument makes
checkout non-blocking: when a task checks out it is itself alive, so the other
alive tasks (≤ workers - 1) hold ≤ workers - 1 tokens, leaving ≥ 1 free.
The baseline and coverage probe run sequentially before the pool, so they take
a fixed partition (entry/2 with 1) rather than a pooled slot — there is no
concurrency to isolate there, and a partitioned suite still needs some valid
partition to find its database.
Disabled
A nil env name disables everything: new/2 returns :disabled, with_slot/2
yields nil (no slot), and entry/2 of the nil name and slot_entry/2 of
the nil slot are [] — so the partition feature is pure opt-in and inert by
default. The pool is a small Agent holding the free tokens; Mutare.Runner
manages its lifecycle (new/2 … stop/1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        entry(env_name, n)

      


        Env entries for a fixed partition n (the baseline and coverage probe use
1): [] when partitioning is off (env_name is nil), else [{env_name, "#{n}"}]. Pure, so the env contract is unit-testable.



    


    
      
        max_concurrency(arg1, default)

      


        The Task.async_stream max_concurrency that keeps the non-blocking checkout
invariant: the pool size when partitioning is on (one token per lane), else
default (no pool, so nothing to bound — use the caller's worker count). Drive
max_concurrency from this so it can never drift from the token count.



    


    
      
        new(env_name, size)

      


        Build a slot pool of size tokens (partitions 1..size) for the variable
env_name, or :disabled when env_name is nil. size is the worker count,
so there is exactly one token per concurrency lane.



    


    
      
        slot_entry(arg1, slot)

      


        Env entries for slot, a partition of pool's (a number with_slot/2 yielded, or one
a result recorded): [] for the disabled pool's nil, else entry/2 under the pool's
variable. The pool, not the options, names the variable, so a slot can never be
paired with a variable from a different configuration; a slot outside the pool raises.



    


    
      
        stop(arg1)

      


        Stop the pool (a no-op when disabled).



    


    
      
        with_slot(arg1, fun)

      


        Check out a free partition, call fun with its number, and check the partition
back in afterwards — even if fun raises. slot_entry/2 turns the number into the
run's env entry, and a result records it, so a run's partition can be compared
with the others' afterwards. When disabled, calls fun.(nil).



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      entry(env_name, n)



        
          
        

    

  


  

      

          @spec entry(String.t() | nil, pos_integer()) :: [{String.t(), String.t()}]


      


Env entries for a fixed partition n (the baseline and coverage probe use
1): [] when partitioning is off (env_name is nil), else [{env_name, "#{n}"}]. Pure, so the env contract is unit-testable.
iex> Mutare.Runner.Partitions.entry(nil, 1)
[]

iex> Mutare.Runner.Partitions.entry("MIX_TEST_PARTITION", 3)
[{"MIX_TEST_PARTITION", "3"}]

  



  
    
      
    
    
      max_concurrency(arg1, default)



        
          
        

    

  


  

      

          @spec max_concurrency(t(), pos_integer()) :: pos_integer()


      


The Task.async_stream max_concurrency that keeps the non-blocking checkout
invariant: the pool size when partitioning is on (one token per lane), else
default (no pool, so nothing to bound — use the caller's worker count). Drive
max_concurrency from this so it can never drift from the token count.
iex> Mutare.Runner.Partitions.max_concurrency(:disabled, 8)
8

  



  
    
      
    
    
      new(env_name, size)



        
          
        

    

  


  

      

          @spec new(String.t() | nil, pos_integer()) :: t()


      


Build a slot pool of size tokens (partitions 1..size) for the variable
env_name, or :disabled when env_name is nil. size is the worker count,
so there is exactly one token per concurrency lane.

  



  
    
      
    
    
      slot_entry(arg1, slot)



        
          
        

    

  


  

      

          @spec slot_entry(t(), pos_integer() | nil) :: [{String.t(), String.t()}]


      


Env entries for slot, a partition of pool's (a number with_slot/2 yielded, or one
a result recorded): [] for the disabled pool's nil, else entry/2 under the pool's
variable. The pool, not the options, names the variable, so a slot can never be
paired with a variable from a different configuration; a slot outside the pool raises.

  



  
    
      
    
    
      stop(arg1)



        
          
        

    

  


  

      

          @spec stop(t()) :: :ok


      


Stop the pool (a no-op when disabled).

  



  
    
      
    
    
      with_slot(arg1, fun)



        
          
        

    

  


  

      

          @spec with_slot(t(), (pos_integer() | nil -> result)) :: result when result: var


      


Check out a free partition, call fun with its number, and check the partition
back in afterwards — even if fun raises. slot_entry/2 turns the number into the
run's env entry, and a result records it, so a run's partition can be compared
with the others' afterwards. When disabled, calls fun.(nil).
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Mutare.RuntimeId 
    



      
The identity embedded in a metamutant, separate from its report number.
Schema builds use {root_relative_file, local_id}. The local id reserves every
candidate, including withheld ones, and starts at one in each file. An unrelated
file's candidate count can therefore change report numbers without changing this
file's generated code. Standalone transforms retain their integer identity.
Sites carry both identities. Coverage translates runtime identities through
index/1; the source file is already available during poison attribution, which uses file_index/1.
Both indexes are built from the current run's sites, never persisted across runs.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        file_index(sites)

      


        Map each file's emitted integers to report ids for lazy poison attribution.



    


    
      
        index(sites)

      


        Map the current run's runtime identities to report ids for coverage decoding.



    


    
      
        local(site)

      


        The integer a Site's generated code selects on: its local id, or a standalone report id.



    


    
      
        of(site)

      


        The runtime selection for a Site, retaining integer selection for standalone transforms.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: non_neg_integer() | {String.t(), pos_integer()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      file_index(sites)



        
          
        

    

  


  

      

          @spec file_index([Mutare.Site.t()]) :: %{
  required({String.t(), pos_integer()}) => pos_integer()
}


      


Map each file's emitted integers to report ids for lazy poison attribution.

  



  
    
      
    
    
      index(sites)



        
          
        

    

  


  

      

          @spec index([Mutare.Site.t()]) :: %{required(t()) => pos_integer()}


      


Map the current run's runtime identities to report ids for coverage decoding.

  



  
    
      
    
    
      local(site)



        
          
        

    

  


  

      

          @spec local(Mutare.Site.t()) :: non_neg_integer()


      


The integer a Site's generated code selects on: its local id, or a standalone report id.

  



  
    
      
    
    
      of(site)



        
          
        

    

  


  

      

          @spec of(Mutare.Site.t()) :: t()


      


The runtime selection for a Site, retaining integer selection for standalone transforms.
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Mutare.Sandbox 
    



      
Materialise a schema as a runnable copy of the target project.
We copy the project to a dedicated directory (excluding build output), write
each metamutant over its original, and inject a tiny bootstrap into
test/test_helper.exs that combines MUTARE_MUTANT_NAMESPACE (the active
mutant's file) and MUTARE_ACTIVE_MUTANT (its id within that file) into one
:persistent_term entry before the suite starts. A second injection prefixes
config/config.exs with the owner-death watcher
(Mutare.Sandbox.Command.Invocation.owner_watch_ast/0),
so every sandbox mix — including the one-time compile, which runs before any
test bootstrap — halts itself if the Mutare process that spawned it dies,
instead of surviving as an orphan. Everything injected is plain Erlang/Elixir
with no dependency on Mutare, so the sandbox needs nothing added to its deps.
Sandbox mix.exs files also wrap project/0 to disable signature inference
in the effective compiler options (Mutare.Sandbox.CompilerOptions), including
every umbrella child. Mutare.Sandbox.ProjectEvaluation marks escaping project
failures so the decoder retains startup-kill attribution even without project
stack frames. The target's own project files remain untouched.
One copy serves every concurrent mutant run: they share this sandbox and its
_build, and Mix's build lock serialises only their --no-compile boot check —
a small, fixed fraction of a run (measured in NOTES.md,
"Per-worker MIX_BUILD_PATH vs the shared sandbox build") — so there is no
per-worker isolation to configure.
Two materialisation modes, chosen by :keep_sandbox:
	kept (default, keep_sandbox: true) — the sandbox (and its compiled _build)
is preserved between runs and re-materialised in place by
Mutare.Sandbox.Mirror: a file is rewritten only when its desired content
differs (unchanged files keep their mtime, so mix's incremental compiler reuses
_build), and files no longer mirrored, generated, or explicitly managed are pruned. The mirror carries each
source's permission mode and recreates its symlinks (never following them),
matching what the fresh copy preserves. Without an explicit :sandbox it lives at a stable per-project
temp dir; CI pins :sandbox at a cached directory instead. See NOTES.md
for the cache pattern.
	fresh (keep_sandbox: false) — a throwaway dir is wiped and re-copied every run, so
the metamutant recompiles cold, and the runner removes it afterwards. Always correct, no
caching — the reset for a kept sandbox that has gone bad.

This module materialises the workspace. Sandbox mix invocations and
per-mutant timeouts are implemented in
Mutare.Sandbox.Command.Invocation.

      


      
        Summary


  
    Types
  


    
      
        materialized()

      


        Results of prepare/3 for --verbose output, which
Mutare.Runner.Compile relays on the :on_phase hook: the app-build seed's outcome
(t:Mutare.Sandbox.Seed.summary/0), and each mix.exs whose type-signature-inference
override was not applied, paired with the reason, in path order. Such a project compiles with
inference on, which can stretch the one compile from seconds to hours, so a long compile
should not go unexplained.



    





  
    Functions
  


    
      
        bootstrap()

      


        The bootstrap snippet prepended to the sandbox's test helper.



    


    
      
        prepare(root, schema, opts \\ [])

      


        Prepare a sandbox for schema taken from root. Returns the sandbox path and a
materialized/0 summary of what happened.



    


    
      
        rematerialize(sandbox, schema)

      


        Re-render schema's metamutants into an already-prepared sandbox, in place.



    





      


      
        Types


        


  
    
      
    
    
      materialized()



        
          
        

    

  


  

      

          @type materialized() :: %{
  seed: Mutare.Sandbox.Seed.summary(),
  declined: [{Path.t(), String.t()}]
}


      


Results of prepare/3 for --verbose output, which
Mutare.Runner.Compile relays on the :on_phase hook: the app-build seed's outcome
(t:Mutare.Sandbox.Seed.summary/0), and each mix.exs whose type-signature-inference
override was not applied, paired with the reason, in path order. Such a project compiles with
inference on, which can stretch the one compile from seconds to hours, so a long compile
should not go unexplained.

  


        

      

      
        Functions


        


  
    
      
    
    
      bootstrap()



        
          
        

    

  


  

      

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


      


The bootstrap snippet prepended to the sandbox's test helper.

  



    

  
    
      
    
    
      prepare(root, schema, opts \\ [])



        
          
        

    

  


  

      

          @spec prepare(
  Path.t(),
  Mutare.Schema.t(),
  Mutare.Run.Context.t() | Mutare.Options.t() | keyword()
) ::
  {Path.t(), materialized()}


      


Prepare a sandbox for schema taken from root. Returns the sandbox path and a
materialized/0 summary of what happened.
opts may be a Mutare.Run.Context, a Mutare.Options struct, or a keyword
list. :sandbox selects the target directory; without it Mutare uses a stable
per-project temp directory (kept mode, the default) or a fresh one (keep_sandbox: false). The context's project scope controls which umbrella apps are
materialized; its hooks are not consulted — the runner reports the summary.
The sandbox must be separate from the project tree: it may not be the project
root, contain the project, or live inside it. This check is done here because it
depends on root.
Mutare will only use a target path that is absent, empty, or already marked as a
Mutare-owned sandbox. Any other existing path is refused without modification.
An owned directory is reused only for an explicit :sandbox path or when
:keep_sandbox is enabled. If a generated fresh-path sandbox already exists,
Mutare rejects it as a stale leftover.

  



  
    
      
    
    
      rematerialize(sandbox, schema)



        
          
        

    

  


  

      

          @spec rematerialize(Path.t(), Mutare.Schema.t()) :: Path.t()


      


Re-render schema's metamutants into an already-prepared sandbox, in place.
This is the poison-recovery path. After a failed compile removes the implicated
mutant ids and rebuilds the schema, the project copy, bootstrap, coverage
helper, and seeded builds are still valid. Only the metamutant source files may
have changed.
The rewrite is byte-aware, so unchanged files keep their timestamps and Mix
recompiles as little as possible. The same sandbox path is returned.
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Mutare.Sandbox.Command 
    



      
Decode what a mix test mutant run did, and orchestrate one typed run.
Every mutant is exercised by its own mix test process (spawned by
Mutare.Sandbox.Command.Invocation). This module implements the decoding side of the
exit-code contract — reading a run's exit code and output into a mutant
verdict — plus the one entry point that runs a mutant and hands back a typed
Mutare.Sandbox.Command.Result. The neighbouring modules implement the rest of what was
once one file:
	Mutare.Sandbox.Command.Exit — the exit codes themselves and their by-code
reading (Exit.decode/1), the leaf both sides of the contract read from.
	Mutare.Sandbox.Command.Invocation — process execution, the environment a run
gets (one builder per run option, from which the reserved variable set derives),
and the watcher ASTs (the producing side of the timeout and owner-death codes).
	Mutare.Sandbox.Command.Output — every pattern that reads mix's human-readable
output, including the discriminators used by outcome/2 below.
	Mutare.Sandbox.CompilerOptions — the env that speeds the one metamutant compile.

The exit-code contract
The codes themselves — and the total by-code reading, decode/1 — live in the
leaf Mutare.Sandbox.Command.Exit, which both the watcher ASTs (the producing
side, in Invocation) and this module (the decoding side) read from.
outcome/2 refines Exit.decode/1's ambiguous "anything else" case with the
run's output (via the Mutare.Sandbox.Command.Output discriminators). Three refinements recover
detected-mutant cases from the otherwise-:harness_error bucket:
	a mutation that broke the test suite's own compilation (it ran at the
test modules' compile time) exits 1 with a test-script compile-error
banner (Output.suite_compile_error?/1) — a kill, not infra.
	a mutation that minted unbounded atoms (an unterminated search building a
fresh :"#{x}_#{i}" per step) crashes the BEAM when the global atom table
fills (Output.atom_exhausted?/1) — a resource-divergence exactly like a CPU-bound
timeout (the suite can never pass with it), so also a kill. The VM aborts
before the in-process timeout watcher can self-halt, which is why it surfaces
here rather than as a clean Exit.timeout/0.
	a mutation reachable from application startup stops mix test before it
loads a single test: the sandbox selects the mutant in the mix.exs prefix,
project evaluation fails (Output.project_failure?/1),
runtime configuration raises (Output.config_failure?/1), or app.start
raises and Mix exits 1 with Could not start application …
(Output.app_start_failure?/1). The baseline
boots the same sandbox green, so the mutation is what broke it — a kill, on the
same reasoning as the suite-compile case. Mutare.Runner.MutantRun spends the
boot-contention retry budget first, so only a persistent one is charged.

A fourth refinement does not change the verdict — it stays a harness error —
but names a known-transient cause so the runner can message and retry it
better (Output.boot_failure?/1 → :boot_failure): the sandbox node died during
boot and its own diagnostic was erased by a secondary :standard_error
failure (a torn-down IO device). This provides no verdict on the mutation: concurrent
workers are contending on shared singletons at startup — so it is kept out of the
score like any harness error, but it is recognised here so the engine stops
pointing at output that can't help (the real cause is unrecoverable) and retries
it harder (see Mutare.Runner).
timed_test/4 applies the --exit-status flag (test_argv/1), runs the mutant via
Mutare.Sandbox.Command.Invocation.timed_mix/4, and returns a typed
Mutare.Sandbox.Command.Result decoded via outcome/2.
Kill detection stops at the first failure
A mutant is killed the moment any test fails — the verdict is killed-vs-survived,
not which tests fail — so timed_test/4 also forces --max-failures 1. ExUnit
then stops scheduling tests at the first failure, which is a strict speedup on the
kill path (the common case for a healthy suite) and changes nothing else: the
exit-status path is driven solely by failures > 0 (so one failure still exits
Exit.failure/0 → :failed), and an all-pass survivor run never reaches the cap,
so it still runs the whole (selected) suite to confirm survival. This is the kill
path only — the baseline (Mutare.Runner.Baseline, a whole-suite green check and
the timing source) and the coverage probe (Mutare.Runner.CoverageProbe, which
must run every test to capture coverage) bypass timed_test/4 and are unaffected.

      


      
        Summary


  
    Types
  


    
      
        outcome()

      


        What a mix test mutant run did, decoded from its exit status (and, for the
last case, its output)



    





  
    Functions
  


    
      
        outcome(status, output)

      


        Decode an exit status refined by the run's output — the only place this
contract looks past the exit code, and only to split one ambiguous case.



    


    
      
        test_argv(selection)

      


        Build the mix test argv for a mutant kill-detection run from a test selection.



    


    
      
        timed_test(sandbox, selection, mutant_id, opts \\ [])

      


        Run the suite against mutant mutant_id, wall-clock-timed, and return a typed
Mutare.Sandbox.Command.Result.



    





      


      
        Types


        


  
    
      
    
    
      outcome()



        
          
        

    

  


  

      

          @type outcome() ::
  :passed
  | :failed
  | :timeout
  | :harness_error
  | :suite_compile_error
  | :atom_exhausted
  | :app_start_failure
  | :boot_failure
  | :sigkilled


      


What a mix test mutant run did, decoded from its exit status (and, for the
last case, its output):
	:passed — exit 0: every test passed despite the mutation.
	:failed — exit Exit.failure/0: a test failed (a clean ExUnit failure).
	:timeout — exit Exit.timeout/0: the watcher self-halted an overrun.
	:harness_error — any other exit: the suite never ran to a verdict (a
compile error, a missing dependency, a filesystem race, an OS signal). Not
a statement about the mutation — the harness itself failed.
	:suite_compile_error — a refinement of :harness_error: the test suite
failed to compile because the mutation broke code that runs at the test
modules' compile time (a Plug.Router route macro calling a mutated
Plug.Router.Utils helper, an EEx/use-time call, a compile-time
@attr expression…). The mutation was detected — the suite can't even
build with it — so the runner counts it as a kill, not an infra failure
(see outcome/2).
	:atom_exhausted — a refinement of :harness_error: the mutation made the
program mint unbounded atoms and the BEAM aborted when the atom table filled.
A resource-divergence like a timeout (the suite can never pass with it), so
the runner counts it as a kill — see outcome/2 and Output.atom_exhausted?/1.
	:app_start_failure — a refinement of :harness_error: Mix refused to start
the target's OTP application because the mutation broke project evaluation
(Output.project_failure?/1), configuration
(Output.config_failure?/1) or code reachable from Application.start/2
(Output.app_start_failure?/1). The suite never ran, but
the mutation was detected — the app can't even boot with it — so the runner
counts it as a kill once the boot-contention retries are spent (see outcome/2
and Mutare.Runner.MutantRun).
	:boot_failure — a refinement of :harness_error that is still not a
kill: the sandbox node died during boot and its own diagnostic was erased
by a secondary :standard_error failure (Output.boot_failure?/1). A known-
transient contention signature (concurrent workers stampeding shared
services at startup), kept out of the score like any harness error but named
so the runner messages it actionably and retries it harder.
	:sigkilled — exit Exit.sigkill/0: the OS SIGKILLed the run. A harness
error by verdict, but recognised so the runner never retries it: the
dominant cause is the kernel OOM killer reaping a mutant made to allocate
unboundedly, and re-running such a mutant re-detonates the same memory
blowup on the host (see Mutare.Runner and the :max_heap_mb option).


  


        

      

      
        Functions


        


  
    
      
    
    
      outcome(status, output)



        
          
        

    

  


  

      

          @spec outcome(non_neg_integer(), String.t()) :: outcome()


      


Decode an exit status refined by the run's output — the only place this
contract looks past the exit code, and only to split one ambiguous case.
Exit 1 covers both a real harness failure (a missing dep, an infra compile
error) and a mutation that broke the test suite's own compilation. They are
indistinguishable by code, but they are not the same verdict: the latter means
the mutation was detected (the suite can't build with it), so it is a kill,
not an infra failure left out of the score.
We can tell them apart because the metamutant lib is compiled once before
any mutant runs (poison handled at baseline), so a fresh compilation error
during a per-mutant mix test can't come from the lib — it can only be a
re-evaluated .exs test file the mutation broke at load time. So when an
otherwise-:harness_error run's output reports a compilation error in a test
script (Output.suite_compile_error?/1), it is :suite_compile_error. A second
refinement recovers :atom_exhausted — a VM abort from the mutation minting
unbounded atoms (Output.atom_exhausted?/1), a detected resource-divergence. Both
are kills. So is a third — :app_start_failure (Output.app_start_failure?/1) —
where Mix refused to start the application because the mutation broke project evaluation
(Output.project_failure?/1), configuration (Output.config_failure?/1), or code
reachable from Application.start/2;
the baseline boots the same sandbox green,
so the mutation is what stopped it. A fourth — :boot_failure
(Output.boot_failure?/1) — stays a harness error but names a known-transient
boot-time contention crash, so the runner can message and retry it better.
Everything else (a lib-file compile error, a missing dep, no marker at all) stays
:harness_error — fail safe: an ambiguous failure is never a kill.
The two boot markers are ordered :boot_failure first, deliberately. A node that
died mid-boot with its own diagnostic erased is unambiguously infrastructure,
whatever Mix printed on the way down; a Could not start application banner on its
own is not. Startup contention that does reach Mix therefore still lands on
:app_start_failure — which is why Mutare.Runner.MutantRun spends the dedicated
boot-contention retry budget on it before recording the kill, rather than charging
the first attempt.
:sigkilled (exit Exit.sigkill/0) deliberately bypasses the output
refinements: a SIGKILLed run's output is truncated wherever the kill landed, so
matching output markers in it would be unreliable — and none of these markers'
causes exits via SIGKILL anyway (a compile error exits 1; atom exhaustion is
the VM aborting itself).

  



  
    
      
    
    
      test_argv(selection)



        
          
        

    

  


  

      

          @spec test_argv(Mutare.TestSelection.runnable()) :: [String.t()]


      


Build the mix test argv for a mutant kill-detection run from a test selection.
Always prepends test --exit-status 101 --max-failures 1 plus the
boot-skip flags --no-compile --no-deps-check --no-archives-check:
	--exit-status 101 makes a clean test failure (a kill)
distinguishable from a harness error — see the moduledoc.
	--max-failures 1 stops ExUnit at the first failure, since one failing test
is enough to declare a kill (also see the moduledoc).
	--no-compile --no-deps-check --no-archives-check skip mix startup checks that are pure
overhead under the one-compile invariant (the lib is built once, sources never
change between runs) — see @boot_skip_flags.

The selection stays typed until this boundary. Its file paths, test names, or
app directories become arguments here, after the common flags. :no_coverage
has no command: it must be handled before execution. Pure, so the contract is
unit-testable without spawning mix.

  



    

  
    
      
    
    
      timed_test(sandbox, selection, mutant_id, opts \\ [])



        
          
        

    

  


  

      

          @spec timed_test(
  Path.t(),
  Mutare.TestSelection.runnable(),
  Mutare.RuntimeId.t(),
  Mutare.Sandbox.Command.Invocation.run_opts()
) :: Mutare.Sandbox.Command.Result.t()


      


Run the suite against mutant mutant_id, wall-clock-timed, and return a typed
Mutare.Sandbox.Command.Result.
selection names the tests to run; test_argv/1 serializes it to Mix arguments
(forcing --exit-status 101 and --max-failures 1). opts are the
run options of Mutare.Sandbox.Command.Invocation.mix/4 — :cap bounds an
overrun via the watcher, :max_heap_mb caps the heap, :schedulers trims the
run's scheduler threads, :partition carries the per-worker partition entry; []
sets none.
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Mutare.Sandbox.Command.Exit 
    



      
The exit codes a sandbox mix run can end with, and what each one means.
A leaf on purpose: both halves of the exit-code contract read from here. The
producing half is Mutare.Sandbox.Command.Invocation — its watcher ASTs embed
timeout/0 and owner_lost/0 in the code the sandbox halts itself with — and the
decoding half is Mutare.Sandbox.Command (outcome/2), which refines
decode/1 with the run's output. Keeping the codes below both means neither
module needs the other to name a code.
The contract
	0 (success?/1) — every test passed: the mutation survived.
	failure/0 — a test failed: the mutation was killed. A mix test exits with
whatever --exit-status it was given only on the failures > 0 path;
every other failure (a compile error, a missing dependency, a broken
test_helper) exits with 1 (or a signal code). So forcing a distinctive
--exit-status is what separates a clean test failure from a harness error
— they are no longer both "non-zero".
	timeout/0 (timed_out?/1) — an injected watcher self-halted a run that
overran its cap: a :timeout for a mutant (counted as a kill); for the one
compile or the coverage probe, the overrun their callers name specially.
	owner_lost/0 — the injected owner-death watcher self-halted a run whose
spawning Mutare process died (Mutare.Sandbox.Command.Invocation.owner_watch_ast/0).
Never decoded: by construction it is only ever exited with after the process
that would read it is gone — it exists so the halt has a documented,
recognisable code rather than an arbitrary one.
	sigkill/0 (137 = 128 + 9) — the OS killed the run with SIGKILL. A
:sigkilled: a harness error by verdict (the suite never reached one), but
recognised by code because its dominant real-world cause — the kernel OOM
killer reaping a mutant whose mutation made it allocate unboundedly — must
not be retried back-to-back the way a transient harness error is (see
Mutare.Runner).
	anything else — the suite never returned a verdict: a :harness_error,
excluded from the score.

decode/1 is the single, total reading of the code alone. The two predicates exist
for the sandbox runs that are not mutant runs — the one compile, the baseline, the
coverage probe, the app-graph query — whose callers need only "did it succeed?" and
"was it the cap?", never the mutant verdict vocabulary; they read the same constants,
so the two readings cannot drift.

      


      
        Summary


  
    Types
  


    
      
        decoded()

      


        Run outcomes classified by exit code alone (see decode/1).



    





  
    Functions
  


    
      
        decode(status)

      


        Decode a mutant-run exit status by its code alone — the single, total reading of
the contract in the moduledoc. Mutare.Sandbox.Command.outcome/2 refines the
:harness_error case with the run's output.



    


    
      
        failure()

      


        Exit code a clean ExUnit test failure is forced to (via mix test --exit-status), so a killed mutant is distinguishable from a harness error.



    


    
      
        owner_lost()

      


        Exit code the owner-death watcher uses when a sandbox run halts itself because
the Mutare process that spawned it died (its stdin pipe hit EOF).



    


    
      
        sigkill()

      


        Exit code of a run the OS killed with SIGKILL (137 = 128 + 9).



    


    
      
        success?(status)

      


        Whether status is the clean-success exit code (0).



    


    
      
        timed_out?(status)

      


        Whether status is the code a self-halt watcher exits with past its cap.



    


    
      
        timeout()

      


        Exit code the self-halt watchers use, signalling a run that overran its cap.



    





      


      
        Types


        


  
    
      
    
    
      decoded()



        
          
        

    

  


  

      

          @type decoded() :: :passed | :failed | :timeout | :sigkilled | :harness_error


      


Run outcomes classified by exit code alone (see decode/1).

  


        

      

      
        Functions


        


  
    
      
    
    
      decode(status)



        
          
        

    

  


  

      

          @spec decode(non_neg_integer()) :: decoded()


      


Decode a mutant-run exit status by its code alone — the single, total reading of
the contract in the moduledoc. Mutare.Sandbox.Command.outcome/2 refines the
:harness_error case with the run's output.

  



  
    
      
    
    
      failure()



        
          
        

    

  


  

      

          @spec failure() :: non_neg_integer()


      


Exit code a clean ExUnit test failure is forced to (via mix test --exit-status), so a killed mutant is distinguishable from a harness error.
Chosen distinct from the codes a harness failure produces — 1 (a compile
error, a missing dep, a broken helper, a no-tests-matched), 2 (ExUnit's
default, were the flag ever dropped), timeout/0, and the 128 + signal
range — so only a genuine test failure ever lands on it.

  



  
    
      
    
    
      owner_lost()



        
          
        

    

  


  

      

          @spec owner_lost() :: non_neg_integer()


      


Exit code the owner-death watcher uses when a sandbox run halts itself because
the Mutare process that spawned it died (its stdin pipe hit EOF).
Nobody is left to decode it — the owner is gone — so unlike timeout/0 it has
no decode/1 branch; it is reserved here so the halt is documented and
distinguishable in e.g. a wrapper script's logs. Chosen outside the codes that
carry meaning elsewhere in the contract: 0, 1/2 (mix/ExUnit failures),
failure/0, timeout/0, and the 128 + signal range.

  



  
    
      
    
    
      sigkill()



        
          
        

    

  


  

      

          @spec sigkill() :: non_neg_integer()


      


Exit code of a run the OS killed with SIGKILL (137 = 128 + 9).
Unlike the other codes, nothing of Mutare's produces it — it is the kernel's,
and its signature real-world producer is the OOM killer reaping a mutant whose
mutation made it allocate without bound. Decoded to :sigkilled so the runner
can skip retries (repeating a deterministic allocation failure would exhaust memory again) and
point at the mitigation (:max_heap_mb).

  



  
    
      
    
    
      success?(status)



        
          
        

    

  


  

      

          @spec success?(non_neg_integer()) :: boolean()


      


Whether status is the clean-success exit code (0).

  



  
    
      
    
    
      timed_out?(status)



        
          
        

    

  


  

      

          @spec timed_out?(non_neg_integer()) :: boolean()


      


Whether status is the code a self-halt watcher exits with past its cap.

  



  
    
      
    
    
      timeout()



        
          
        

    

  


  

      

          @spec timeout() :: non_neg_integer()


      


Exit code the self-halt watchers use, signalling a run that overran its cap.
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Mutare.Sandbox.Command.Invocation 
    



      
Spawn mix against a materialised sandbox as a fresh OS process.
Every mutant is exercised by its own mix test process: the sources never
change between runs, so mix's incremental compiler finds nothing to rebuild
and the per-mutant cost is process boot plus the suite. MIX_ENV=test and
the variables selecting the mutant (Mutare.Selector.environment/1) are always
set; the rest of a run's environment comes from named run options
(run_opts/0) — an optional wall-clock :cap (a mutation can turn a
terminating loop infinite), the compile's own cap and compiler switches, the
coverage probe's capture vars, the heap cap, the original project's root
(project_root_env/0), and the per-worker partition entry.
This module implements run invocation: the environment it
runs under (environment/2, the one builder every sandbox mix goes through;
mix_env/0; the self-hosting isolation vars), the raw spawn
(mix/4/timed_mix/4), and the timeout enforcement mechanism — the env var
used to pass the cap (timeout_env/0) and the dependency-free watcher AST
(watcher_ast/0) that Mutare.Sandbox renders into the target's test bootstrap.
The matching half — decoding what a run did from its exit code — is
Mutare.Sandbox.Command; the codes both halves share are the leaf
Mutare.Sandbox.Command.Exit, and Mutare.Sandbox.Command.timed_test/4
composes the two (run here, decode there).
The reserved variable set is the builder's key set
Every variable Mutare sets on a sandbox mix is emitted by environment/2 —
there is no raw env passthrough — so reserved_env_names/0 is derived from it
(the builder run with every option armed), not maintained alongside it. A new run
option cannot be forgotten from the reserved set, because the set is whatever the
builder emits. The one key deliberately outside it is the :partition entry: its
name is the user's :partition_env, appended last, and the reserved set is what
Mutare.Options validates that name against.
Self-halt watchers
The cap is not enforced by killing a process tree (which needs platform-specific
signals); instead the watcher reads timeout_env/0 and, after the deadline,
System.halt/1s the run itself with Mutare.Sandbox.Command.Exit.timeout/0.
A second, structurally identical self-halt guards against the opposite failure:
the owner dying rather than the run overrunning. Every run's stdin is a pipe
whose write end only the spawning Mutare process holds, so if that process dies
— however abruptly — the pipe hits EOF. The owner-death watcher
(owner_watch_ast/0, gated by owner_watch_env/0, rendered by Mutare.Sandbox
into the sandbox's config and test bootstrap) blocks reading stdin and halts the
run with Mutare.Sandbox.Command.Exit.owner_lost/0 as soon as EOF is read,
so no sandbox mix outlives the run that spawned it.

      


      
        Summary


  
    Types
  


    
      
        run_opts()

      


        The named run options every sandbox mix is invoked with. Each one maps to the
environment entries environment/2 emits for it



    





  
    Functions
  


    
      
        compile_timeout_env()

      


        Env var the runner sets to give the one metamutant compile its wall-clock
cap (ms).



    


    
      
        compile_watcher_ast()

      


        Dependency-free watcher that enforces the one metamutant compile's wall-clock cap.



    


    
      
        emulator_flags_env(opts)

      


        The one ELIXIR_ERL_OPTIONS entry carrying the emulator flags a sandbox run is
armed with — :max_heap_mb and :schedulers of run_opts/0 — or [] when
neither is armed. One entry for both, since they share the variable.



    


    
      
        environment(mutant_id, opts \\ [])

      


        The full environment a sandbox mix for mutant_id runs under, given its run
options (run_opts/0) — the one builder mix/4 uses and reserved_env_names/0
derives from.



    


    
      
        mix(sandbox, args, mutant_id, opts \\ [])

      


        Run mix <args> in sandbox as a fresh OS process, returning
{output, exit_status}.



    


    
      
        mix_env()

      


        The MIX_ENV every sandbox mix runs under ("test"). The single home for the value,
so Mutare.Sandbox (which builds _build/<env>/lib paths) and Mutare.Transform.Uses
share it rather than re-hardcoding the string.



    


    
      
        owner_watch_ast()

      


        Dependency-free watcher that halts a sandbox run whose owner died.



    


    
      
        owner_watch_env()

      


        Env var that arms the owner-death watcher (owner_watch_ast/0).



    


    
      
        project_root_env()

      


        Env var naming the absolute path of the directory the sandbox is a copy of
(Mutare.Project's copy_root: the umbrella root, or the single project's root).



    


    
      
        reserved_env_names()

      


        The environment variable names Mutare itself sets on a sandbox mix: the keys of
environment/2 with every run option armed (:partition excepted — its name is
the user's, and this set is what it is validated against).



    


    
      
        timed_mix(sandbox, args, mutant_id, opts \\ [])

      


        Like mix/4, but wall-clock-timed: returns {elapsed_ms, output, exit_status}.
opts are the run options (run_opts/0), passed straight through.



    


    
      
        timeout_env()

      


        Env var the runner sets to give a mutant run its wall-clock cap (ms).



    


    
      
        watcher_ast()

      


        Dependency-free watcher that enforces a mutant run's wall-clock cap.



    





      


      
        Types


        


  
    
      
    
    
      run_opts()



        
          
        

    

  


  

      

          @type run_opts() :: [
  cap: pos_integer() | nil,
  compile_cap: pos_integer() | nil,
  compile: boolean(),
  coverage: {Path.t(), Path.t()} | nil,
  max_heap_mb: pos_integer() | nil,
  schedulers: pos_integer() | :all | nil,
  project_root: Path.t() | nil,
  partition: [{String.t(), String.t()}]
]


      


The named run options every sandbox mix is invoked with. Each one maps to the
environment entries environment/2 emits for it:
	:cap (ms, or nil) — the run's wall-clock cap, handed to the injected timeout
watcher (timeout_env/0), which halts the run itself if it overruns.
	:compile_cap (ms, or nil) — the one metamutant compile's wall-clock cap
(compile_timeout_env/0), armed only on that invocation.
	:compile (boolean) — the compiler switches that speed the one compile
(Mutare.Sandbox.CompilerOptions.compiler_env/0).
	:coverage ({dump_path, root}, or nil) — the coverage probe's capture
flag, dump path and path-normalisation root (Mutare.Coverage.Recorder).
	:max_heap_mb (MB, or nil) — the per-process heap cap (emulator_flags_env/1).
	:schedulers (a count, :all, or nil) — the run's scheduler threads
(emulator_flags_env/1).
	:project_root (a path, or nil) — the directory the sandbox is a copy of,
expanded to an absolute path (project_root_env/0).
	:partition ([{name, id}] or []) — the user-named partition entry
(Mutare.Runner.Partitions.entry/2), appended last.

Every option is optional. An absent :cap, :compile_cap, :coverage or
:project_root clears its variables explicitly rather than emitting nothing, so a value inherited from
Mutare's own environment cannot enable a watcher or probe omitted from this invocation's
options. The remaining absent options emit nothing.

  


        

      

      
        Functions


        


  
    
      
    
    
      compile_timeout_env()



        
          
        

    

  


  

      

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


      


Env var the runner sets to give the one metamutant compile its wall-clock
cap (ms).
A sibling of timeout_env/0 with its own name on purpose: the watcher that
reads it (compile_watcher_ast/0) lives in the sandbox config/config.exs
prefix, which mix evaluates on every sandbox boot — so it must be armed only
when Mutare.Runner sets this variable on the compile invocation, and stay
inert on the baseline, the coverage probe, and every per-mutant mix test
(whose cap is timeout_env/0, armed from the test bootstrap instead).

  



  
    
      
    
    
      compile_watcher_ast()



        
          
        

    

  


  

      

          @spec compile_watcher_ast() :: Macro.t()


      


Dependency-free watcher that enforces the one metamutant compile's wall-clock cap.
The same self-halt watcher as watcher_ast/0, armed by compile_timeout_env/0
instead: Mutare.Sandbox renders it into the sandbox's config/config.exs
prefix (mix evaluates config before the compilers run, the same property the
owner-death watcher uses), and Mutare.Runner sets the variable only on the
compile invocation — so a thrashing compile halts itself with
Mutare.Sandbox.Command.Exit.timeout/0 instead of blocking the run
indefinitely, and every other sandbox boot evaluates the watcher inert.

  



  
    
      
    
    
      emulator_flags_env(opts)



        
          
        

    

  


  

      

          @spec emulator_flags_env(run_opts()) :: [{String.t(), String.t()}]


      


The one ELIXIR_ERL_OPTIONS entry carrying the emulator flags a sandbox run is
armed with — :max_heap_mb and :schedulers of run_opts/0 — or [] when
neither is armed. One entry for both, since they share the variable.
A pre-existing ELIXIR_ERL_OPTIONS in Mutare's own environment is preserved
and the flags appended after it (later emulator flags win), so a user's flags
survive with Mutare's applied on top. With nothing armed the inherited value
reaches the run untouched.
:max_heap_mb — +hmax <words>
The emulator's default per-process max_heap_size, which kills the offending
process when exceeded. This is the memory analogue of the wall-clock watcher, and
like it needs nothing platform-specific: no cgroups, no ulimit, no process
tree to hunt down. A mutation that makes code allocate without bound (the
motivating incident: a dropped guard turning a function unconditionally
self-recursive, ~25GB RSS in under a second, OOM-killed) then dies as an
ordinary, fast, attributable test failure inside the run — the growing heap
belongs to the test process exercising the mutant — instead of racing the
kernel's OOM killer for the whole host.
One limitation: max_heap_size counts the process heap — lists, tuples,
maps, small binaries (the incident's growth shape, and the common one for
runaway recursion). Large (refc) binaries live off-heap and are not counted,
so a pure binary-append runaway is not contained by this cap.
Not applied to the one metamutant compile: the metamutant is ~25× the source
and the compiler's per-process memory is legitimately large — a cap sized for
the suite's runtime could sink the build. The runtime runs (baseline, coverage
probe, every per-mutant mix test) all get it — the baseline doubles as
validation that the suite itself fits under the cap, so a too-small value
surfaces as a red baseline up front rather than as false kills mid-run.
:schedulers — +S <n>:<n>
Trims the run's BEAM to n scheduler threads, all online. :workers such runs
execute at once, and an untrimmed BEAM takes every core for itself, so without
this the per-mutant phase oversubscribes the CPU by the worker count. Dirty CPU
schedulers follow the count, and so does whatever the suite derives from
System.schedulers_online/0 — ExUnit's default max_cases above all, so a
trimmed run executes fewer async tests at once. :all (and nil) emit no flag.
The baseline runs under the same count as the mutants, so it checks the suite is
green at the concurrency they get, and times it at their speed — the per-mutant
cap is a multiple of that time. The one compile and the coverage probe run alone
on the machine and are not trimmed.

  



    

  
    
      
    
    
      environment(mutant_id, opts \\ [])



        
          
        

    

  


  

      

          @spec environment(Mutare.RuntimeId.t(), run_opts()) :: [
  {String.t(), String.t() | nil}
]


      


The full environment a sandbox mix for mutant_id runs under, given its run
options (run_opts/0) — the one builder mix/4 uses and reserved_env_names/0
derives from.
Always present: MIX_ENV, the owner-death watcher's arming variable, the two
self-hosting isolation variables, and the selector variables for mutant_id. Then
one group per armed option, in run_opts/0 order, and the :partition entry
last. Pure apart from reading Mutare's own environment where an entry merges
with an inherited value (emulator_flags_env/1, CompilerOptions.compiler_env/0).

  



    

  
    
      
    
    
      mix(sandbox, args, mutant_id, opts \\ [])



        
          
        

    

  


  

      

          @spec mix(Path.t(), [String.t()], Mutare.RuntimeId.t(), run_opts()) ::
  {String.t(), non_neg_integer()}


      


Run mix <args> in sandbox as a fresh OS process, returning
{output, exit_status}.
The environment is environment/2 of mutant_id and opts (see run_opts/0).
mutant_id is a runtime identity (Mutare.Selector.baseline/0 for a baseline
run); for a schema mutant, Selector.environment/1 splits its {file, local_id}
into the namespace and integer environment variables, and integer calls clear any
inherited namespace.

  



  
    
      
    
    
      mix_env()



        
          
        

    

  


  

      

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


      


The MIX_ENV every sandbox mix runs under ("test"). The single home for the value,
so Mutare.Sandbox (which builds _build/<env>/lib paths) and Mutare.Transform.Uses
share it rather than re-hardcoding the string.

  



  
    
      
    
    
      owner_watch_ast()



        
          
        

    

  


  

      

          @spec owner_watch_ast() :: Macro.t()


      


Dependency-free watcher that halts a sandbox run whose owner died.
Reads owner_watch_env/0: unset (a manual run in a kept sandbox, CI with a
closed stdin) it is inert, otherwise it spawns a process that blocks reading
stdin and, on :eof, System.halt/1s the run with
Mutare.Sandbox.Command.Exit.owner_lost/0. Under mix/4 the run's stdin is a
pipe whose write end only the owning Mutare process holds; when that process
dies — clean exit, crash, or SIGKILL (the kernel closes its descriptors) — the
pipe hits EOF and the run reaps itself, instead of surviving re-parented (a
compute-bound mix never touches stdout, so it would otherwise run on
untouched). Mutare.Sandbox renders this AST into the sandbox's
project prefix, config/config.exs (mix evaluates config before compiling, so the one-time
metamutant compile and every run's boot phase are covered) and into the test
bootstrap alongside watcher_ast/0 (covering suites under a config layout the
config injection can't reach). Like the timeout watcher, it needs nothing
platform-specific and no dependency on Mutare — the same self-halt primitive
pointed at a second hazard. Only the first armed evaluation starts a watcher.
No data is sent on stdin under mix/4 (Mutare writes nothing to the pipe),
so the watcher simply re-blocks on anything that isn't :eof; a target suite
that reads stdin receives the same input as without the watcher —
a silent, open pipe.

  



  
    
      
    
    
      owner_watch_env()



        
          
        

    

  


  

      

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


      


Env var that arms the owner-death watcher (owner_watch_ast/0).
Set by mix/4 on every sandbox run, and only there: the watcher halts the run
the moment stdin hits EOF, which is the owner-died signal only when stdin is
the spawning process's pipe. A sandbox mix run by hand (or by CI with stdin
at /dev/null) must stay unaffected, so the watcher is inert unless this
variable is set.

  



  
    
      
    
    
      project_root_env()



        
          
        

    

  


  

      

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


      


Env var naming the absolute path of the directory the sandbox is a copy of
(Mutare.Project's copy_root: the umbrella root, or the single project's root).
The sandbox lives under the system temp dir and carries no .git, so a target
config that derives something from where it lives — a per-worktree test database
named from the checkout's path or branch — reads the sandbox instead of the
checkout. This is the target's way back: System.get_env("MUTARE_PROJECT_ROOT"),
falling back to its usual derivation outside Mutare. The runner sets it (the
:project_root run option) on every sandbox mix it spawns, the one compile
included, since mix compile evaluates the target's config too.

  



  
    
      
    
    
      reserved_env_names()



        
          
        

    

  


  

      

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


      


The environment variable names Mutare itself sets on a sandbox mix: the keys of
environment/2 with every run option armed (:partition excepted — its name is
the user's, and this set is what it is validated against).
Derived, not listed: a run option added to environment/2 is reserved by
construction. Mutare.Options rejects a :partition_env that collides with one
of these, since the partition entry is appended to the environment and a
duplicate key's resolution is unspecified (it would silently clobber e.g.
MIX_ENV).

  



    

  
    
      
    
    
      timed_mix(sandbox, args, mutant_id, opts \\ [])



        
          
        

    

  


  

      

          @spec timed_mix(Path.t(), [String.t()], Mutare.RuntimeId.t(), run_opts()) ::
  {non_neg_integer(), String.t(), non_neg_integer()}


      


Like mix/4, but wall-clock-timed: returns {elapsed_ms, output, exit_status}.
opts are the run options (run_opts/0), passed straight through.

  



  
    
      
    
    
      timeout_env()



        
          
        

    

  


  

      

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


      


Env var the runner sets to give a mutant run its wall-clock cap (ms).

  



  
    
      
    
    
      watcher_ast()



        
          
        

    

  


  

      

          @spec watcher_ast() :: Macro.t()


      


Dependency-free watcher that enforces a mutant run's wall-clock cap.
Reads timeout_env/0: with no cap it is inert, otherwise it spawns a process
that sleeps for the cap and then System.halt/1s the run with
Mutare.Sandbox.Command.Exit.timeout/0 — so the run halts itself and there is
no process tree to kill. Mutare.Sandbox renders this AST into the target
project prefix and test-bootstrap fallback, alongside Mutare.Selector.bootstrap_ast/0,
so the target needs nothing platform-specific and no dependency on Mutare.
The first armed evaluation starts the deadline; later prefixes cannot reset it.
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Read shapes out of a mix run's captured output.
A mutant's exit code is the primary signal (Mutare.Sandbox.Command decodes
it), but four jobs need to look past the code at the human-readable output:
	Refining a verdict. Exit 1 is ambiguous — a genuine harness failure or
a mutation that broke the test suite's own compilation — and a BEAM abort can
land on any code. suite_compile_error?/1, atom_exhausted?/1,
app_start_failure?/1, config_failure?/1, project_failure?/1, and boot_failure?/1 are the pure
discriminators Mutare.Sandbox.Command.outcome/2 uses to split those cases (see that
module's moduledoc for why each is the verdict it is).
	Locating a failure. Mutare.Poison maps a failed metamutant compile back
to mutant ids (source_location_regex/0 + diagnostic_severity/1, and the
expanding macro: frames of macro_expansion_stacks/1 — which Mutare.Poison.Hint
also reads, for the macro to advise skipping), and Mutare.Runner.Baseline names
the tests in a flaky run (test_location_regex/0).
	Diagnosing dependencies. dependency_issue/1 distinguishes Mix's
dependency-check failures from compile-poisoning so the runner can stop
recovery immediately and the Mix task can recommend the correct command in
the original project rather than the disposable sandbox.
	Summarising a failure. A :harness_error has no verdict to explain it, so
Mutare.Report.HarnessDiagnostic shows the one output line most likely to:
salient_line/1 skips mix's routine chatter and prefers a line that heads a
failure.

Why these live together
Every pattern here recognises a shape in mix's human-readable output, so they
all break together if mix ever changes its format. They are read for different
jobs by different modules — compile_error_banner/0 to tell a kill from infra,
source_location_regex/0 to map a compile error to a mutant id, test_location_regex/0
to name flaky tests — and the consumers are deliberately not merged (they parse
for different ends). But sourcing every pattern from one module gives a
mix-output-format change a single home.
Everything here is pure, so each discriminator is unit-testable without spawning
mix.

      


      
        Summary


  
    Types
  


    
      
        dependency_issue()

      


        The remediation class of a Mix dependency-check failure.



    


    
      
        macro_frame()

      


        One expanding macro: stacktrace frame: the macro's qualified name and arity as the
compiler printed them, and the source location of the frame that follows it — the
macro's call site — or nil when no location frame followed.



    





  
    Functions
  


    
      
        app_start_failure?(output)

      


        Returns whether output shows the target's Application.start/2 running and failing.



    


    
      
        atom_exhausted?(output)

      


        Returns whether output shows the BEAM aborting because the atom table filled.



    


    
      
        boot_failure?(output)

      


        Returns whether output matches the known boot-failure harness error.



    


    
      
        compile_error_banner()

      


        Regex for Mix's == Compilation error in file <path> == banner.



    


    
      
        config_failure?(output)

      


        Returns whether output reports an error, exit, or throw while evaluating configuration.



    


    
      
        dependency_issue(output)

      


        Classify a dependency-check failure in captured Mix output.



    


    
      
        diagnostic_severity(line)

      


        Returns the diagnostic block started by a compiler-output line.



    


    
      
        macro_expansion_stacks(output)

      


        The expanding macro: frames in output, one list per stacktrace, innermost first.



    


    
      
        output_tail(output, lines \\ 20)

      


        Return the last lines lines of captured Mix output.



    


    
      
        project_failure?(output)

      


        Returns whether an error, exit, or throw escaped project evaluation.



    


    
      
        salient_line(output)

      


        Returns the captured-output line most likely to explain a failed run, or nil.



    


    
      
        source_location_regex()

      


        Regex for a <file>:<line> source reference in Mix output.



    


    
      
        suite_compile_error?(output)

      


        Returns whether output reports a Mix compilation error in a test script.



    


    
      
        test_location_regex()

      


        Regex for a <test_file>:<line> reference in Mix output.



    





      


      
        Types


        


  
    
      
    
    
      dependency_issue()



        
          
        

    

  


  

      

          @type dependency_issue() :: :fetch | :compile | :diverged | :unavailable | :invalid


      


The remediation class of a Mix dependency-check failure.

  



  
    
      
    
    
      macro_frame()



        
          
        

    

  


  

      

          @type macro_frame() :: %{
  name: String.t(),
  arity: non_neg_integer(),
  call_site: {String.t(), pos_integer()} | nil
}


      


One expanding macro: stacktrace frame: the macro's qualified name and arity as the
compiler printed them, and the source location of the frame that follows it — the
macro's call site — or nil when no location frame followed.

  


        

      

      
        Functions


        


  
    
      
    
    
      app_start_failure?(output)



        
          
        

    

  


  

      

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


      


Returns whether output shows the target's Application.start/2 running and failing.
This is the signature of a mutation reachable from application startup: mix test
starts the app before it loads test_helper.exs, and the sandbox has already
selected the mutant by then, so such a mutation aborts the boot instead of failing
a test. The baseline boots the same sandbox green, so the runner treats a
persistent one as a kill — see Mutare.Sandbox.Command.outcome/2 and
Mutare.Runner.MutantRun, which first spends the boot-contention retry budget so a
transient startup collision is never charged as a detection.
It matches Mix's Could not start application banner only when the reason names
the start/2 callback — the app exited in it, or it returned an error or a bad
value. A banner that reports a missing application file, an unloadable app or a bad
name is a broken sandbox, not a detection, and returns false.
This predicate only refines an otherwise-:harness_error exit, and boot_failure?/1
takes precedence over it: a node that died mid-boot with its diagnostic erased is
unambiguously infra, whatever Mix managed to print.

  



  
    
      
    
    
      atom_exhausted?(output)



        
          
        

    

  


  

      

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


      


Returns whether output shows the BEAM aborting because the atom table filled.
This is the signature of a mutation that mints unbounded atoms. The runner
treats that as a kill, like a timeout, because the suite cannot complete with
the mutation active.
This predicate only refines an otherwise-:harness_error exit in
Mutare.Sandbox.Command.outcome/2; normal pass, fail, and timeout verdicts
take precedence.

  



  
    
      
    
    
      boot_failure?(output)



        
          
        

    

  


  

      

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


      


Returns whether output matches the known boot-failure harness error.
The signature is the emulator's terminating during boot message paired with a
secondary :standard_error failure. The original diagnostic is usually gone by
then, and the common cause is resource or connection contention while concurrent
workers start.
The runner still records this as :harness_error, but it can show a more useful
message and use the dedicated boot-failure retry budget. This predicate only
refines an otherwise-:harness_error exit; normal pass, fail, and timeout
verdicts take precedence.

  



  
    
      
    
    
      compile_error_banner()



        
          
        

    

  


  

      

          @spec compile_error_banner() :: Regex.t()


      


Regex for Mix's == Compilation error in file <path> == banner.
The regex captures <path> and is used by suite_compile_error?/1.

  



  
    
      
    
    
      config_failure?(output)



        
          
        

    

  


  

      

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


      


Returns whether output reports an error, exit, or throw while evaluating configuration.
Selection precedes configuration, so a mutation called from runtime.exs can
raise before Application.start/2. The sandbox's runtime-config wrapper marks
escaping errors, exits, and throws explicitly, surviving arbitrarily deep library calls.
Config's evaluator frame or a runtime.exs script frame also identifies that
boundary when present. Arbitrary exceptions and
missing config files remain infrastructure failures. The baseline configured
the same sandbox successfully; Mutare.Sandbox.Command.outcome/2 treats this
as :app_start_failure, subject to the same boot-contention retries and
boot_failure?/1 precedence as a failing application callback.

  



  
    
      
    
    
      dependency_issue(output)



        
          
        

    

  


  

      

          @spec dependency_issue(String.t()) :: dependency_issue() | nil


      


Classify a dependency-check failure in captured Mix output.
Returns nil for output unrelated to dependencies. The categories deliberately
follow Mix's own recommendations:
	:fetch — the lock/source state requires mix deps.get;
	:compile — sources exist but require mix deps.compile;
	:diverged — dependency declarations conflict;
	:unavailable — a non-fetchable dependency (normally a local/path dep) is
missing from the sandbox's view of the filesystem;
	:invalid — another status under Mix's unchecked-dependencies banner.

The broad banner proves this is dependency validation, while the narrower
recommendation phrases choose remediation. This keeps an arbitrary compiler
error that merely mentions mix deps.get from being reclassified.

  



  
    
      
    
    
      diagnostic_severity(line)



        
          
        

    

  


  

      

          @spec diagnostic_severity(String.t()) :: :error | :warning | nil


      


Returns the diagnostic block started by a compiler-output line.
The result is :error for an error: header or raised ** (…Error),
:warning for a warning: header, and nil for any other line. Body,
footer, and chatter lines inherit the previous header's severity in the caller.
Mutare.Poison uses this to scan only non-warning lines for mutant locations.
A failed metamutant compile can include warnings caused by mutations, and those
warnings carry the same file:line footer shape as real errors. Separating the
diagnostic blocks keeps warning locations from being treated as poison.

  



  
    
      
    
    
      macro_expansion_stacks(output)



        
          
        

    

  


  

      

          @spec macro_expansion_stacks(String.t()) :: [[macro_frame()]]


      


The expanding macro: frames in output, one list per stacktrace, innermost first.
The compiler prints a macro-expansion stack innermost-first: the macro whose expansion
raised leads, its enclosing macros follow, and each frame is followed by the source
location that invoked it. Each ** (…) exception header starts a new stack (the lines
before the first header form one too); a stack with no frame is dropped. A location line
before a stack's first frame — the raising macro's own implementation frames — belongs
to no frame and is ignored.
The one reader of this shape: Mutare.Poison.Hint takes each stack's innermost frame as
the macro to advise skipping, and Mutare.Poison takes that frame's call site as the file
to look for its mutants in — so a change to how Elixir prints expansion frames is a single
fix here.
Examples
iex> output =
...>   "** (FunctionClauseError) no function clause matching in Size.megabytes/1\n" <>
...>     "    expanding macro: Size.megabytes/1\n" <>
...>     "    lib/usage.ex:4: Usage.limit/0\n" <>
...>     "    (elixir 1.16.0) expanding macro: Kernel.if/2\n" <>
...>     "    lib/usage.ex:4: Usage.limit/0\n"
iex> Mutare.Sandbox.Command.Output.macro_expansion_stacks(output)
[
  [
    %{name: "Size.megabytes", arity: 1, call_site: {"lib/usage.ex", 4}},
    %{name: "Kernel.if", arity: 2, call_site: {"lib/usage.ex", 4}}
  ]
]
iex> Mutare.Sandbox.Command.Output.macro_expansion_stacks("** (CompileError) undefined function foo/0\n")
[]

  



    

  
    
      
    
    
      output_tail(output, lines \\ 20)



        
          
        

    

  


  

      

          @spec output_tail(String.t(), pos_integer()) :: String.t()


      


Return the last lines lines of captured Mix output.
Used by baseline, coverage-probe, and Mix-task errors to show enough context
without printing an entire suite run.

  



  
    
      
    
    
      project_failure?(output)



        
          
        

    

  


  

      

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


      


Returns whether an error, exit, or throw escaped project evaluation.
The sandbox's mix.exs wrapper emits explicit evidence before re-raising,
retaining attribution when a deep library call loses every project stack frame.
An exception alone, or a message merely mentioning mix.exs, is insufficient.
Mutare.Sandbox.Command.outcome/2 applies the same startup-kill policy as for
configuration, including boot-contention retries and boot_failure?/1 precedence.

  



  
    
      
    
    
      salient_line(output)



        
          
        

    

  


  

      

          @spec salient_line(String.t()) :: String.t() | nil


      


Returns the captured-output line most likely to explain a failed run, or nil.
Blank lines and routine chatter (compile progress, ExUnit's seed/tag banner,
progress dots, the Finished in footer) are skipped. Of what remains, the first
line that heads a failure wins — a raised ** (…), an error: header, a
dependency-check banner, a failed application start, a boot abort — else the
first remaining line. Lines come back trimmed.
Mutare.Report.HarnessDiagnostic uses it to summarise a :harness_error in one
line; no verdict depends on it.

  



  
    
      
    
    
      source_location_regex()



        
          
        

    

  


  

      

          @spec source_location_regex() :: Regex.t()


      


Regex for a <file>:<line> source reference in Mix output.
It matches .ex and .exs paths such as lib/foo.ex:5 or
test/foo_test.exs:42, capturing the file and line. Mutare.Poison uses it
to map compile errors back to mutant ids.

  



  
    
      
    
    
      suite_compile_error?(output)



        
          
        

    

  


  

      

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


      


Returns whether output reports a Mix compilation error in a test script.
This identifies a mutation that broke test-suite compilation. It matches the
compile_error_banner/0 only when the captured path is a .exs file under a
test/ directory. Lib-file errors and output without the banner return false.

  



  
    
      
    
    
      test_location_regex()



        
          
        

    

  


  

      

          @spec test_location_regex() :: Regex.t()


      


Regex for a <test_file>:<line> reference in Mix output.
This narrows source_location_regex/0 to _test.exs files. The baseline
runner uses it to name tests involved in a flaky run.

  


        

      


  

  
    
    Mutare.Sandbox.Command.Result - mutare v0.5.1
    
    

    


  
  

    
Mutare.Sandbox.Command.Result 
    



      
The typed outcome of one mix test mutant run.
A raw exit status is ambiguous: a non-zero code can mean a test failed (the
mutation was caught) or that the harness never reached a verdict at all (a
compile error, a missing dependency, a filesystem race). Collapsing both into
"non-zero ⇒ killed" silently inflates the score with infrastructure failures.
So Mutare.Sandbox.Command decodes the exit status against the run-side
contract implemented in outcome/1 and returns this struct, whose outcome
names what happened. The runner maps that name onto a Mutare.Result.status
— and an :harness_error is kept out of the score's denominator, never
miscounted as a kill. exit_status is retained for diagnostics.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Mutare.Sandbox.Command.Result{
  duration_ms: non_neg_integer() | nil,
  exit_status: non_neg_integer(),
  outcome: Mutare.Sandbox.Command.outcome(),
  output: String.t()
}


      



  


        

      


  

  
    
    Mutare.Sandbox.CompilerOptions - mutare v0.5.1
    
    

    


  
  

    
Mutare.Sandbox.CompilerOptions 
    



      
The switches that tune the one metamutant compile for speed.
Mutare compiles the metamutant exactly once before any mutant runs. Inference
and verification feed diagnostics, so disabling them changes no runtime
behavior. The SSA alias optimization does affect generated code; measurements
found its compile cost bought no meaningful runtime benefit for the measured
AST-rewriting suite, but binary-building loops do benefit. The default keeps the
measured compilation saving; see NOTES "Rechecking SSA alias analysis" for the
workload-dependent tradeoff. Three switches, one home (this module), three delivery routes:
	compiler_env/0 — the ERL_COMPILER_OPTIONS entry Mutare.Runner
applies to the single mix compile (the SSA alias pass off).
	compile_args/1 — extra mix compile CLI switches for the same
invocation (--no-verification, Elixir ≥ 1.19: skips the
Module.ParallelChecker verify pass — undefined-remote warnings and
cross-module type checking).
	project_source/1 — wraps project modules declared in the sandbox's mix.exs so their
effective elixirc_options always disable type-signature inference.
This survives Mix's project cache and applies on every sandbox boot,
including umbrella children and projects with a custom config path. It
reports whether the wrapper was applied and, when it was not, why. Some source
forms cannot be wrapped; those projects compile with inference on.

seed_manifest/1 reconciles the inference option in a transplanted Elixir
compile manifest with that wrapper. Without it, Elixir 1.18/1.19 detects changed
elixirc_options and discards every seeded app beam on the first compile. It
must run only for an app project_source/1 reported wrapping: applied to one
compiling with inference on, it manufactures the very mismatch it exists to
prevent, and the seed reports reuse for a build Mix discards.
The last two exist because Elixir's type checker (≥ 1.18/1.19) is
pathological on metamutant-shaped code: measured on phoenix_live_view
(~23k sites), inference + verification take a 14 s compile past 80 minutes;
with both off it is 14 s again. See NOTES "Type inference and verification
on the metamutant compile".
A per-mutant mix test never recompiles the lib (sources unchanged), so the
env and args carry nothing there. The project option remains the same on later
baseline/probe boots, preventing inference configuration changes from making
Mix recheck the metamutant.

      


      
        Summary


  
    Functions
  


    
      
        compile_args(version \\ System.version())

      


        Extra mix compile CLI switches for the metamutant compile.



    


    
      
        compiler_env()

      


        Env entries that tune the one metamutant compile for speed: an
ERL_COMPILER_OPTIONS disabling the SSA alias-analysis pass
(no_ssa_opt_alias).



    


    
      
        env_var()

      


        The name of the env var compiler_env/0 sets (ERL_COMPILER_OPTIONS).
Listed in Mutare.Sandbox.Command.Invocation.reserved_env_names/0, since the
compile appends the partition entry after this one.



    


    
      
        erl_compiler_options(inherited)

      


        Build the ERL_COMPILER_OPTIONS value for the metamutant compile: prepend
no_ssa_opt_alias to any inherited value (an Erlang term-list string,
or nil/"" for none), always returning a well-formed [...] list string. Pure,
so the merge is unit-testable.



    


    
      
        project_source(source)

      


        Override inference in the sandbox copy of a Mix project's effective options.



    


    
      
        seed_manifest(manifest)

      


        Align a freshly seeded Elixir manifest with the sandbox inference override.



    





      


      
        Functions


        


    

  
    
      
    
    
      compile_args(version \\ System.version())



        
          
        

    

  


  

      

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


      


Extra mix compile CLI switches for the metamutant compile.
--no-verification (Elixir ≥ 1.19.0) skips the
Module.ParallelChecker verify pass — undefined-remote-function warnings and
cross-module type checking. Warnings on a build artifact are noise, and the
type checker is pathological on metamutant-shaped code (measured: ~12 minutes
on phoenix_live_view with inference already off). Poison detection is
unaffected: it reads hard compile errors, which are raised during
compilation, not verification.
version defaults to the running Elixir; it is a parameter so the gate is
unit-testable.

  



  
    
      
    
    
      compiler_env()



        
          
        

    

  


  

      

          @spec compiler_env() :: [{String.t(), String.t()}]


      


Env entries that tune the one metamutant compile for speed: an
ERL_COMPILER_OPTIONS disabling the SSA alias-analysis pass
(no_ssa_opt_alias).
Read by Mutare.Runner for the single mix compile. Scoped there on purpose: a
per-mutant mix test never recompiles the lib (sources unchanged), so it carries
nothing. Merges with any ERL_COMPILER_OPTIONS already in the environment so a
user's own compiler options survive — ours is prepended (erl_compiler_options/1).

  



  
    
      
    
    
      env_var()



        
          
        

    

  


  

      

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


      


The name of the env var compiler_env/0 sets (ERL_COMPILER_OPTIONS).
Listed in Mutare.Sandbox.Command.Invocation.reserved_env_names/0, since the
compile appends the partition entry after this one.

  



  
    
      
    
    
      erl_compiler_options(inherited)



        
          
        

    

  


  

      

          @spec erl_compiler_options(String.t() | nil) :: String.t()


      


Build the ERL_COMPILER_OPTIONS value for the metamutant compile: prepend
no_ssa_opt_alias to any inherited value (an Erlang term-list string,
or nil/"" for none), always returning a well-formed [...] list string. Pure,
so the merge is unit-testable.

  



  
    
      
    
    
      project_source(source)



        
          
        

    

  


  

      

          @spec project_source(String.t()) ::
  {:hooked, String.t()} | {:declined, String.t(), String.t()}


      


Override inference in the sandbox copy of a Mix project's effective options.
Returns {:hooked, source} when a hook was attached to a module defined in this file,
and {:declined, source, reason} otherwise, reason briefly describing why no hook was attached.
The caller needs both. Mutare.Sandbox.Seed may only realign the compile manifest of an
app that really will compile with inference off, and the source alone does not establish that:
a file that defines no module of its own still comes back changed (the bootstrap is
prepended unconditionally), so != is not a proxy for it. And a declined project compiles
with inference on, which on metamutant-shaped code can stretch the one compile from
seconds to hours, so the reason is included in sandbox diagnostics.
A before_compile hook wraps project/0, preserving its computed configuration
and every other compiler option. Only sandbox project files are rewritten;
the target's original options remain untouched. Unsupported Elixir versions
retain the original configuration. Quoted module definitions are left alone.
The function returns {:declined, source, reason} with the original source byte-for-byte when:
	the source does not parse;
	the rewritten file does not parse, or Elixir reads it back as anything other than
the bootstrap followed by the original with each module body hooked.
The two are compared as parsed programs, ignoring only spellings that evaluate
alike (metadata, block nesting, an empty block as nil, a charlist as a ~c
sigil), so a render that still parses but moved an expression, altered a literal,
or lost a hook is caught instead of becoming the sandbox's entry point;
	the rewrite raises, throws, or exits.

Parsing and rendering are best-effort, so an unused umbrella child or a scaffolding
template cannot abort sandbox preparation. Keeping the original merely leaves inference
on, where a mix.exs rendered into a different program would break the sandbox or
change what it builds.
For a mix.exs defining no module of its own, the result is also :declined, but includes rewritten source (the
bootstrap is inert there): a project module built entirely in an externally required
file is outside this source rewrite, and its compiler options must currently disable
inference themselves.
:hooked reports the source rewrite, which is one step short of certainty: the hook
itself checks at compile time that the module is a Mix project defining project/0, so
a mix.exs holding only an unrelated helper module alongside a required-in project
reports :hooked and is nonetheless declined. Nothing observable before the compile can
close that gap, and the manifest is stamped before it.
Merely setting Code.put_compiler_option(:infer_signatures, false) before
compilation is insufficient: Elixir 1.20 Mix unconditionally derives inference
from elixirc_options, defaulting to true. Updating the current project stack
also fails when Mix pushes a cached umbrella project again. Wrapping the
project's return value covers both cases without interpreting its build code.

  



  
    
      
    
    
      seed_manifest(manifest)



        
          
        

    

  


  

      

          @spec seed_manifest(term()) :: term()


      


Align a freshly seeded Elixir manifest with the sandbox inference override.
Only the inference entry of the compiler cache key changes. Existing beams
remain valid with inference disabled; all other options, source paths and
dependency/configuration records retain their ordinary invalidation behavior.
This must only run when transplanting the target's build, never on a retained
sandbox build or a dependency build.
Mix's manifest is private: recognize the 1.18/1.19 layouts (versions 26–29),
and leave unknown layouts alone, allowing Mix to cold-compile if necessary.
Elixir 1.20 removes inference from this key and needs no adjustment here.

  


        

      


  

  
    
    Mutare.Sandbox.DependencyDiagnostic - mutare v0.5.1
    
    

    


  
  

    
Mutare.Sandbox.DependencyDiagnostic 
    



      
Render actionable guidance for a sandbox dependency-check failure.
The sandbox compile already runs Mix's authoritative dependency validation, so
no speculative preflight is needed. Mutare.Sandbox.Command.Output classifies
that captured output; this module turns the category into a command to run in
the original project. Mutare deliberately does not execute dependency
commands itself: they may use the network or credentials, modify mix.lock,
and would write fetched sources into a disposable default sandbox.

      


      
        Summary


  
    Functions
  


    
      
        format(detail, root)

      


        Render a dependency failure, its remediation, and Mix's original diagnostic.



    





      


      
        Functions


        


  
    
      
    
    
      format(detail, root)



        
          
        

    

  


  

      

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


      


Render a dependency failure, its remediation, and Mix's original diagnostic.

  


        

      


  

  
    
    Mutare.Sandbox.ProjectEvaluation - mutare v0.5.1
    
    

    


  
  

    
Mutare.Sandbox.ProjectEvaluation 
    



      
Preserve evidence of failures while evaluating the sandbox's mix.exs files.
Selection precedes project evaluation, so required library code and project/0
can fail with a mutation active, before configuration or application startup.
Wrapping the whole project source covers both inline and externally required
project definitions, independently of the compiler-options hook. The selector
and watcher bootstrap stays outside this wrapper so its own failures cannot
produce project evidence.
The wrapper prints a marker for escaping errors, exits, and throws, then re-raises
them with their original class, reason, and stacktrace. On success, the wrapper
returns the source's value and adds no output. Mutare.Sandbox.Command.Output requires
the marker and an exception header, even when deep calls lose all project frames.

      




  

  
    
    Mutare.Sandbox.RuntimeConfig - mutare v0.5.1
    
    

    


  
  

    
Mutare.Sandbox.RuntimeConfig 
    



      
Preserve evidence of errors, exits, and throws during runtime configuration.
Mix evaluates runtime.exs beside the effective config_path. That path can
be computed by project code, so sandbox materialisation wraps regular files
named runtime.exs throughout the project, without evaluating mix.exs or
following symlinks. Dependencies and excluded build/VCS trees are left alone.
The wrapper prints a marker only when a failure escapes evaluation, then
re-raises it with its original class, reason, and stacktrace. This covers imported
configuration and deep library calls even when the stacktrace has lost every Config frame.
The wrapper adds no output when configuration succeeds and is not executed if the
entry file cannot be read. Mutare.Sandbox.Command.Output reads the marker alongside the
exception header.

      




  

  
    
    Mutare.Schema - mutare v0.5.1
    
    

    


  
  

    
Mutare.Schema 
    



      
The mutant schema for a whole project: every in-scope source transformed into
its metamutant, with globally-unique report ids and stable per-file runtime ids.
This is what the runner compiles once and the report reads from.
Files that have no mutation sites, or that fail to parse, are left out of
:metamutants (their originals are used as-is) but never crash the build — a
single unparseable file should not sink the run. A failure after a clean
parse (transform or render) is a bug in this tool, not bad input, and is left
to crash: see render_one/4.
Source snapshot
The initial count workers capture each file's bytes and count facts in an ordered
per-file record. Rendering adds its ID origin, metamutant and dispatch variable to
that same record. The snapshot also retains the original build configuration and
rendering choices, without progress hooks or ASTs. rebuild/3 reuses it: recovery
neither reads the checkout nor repeats the count pass. Edits, deletions and repairs
of skipped files during a run therefore cannot change what an existing ID names.
Hydration and poison attribution read these records directly. The public files,
sources, metamutants, start_ids, and dispatch_vars fields remain compatibility
views derived together at assembly. sources still contains parsed files only;
the snapshot also keeps unparseable files for consistent sandbox materialization.
This captures scanned source files, not the entire project's tests, configuration
or dependencies; those are copied when the sandbox is prepared.
Two-phase build (from_files/4)
Report ids reserve contiguous ranges in file order — file i's :start_id
is file i-1's next_id. Emitted selectors instead use local integers under
the root-relative file namespace (Mutare.RuntimeId). An unrelated file's
candidate-count change therefore leaves this file's metamutant byte-identical,
provided its source, transform inputs, and effective emission selection stay
the same. A global cap can change that selection even with unchanged options.
The build determines report ranges and global selection before rendering in two
passes, both run in throwaway worker processes so each file's heavy,
short-lived ASTs (the emitted tree, Sourceror's render buffers) die with their
worker instead of accumulating in the scan's long-lived heap, where they made
every GC scan the growing live set and inflated a big file's transform
several-fold (see NOTES "Scan is transform-bound"):
	Count (count_files/4) — Mutare.Transform.count_report/2 per file,
in parallel. It runs the same analyze → plan → emit pipeline but skips the
dominant final render, returning each file's mutant count and, for a line
selection, the matching local ids (without rendering site diffs) — plus the
facts the end-of-build diagnostics read (matched configuration entries, the
comment-directive container, degraded uses), collected here because this
is the one pass that parses every file: nothing later re-parses. The count
is drift-proof: it comes from the same id-claiming path emission uses, so
it equals the matching render's next_id - start_id by construction.
	Render (render_files/4) — prefix-sum the counts so each sited file
is given its globally-unique :start_id up front, then
Mutare.Transform.transform_string/2 each file (with that :start_id and
the file's :runtime_namespace, and the run's report-space :skip_ids, its
:skip_regions, and statically selected :emit_ids) in parallel. Every
candidate reserves its id and records its diagnostic site, but only selected
candidates emit branches. render_one/4 re-checks the count
against the rendered next_id and fails loudly on any drift, since id
stability across files depends on the two passes agreeing.

The two passes agree only because the pipeline they share — parse, use-expansion,
resolution, and every mutator — is a deterministic function of the source and opts;
it runs once per pass, so a nondeterministic custom mutator or extension expand_use/3
surfaces as that render_one/4 drift crash rather than a silent id overlap.
from_files/4 also dedups its input by relative path, so a file passed twice is
rendered once, under one id range — never two overlapping ones.
The slice is checked the same way. A --line / --max-mutants run narrows twice —
emission in render_jobs/2, the reported sites at the end of from_files/4 — so
from_files/4 compares the finished site ids against the ids it selected for emission
and raises on any difference: a reported site whose mutant never reached the metamutant
would run the suite unmutated and be scored a survivor.
Both passes preserve exact :start_id threading (the prefix sum reproduces the
old sequential thread) and the let-it-crash contract: a worker classifies an
unparseable source as a skipped file but re-raises any other exception, with its
original type and stacktrace, in the parent — so a tool bug still surfaces
faithfully across the process hop, not as an opaque Task exit.
Each sited file's :start_id is recorded with its rendered output (and exposed
under :start_ids) — the origin of the
file's id range before :only_lines/:max_mutants narrow :sites. A
report-time re-render (render_opts/3) reads it from that record, never from the
visible sites: under --line the smallest surviving id is not the file's first
mutant, and a re-render started from it would hand every id another site's code.
We store each file's rendered metamutant source (under :metamutants) and the
dispatch variable its generated code reads (under :dispatch_vars, beside
:start_ids; Mutare.Transform.Result.dispatch_var) but not a precomputed
Mutare.Manifest: the manifest (generated line ranges, for
mapping a compile error back to a mutant) is read only on a failed compile,
so Mutare.Poison builds it lazily from the metamutant for the offending
file(s). Building it eagerly here was the scan's dominant cost — a full
Sourceror.parse_string! of a ~40k-line metamutant takes minutes — and was
thrown away on every healthy run.

      


      
        Summary


  
    Types
  


    
      
        degraded_use()

      


        A module-level use the scan could not expand in-process, with the root-relative file it
sits in (Mutare.Transform.Uses.degraded_use/0 plus :file). mix mutare --check prints
these: a :call_routes :raw keyed on what such a use injects would silently never fire.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        build(root, opts \\ [])

      


        Build a schema by discovering files under root.



    


    
      
        count(schema)

      


        Total number of mutants in the schema.



    


    
      
        from_files(files, root \\ ".", opts \\ [], skip_ids \\ MapSet.new(), skip_regions \\ MapSet.new())

      


        Build a schema from an explicit list of files (paths recorded relative to root).



    


    
      
        missing_paths(root, opts)

      


        The configured :paths entries that exist under no scope of the target project.



    


    
      
        rebuild(schema, skip_ids, skip_regions \\ MapSet.new())

      


        Rebuild from the schema's captured source and build inputs, adding poison skips.



    


    
      
        rebuild(schema, root, opts, skip_ids, skip_regions \\ MapSet.new())

      


        Compatibility entry for callers supplying the original root and options.



    


    
      
        render_opts(options, file, start_id)

      


        Transform options for re-rendering one file's sites.



    





      


      
        Types


        


  
    
      
    
    
      degraded_use()



        
          
        

    

  


  

      

          @type degraded_use() :: %{
  file: String.t(),
  module: module(),
  line: pos_integer() | nil,
  reason: atom()
}


      


A module-level use the scan could not expand in-process, with the root-relative file it
sits in (Mutare.Transform.Uses.degraded_use/0 plus :file). mix mutare --check prints
these: a :call_routes :raw keyed on what such a use injects would silently never fire.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Mutare.Schema{
  degraded_uses: [degraded_use()],
  dispatch_vars: %{optional(String.t()) => atom()},
  files: [String.t()],
  ineffective_argument_marks: [Mutare.Mutator.mark_declaration()],
  ineffective_call_routes: [Mutare.CallRouting.Spec.t()],
  ineffective_ignores: [
    {String.t(), Mutare.Ignore.Directive.t(), pos_integer() | nil}
  ],
  ineffective_skip_lifting: [Mutare.Lifting.skip_entry()],
  metamutants: %{optional(String.t()) => String.t()},
  sites: [Mutare.Site.t()],
  skipped: [{String.t(), term()}],
  snapshot: Mutare.Schema.Snapshot.t() | nil,
  sources: %{optional(String.t()) => String.t()},
  start_ids: %{optional(String.t()) => pos_integer()},
  unknown_directives: [{String.t(), pos_integer(), String.t()}]
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      build(root, opts \\ [])



        
          
        

    

  


  

      

          @spec build(Path.t(), Mutare.Run.Context.t() | Mutare.Options.t() | keyword()) :: t()


      


Build a schema by discovering files under root.
opts may be a Mutare.Run.Context, a Mutare.Options struct, or a keyword
list. Discovery uses:
	:paths — directories to scan recursively, or individual .ex files.
	:exclude — wildcard patterns to drop.
	:only_files — an explicit root-relative file set, such as --since.
	:only_lines — file:line and file:line:column filters, such as --line;
discovery is narrowed to the named files, then from_files/4 filters the sites.
	:mutators — forwarded to Mutare.Transform.
	:max_mutants — caps the final schema to the first N sites; see
from_files/4.


  



  
    
      
    
    
      count(schema)



        
          
        

    

  


  

      

          @spec count(t()) :: non_neg_integer()


      


Total number of mutants in the schema.

  



    

    

    

    

  
    
      
    
    
      from_files(files, root \\ ".", opts \\ [], skip_ids \\ MapSet.new(), skip_regions \\ MapSet.new())



        
          
        

    

  


  

      

          @spec from_files(
  [Path.t()],
  Path.t(),
  Mutare.Run.Context.t() | Mutare.Options.t() | keyword(),
  MapSet.t(),
  MapSet.t(Mutare.Poison.clean_region())
) :: t()


      


Build a schema from an explicit list of files (paths recorded relative to root).
Duplicate file entries are collapsed by root-relative path so each source file
has one stable id range.
skip_ids is poison-recovery state: ids to leave out of the emitted
metamutant while still advancing the id counter. It is passed separately from
Options because it is run state, not user configuration. skip_regions is the same kind
of state for clean regions (Mutare.Transform.CleanRegion): {file, range} pairs, as
Mutare.Poison.attribution/4 reports them, whose uninstrumented copy is left out. It
changes no id and no site.
:only_lines filters the finished sites to the requested file:line lines and
file:line:column positions.
:max_mutants then caps those sites in source order. Both filters are applied
here so poison recovery can rebuild from the same inputs and still return the
same visible slice. Every candidate reserves its id, including skipped ids,
but only selected candidates that are neither ignored nor poisoned emit code. Poisoned and ignored
sites still occupy their places inside the cap, as they do in the report.
Files with no emitted mutants retain their exact original source. Changing selection
can therefore change the metamutant and invalidate a retained sandbox's build.

  



  
    
      
    
    
      missing_paths(root, opts)



        
          
        

    

  


  

      

          @spec missing_paths(Path.t(), Mutare.Run.Context.t() | Mutare.Options.t() | keyword()) ::
  [String.t()]


      


The configured :paths entries that exist under no scope of the target project.
Paths resolve against the target project (in an umbrella, against each mutated
app), not the directory mix was invoked from, so a path typed relative to the
caller names nothing. A scan that found no sites uses this to tell that mistake
apart from a path that exists but holds nothing to mutate.

  



    

  
    
      
    
    
      rebuild(schema, skip_ids, skip_regions \\ MapSet.new())



        
          
        

    

  


  

      

          @spec rebuild(t(), MapSet.t(), MapSet.t(Mutare.Poison.clean_region())) :: t()


      


Rebuild from the schema's captured source and build inputs, adding poison skips.
No files are read or counted again. File order, source bytes, count facts, static
selection and rendering choices belong to the snapshot, so editing or deleting
project files cannot redirect an existing mutant ID during recovery. Render workers
still check their counts against the original scan, and emit no repeated advisories.

  



    

  
    
      
    
    
      rebuild(schema, root, opts, skip_ids, skip_regions \\ MapSet.new())



        
          
        

    

  


  

      

          @spec rebuild(
  t(),
  Path.t(),
  Mutare.Run.Context.t() | Mutare.Options.t() | keyword(),
  MapSet.t(),
  MapSet.t(Mutare.Poison.clean_region())
) :: t()


      


Compatibility entry for callers supplying the original root and options.
The root is no longer read. Transform and selection options must match the
snapshot; changing them requires a new build. Rendering choices and hooks remain
those of the snapshot (which retains no hooks).

  



  
    
      
    
    
      render_opts(options, file, start_id)



        
          
        

    

  


  

      

          @spec render_opts(Mutare.Options.t(), String.t(), pos_integer()) :: keyword()


      


Transform options for re-rendering one file's sites.
The returned keyword list is transform_opts/1 plus :file, :start_id, and
the file's :runtime_namespace.
Mutare.Runner.Hydrate uses it when a scan deferred site-code rendering and a
report later needs the original/mutated code for one displayed site.
The :start_id must be the schema's recorded :start_ids entry for file —
the pre-filter origin of its id range — so the re-rendered sites line up with
the original scan even when :only_lines/:max_mutants narrowed :sites. :skip_ids and
:render_site_code are intentionally left to Mutare.Transform.render_sites/2;
neither changes the id-to-code mapping.
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Mutare.Selector 
    



      
Runtime selection of the active mutant.
The active mutant is constant for an entire suite run, so it is read once from
the environment in the sandbox mix.exs prefix, before target project code, and
stashed in :persistent_term (O(1) reads, built for write-once/read-many). Every
selector site in the metamutant reads this key, normally hoisted to one read per
function activation.
Eligible functions run their uninstrumented source when the active mutation
belongs elsewhere: a lifted function through a copy of its original clauses, a
function that stays in place through a second body chosen after its one read.
Pure direct self-recursion may stay in a lifted function's clean clauses without
rereading the selector; it relies on selection remaining stable during the
computation. Ordinary entries and effectful recursion still read afresh, so
put/1 can select another mutant between in-process calls.
A schema mutant is stored as {root_relative_file, local_id} in that single
slot, the file as an atom (namespace_key/1): every instrumented function
compares it on entry, and an atom compares in one instruction where a path string
of equal length is read byte by byte. Mutare.Metamutant projects the slot to the
local integer for the active file, 0 at baseline, or :inactive for other files.
Thus only one file can be active and inactive files still short-circuit coverage
before its tracking-flag read. put/1 and active/0 speak the string form.
Standalone transforms continue to select by plain integer, including :start_id.
The bootstrap combines MUTARE_ACTIVE_MUTANT (the local integer) with
MUTARE_MUTANT_NAMESPACE (the file); the runner translates report ids before
setting these. An absent namespace retains standalone integer selection.
This module defines both sides of that contract: Mutare.Metamutant uses its key
and baseline when building selectors, while Mutare.Sandbox renders
bootstrap_ast/0 into the target project's dependency-free project prefix, with
an idempotent fallback in the test bootstrap.
Self-hosting: a private key for the suite-under-test
When the target is Mutare, the suite-under-test contains Mutare's own tests,
many of which drive selection directly (put/1, building fixtures via
Mutare.Transform) to exercise the machinery. If those tests wrote the same
:persistent_term slot the harness uses to hold the mutant-under-test, they
would clobber it mid-run — the active mutant would silently revert to baseline
and every mutant whose killing test ran afterwards would register a false
survivor (see NOTES.md, "Self-hosting").
So the runtime key is configurable: key/0 returns default_key/0
(:mutare_active, the harness key) unless override_env/0 names another, in
which case the suite plays in that private slot. Mutare.Sandbox.Command sets
that env var (to suite_key/0) on every sandbox mix it spawns, so the
suite-under-test reads/writes :mutare_active__suite while the real
metamutant — whose sites and bootstrap bake default_key/0 as literals at
transform time, in the harness process where the override is unset — keeps
reading :mutare_active. The two never collide. On a normal target there is no
Mutare.Selector compiled in, so the env is inert.
A private key per process
Ahead of both, a process may hold a private key in its dictionary (process_key/0).
key/0 returns it there, so a metamutant transformed in that process bakes it into its
selector sites and put/1/active/0 read and write it: two processes holding different
private keys select independently. Mutare.Test.isolate_selector/0 gives each execution of
an ExUnit test module one, which is what lets tests that drive selection run async: true.

      


      
        Summary


  
    Functions
  


    
      
        active()

      


        The active mutant id for in-process execution (0 if unset).



    


    
      
        baseline()

      


        The baseline id (no mutant active).



    


    
      
        bootstrap_ast()

      


        Dependency-free code that reads the selector environment variables and stores
the active runtime identity. Initialization precedes target project code; repeated
project prefixes and umbrella helpers preserve the first value, even if target
code later changes the environment.



    


    
      
        default_key()

      


        The harness selection key (:mutare_active) — the default key/0, env-independent.



    


    
      
        env_var()

      


        The environment variable a runner sets to pick the active mutant.



    


    
      
        environment(id)

      


        Selection environment, explicitly clearing an inherited namespace for integer ids.



    


    
      
        key()

      


        The :persistent_term key the metamutant reads at runtime.



    


    
      
        namespace_env()

      


        Environment variable carrying a schema mutant's root-relative file namespace.



    


    
      
        namespace_key(namespace)

      


        The form a file namespace takes in the stored selection and in the projection generated
code matches it against (Mutare.Metamutant.subject_ast/1): an atom, or the string itself
when it is too long to be one. bootstrap_ast/0 applies the same rule inside the target.



    


    
      
        override_env()

      


        Env var a sandbox run sets to give the suite-under-test a private selection key.



    


    
      
        process_key()

      


        The process-dictionary key under which a process holds a private selection key, read by
key/0 ahead of the environment. Set it before transforming a metamutant the process will
select in, and in every process that selects (Mutare.Test.isolate_selector/0). The
coverage readiness key a transform bakes follows it (Mutare.Coverage.Recorder.track_key/0).



    


    
      
        put(id)

      


        Set the active mutant id directly for in-process execution.



    


    
      
        suite_key()

      


        The private key (override_env/0's value) the suite-under-test selects on under dogfooding.



    





      


      
        Functions


        


  
    
      
    
    
      active()



        
          
        

    

  


  

      

          @spec active() :: Mutare.RuntimeId.t()


      


The active mutant id for in-process execution (0 if unset).

  



  
    
      
    
    
      baseline()



        
          
        

    

  


  

      

          @spec baseline() :: non_neg_integer()


      


The baseline id (no mutant active).

  



  
    
      
    
    
      bootstrap_ast()



        
          
        

    

  


  

      

          @spec bootstrap_ast() :: Macro.t()


      


Dependency-free code that reads the selector environment variables and stores
the active runtime identity. Initialization precedes target project code; repeated
project prefixes and umbrella helpers preserve the first value, even if target
code later changes the environment.
Mutare.Sandbox renders this AST directly into project prefixes and the test
bootstrap fallback, so the target does not need Mutare as a dependency.

  



  
    
      
    
    
      default_key()



        
          
        

    

  


  

      

          @spec default_key() :: atom()


      


The harness selection key (:mutare_active) — the default key/0, env-independent.

  



  
    
      
    
    
      env_var()



        
          
        

    

  


  

      

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


      


The environment variable a runner sets to pick the active mutant.

  



  
    
      
    
    
      environment(id)



        
          
        

    

  


  

      

          @spec environment(Mutare.RuntimeId.t()) :: [{String.t(), String.t() | nil}]


      


Selection environment, explicitly clearing an inherited namespace for integer ids.

  



  
    
      
    
    
      key()



        
          
        

    

  


  

      

          @spec key() :: atom()


      


The :persistent_term key the metamutant reads at runtime.
The calling process's private key (process_key/0) where it holds one; else the key
override_env/0 names — the knob self-hosting needs so the suite-under-test does not
clobber the harness's active-mutant slot (see the moduledoc); else default_key/0
(:mutare_active).

  



  
    
      
    
    
      namespace_env()



        
          
        

    

  


  

      

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


      


Environment variable carrying a schema mutant's root-relative file namespace.

  



  
    
      
    
    
      namespace_key(namespace)



        
          
        

    

  


  

      

          @spec namespace_key(String.t()) :: atom() | String.t()


      


The form a file namespace takes in the stored selection and in the projection generated
code matches it against (Mutare.Metamutant.subject_ast/1): an atom, or the string itself
when it is too long to be one. bootstrap_ast/0 applies the same rule inside the target.

  



  
    
      
    
    
      override_env()



        
          
        

    

  


  

      

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


      


Env var a sandbox run sets to give the suite-under-test a private selection key.

  



  
    
      
    
    
      process_key()



        
          
        

    

  


  

      

          @spec process_key() :: atom()


      


The process-dictionary key under which a process holds a private selection key, read by
key/0 ahead of the environment. Set it before transforming a metamutant the process will
select in, and in every process that selects (Mutare.Test.isolate_selector/0). The
coverage readiness key a transform bakes follows it (Mutare.Coverage.Recorder.track_key/0).

  



  
    
      
    
    
      put(id)



        
          
        

    

  


  

      

          @spec put(Mutare.RuntimeId.t()) :: :ok


      


Set the active mutant id directly for in-process execution.

  



  
    
      
    
    
      suite_key()



        
          
        

    

  


  

      

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


      


The private key (override_env/0's value) the suite-under-test selects on under dogfooding.
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Mutare.TestSelection 
    



      
Which tests to run for one mutant, before command-line serialization.
:suite runs everything; {:files, paths} runs whole files;
{:tests, paths, names} narrows those files to the named tests; and
{:app, dirs} runs an umbrella app and its dependents' test directories.
:no_coverage launches no run. File, directory, and name lists are nonempty:
an empty attribution must be resolved explicitly to a broader selection, never
passed along as an accidental whole-suite command.
The constructors enforce nonemptiness and sort for deterministic execution.
Coverage summaries and result labels read shape/1; only
Mutare.Sandbox.Command serializes a runnable selection to Mix arguments.

      


      
        Summary


  
    Types
  


    
      
        app()

      


    


    
      
        covered()

      


    


    
      
        files()

      


    


    
      
        runnable()

      


    


    
      
        shape()

      


    


    
      
        t()

      


    


    
      
        tests()

      


    





  
    Functions
  


    
      
        app(dirs)

      


    


    
      
        files(paths)

      


    


    
      
        narrow_to_app(selection, file, scopes)

      


        Narrow a whole-suite run to the source file's owning app and its dependents.



    


    
      
        shape(arg1)

      


    


    
      
        tests(paths, names)

      


    





      


      
        Types


        


  
    
      
    
    
      app()



        
          
        

    

  


  

      

          @type app() :: {:app, [Path.t(), ...]}


      



  



  
    
      
    
    
      covered()



        
          
        

    

  


  

      

          @type covered() :: :suite | files() | tests()


      



  



  
    
      
    
    
      files()



        
          
        

    

  


  

      

          @type files() :: {:files, [Path.t(), ...]}


      



  



  
    
      
    
    
      runnable()



        
          
        

    

  


  

      

          @type runnable() :: covered() | app()


      



  



  
    
      
    
    
      shape()



        
          
        

    

  


  

      

          @type shape() :: :suite | :files | :tests | :app


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: runnable() | :no_coverage


      



  



  
    
      
    
    
      tests()



        
          
        

    

  


  

      

          @type tests() :: {:tests, [Path.t(), ...], [String.t(), ...]}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      app(dirs)



        
          
        

    

  


  

      

          @spec app([Path.t(), ...]) :: app()


      



  



  
    
      
    
    
      files(paths)



        
          
        

    

  


  

      

          @spec files([Path.t(), ...]) :: files()


      



  



  
    
      
    
    
      narrow_to_app(selection, file, scopes)



        
          
        

    

  


  

      

          @spec narrow_to_app(t(), Path.t(), %{required(atom()) => [Path.t()]}) :: t()


      


Narrow a whole-suite run to the source file's owning app and its dependents.
scopes comes from Mutare.Project.app_test_scopes/3. Unknown apps and empty
scopes retain the whole suite; every other selection passes through unchanged.

  



  
    
      
    
    
      shape(arg1)



        
          
        

    

  


  

      

          @spec shape(t()) :: shape() | :no_coverage


      



  



  
    
      
    
    
      tests(paths, names)



        
          
        

    

  


  

      

          @spec tests([Path.t(), ...], [String.t(), ...]) :: tests()
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Mutare.Transform 
    



      
Source → metamutant transform, expressed as an explicit pipeline over a small
intermediate representation.
Rather than walk every node and then subtract the positions that must not be
mutated (the old blacklist), the transform classifies each node's context
positively, builds a plan, then renders it. The plan is three typed pieces:
	Mutare.Transform.ModulePlan — a statement sequence (a module body)
classified into items: a clause group to lift, a clause group to keep
in place, or any other statement. This is "module planning",
separated from emission.
	Mutare.Transform.FunctionPlan — one liftable clause group: its signature,
its clauses, a single shared tagged clause group, and the typed lifted
candidates (Candidate.Lifted / Candidate.Drop) it admits.
	Mutare.Transform.Candidate — the typed, pre-id description of a single
mutant. One struct per legal kind (see that module's moduledoc for the current
set), so the redundant context/kind/operation triple (and its illegal
combinations) is gone.

The stages, run per subtree:
	Analyze + classify — analyze/3 is one context-threaded recursive
descent: it names the context of each position as it descends and, for
every node a mutator recognises in a mutating context, attaches a typed
Candidate.InPlace to the node's own metadata (meta[:mutare]). Mutators
run once, here. Routing is positional (the spec side of a :: goes one
way, the value side another), which is why it can't be a flat
Macro.traverse accumulator. Three contexts are threaded — :runtime
(mutate, → in-place; :guard/:clause_drop/head-pattern literals come from
the lift path), :pattern (don't mutate in place, but keep descending so
default-arg values and size() args are reached), and :scaffold (a known
compile-time module-level statement: descend but never mutate its own
expressions — they run once at compile time, so a selector there is inert —
yet still reach any explicit def body, which flips back to :runtime);
the rest (:compile_time, :spec, :guard,
:capture_arity) are recognised and pruned, producing no candidate.
	Plan — a statement sequence is grouped into a ModulePlan; each
liftable clause group becomes a FunctionPlan carrying its lifted
candidates. No ids are assigned yet.
	Assign — emission walks the plan and the annotated tree bottom-up and
hands each candidate the next mutant id. Ids are assigned in post-order DFS
and the counter advances even for ignored, unselected, and :skip_ids
mutants. Ignore directives are matched against each recorded site's line,
family, and variant before deciding whether to emit its code.
	Emit — an in-place candidate becomes a tail-position selector case; a
FunctionPlan becomes one private function (threading the active id as an
extra arg) behind a dispatcher, each mutant a single guarded clause. Ignored,
unselected, and poisoned mutants retain their sites but emit no code.
A function holding two or more selector sites also keeps its source beside
the instrumented code, as a clean region: a lifted group gains a copy of
its original clauses, a clause that stays in place a second :do body, and
one decision on the already-read id sends a mutation elsewhere to the source.
Baseline/probe and the region's full id interval retain the instrumented
path. Any source may be copied: a copy that fails to compile is attributed
to its region, which poison recovery then drops (:skip_regions). A copied
call still enters its callee through that callee's own dispatcher.
	Render — annotations are stripped and the tree is rendered to source
(with a Sourceror keyword-block workaround).

Carrying the Candidate.InPlace in the node's own metadata is what lets
emission find "this exact node" without a fragile {line, column} identity:
metadata is intrinsic to the node and rides through any Macro rebuild, so
duplicate subtrees can never collide.
In-place selector (body expressions)
An operator inside a body is wrapped in a tail-position case reading the
active mutant id from :persistent_term:
# source:   total >= threshold
case :persistent_term.get(:mutare_active, 0) do
  17 -> total > threshold     # mutant 17:  >= → >
  _  -> total >= threshold    # baseline + every other mutant
end
Substituting a node with a value-equivalent case preserves its position, so
tail calls stay tail calls (LCO). Nested sites work because the catch-all holds
the transformed children, reachable whenever an outer mutant is inactive.
A pipe stage is analyzed as the call it is sugar for (left |> stage(args) as
stage(left, args) — WrittenPipe), so no selector ever lands on the
right side of a pipe, where a case is illegal. Emission binds the piped value once, in a
one-shot closure invoked on it (SelectorDelivery):
lhs |> (fn v -> case … (each branch pipesv) … end).(). Each branch references a cheap
variable — keeping a chain of mutated stages linear in the rendered source, where
distributing lhs into every branch would copy the whole upstream chain per branch. The
Site still records the stage as written, so the diff is unchanged.
The closure evaluates the piped value ahead of the stage, as an ordinary call does its first
argument — and a call is ordinary in every respect its route does not address
(Mutare.CallRouting, "Ordinary calls"). So it is used when the stage's first position is a
value (unrouted, :expression or :interior); one routed :lazy_expression, or as syntax,
is never evaluated ahead of the call. A mutant that moves or drops the piped value goes in a
selector around the closure instead, evaluating its own expression in its own order. No
stage reaches emission as a pipe: the rewritten calls are direct calls in the emitted tree
(their mutant branches hold the as-written arguments, the catch-all the emitted ones), and
Render spells each as the pipe it was written as. Code left as written — a :raw
argument, a :skipped call — keeps its pipe untouched. Only Kernel's |> is treated as a
pipe at all; one a module displaced is a call to that module's operator.
Function lifting + dispatcher (guards, dispatch)
A case is illegal in a when guard, and guards drive dispatch across
clauses, so guard mutations (and head-pattern / clause-drop mutations) cannot be
done in place. Instead the whole clause group becomes one private function
that takes the active mutant id as an extra first arg (mutare_active); the
public f/arity becomes a dispatcher that reads the id and forwards. Each source
clause is emitted once as an original gated when mutare_active !== <id> for
every mutant that overrides/drops it; each mutant adds a single clause gated
when mutare_active === <id>, placed before the original it replaces:
def f(a) do
  mutare_active = :persistent_term.get(:mutare_active, 0)
  __mutare_f_1_g1(mutare_active, a)
end
defp __mutare_f_1_g1(mutare_active, a) when mutare_active === 5 and a > 1, do: ...  # mutant 5: guard >= → >
defp __mutare_f_1_g1(mutare_active, a) when mutare_active !== 5 and a >= 1, do: ... # original (in-place applies here)
Exactly one clause wins for any (id, args): the mutant when its id is active and
its head/guard match, else the original. This is per-clause: a mutant touching
one clause no longer copies the other N−1, so a group with C clauses and M mutants
emits ~C+M clauses, not C×M (see NOTES "lifting blowup"). In-place selectors live
only in the original clauses (and non-lifted code); a mutant clause reuses the
raw body — sound because exactly one mutant is ever active. The public f/arity
is unchanged at the module boundary.
Ranges are captured against the original AST, which is what the diff report
patches against.
Implementation modules
Mutare.Transform.{ModulePlan,FunctionPlan,Candidate} define the intermediate representation —
the plan structs and pure discovery (chunking clauses, finding guard/drop
candidates). This module implements the top-level emission traversal and coordinates function
lifting; focused delivery modules implement the smaller specialized paths, with shared
selector mechanics factored through SelectorEmit.
Focused helper modules keep the pure node-building and the smaller specialized
delivery paths out of this file:
	Mutare.Transform.ClauseAST — the shared def/defp clause shape and the
primitives that navigate it (head/args/guards/when), used by both this
module and FunctionPlan.
	Mutare.Transform.GuardBuild — the dispatch guards (<var> === <id> gate,
exclusion, and-into), shared by the lifted and case paths.
	Mutare.Transform.LiftedEmit — the dispatcher + gated base clauses for a
lifted group (the assembly half of emit_function_plan/2).
	Mutare.Transform.CleanRegion — the one decision that sends a mutation
elsewhere to a function's uninstrumented source, the policy for when that
repays its code, and the reader that lets a failing copy be blamed on its region.
	Mutare.Transform.CaseClauseEmit — the tuple-the-scrutinee delivery for
per-clause case pattern/guard mutants.
	Mutare.Transform.FnClauseEmit — per-clause anonymous-function delivery,
capturing the selector and recording head/guard coverage at closure creation.
	Mutare.Transform.ReceiveClauseEmit — per-clause receive delivery, preserving
native mailbox order and one timeout evaluation; clause guards are shared with
anonymous functions through Mutare.Transform.ClauseVariants.
	Mutare.Transform.ClauseGuardEmit — guard-only delivery for the clauses that can
host no extra clause (with/for <-, with/try else, try catch,
for … reduce: do): the guard becomes a gated guard sequence in place.
	Mutare.Transform.RescueEmit — shares protected bodies across rescue mutants
when native handler dispatch can reuse an existing exception binding; other
shapes retain whole-try selection.
	Mutare.Transform.BindingEscapeEmit — the tuple-export delivery for binding
escaping = matches and known macros.
	Mutare.Transform.HostedEmit — the selector-host delivery for hosted DSL
fragments.
	Mutare.Transform.ImportWitness — the dead-code import witness spliced
alongside a mutated bare imported call.
	Mutare.Transform.CoverageEmit — scope-aware coverage gate emission and
binding dependencies; delivery paths retain ownership of recording positions.
	Mutare.Transform.SelectorEmit — the shared id/site claim, selector
subject, catch-all coverage branch, and ordinary selector-case assembly.


      


      
        Summary


  
    Functions
  


    
      
        count_string(source, opts \\ [])

      


        Count the mutants a source would produce, without rendering the metamutant.



    


    
      
        render_sites(source, opts \\ [])

      


        Rebuild a source's sites with original_code and mutated_code populated.



    


    
      
        transform_string(source, opts \\ [])

      


        Transform a source string into a stable public result DTO.



    





      


      
        Functions


        


    

  
    
      
    
    
      count_string(source, opts \\ [])



        
          
        

    

  


  

      

          @spec count_string(
  String.t(),
  keyword()
) :: non_neg_integer()


      


Count the mutants a source would produce, without rendering the metamutant.
The count is the number of ids claimed by transform_string/2:
next_id - start_id, which is also the number of returned public mutants. It is computed
by running the same analysis, planning, and emit pipeline as transform_string/2,
but without rendering the final metamutant source.
Mutare.Schema uses this for its two-phase build. First it counts each file, then
assigns each file a stable :start_id, then renders files in parallel. The count
does not depend on the caller's :start_id or :skip_ids; skipped ids still
claim their position so the later render assigns the same span.
Accepts the same options as transform_string/2 and raises the same parser
exceptions for invalid source.

  



    

  
    
      
    
    
      render_sites(source, opts \\ [])



        
          
        

    

  


  

      

          @spec render_sites(
  String.t(),
  keyword()
) :: [Mutare.Site.t()]


      


Rebuild a source's sites with original_code and mutated_code populated.
This skips metamutant rendering. It exists for deferred
diff rendering: a mix mutare scan can set :render_site_code to false,
then Mutare.Runner.Hydrate can call this later for the few sites that need to
be displayed.
Call it with the same options used for the original scan, including the file's
:start_id. Because the transform is deterministic for one source, the ids and
rendered code match an eager transform_string/2 run. This function always
enables :render_site_code, regardless of the caller's option value.
Accepts the same options as transform_string/2 and raises the same parser
exceptions for invalid source.

  



    

  
    
      
    
    
      transform_string(source, opts \\ [])



        
          
        

    

  


  

      

          @spec transform_string(
  String.t(),
  keyword()
) :: Mutare.Transform.Result.t()


      


Transform a source string into a stable public result DTO.
Returns %Mutare.Transform.Result{} with the rendered metamutant source, public mutant
descriptions, and next_id.
next_id is the first mutant id left unassigned — what the next file in a
schema should start from. It equals :start_id when nothing was mutated, so
the caller never has to recover it from the last site.
Options:
	:file — path recorded on each site (default "nofile")
	:mutators — list of mutator entries (family atoms, modules, {module, opts}
pairs, or Mutare.Mutator.Specs); defaults to the full built-in set
	:call_routes — list of call-route entries ({module, name, arity, treatment} /
{module, name, treatment}, see Mutare.CallRouting) that route a call's arguments
specially, or skip the call outright; merged with the built-ins and routing capabilities on
enabled mutators/extensions. Defaults to [].
	:argument_marks — list of {module, function, arity, positions, label} declarations
(the shape Mutare.Mutator.argument_marks/1 returns) marking extra positions for the
mutators that read label; merged with the enabled mutators' own declarations. Defaults to
[].
	:extensions — list of non-mutating extension modules, each implementing
Mutare.CallRouting, Mutare.UseExpansion, or both; entries may be bare modules or
{module, opts} pairs. Static routes merge into the registry and expand_use/3 overrides
feed use-expansion (the
extension's opts ride along to expand_use/3's context). Defaults to [].
	:start_id — first mutant id to assign (default 1)
	:runtime_namespace — internal schema plumbing: when set to a nonempty
file string, emit local ids from one under that namespace while Sites and
:skip_ids/:emit_ids retain the :start_id report range. Omitted by the
public standalone path, which keeps integer runtime selection.
	:expand_uses — when true (the default), expand module-level use statements with
static args and feed their injected import/alias directives into resolution (see
Mutare.Transform.Uses); false freezes the pre-expansion behaviour (and, with it, any
extension use-expansion overrides)
	:warnings — when true (the default), print advisory warnings: suspect but
non-fatal extension behaviour (currently: a :routing classifier returning
{:keyword, …} for a non-keyword argument) and the lifting advisories (a
:skip_lifting match, non-consecutive / metaprogrammed / delegated clause groups).
Callers that re-run the pipeline over a source already scanned pass false so each
warning is printed once — Mutare.Schema's render phase (the count phase warned) and
render_sites/2 (report-time re-derivation).
	:verify_invariants — when true, check the result before returning it and raise
Mutare.InvariantError listing every violation: the rendered metamutant must parse; every
mutant the result records as live must have a branch that runs when it alone is active, and
a coverage record; the generated code must name no other id; no live mutant may render
identically to its original; and emitting the source a second time must reproduce the
first pass. Meant for developing mutators, hosts, and extensions; the checks add roughly a
sixth to the transform's cost, since the second pass stops before the render. Defaults to
false (Mutare.Test's source helpers default it to true).
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Interprets a normalized keyword route against one concrete argument, without walking it.
A literal keyword list becomes ordered pairs of {node, treatment} entries plus a
shape-preserving rebuilder. A non-keyword argument gets its whole-argument fallback:
the leading treatment for a keyed refinement, or :raw for positional keyword routing.
Positional routing requires exactly one treatment per pair, and never pads or truncates:
decode!/2 raises on a mismatch, and is what Resolve applies to the written call the
route was stamped on; decode/2 reads a mismatch as the :raw fallback, since the only
argument that can present one is a mutator's rebuild whose pairs a static positional
route no longer fits (a rebuilt call is routed again before it is read,
Mutare.Transform.Resolve.reroute/1; a classifier answers for the rebuilt pairs, a static
list keeps its count) — a stamp that does not fit says nothing about the argument.
Keyed refinements choose each value's final treatment before any descent. Unnamed values
and data keys inherit the leading treatment, except that :interior becomes :expression
below the container. Block keys are always raw. Positional keyword routes leave all keys
raw and assign treatments to values by order, including duplicate keys.
Resolve, body analysis, guard tagging, self-call rewriting and binding analysis share
this interpretation, not a traversal. Each pass still decides what a treatment means for
its task; the container's own offer and nested syntax scopes also remain with that pass.
In particular, withholding mutation does not establish whether an expression executes.
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    Functions
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        decode!(arg, routing)

      


        decode/2, raising where a positional keyword route names a treatment count other than
the argument's pair count — the route and the written call disagree about the argument's
shape, which is the route's error to fix, loud and at transform time.
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          @type decoded() ::
  {:pairs, [{routed_node(), routed_node()}], rewrap()} | {:whole, position()}
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          @type position() :: treatment() | routing()
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          @type rewrap() :: ([{Macro.t(), Macro.t()}] -> Macro.t())
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          @type routed_node() :: {Macro.t(), position()}
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          @type routing() ::
  {:keyed, treatment(), [{atom(), position()}]} | {:keyword, [position()]}
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          @type treatment() :: atom() | {:hosted, [module()]}
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          @spec decode(Macro.t(), routing()) :: decoded()
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          @spec decode!(Macro.t(), routing()) :: decoded()


      


decode/2, raising where a positional keyword route names a treatment count other than
the argument's pair count — the route and the written call disagree about the argument's
shape, which is the route's error to fix, loud and at transform time.
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Sourceror.get_range/1, corrected where its answer would corrupt a survivor's reported
location or diff: surrounding parentheses, a leading parenthesized callee, a bitstring's
over-counted end, and an escaped-delimiter under-count.
Surrounding parentheses. Sourceror extends a parenthesized node's range over the
parentheses written around it. The text a Mutare.Site renders for that node never includes
them — (a + b) * c records a + b → a - b — so patched over the wider span the report
would show a - b * c, a different program from the mutant that ran, and &(&1 > 2) would
become the unparseable &&1 >= 2. The parentheses belong to the context the node sits in, so
get/1 ranges the node without them, however many layers or however spaced.
A leading call on a parenthesized callee. Sourceror ranges (fn x -> x end).(1) and
(a).b from inside the callee's parentheses, and with them every node that begins with
one. A whole-expression replacement over that span leaves the ( behind —
(fn … end).(1) |> f() → nil patched to the unparseable (nil. get/1 starts the range at
the earliest start down the node's left spine — and, for the mirror image
(0 == (if x do … end), ranged to inside the )), ends it at the latest end down the right
spine.
The escaped-delimiter under-count in sigils and interpolated strings.
Sourceror computes a sigil's end column from the stored content length
(range.ex get_end_pos_for_interpolation_segments/3, String.length of the
<<>> segments). The tokenizer keeps a sigil's content raw — \n/\\/\t
stay two-character sequences — except it collapses an escaped closing
delimiter (\/ → / in ~r/…/, \} → } in ~r{…}), so the stored content
is one byte shorter per such escape and the range falls short by that many
columns. A textual patch over the short range leaves the sigil's tail in place —
and when the mutation only drops a trailing flag (~r/…/u → ~r/…/,
RegexLiteral), the patch lands exactly on the dropped u and the diff shows
no change at all (a survivor with an empty diff). get/1 adds back one
column per collapsed closing delimiter. (Escaped delimiters before the last
interpolation are already accounted for — their absolute closing position is
baked into the segment metadata — so only the trailing binary segments are
counted; an opening delimiter escape \{ keeps its backslash and never
collapses, so only the closing char is counted.)
The same collapse hits the interpolated string family — "a\"#{x}\"b" and
its charlist / quoted-atom cousins also range from segment lengths, and the
tokenizer collapses \" → " (or \' → ') there too, so an escaped quote
after the last interpolation shortens the range and the patch leaves the
original closing quote behind (toast("…\"#{x}\".") mutated to "" renders
as toast(""")). get/1 applies the same trailing-segment count to those
three container shapes. Non-interpolated strings are immune (their raw content
keeps the backslash), and heredocs never escape their fence, so only the
quote-delimited (non-heredoc), single-line, interpolated forms are corrected.
Only Mutare.Report reads the range, so the quirk is invisible at runtime:
the metamutant is built from the AST, never the range. It corrupts only a
surviving mutant's rendered location — the human diff, and the endColumn the
machine reporters emit (Mutare.Report.Json / Mutare.Report.Sarif).
See NOTES "Sourceror range".
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        Like Sourceror.get_range/1, correcting the sigil/interpolated-string under-count.
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          @spec get(Macro.t()) :: Sourceror.Range.t() | nil


      


Like Sourceror.get_range/1, correcting the sigil/interpolated-string under-count.

  


        

      


  

  
    
    Mutare.Transform.QuoteStructure - mutare v0.5.1
    
    

    


  
  

    
Mutare.Transform.QuoteStructure 
    



      
Says which parts of a quote run, without walking any of them.
A quote expression that is itself evaluated has three kinds of part, and parts/1 names
each value's state:
	:live — an option value (bind_quoted:, unquote:, location:, …). It is ordinary
code, evaluated where the quote expression is.
	:quoted — the do: body while unquoting is enabled. It is data, except for the
argument of an unquote/unquote_splicing in it, which is :live again.
	:inert — the do: body under unquote: false or bind_quoted: (which disables
unquoting unless unquote: true re-enables it). Nothing in it is ever evaluated.

Elixir rejects a quote whose arguments are not written as lists (a variable, a call), so
lists are all parts/1 reads, and anything else is a crash, not a guess. It does accept a
list element that is no pair (quote([{:line, 1} | []], do: …)); that element is :inert.
Inside :quoted data, quoted/1 reads one node: an escape whose argument is :live, a
nested quote, or plain data to keep descending. Elixir quotes a nested quote's body with
unquoting off, so neither quote(do: quote(do: unquote(f()))) nor its stacked form
unquote(unquote(f())) calls f/0, and there is no quote level to count: one escape
leads from :quoted to :live, and nothing leads out of :inert.
A nested quote's options depend on how it is written, because Elixir reads the
argument count. Given two arguments (quote bind_quoted: [v: unquote(f())] do … end) it
quotes the options as the data around them, escapes still on, and f/0 runs. Given one
list holding the options and do: together (quote(bind_quoted: [v: unquote(f())], do: v))
it quotes the whole list with unquoting off, and f/0 does not run. quoted/1 returns the
first as {:options, options, rebuild}, with options still :quoted, and the second as
:inert.
Resolve, body analysis, self-call rewriting, super forwarding and binding analysis share
this reading, not a traversal: each decides what it does with a live expression, and
whether a live option is its business at all.
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        The values in a live quote's arguments, in source order, each with its state, and a
rebuilder that puts replacement values back into the arguments' written shape.



    


    
      
        quoted(arg1)

      


        One node met inside :quoted data: {:escape, argument, rebuild} when its argument is
live; for a nested quote, {:options, options, rebuild} when its options are still
:quoted, else :inert; :data for anything else.
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          @type rebuild() :: ([Macro.t()] -> [Macro.t()])
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          @type state() :: :live | :quoted | :inert
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          @spec parts([Macro.t()]) :: {[{Macro.t(), state()}], rebuild()}


      


The values in a live quote's arguments, in source order, each with its state, and a
rebuilder that puts replacement values back into the arguments' written shape.
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          @spec quoted(Macro.t()) ::
  {:escape, Macro.t(), (Macro.t() -> Macro.t())}
  | {:options, Macro.t(), (Macro.t() -> Macro.t())}
  | :inert
  | :data


      


One node met inside :quoted data: {:escape, argument, rebuild} when its argument is
live; for a nested quote, {:options, options, rebuild} when its options are still
:quoted, else :inert; :data for anything else.
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Public result returned by Mutare.transform_string/2.
The transform still produces richer internal Mutare.Site records for the runner and reporters.
This DTO is intentionally smaller and stable: callers get the rendered metamutant, the public
mutant descriptions, the next available id, and the metamutant's dispatch variable, without
depending on internal site fields.
dispatch_var is the variable the metamutant's generated code binds the active mutant id to
and reads in its selectors and guards — :mutare_active, unless the source already uses that
identifier, in which case a salted variant (:mutare_active_0, …) is chosen per file. A reader
of the metamutant needs it: Mutare.Manifest.from_source/2 recognises the hoisted selectors and
gated clauses by this name.
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          @type t() :: %Mutare.Transform.Result{
  dispatch_var: atom(),
  metamutant: String.t(),
  mutants: [Mutare.MutationSite.t()],
  next_id: pos_integer()
}


      



  


        

      


  

  
    
    mix mutare - mutare v0.5.1
    
    

    


  
  

    
mix mutare 
    



      
Mutation-test the current project.
Mutare builds a single metamutant, embedding every possible mutant behind a runtime switch, compiles it once, runs your test suite once as baseline with no mutants active, then for each mutant runs the part of the suite that potentially covers the mutant, reporting back with the mutants your tests failed to catch.
Getting started
Run it with no arguments to mutate everything under lib/. On a large project, start with a single module. It often is convenient to mutation test one module at a time, or otherwise slice-by-slice.
mix mutare                                 # mutate everything under lib/
mix mutare --only lib/billing/invoice.ex   # ...or just one file (a good first run)
mix mutare --max-mutants 50                # ...or just the first 50 mutants (to see mutare in action)
The workflow is a loop: run it, look at each mutation your tests failed to catch—each survivor—then either add a test that would catch it or mark it with a # mutare:ignore comment if it is not worth testing, and run again.
Reading the results
Every mutant finishes in one of these states. The headline mutation score is the percentage of testable mutants your suite killed:
score = killed / (total − no_coverage − ignored − poisoned − harness_error)
	killed      — a test failed on the mutant. Your suite caught the change.
	survived    — every test still passed: no test distinguishes the mutated code from the original. Each survivor is reported as a one-line diff so you can see exactly what slipped through.
	timeout     — the mutant ran past the per-mutant time cap (e.g. it created an infinite loop). Counts as killed. (So does a mutant that exhausts the atom table and crashes the VM.)
	no_coverage — no test runs that line at all, so nothing could catch it. The report lists these lines per file, collapsing consecutive lines into ranges. Excluded from the score; fix it by covering the line.
	ignored     — suppressed by a # mutare:ignore comment (below). Excluded.
	poisoned    — the mutated code would not compile, so it was dropped. Excluded. (Rare — the built-in mutators are compile-safe.)
	harness_error — the mutant's test run never reached a pass/fail verdict (an infrastructure hiccup, not a real result). Excluded.

A run exits 0 even when mutants survive — survivors are findings to act on, not a build failure. See "Continuous integration" below to make a low score or a stale ignore exit non-zero.
Troubleshooting baseline-only failures
Mutare's baseline run executes the rewritten metamutant with no mutant active. For ordinary calls it should behave like your original code, but one implementation detail is observable: structural mutations that cannot be selected in-place — guards, head patterns, and clause-shape changes — are delivered by lifting the original function body into a generated dispatcher and leaving a wrapper at the source function name. If that code raises, exact exception metadata or stacktrace frames may name an internal function such as __mutare_name_arity_g1 instead of the original function.
A test that asserts FunctionClauseError.function, FunctionClauseError.arity, or exact stacktrace frame names can therefore pass under plain mix test and fail only inside Mutare's baseline. Prefer asserting the observable error and module/behavior, not the rewritten internal function identity.
If you need a compatibility escape hatch while changing those tests, configure skip_lifting: [{MyApp.Mod, :fun, arity}] or pass --skip-lifting MyApp.Mod.fun/arity. That keeps the matching function in-place, which also means Mutare will not generate guard, head-pattern, or clause-drop mutants for that function.
Suppressing a mutant
Some survivors are equivalent mutants — the mutation cannot change observable behaviour, so no test could ever kill it — or are simply not worth a test. Silence one with a # mutare:ignore comment at the end of the line (or on the line just above it):
def to_float(n), do: n * 1.0   # mutare:ignore  multiplying by 1.0 is identity
After the keyword come two optional, ordered parts — a [family] filter and a free-text reason:
# mutare:ignore                            suppress every mutant on the line
# mutare:ignore the reason text            suppress all; record the reason
# mutare:ignore[arithmetic, relational]    suppress only those families
# mutare:ignore[relational:>]              suppress one kind: the `i > j` swap
# mutare:ignore[integer] off-by-one is ok  a filter and a reason together
The names inside [...] are mutator families (see below). A family may be qualified with :label to suppress only one kind of its mutants — relational declares > >= < <= == != === !==, return_value declares empty/sentinel, integer declares zero/succ/pred, boolean declares negate. Run --list-mutators to see every built-in family's labels. Filtering fails safe: an unknown family, an empty [], or a malformed [… (no closing bracket) matches nothing, so the mutant is run rather than hidden — but a qualified label a known built-in (or active custom) doesn't declare is a hard error (with a "did you mean"), so a typo can't silently fail to match. An ignore that suppresses no mutant (a typo'd family, a line that has no mutant) is reported as a warning — and with --strict-ignores, exits the run 1.
For a span that isn't worth annotating line by line — a literal lookup table, a generated module — two scoped verbs take the same filter and reason:
# mutare:ignore-start spot-checked; the round-trip test covers the table
def encode(?A), do: ?B
def encode(?B), do: ?C
# mutare:ignore-end

# mutare:ignore-file generated by `mix gen.tables` — do not hand-edit
A region suppresses everything from its -start through its -end (both delimiter lines inclusive); # mutare:ignore-file, anywhere in a file, suppresses the whole file. A broken pairing — an -end with no -start, nested -starts, a region never closed — is a hard error, and a scoped directive that suppresses nothing is warned exactly like a line one. Grammar details are in the Mutare.Ignore docs; audit what's suppressed with --list-ignores.
A directive is per line or per span. To leave a call alone everywhere it appears — an analytics emitter, a logger — route it instead: --skip-call Mixpanel.track/3, or a call_routes: entry in .mutare.exs (which can also leave single arguments as written, or keep a DSL macro's body out of the mutation set). See the configuration file section below and the README's "Routing calls".
Mutator families
All families run by default. Run mix mutare --list-mutators to print the catalog. Select a subset with --mutators a,b,c (or the :mutators key in .mutare.exs); list builtins to keep the whole default set and add to it — --mutators builtins,relational is every built-in, while --mutators relational is only the relational family. The family atoms, by kind:
	Operators — arithmetic, operand_swap, bitwise, relational, strict_equality, logical, list, conditional
	Literals — integer, boolean, string, float, atom, convention, charlist, word_list, string_sigil, map, tuple, bitstring, bitstring_spec, regex, datetime, alias
	Calls (rewrite or drop a stdlib/remote call) — collection, collection_arity, string_call, string_byte, map_keyword, keyword_delete, map_set, period_boundary, call_removal, default_drop, mode_swap, numeric, math, integer_call
	Structural — return_value, if_condition, pattern_swap, pattern_wildcard, rescue_type, guard_drop
	Behaviour-aware — genserver (swaps an OTP callback's return tuple; fires only inside a @behaviour GenServer module)

Each family's module docs list its exact swap table — print one with mix mutare --explain relational. You can also list your own module implementing Mutare.Mutator under :mutators to add a custom mutator.
While developing a custom mutator (or a host or extension), add --verify-invariants. Every transformed file is then read back, and emitted a second time to check the transform is deterministic. The run aborts on a mutant the metamutant cannot select, one no coverage record lists, one that renders identically to its original, or a file whose second pass differs — each of which would otherwise distort the report without any error. The checks add roughly a sixth to the scan (they skip the render, which is most of it), and nothing to the rest of the run, so they are cheap to leave on while developing:
mix mutare --check --verify-invariants
Inspecting without running
With these flags, the command prints information and exits without preparing a sandbox or running the suite — for discovery, scripting, and debugging configuration:
mix mutare --version                # the installed mutare version
mix mutare --list-mutators          # the built-in mutator catalog (see above)
mix mutare --explain relational     # one family's full documentation
mix mutare --list-macros            # macros whose arguments are routed
                                    #   specially (built-ins + your config)
mix mutare --list-ignores           # every `# mutare:ignore` in scope, each
                                    #   flagged active or ineffective
mix mutare --show-config            # the effective options after merging
                                    #   .mutare.exs, CLI flags, and defaults
mix mutare --dry-run                # list the mutants that *would* run, by
                                    #   file — no compile, no tests. Honours
                                    #   --only/--since/--mutators/--line/etc.
mix mutare --check                  # compile the metamutant (with poison
                                    #   recovery) but run no tests — a fast
                                    #   preflight for "will my DSLs build?".
                                    #   Prints a copy-pasteable :call_routes
                                    #   fix for any unknown macro it had to skip
Choosing what to mutate
mix mutare path/to/project          # target a different project directory
mix mutare --only lib/billing       # scope to a directory
mix mutare --only lib/a --only lib/b   # ...or several paths (repeatable)
mix mutare --exclude "lib/generated/**" --exclude lib/legacy
                                    # skip files matching globs (repeatable)
mix mutare --since master           # only lines this branch changed
                                    #   since forking from master, untracked
                                    #   .ex files included
mix mutare --line lib/billing/invoice.ex:42
                                    # only the mutants on that file:line — a
                                    #   narrow rerun, e.g. to recheck one
                                    #   survivor (repeatable)
mix mutare --line lib/billing/invoice.ex:42:7
                                    # only the mutants at that position, as
                                    #   the report prints it (expressions that
                                    #   start there share it)
mix mutare --mutators relational,arithmetic   # only some families (see above)
mix mutare --skip-lifting MyApp.Mod.fun/2
                                    # keep one function in-place; no guard,
                                    #   head-pattern, or clause-drop mutants
mix mutare --skip-call Mixpanel.track/3
                                    # skip every call to it — nothing inside
                                    #   the call is mutated (repeatable; also
                                    #   Mod.fun for any arity, Mod.* for a module)
mix mutare --no-expand-uses         # don't expand `use` to discover the
                                    #   import/alias/@behaviour it injects
                                    #   (on by default; matters for Phoenix/Ecto)
mix mutare --no-seed-app-build      # force a cold compile instead of reusing the
                                    #   app's built beams on a narrowed run
                                    #   (on by default)
How the scoping flags combine
A run tests the mutants that pass every one of its filters:
	Files — under an --only path and matched by no --exclude glob. Several --only paths add up; several --exclude globs each remove more. In both, a directory stands for every file beneath it.
	Lines — on a --line location (several add up), and on a line changed since the --since ref. Given both, a --line entry survives only on a changed line. A --line in a file the file filter dropped selects nothing; it does not add the file back.
	Families — produced by a --mutators family.
	Count — --max-mutants N applies last: it keeps the first N mutants that passed the filters, ordered by file path, then as each file numbers its mutants. That numbering puts an expression's operands before the expression itself, so it does not run strictly top to bottom: in a call spanning several lines, its arguments' mutants come before the call's own. Ignored and poisoned mutants take places within the N.

Each of these flags but --since replaces its .mutare.exs counterpart rather than adding to it, so it can widen a run as well as narrow it: --only replaces paths:, --exclude replaces exclude: (the file's excludes no longer apply), --mutators replaces mutators:, --line replaces only_lines:, and --max-mutants replaces max_mutants:. --since narrows instead: it keeps the configured only_lines: entries on changed lines, as it does --line entries. --dry-run lists what a combination selects without running anything. The human report's score line names the scoping flags given — --since, --only, --exclude, --line, and --max-mutants, the last also when .mutare.exs set it — since its score covers those mutants alone: — scoped by --since master --only lib/billing.
Paths are resolved relative to the target project, not the directory mix was invoked from: targeting another checkout is mix mutare ./phoenix --only lib/phoenix/naming.ex — not --only phoenix/lib/.... In an umbrella, the project is the whole umbrella, even when the target is apps/billing, and the apps chosen (see "Umbrella projects") come first: --only paths (and paths:) are read inside each chosen app, so --only lib/billing means apps/<app>/lib/billing in each. --exclude and --line take paths from the umbrella root, as does --since's diff. Those are the paths the report prints, so a survivor's location can be pasted into --line as it stands.
A path that matches nothing aborts with no mutation sites found. Under --since, a scope that exists but whose changed lines hold no mutation site is not an error: the run reports nothing to test, writes empty reports, and exits 0.
Continuous integration
By default a run exits 0 no matter how many mutants survive. CI gates add a non-zero exit when a run violates the policy you choose:
mix mutare --min-score 70           # exit 1 if the mutation score is below 70%
mix mutare --max-no-coverage 0      # exit 1 if any mutant has no covering test
mix mutare --fail-on-poisoned       # exit 1 if any mutant had to be dropped
                                    #   because the mutated code would not compile
mix mutare --fail-on-harness-error  # exit 1 if any mutant run reached no verdict
mix mutare --strict-ignores         # exit 1 if any `# mutare:` comment matched
                                    #   no mutant (a typo'd verb/family or stale line)
Combine --since with CI gates to gate only the code a pull request changed, and --quiet to drop the live progress (spinner, phases, per-survivor and PROGRESS lines); the final report (and any machine reports) will still be printed. When stderr is not a terminal, the PROGRESS lines are what keep a long run from looking silent, so leave them on where a CI system kills jobs that produce no output for a while. A pull request that changes no mutatable line — only tests, docs, or comments — passes, with empty reports written.
mix mutare --since origin/master --min-score 80 --quiet
Tuning the run
mix mutare --workers 8              # run 8 mutants concurrently (default: half
                                    #   your schedulers, capped at 4 — each worker
                                    #   is a full `mix test` BEAM)
mix mutare --schedulers 2           # scheduler threads per worker (default:
                                    #   your schedulers ÷ workers, so the workers
                                    #   share the machine instead of each taking
                                    #   all of it; given alone, workers become
                                    #   your schedulers ÷ this, capped at 4 like
                                    #   the default — pass both for more)
mix mutare --schedulers all         # don't trim the workers' schedulers
mix mutare --full                   # run the whole suite for every mutant
                                    #   (default: only the test cases that cover it)
mix mutare --per-file               # run whole covering test *files*, not just
                                    #   the individual covering tests — the opt-out
                                    #   for stateful async:false suites where
                                    #   per-test narrowing could hide a kill
mix mutare --no-full                # force coverage-guided selection even if
                                    #   .mutare.exs set test_selection: :full
                                    #   (--no-per-file likewise restores :tests)
mix mutare --timeout 30000          # per-mutant wall-clock cap, in ms
                                    #   (default: derived from the baseline run)
mix mutare --timeout-multiplier 5   # ...or set the cap to baseline × this
                                    #   (default: 3.0; ignored if --timeout is set)
mix mutare --probe-timeout 600000   # wall-clock cap for the coverage probe run,
                                    #   in ms (default: 10× the per-mutant cap);
                                    #   an overrun degrades to run-all selection
mix mutare --max-heap-mb 4096       # cap each BEAM process's heap (in MB) in the
                                    #   baseline/probe/mutant runs — a mutation can
                                    #   make code allocate without bound (faster
                                    #   than the time cap can catch), and a capped
                                    #   runaway dies as an ordinary test failure
                                    #   instead of OOMing the machine. Size it well
                                    #   above the suite's largest unmutated process;
                                    #   the baseline runs under the same cap, so a
                                    #   too-small value fails fast, up front
                                    #   (default: no cap)
mix mutare --baseline-runs 2        # run the green baseline 2× and abort if a
                                    #   test flakes (passes once, fails once) —
                                    #   a flaky test manufactures false kills
mix mutare --baseline-retries 3     # retry an all-red baseline up to 3× before
                                    #   aborting; mixed pass/fail baseline runs
                                    #   still abort as flaky
mix mutare --kill-runs 2            # require each killed mutant to kill twice;
                                    #   a passing rerun is reported survived
mix mutare --no-confirm-timeouts    # record a timed-out run as :timeout right
                                    #   away. By default a timeout is confirmed
                                    #   with one sequential (uncontended) re-run
                                    #   first — the cap is derived from an
                                    #   uncontended baseline, so under parallel
                                    #   workers a slow-but-finite mutant could
                                    #   otherwise be falsely recorded as killed
mix mutare --harness-retries 4      # re-run a mutant up to 4× if its run fails
                                    #   at the infrastructure level (default 2)
mix mutare --max-harness-error-rate 0.3
                                    # abort if more than 30% of the mutants
                                    #   that ran failed at the infrastructure
                                    #   level (1.0 = never abort on these)
mix mutare --max-survivors 5        # stop the run once 5 mutants have survived
                                    #   (in source order) — surface a few test
                                    #   gaps to fix without a full run. The result
                                    #   set is then partial, so CI gates are skipped
mix mutare --time-budget 10m        # stop launching new mutants once 10 minutes of
                                    #   the per-mutant phase elapse (units h/m/s,
                                    #   e.g. 90s, 1h30m), draining the in-flight ones.
                                    #   "see what I can get in 10 minutes"; like
                                    #   --max-survivors the result set is partial, so
                                    #   CI gates are skipped
mix mutare --verbose                # print details at each step: a
                                    #   line per mutant (with its duration, and
                                    #   "(whole suite)" when it ran that) plus
                                    #   per-phase detail — compile time, baseline
                                    #   timing, coverage breakdown by run shape,
                                    #   timeout cap, worker count. (--quiet wins
                                    #   over it)
Flaky tests: expect mutation testing to find them
A mutation run re-runs your suite (or coverage-selected slices of it) far more times, in far more configurations, than normal CI does — so it is disproportionately good at surfacing pre-existing flaky tests. A flake at the baseline blocks the whole run (baseline suite is not green); one mid-run can manufacture a false kill. If your suite occasionally fails on its own, fix that first (or detect it explicitly with --baseline-runs 2) — it's a property of the target suite, not a Mutare failure to debug.
A related, narrower instability: a mutant on a timeout-shaped configuration literal (timeout: :infinity, a generous deadline) may be observable only under load — its verdict can honestly differ between runs because the mutated timeout only fires when something is slow. For codebases with such literals, --kill-runs 2 requires every kill to be reproduced, surfacing that load-dependence instead of recording whichever verdict the first run happened to produce.
Umbrella projects
mix mutare apps/billing             # mutate one app (copies the whole umbrella)
mix mutare --app billing,web        # specific apps (repeatable, and comma-separated)
mix mutare --app billing --app web  #   (equivalent to the line above)
mix mutare --workspace              # mutate every app in the umbrella
Database isolation across workers
A suite with shared state (a database, say) can collide when several mutants run at once. --partition-db (or --partition-env <NAME> for a custom variable) gives each of the --workers concurrent runs a distinct partition id (1..workers) under an environment variable — MIX_TEST_PARTITION by default — so each worker can point at its own database:
mix mutare --workers 4 --partition-db           # distinct MIX_TEST_PARTITION per worker
mix mutare --workers 4 --partition-env MY_SLOT  # ...under a custom variable name
mix mutare --no-partition-db                    # disable a partition_env from .mutare.exs
This is the same convention as mix test --partitions, so a project already set up for that needs no code change:
# config/test.exs
config :my_app, MyApp.Repo,
  database: "my_app_test#{System.get_env("MIX_TEST_PARTITION")}"
You must pre-create and migrate the --workers partitioned databases (just as is required by mix test --partitions). The pool recycles ids across the run, so --workers 4 needs four databases, not one per mutant; the baseline and coverage probe use partition 1.
Only partition 1 is checked before the mutants run: a missing or unmigrated database for any other partition makes every mutant run there fail, and those failures are recorded as kills, inflating the score. After the run, Mutare takes each other partition's fastest kill and reruns its tests on that partition with no mutant active. If they fail (on every --kill-runs attempt, so a suite you have called flaky is given the same benefit of the doubt as its kills), or the application won't start, the same tests are run on partition 1; if they pass there, Mutare warns that the partition's kills may be false. If they fail there too, the tests fail when run on their own, whatever the partition, and Mutare warns about that instead. Only one kill's tests are rerun, so a partition broken for some tests but not those may go unnoticed.
The partition's kills stand as recorded, since some may be real, but every report says they may be false: the human report lists the partition, the JSON report gives each such kill a statusReason, and the SARIF report carries a tool notification. A --min-score gate fails whatever the score, since the score counts those kills. Fix the partition and rerun.
Mutare runs the suite in a copy of the project under the system temp directory, without .git. A config that names its database after the checkout — one database per git worktree, derived from the path or the branch — would name it after the copy instead. Every sandbox mix has MUTARE_PROJECT_ROOT set to the absolute path of the directory it copies (the umbrella root, for an umbrella), so derive the name from that when it is set:
# config/test.exs
root = System.get_env("MUTARE_PROJECT_ROOT") || Path.expand("..", __DIR__)

config :my_app, MyApp.Repo,
  database: "my_app_test_#{worktree_tag(root)}#{System.get_env("MIX_TEST_PARTITION")}"
where worktree_tag/1 is whatever the project already derives from a checkout path (git -C root … for the branch). With --partition-db, each worktree then needs its own --workers databases.
Sandbox and build cache
mix mutare --sandbox /tmp/mut       # put the sandbox at a path of your choosing (inspect it, or cache it on CI)
mix mutare --no-keep-sandbox        # throwaway sandbox: rebuild cold, remove it afterwards
By default Mutare keeps the sandbox between runs (--keep-sandbox, on): it lives at a stable per-project temp dir and is re-materialised incrementally — only changed files are rewritten, so mix's compiler reuses the cached _build and a re-run after adding a test recompiles nothing. That is the compile-once bet applied across runs, not just within one; the cost is one project copy plus its build sitting in the temp dir per project. --sandbox <path> chooses the location — handy for inspecting the generated metamutant, and on CI point it at a cached directory (cache <path>/_build and <path>/deps, keyed on mix.lock; tar-based caches preserve the mtimes the incremental compile relies on). --no-keep-sandbox opts out: a fresh copy, a cold compile, and the sandbox removed when the run finishes. Reach for it when a kept sandbox has gone bad — a build artifact corrupted by a crashed run, say, shows up as every mutant reporting a harness error — since the wipe is the reset.
Output formats
mix mutare --report json:mutare.json
                                    # write a machine report to a file; the
                                    #   human report is still printed to the console
mix mutare --report sarif           # emit SARIF to stdout (this suppresses the
                                    #   human report, so the two don't collide)
mix mutare --report json:mutare.json --report sarif:mutare.sarif
                                    # `--report` is repeatable; omit :PATH to
                                    #   write that report to stdout
--report takes FORMAT[:PATH], where FORMAT is one of human (the default console report), json (the mutation-testing-elements / Stryker report schema), html (that JSON embedded in the interactive report viewer), or sarif (survivors as findings for GitHub code scanning).
Each destination takes one report: at most one may omit :PATH (two documents on stdout would be valid in neither format), and no two may name the same path (only the last written would survive). Either collision is a startup error naming the clashing formats.
A run that is killed keeps what it found. While mutants run, a json or html report bound for a file is rewritten at each tenth of the mutants and within two minutes of any new result, with every mutant not yet tested marked Pending; each write replaces the file whole, so even a SIGKILL leaves the last complete checkpoint. A SIGTERM stops the run at once: every report except SARIF is written from the results so far (untested mutants Pending in JSON and HTML), a note on stderr says how far the run got, and the run exits with status 143. SARIF is written only by a run that finishes or stops early on --max-survivors/--time-budget — a partial upload would close the code-scanning alerts of every mutant it did not test. A report written after an early stop also marks the untested mutants Pending. A SIGINT (Ctrl-C) is not trapped — the VM answers it with its BREAK menu — so it leaves only the last checkpoint.
Following a run: --events
mix mutare --events mutare.events.jsonl
                                    # append a JSON line to the file for each
                                    #   phase and each mutant's verdict
The reports describe a run once it has finished; --events FILE describes it while it runs. Each line is one JSON object: a start, a scanned with the number of mutants, a phase as the run enters each phase, a mutant for each verdict — its location, family, status, the patch as original and replacement over a source range, and evaluated, how many verdicts the file holds so far — and, last, a finish saying why the run stopped (complete, max_survivors, time_budget, sigterm, or error) with its counts and score. Verdicts are written in source order, as the run accepts them, so a slow mutant holds back the lines of later ones that have finished, and a timeout confirmed by its sequential re-run comes at the end. The finish line is written after the reports, so a reader that waits for it finds them complete — except after an error, which writes no final report: a report file then holds what it held before, an earlier run's report or, when the error came after mutants had run (too many harness errors), possibly this run's last checkpoint, with the mutants it had not tested Pending. A SIGTERM that arrives while the final reports are being written stops the writes, so each report is then either its final version or the last checkpoint, which may hold fewer verdicts than the finish counts. A file that ends without a finish belongs to a run still going or one that died. The file is truncated as the run starts. Only a mutation run writes events: --check, --dry-run and the other inspect-and-exit flags leave the file alone. Mutare.Report.Events documents every field.
tail -f mutare.events.jsonl | jq -c 'select(.status == "survived")'
Configuration file (.mutare.exs)
Configuration may also be placed in .mutare.exs (a keyword list); a CLI flag overrides the matching key. Every option is optional — the block below lists all the file-settable keys with their defaults:
# .mutare.exs
[
  # --- what to mutate ---
  paths: ["lib"],
  exclude: ["lib/generated/**"],
  # built-in family atoms and/or your own Mutare.Mutator modules. The
  # `:builtins` token means "all built-ins", so `[:builtins, MyMutator]`
  # extends the defaults and `[MyMutator]` replaces them;
  # `{:builtins, except: [:arithmetic]}` drops a family. Omit the key for
  # the full default set.
  mutators: [:builtins],
  # skip a call outright (`:skip` — an analytics emitter, a logger), or leave a
  # macro's arguments as written (`:raw` — a DSL body, a pattern) so they
  # aren't mutated; a list treats each position (`:expression`, `:raw`,
  # `:interior`, a keyed `[timeout: :raw]` refinement of a keyword argument);
  # `:*` wildcards a slot: {M, :*, :skip} = whole module, {:*, name, :raw}
  # = that name in any module (a more specific line overrides)
  call_routes: [{Mixpanel, :track, 3, :skip}, {Ecto.Query, :from, :raw}],
  # extend the built-in timeout table (and any label a companion package
  # documents) to your own functions: {Module, :fun, arity, positions, label}
  argument_marks: [{MyApp.Http, :get, 2, [{:keyword, :recv_timeout}], :timeout}],
  # keep specific functions in-place when lifted function names are observable;
  # entries are {Module, function_name_atom_or_string, arity}
  skip_lifting: [],
  # non-mutating modules implementing Mutare.CallRouting, Mutare.UseExpansion
  # (both source understanding), or Mutare.CoverageAttribution (test selection)
  extensions: [],
  # expand `use` to surface the import/alias it injects (--no-expand-uses)
  expand_uses: true,

  # --- how the suite runs ---
  # :tests runs only the individual test cases covering each mutant; :coverage
  # runs whole covering files (opt-out for stateful async:false suites); :full
  # runs the whole suite for every mutant
  test_selection: :tests,
  # concurrent mutant runs; default: half the schedulers, capped at 4 (each
  # worker is a full `mix test` BEAM)
  workers: 4,
  # scheduler threads per worker (`+S`), so that workers × schedulers fits the
  # machine; default: the schedulers ÷ workers (if only this is set, workers are
  # the schedulers ÷ this, capped at 4 like the default). The baseline runs
  # trimmed the same way.
  # :all leaves every worker every scheduler.
  schedulers: 4,
  # give each concurrent worker a distinct partition id under this env var
  # (1..workers), for per-worker DB isolation — read it in config/test.exs
  # like `mix test --partitions`; nil (default) is off. Needs `workers` DBs.
  partition_env: nil,
  # per-mutant wall-clock cap = baseline run × multiplier, unless an
  # absolute `timeout:` in ms is given instead (then the multiplier is moot)
  timeout_multiplier: 3.0,
  timeout: nil,
  # cap each BEAM process's heap (MB) in the baseline/probe/mutant runs, so a
  # mutation that allocates without bound dies as an ordinary test failure
  # instead of OOMing the machine; nil (default) is no cap
  max_heap_mb: nil,
  # run the baseline N×, aborting if a test flakes (passes one run, fails another)
  baseline_runs: 1,
  # retry a consistently-red baseline attempt before aborting (useful for
  # target suites with occasional startup/load flakes)
  baseline_retries: 0,
  # require a killed mutant to kill N times before recording the kill; if any
  # rerun passes, record it as survived (unanimous-kill, default unchanged)
  kill_runs: 1,
  # retry a mutant whose run fails at the harness (infra) level before recording it
  # (a boot-time node crash, a known-transient contention signature, is retried
  # harder still from its own dedicated budget — see `mix help mutare`)
  harness_retries: 2,
  # abort if more than this fraction of the mutants that ran erred at the
  # harness level (1.0 = never abort on harness errors)
  max_harness_error_rate: 0.5,
  # test at most the first N mutants in source order (a quick smoke run)
  max_mutants: nil,
  # stop the run once the first N surviving mutants are found (an
  # iterate-and-fix workflow); the partial result set skips CI gates
  max_survivors: nil,
  # stop launching new mutants once this much wall-clock time in the
  # per-mutant phase elapses — a duration string like "10m"/"90s"/"1h30m"
  # (nil = no budget); in-flight mutants drain, and the partial result set
  # skips CI gates, exactly like max_survivors
  time_budget: nil,

  # --- sandbox reuse / build cache (see "Sandbox and build cache" above) ---
  sandbox: nil,
  # keep the sandbox (and its compiled _build) between runs, re-materialising
  # it incrementally; false = throwaway copy, cold compile, removed afterwards
  keep_sandbox: true,
  # on a narrowed run (--only/--line/--since), reuse the app's already-built
  # beams so the one compile rebuilds just the mutated file(s) — not the whole
  # app. On by default; --no-seed-app-build forces a cold compile
  seed_app_build: true,

  # --- output & CI gates ---
  # exit the run with code 1 if the mutation score drops below this percentage; by default there is no minimum score
  # min_score: 70,
  # exit 1 if the run records more than this many uncovered mutants; nil disables the gate
  max_no_coverage: nil,
  # exit 1 if any mutant had to be dropped because the mutated code would not compile
  fail_on_poisoned: false,
  # exit 1 if any mutant's test run reached no pass/fail/timeout verdict
  fail_on_harness_error: false,

  # exit 1 if any `# mutare:ignore` suppresses no mutant (a typo or stale
  # line), or any `# mutare:` comment names no recognized directive
  strict_ignores: false,
  # check every transformed file before trusting it (for developing custom
  # mutators; see "Mutator families" above)
  verify_invariants: false,
  # suppress the live stderr progress
  quiet: false,
  # print each step in detail: a line per mutant + per-phase numbers
  # (compile/baseline timing, coverage breakdown, cap, workers). `quiet` wins
  verbose: false,
  # emit several reports at once (default is [:human]; the file path is optional and if omitted the report is printed to stdout.)
  # reporters: [:human, {:json, "mutare.json"}, {:sarif, "mutare.sarif"}]
  # append the run's events to this file as JSON lines (see "Following a run: `--events`")
  # events: "mutare.events.jsonl"
]
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Install Mutare and auto-configure its framework integrations.
mix igniter.install mutare
Adds :mutare to your :dev/:test dependencies (runtime: false), then looks at what your project already depends on and wires up the matching companion packages — so a Plug/Phoenix/Ecto/Oban/Decimal/Swoosh/Gettext app gets framework-aware mutants, and a Phoenix app with browser-driven tests gets per-test selection for them, without any manual configuration:
	Detected dependency	Package added	Wired into
	:plug / :bandit / :plug_cowboy / :phoenix	mutare_plug	:mutators — Mutare.Plug.all/0
	:phoenix	mutare_phoenix	:mutators — Mutare.Phoenix.all/0; :extensions — Mutare.Phoenix
	:phoenix_live_view	mutare_phoenix_live_view	:mutators — Mutare.Phoenix.LiveView.all/0
	:ecto_sql / :phoenix_ecto / :ecto	mutare_ecto	:mutators — {Mutare.Ecto, repo: YourRepo}
	:oban / :oban_pro	mutare_oban	:mutators — Mutare.Oban.all/0
	:decimal	mutare_decimal	:mutators — Mutare.Decimal.all/0
	:swoosh / :phoenix_swoosh	mutare_swoosh	:mutators — Mutare.Swoosh.all/0
	:phoenix_swoosh	mutare_phoenix_swoosh	:mutators — Mutare.Phoenix.Swoosh.all/0
	:gettext	mutare_gettext	:extensions — Mutare.Gettext
	:phoenix_ecto	mutare_phoenix_ecto	:extensions — Mutare.Phoenix.Ecto

Each detected package is added as a :dev/:test dependency and wired into a generated .mutare.exs: a mutator package extends the :mutators list (alongside the :builtins group token, which keeps Mutare's own families on), while a non-mutating extension joins the :extensions list: mutare_gettext defines how the built-in mutators handle a library's compile-time syntax, and mutare_phoenix_ecto tells the coverage probe which test sent each request a browser-driven test makes, from the SQL sandbox metadata phoenix_ecto already reads. mutare_phoenix does both: its families join :mutators, and its front module — a Mutare.CallRouting extension that keeps Phoenix's compile-time macros (the router DSL, ~H) out of the mutation set — joins :extensions. Nothing detected? You still get a starter .mutare.exs and a ready-to-run mix mutare.
If you already have a .mutare.exs, it is left untouched and the recommended :mutators / :extensions keys are printed as a notice for you to merge in by hand.
If the project depends on usage_rules, :mutare is added to usage_rules: [skills: [package_skills: …]] in project/0, so mix usage_rules.sync installs the agent skill Mutare ships. The installer does not run the sync itself.
Options
	--repo MyApp.Repo — the Ecto repo to configure mutare_ecto with. When omitted the repo is detected from your project (you are prompted if there is more than one); if none is found a YourApp.Repo placeholder is written and a warning tells you to edit it.
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