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    Supertester User Manual

Version: 0.5.1
Welcome to the comprehensive user manual for Supertester. This document provides a detailed overview of all modules and functions available in the Supertester toolkit.
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Introduction
Supertester is a battle-hardened OTP testing toolkit designed to help you build robust and reliable Elixir applications. It provides a comprehensive suite of tools for testing concurrent systems, including features for chaos engineering, performance testing, and zero-sleep synchronization.
This manual will guide you through the features and best practices for using Supertester to its full potential.
Core Concepts
Test Isolation
Supertester provides robust test isolation, allowing you to run your tests concurrently (async: true) without worrying about process name collisions or state leakage. This is achieved through the Supertester.UnifiedTestFoundation runtime and its ExUnit adapter, Supertester.ExUnitFoundation, which create a sandboxed environment for each test.
Zero Process.sleep
Timing-based synchronization (Process.sleep/1) is a common source of flaky tests. Supertester eliminates the need for this by providing deterministic synchronization patterns, such as cast_and_sync/3, which ensures that an asynchronous operation has completed before the test proceeds.
Automatic Cleanup
All resources created using Supertester's helpers (e.g., setup_isolated_genserver/3) are automatically cleaned up at the end of each test. This prevents resource leaks and ensures that tests do not interfere with each other.
Expressive Assertions
Supertester includes a rich set of OTP-aware assertions that make your tests more expressive and easier to read. For example, assert_genserver_state/2 allows you to assert on the internal state of a GenServer without manually fetching it.
Installation
To get started with Supertester, add it as a dependency in your mix.exs file. It's only required for the :test environment.
def deps do
  [
    {:supertester, "~> 0.5.1", only: :test}
  ]
end
Then, run mix deps.get to install the dependency.

Core Modules
Supertester
The main module provides basic information about the library.
version()
Returns the current version of the Supertester library.
	  Signature: @spec version() :: String.t()
	  Example:Supertester.version()
#=> "0.5.1"


Supertester.ExUnitFoundation
This module is the drop-in ExUnit adapter for Supertester isolation. Replace use ExUnit.Case with it to automatically configure the appropriate async setting and install the isolation setup callback.
Usage:
defmodule MyApp.MyTest do
  use Supertester.ExUnitFoundation, isolation: :full_isolation

  test "an isolated test", context do
    # `context.isolation_context` contains isolation information.
    # All processes started with Supertester helpers are tracked and cleaned up.
  end
end
Isolation Modes (:isolation option):
	  :basic: Provides basic isolation with unique process naming (async-friendly).
	  :registry: Uses a dedicated registry for process isolation (async-friendly).
	  :full_isolation: Provides complete process and ETS table isolation. This is the recommended mode (async-friendly).
	  :contamination_detection: Detects if a test leaks processes or ETS tables (runs synchronously).

Additional Isolation Options:
	  telemetry_isolation: true enables Supertester.TelemetryHelpers.
	  logger_isolation: true enables Supertester.LoggerIsolation.
	  ets_isolation: [...] mirrors named ETS tables into isolated copies.
	  @tag telemetry_events: [...] auto-attaches isolated telemetry handlers.
	  @tag ets_tables: [...] mirrors tables for a single test.
	  @tag logger_level: :debug overrides the process log level for the test.

defmodule MyApp.MyTest do
  use Supertester.ExUnitFoundation,
    isolation: :full_isolation,
    telemetry_isolation: true,
    logger_isolation: true,
    ets_isolation: [:my_table]

  @tag telemetry_events: [[:supertester, :concurrent, :scenario, :stop]]
  @tag logger_level: :debug
  test "isolation extensions", _context do
    # ...
  end
end
Supertester.UnifiedTestFoundation
Supertester.UnifiedTestFoundation now focuses on the isolation runtime itself. Use it directly when integrating Supertester with a custom harness or non-ExUnit environment. The legacy use Supertester.UnifiedTestFoundation macro is still available but emits a compile-time warning—prefer Supertester.ExUnitFoundation for ExUnit integration.
Manual usage example:
defmodule CustomHarnessTest do
  use ExUnit.Case, async: true

  setup context do
    Supertester.UnifiedTestFoundation.setup_isolation(:full_isolation, context)
  end

  test "custom integration", context do
    assert match?(%Supertester.IsolationContext{}, context.isolation_context)
  end
end
The value stored in context.isolation_context is a %Supertester.IsolationContext{} struct that captures the test_id, tracked processes, ETS tables, and contextual tags (module, test name, isolation mode, etc.), making it easy to log or inspect diagnostics.
Supertester.Env
Supertester.Env abstracts how Supertester registers cleanup callbacks. By default it delegates to ExUnit.Callbacks.on_exit/1, but you can plug in a custom module (that implements the Supertester.Env behaviour) for other harnesses:
defmodule MyHarness.Env do
  @behaviour Supertester.Env

  @impl true
  def on_exit(fun) do
    MyHarness.register_cleanup(fun)
  end
end

# config/test.exs
import Config
config :supertester, :env_module, MyHarness.Env
Supertester.TestableGenServer
This behavior injects a __supertester_sync__ handler into your GenServers, enabling deterministic testing of asynchronous operations without Process.sleep/1.
Usage in your GenServer:
defmodule MyApp.MyServer do
  use GenServer
  use Supertester.TestableGenServer

  # Your GenServer implementation...
end
Usage in your tests:
test "testing an async operation" do
  {:ok, server} = MyApp.MyServer.start_link()

  # Perform an async operation
  GenServer.cast(server, :some_async_work)

  # Wait for the operation to complete
  :ok = GenServer.call(server, :__supertester_sync__)

  # Now it's safe to assert the state
  assert_genserver_state(server, fn state -> state.work_done == true end)
end
The injected handler also supports returning the state directly:
{:ok, state} = GenServer.call(server, {:__supertester_sync__, return_state: true})

OTP Testing Helpers
Supertester.OTPHelpers
This module contains core helpers for testing OTP-compliant processes.
setup_isolated_genserver(module, test_name \\ "", opts \\ [])
Starts an isolated GenServer with a unique name and automatic cleanup.
	  Signature: @spec setup_isolated_genserver(module(), String.t(), keyword()) :: {:ok, pid()} | {:error, term()}

	  Parameters:	  module: The GenServer module to start.
	  test_name (optional): A name for the test context to ensure unique process naming.
	  opts (optional): Options to pass to GenServer.start_link/3.


	  Example:{:ok, server} = setup_isolated_genserver(MyServer, "my_test", [initial_state: %{}])


setup_isolated_supervisor(module, test_name \\ "", opts \\ [])
Starts an isolated Supervisor with a unique name and automatic cleanup.
	  Signature: @spec setup_isolated_supervisor(module(), String.t(), keyword()) :: {:ok, pid()} | {:error, term()}

	  Example:{:ok, supervisor} = setup_isolated_supervisor(MySupervisor, "my_supervisor_test")


wait_for_genserver_sync(server, timeout \\ 1000)
Waits for a GenServer to be alive and responsive.
	  Signature: @spec wait_for_genserver_sync(GenServer.server(), timeout()) :: :ok | {:error, term()}

	  Example:wait_for_genserver_sync(server_pid)


wait_for_process_restart(process_name, original_pid, timeout \\ 1000)
Waits for a supervised process to be terminated and restarted.
	  Signature: @spec wait_for_process_restart(atom(), pid(), timeout()) :: {:ok, pid()} | {:error, term()}

	  Example:original_pid = GenServer.whereis(MyServer)
GenServer.stop(MyServer)
{:ok, new_pid} = wait_for_process_restart(MyServer, original_pid)


Supertester.GenServerHelpers
This module provides helpers specifically for testing GenServers.
get_server_state_safely(server)
Fetches the state of a GenServer without crashing if the process is down.
	  Signature: @spec get_server_state_safely(GenServer.server()) :: {:ok, term()} | {:error, term()}

	  Example:{:ok, state} = get_server_state_safely(server_pid)


cast_and_sync(server, cast_message, sync_message \\ :__supertester_sync__, opts \\ [])
Sends a cast message and then waits for a follow-up call to confirm the cast was processed. This is the recommended way to test async operations.
	  Signature: @spec cast_and_sync(GenServer.server(), term(), term(), keyword()) :: :ok | {:ok, term()} | {:error, term()}

	  Options: :strict? (default false) raises when the target server doesn't implement the sync handler; :timeout to customize the sync call timeout.
	  Example::ok = cast_and_sync(counter_pid, :increment)
assert_genserver_state(counter_pid, fn state -> state.count == 1 end)

# Enforce the presence of the sync handler
assert_raise ArgumentError do
  cast_and_sync(counter_pid, :increment, :__supertester_sync__, strict?: true)
end


test_server_crash_recovery(server, crash_reason)
Simulates a process crash and verifies its recovery by its supervisor.
	  Signature: @spec test_server_crash_recovery(GenServer.server(), term()) :: {:ok, map()} | {:error, term()}

	  Example:{:ok, info} = test_server_crash_recovery(server_pid, :test_crash)
assert info.recovered == true


concurrent_calls(server, calls, count \\ 10, opts \\ [])
Stress-tests a GenServer with many concurrent requests.
	  Signature: @spec concurrent_calls(GenServer.server(), [term()], pos_integer(), keyword()) :: {:ok, [map()]} (opts[:timeout] controls the per-call timeout)
	  Example:calls = [:get_counter, {:increment, 1}]
{:ok, results} = concurrent_calls(server_pid, calls, 20, timeout: 50)

Enum.each(results, fn %{call: call, successes: successes, errors: errors} ->
  IO.inspect({call, length(successes), length(errors)})
end)


Supertester.SupervisorHelpers
This module provides helpers for testing supervision trees and restart strategies.
test_restart_strategy(supervisor, strategy, scenario)
Tests a supervisor's restart strategy (:one_for_one, :one_for_all, etc.) with a given failure scenario.
	  Signature: @spec test_restart_strategy(Supervisor.supervisor(), atom(), restart_scenario()) :: test_result()
	  Example:result = test_restart_strategy(supervisor, :one_for_one, {:kill_child, :worker_1})
assert result.restarted == [:worker_1]
assert :worker_2 in result.not_restarted


assert_supervision_tree_structure(supervisor, expected)
Validates the structure of a supervision tree.
	  Signature: @spec assert_supervision_tree_structure(Supervisor.supervisor(), tree_structure()) :: :ok
	  Example:assert_supervision_tree_structure(root_supervisor, %{
  supervisor: RootSupervisor,
  strategy: :one_for_one,
  children: [
    {:cache, CacheServer},
    {:worker_pool, WorkerPoolSupervisor}
  ]
})


trace_supervision_events(supervisor, opts \\ [])
Monitors and returns all supervision events (e.g., child started, terminated, restarted) that occur during a test.
	  Signature: @spec trace_supervision_events(Supervisor.supervisor(), keyword()) :: {:ok, (-> [supervision_event()])}
	  Example:{:ok, stop_trace} = trace_supervision_events(supervisor)
# ... cause a failure ...
events = stop_trace.()
assert Enum.any?(events, &match?({:child_restarted, _, _, _}, &1))


wait_for_supervisor_stabilization(supervisor, timeout \\ 5000)
Waits for a supervisor to have all its children running and stable, which is useful after inducing failures.
	  Signature: @spec wait_for_supervisor_stabilization(Supervisor.supervisor(), timeout()) :: :ok | {:error, :timeout}

	  Example:# ... cause chaos ...
:ok = wait_for_supervisor_stabilization(supervisor)
assert_all_children_alive(supervisor)



Chaos Engineering
Supertester.ChaosHelpers
This module provides a toolkit for chaos engineering to test the resilience of your system.
inject_crash(target, crash_spec, opts \\ [])
Injects a controlled crash into a process.
	  Signature: @spec inject_crash(pid(), crash_spec(), keyword()) :: :ok
	  Crash Specifications:	  :immediate: Crashes the process immediately.
	  {:after_ms, duration}: Crashes after a delay.
	  {:random, probability}: Crashes with a given probability (0.0 to 1.0).


	  Example:inject_crash(worker_pid, :immediate)
inject_crash(worker_pid, {:random, 0.5}) # 50% chance of crash


chaos_kill_children(supervisor, opts \\ [])
Randomly kills children in a supervision tree to test restart strategies and system resilience.
	  Signature: @spec chaos_kill_children(Supervisor.supervisor(), keyword()) :: chaos_report()
	  Options: :kill_rate, :duration_ms, :kill_interval_ms
	  Example:report = chaos_kill_children(supervisor, kill_rate: 0.5, duration_ms: 3000)
assert report.supervisor_crashed == false


simulate_resource_exhaustion(resource, opts \\ [])
Simulates resource exhaustion scenarios, such as process or ETS table limits.
	  Signature: @spec simulate_resource_exhaustion(atom(), keyword()) :: {:ok, cleanup_fn :: (-> :ok)} | {:error, term()}

	  Resources: :process_limit, :ets_tables, :memory
	  Example:{:ok, cleanup} = simulate_resource_exhaustion(:process_limit, spawn_count: 1000)
# ... perform tests under pressure ...
cleanup.()


assert_chaos_resilient(system, chaos_fn, recovery_fn, opts \\ [])
Asserts that a system recovers from a chaos scenario within a given timeout.
	  Signature: @spec assert_chaos_resilient(pid(), (-> any()), (-> boolean()), keyword()) :: :ok
	  Example:assert_chaos_resilient(supervisor,
  fn -> chaos_kill_children(supervisor, kill_rate: 0.5) end,
  fn -> all_workers_are_healthy?(supervisor) end,
  timeout: 10_000
)


run_chaos_suite(target, scenarios, opts \\ [])
Executes a list of chaos scenarios—now including full Supertester.ConcurrentHarness scenarios—
against the same target process or supervisor so you can orchestrate concurrent workloads while
injecting faults.
	  Signature: @spec run_chaos_suite(pid(), [map()], keyword()) :: chaos_suite_report()
	  Concurrent Scenarios: Provide %{type: :concurrent, build: fn target -> scenario end} or
%{type: :concurrent, scenario: <ConcurrentHarness scenario>} entries to reuse the harness with
shared telemetry/reporting.
	  Example:scenarios = [
  %{type: :kill_children, kill_rate: 0.4, duration_ms: 500},
  %{
    type: :concurrent,
    build: fn supervisor ->
      Supertester.ConcurrentHarness.simple_genserver_scenario(
        MyWorker,
        [{:cast, :do_work}, {:call, :get_state}],
        3,
        setup: fn -> {:ok, supervisor, %{}} end,
        cleanup: fn _, _ -> :ok end
      )
    end
  }
]

report = run_chaos_suite(supervisor, scenarios, timeout: 10_000)
assert report.failed == 0



Performance Testing
Supertester.PerformanceHelpers
This module provides tools for performance testing and regression detection.
assert_performance(operation, expectations)
Asserts that an operation meets specific performance bounds.
	  Signature: @spec assert_performance((-> any()), keyword()) :: :ok
	  Expectations: :max_time_ms, :max_memory_bytes, :max_reductions
	  Example:assert_performance(
  fn -> APIServer.get_user(1) end,
  max_time_ms: 50,
  max_memory_bytes: 500_000
)


assert_no_memory_leak(iterations, operation, opts \\ [])
Detects memory leaks by running an operation many times and checking for memory growth.
	  Signature: @spec assert_no_memory_leak(pos_integer(), (-> any()), keyword()) :: :ok
	  Example:assert_no_memory_leak(10_000, fn ->
  MessageWorker.process(worker, generate_message())
end)


measure_operation(operation)
Measures the performance metrics of an operation.
	  Signature: @spec measure_operation((-> any())) :: map()
	  Returns: A map with :time_us, :memory_bytes, :reductions, and :result.
	  Example:metrics = measure_operation(fn -> complex_calculation() end)
IO.inspect(metrics)


assert_mailbox_stable(server, opts)
Asserts that a GenServer's mailbox does not grow uncontrollably during an operation.
	  Signature: @spec assert_mailbox_stable(pid(), keyword()) :: :ok
	  Options: :during (the function to execute), :max_size (max allowed mailbox size).
	  Example:assert_mailbox_stable(server,
  during: fn -> send_many_messages(server, 1000) end,
  max_size: 50
)



Concurrency Harness
Supertester.ConcurrentHarness
The concurrency harness lets you describe complex multi-threaded scenarios declaratively.
Provide a setup function, thread scripts (lists of operations), optional mailbox monitoring,
chaos hooks, performance expectations, and an invariant function. run/1 coordinates each thread,
synchronizes casts with Supertester.TestableGenServer, records every event, emits telemetry, and
returns a diagnostic report:
scenario =
  Supertester.ConcurrentHarness.simple_genserver_scenario(
    CounterServer,
    [{:cast, :increment}, {:call, :value}],
    4,
    mailbox: [sampling_interval: 1],
    chaos: Supertester.ConcurrentHarness.chaos_inject_crash(),
    performance_expectations: [max_time_ms: 100],
    invariant: fn server, ctx ->
      {:ok, state} = Supertester.GenServerHelpers.get_server_state_safely(server)
      assert state.count >= 0
      assert ctx.metrics.total_operations > 0
    end
  )

assert {:ok, report} = Supertester.ConcurrentHarness.run(scenario)
Use from_property_config/3 to convert property-test generators straight into runnable scenarios.
Scenario metadata automatically includes a :scenario_id, and every run emits
[:supertester, :concurrent, :scenario, :start|:stop] telemetry events for observability.
Additional helpers:
	chaos_kill_children/1 / chaos_inject_crash/2 – build ready-made chaos hooks.
	run_with_performance/2 – wrap an ad-hoc scenario with performance bounds outside of the struct.

Supertester.PropertyHelpers
PropertyHelpers builds on StreamData to emit normalized operations and scenario configs that the
concurrent harness understands. genserver_operation_sequence/2 normalizes operations into tagged
{:call, term} / {:cast, term} tuples, while concurrent_scenario/1 generates complete configs:
use ExUnitProperties

property "counter invariants hold" do
  generator =
    Supertester.PropertyHelpers.concurrent_scenario(
      operations: [{:cast, :increment}, {:cast, :decrement}, {:call, :value}],
      min_threads: 1,
      max_threads: 3
    )

  check all cfg <- generator do
    scenario = Supertester.ConcurrentHarness.from_property_config(CounterServer, cfg)
    assert {:ok, _report} = Supertester.ConcurrentHarness.run(scenario)
  end
end
If :stream_data is not present in your project, these helpers raise a clear error suggesting the
dependency addition.
Supertester.MessageHarness
MessageHarness.trace_messages/3 snapshots a process mailbox, enables :erlang.trace for
:receive events, runs your function, then returns the captured messages and result. It is
ideal for debugging concurrency issues without changing application code.
report =
  Supertester.MessageHarness.trace_messages(server, fn ->
    send(server, {:direct, :hello})
  end)

assert {:direct, :hello} in report.messages

Telemetry & Diagnostics
Supertester.Telemetry
Supertester emits :telemetry events under the [:supertester | ...] namespace. The helper
module centralizes emission so you can subscribe once and observe:
	[:supertester, :concurrent, :scenario, :start|:stop] – scenario lifecycle with duration/status.
	[:supertester, :concurrent, :mailbox, :sample] – mailbox measurements collected during runs.
	[:supertester, :chaos, :start|:stop] – chaos hooks firing, including duration and failures.
	[:supertester, :performance, :scenario, :measured] – performance metrics captured for scenarios.

Attach handlers with :telemetry.attach/4 or attach_many/4:
:telemetry.attach(
  "supertester-console",
  [:supertester, :concurrent, :scenario, :stop],
  fn _event, %{duration_ms: duration}, metadata, _ ->
    Logger.info("Scenario #{metadata.scenario_id} took #{duration}ms (#{metadata[:status] || :ok})")
  end,
  nil
)

Supertester.TelemetryHelpers
TelemetryHelpers provides per-test telemetry isolation, so your tests only receive
events tagged with the current test id. This prevents cross-test noise when running
async: true.
{:ok, _test_id} = Supertester.TelemetryHelpers.setup_telemetry_isolation()
{:ok, _handler} = Supertester.TelemetryHelpers.attach_isolated([:my, :event])

Supertester.TelemetryHelpers.emit_with_context([:my, :event], %{value: 1}, %{})
assert Supertester.TelemetryHelpers.assert_telemetry([:my, :event])
Key helpers:
	  setup_telemetry_isolation/0 and setup_telemetry_isolation/1
	  attach_isolated/2 with passthrough, buffer, filter_key, and transform
	  assert_telemetry/1-3, refute_telemetry/2, assert_telemetry_count/2, flush_telemetry/1
	  with_telemetry/2 and emit_with_context/3


Supertester.LoggerIsolation
LoggerIsolation provides process-scoped logger levels and log capture helpers.
:ok = Supertester.LoggerIsolation.setup_logger_isolation()
Supertester.LoggerIsolation.isolate_level(:debug)

{log, _result} =
  Supertester.LoggerIsolation.capture_isolated(:debug, fn ->
    Logger.debug("hello")
    :ok
  end)
Key helpers:
	  setup_logger_isolation/0 and setup_logger_isolation/1
	  isolate_level/1, restore_level/0, get_isolated_level/0
	  capture_isolated/2, capture_isolated!/2, with_level/2, with_level_and_capture/2


Supertester.ETSIsolation
ETSIsolation enables per-test ETS tables, mirroring, and safe injections.
:ok = Supertester.ETSIsolation.setup_ets_isolation()
{:ok, table} = Supertester.ETSIsolation.create_isolated(:set, name: :temp_table)

{:ok, restore} =
  Supertester.ETSIsolation.inject_table(MyModule, :table_name, :temp_table)

restore.()
Key helpers:
	  setup_ets_isolation/0-2
	  create_isolated/1-2, mirror_table/1-2
	  inject_table/3-4, with_table/2-3


Custom Assertions
Supertester.Assertions
This module provides a set of custom, OTP-aware assertions.
	  assert_process_alive(pid) / assert_process_dead(pid)
	  assert_process_restarted(process_name, original_pid)
	  assert_genserver_state(server, expected_state_or_fun)
	  assert_genserver_responsive(server)
	  assert_child_count(supervisor, expected_count)
	  assert_all_children_alive(supervisor)
	  assert_no_process_leaks(operation_fun)
	  assert_memory_usage_stable(operation_fun, tolerance)

Example: assert_genserver_state/2
This assertion can take an exact state or a function to validate the state.
# Exact match
assert_genserver_state(server, %{count: 5})

# Function validation
assert_genserver_state(server, fn state ->
  state.count > 0 and state.status == :active
end)

Practical Examples & Recipes
Basic GenServer Test
defmodule MyApp.CounterTest do
  use ExUnit.Case, async: true
  import Supertester.{OTPHelpers, GenServerHelpers, Assertions}

  test "counter increments correctly" do
    {:ok, counter} = setup_isolated_genserver(Counter)
    :ok = cast_and_sync(counter, :increment)
    assert_genserver_state(counter, fn s -> s.count == 1 end)
  end
end
Supervisor Restart Strategy Test
defmodule MyApp.MySupervisorTest do
  use ExUnit.Case, async: true
  import Supertester.{OTPHelpers, SupervisorHelpers, Assertions}

  test "one_for_one strategy restarts only the failed child" do
    {:ok, supervisor} = setup_isolated_supervisor(MySupervisor)
    result = test_restart_strategy(supervisor, :one_for_one, {:kill_child, :worker_1})
    assert result.restarted == [:worker_1]
    wait_for_supervisor_stabilization(supervisor)
    assert_all_children_alive(supervisor)
  end
end
Chaos Test for System Resilience
defmodule MyApp.ResilienceTest do
  use ExUnit.Case, async: true
  import Supertester.{OTPHelpers, ChaosHelpers, Assertions}

  test "system survives random worker crashes" do
    {:ok, supervisor} = setup_isolated_supervisor(WorkerSupervisor)
    report = chaos_kill_children(supervisor, kill_rate: 0.5, duration_ms: 2000)
    assert Process.alive?(supervisor)
    assert_all_children_alive(supervisor)
  end
end
Performance SLA Test
defmodule MyApp.PerformanceTest do
  use ExUnit.Case, async: true
  import Supertester.{OTPHelpers, PerformanceHelpers}

  test "API endpoint meets performance SLA" do
    {:ok, api_server} = setup_isolated_genserver(APIServer)
    assert_performance(
      fn -> APIServer.get_user(api_server, 123) end,
      max_time_ms: 100,
      max_memory_bytes: 1_000_000
    )
  end
end
Memory Leak Detection
defmodule MyApp.MemoryTest do
  use ExUnit.Case, async: true
  import Supertester.{OTPHelpers, PerformanceHelpers}

  test "worker does not leak memory" do
    {:ok, worker} = setup_isolated_genserver(Worker)
    assert_no_memory_leak(10_000, fn ->
      Worker.process(worker, generate_message())
    end)
  end
end

Best Practices
	 Always Use Isolation: Start your test modules with use Supertester.ExUnitFoundation, isolation: :full_isolation.
	 Prefer setup_isolated_*: Use setup_isolated_genserver and setup_isolated_supervisor to ensure automatic cleanup and unique naming.
	 Avoid Process.sleep: Use cast_and_sync for asynchronous operations and wait_for_* helpers for other synchronization needs.
	 Use Expressive Assertions: Leverage the custom assertions in Supertester.Assertions to make your tests clearer and more concise.
	 Test for Resilience: Use the ChaosHelpers to inject faults and ensure your system can handle them gracefully.
	 Assert Performance: Use PerformanceHelpers to set performance SLAs and prevent regressions.

Troubleshooting
	  Flaky Tests: If your tests are still flaky, ensure every asynchronous operation is followed by a synchronization helper like cast_and_sync.
	  Name Conflicts: If you encounter name clashes, make sure you are using setup_isolated_genserver for all your processes.
	  Supervisor Tests Failing: After inducing failures in a supervisor test, always use wait_for_supervisor_stabilization before making assertions about its children.
	  Inconsistent Performance Tests: Run :erlang.garbage_collect() before measuring performance and use a sufficient number of iterations to get stable results.
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    Supertester Quick Start Guide

Version: 0.5.1
Get up and running with Supertester in 5 minutes!

Installation
Add to your mix.exs:
def deps do
  [
    {:supertester, "~> 0.5.1", only: :test}
  ]
end
Run:
mix deps.get


5-Minute Tutorial
Step 1: Basic GenServer Test (30 seconds)
defmodule MyApp.CounterTest do
  use Supertester.ExUnitFoundation, isolation: :full_isolation
  import Supertester.{OTPHelpers, GenServerHelpers, Assertions}

  test "counter works" do
    {:ok, counter} = setup_isolated_genserver(Counter)

    :ok = cast_and_sync(counter, :increment)
    :ok = cast_and_sync(counter, :increment)

    assert_genserver_state(counter, fn s -> s.count == 2 end)
  end
end
Run: mix test
Result: Fast, reliable, parallel test ✅

Step 2: Add Chaos Testing (1 minute)
test "system survives worker crashes" do
  import Supertester.{ChaosHelpers, OTPHelpers, Assertions}

  {:ok, supervisor} = setup_isolated_supervisor(WorkerSupervisor)

  # Kill 50% of workers randomly
  report = chaos_kill_children(supervisor,
    kill_rate: 0.5,
    duration_ms: 2000
  )

  # Verify recovery
  assert Process.alive?(supervisor)
  assert_all_children_alive(supervisor)
end
Run: mix test
Result: Chaos test validates resilience ✅

Step 3: Add Performance Testing (1 minute)
test "meets performance SLA" do
  import Supertester.{OTPHelpers, PerformanceHelpers}

  {:ok, api} = setup_isolated_genserver(APIServer)

  assert_performance(
    fn -> APIServer.get_user(api, 1) end,
    max_time_ms: 100,
    max_memory_bytes: 1_000_000
  )
end
Run: mix test
Result: Performance regression protection ✅

Step 4: Test Supervision Strategy (1 minute)
test "one_for_one restarts only failed child" do
  import Supertester.{OTPHelpers, SupervisorHelpers}

  {:ok, supervisor} = setup_isolated_supervisor(MySupervisor)

  result = test_restart_strategy(supervisor, :one_for_one,
    {:kill_child, :worker_1}
  )

  assert result.restarted == [:worker_1]
  assert :worker_2 in result.not_restarted
end
Run: mix test
Result: Supervision strategy verified ✅

Step 5: Make Your GenServer Testable (30 seconds)
In your GenServer:
defmodule MyApp.MyServer do
  use GenServer
  use Supertester.TestableGenServer  # ← Add this line!

  # Rest of your implementation
end
Now in tests:
test "async operations are deterministic" do
  import Supertester.Assertions
  {:ok, server} = MyServer.start_link()

  GenServer.cast(server, :async_operation)
  GenServer.call(server, :__supertester_sync__)  # ← No more sleep!

  # Now safe to verify
  assert_genserver_state(server, fn s -> s.done == true end)
end
Run: mix test
Result: No more Process.sleep! ✅

🎯 Common Use Cases
Use Case 1: Replace Process.sleep
Before:
GenServer.cast(server, :operation)
Process.sleep(50)  # Fragile!
state = :sys.get_state(server)
assert state.done == true
After:
:ok = cast_and_sync(server, :operation)
assert_genserver_state(server, fn s -> s.done == true end)

Use Case 2: Test System Resilience
test "payment system handles failures" do
  {:ok, payment_supervisor} = setup_isolated_supervisor(PaymentSupervisor)

  # Inject chaos
  chaos_kill_children(payment_supervisor, kill_rate: 0.3, duration_ms: 5000)

  # Verify system survived and recovered
  assert Process.alive?(payment_supervisor)
  assert_all_children_alive(payment_supervisor)
  assert PaymentSystem.no_lost_transactions?(payment_supervisor)
end

Use Case 3: Performance SLA Testing
test "API endpoints meet SLA" do
  {:ok, api} = setup_isolated_genserver(APIServer)

  # Critical endpoints must be fast
  assert_performance(
    fn -> APIServer.get_user(api, 1) end,
    max_time_ms: 50
  )

  assert_performance(
    fn -> APIServer.search(api, "query") end,
    max_time_ms: 200
  )
end

Use Case 4: Memory Leak Detection
test "worker doesn't leak memory" do
  {:ok, worker} = setup_isolated_genserver(Worker)

  # Run 100k operations
  assert_no_memory_leak(100_000, fn ->
    Worker.process(worker, random_message())
  end)
end

Use Case 5: Supervision Tree Validation
test "supervision tree is correctly structured" do
  {:ok, root} = setup_isolated_supervisor(RootSupervisor)

  assert_supervision_tree_structure(root, %{
    supervisor: RootSupervisor,
    strategy: :one_for_one,
    children: [
      {:cache, CacheServer},
      {:api, APIServer},
      {:workers, WorkerPoolSupervisor}
    ]
  })
end

🎨 Import Patterns
Choose the modules you need:
# Basic OTP testing
import Supertester.{OTPHelpers, GenServerHelpers, Assertions}

# Chaos testing
import Supertester.{ChaosHelpers, SupervisorHelpers}

# Performance testing
import Supertester.PerformanceHelpers

# Everything
import Supertester.{
  OTPHelpers,
  GenServerHelpers,
  SupervisorHelpers,
  ChaosHelpers,
  PerformanceHelpers,
  Assertions
}

🔑 Key Concepts
1. Isolation
Always use isolation for parallel tests:
use Supertester.ExUnitFoundation, isolation: :full_isolation
2. No Process.sleep
Use proper synchronization:
# ❌ Never do this
GenServer.cast(server, :op)
Process.sleep(50)

# ✅ Do this instead
cast_and_sync(server, :op)
3. Automatic Cleanup
setup_isolated_* functions handle cleanup:
test "example" do
  {:ok, server} = setup_isolated_genserver(MyServer)
  # Test logic
  # No need to manually stop - automatic cleanup!
end
4. Expressive Assertions
Use OTP-aware assertions:
# ❌ Verbose
state = :sys.get_state(server)
assert state.count == 5

# ✅ Expressive
assert_genserver_state(server, %{count: 5})

🚀 Next Steps
After Tutorial
	Read API_GUIDE.md for complete reference
	Review the example app in examples/echo_lab
	Try chaos and performance testing on your code
	Join the community and contribute!

Advanced Topics
	Chaos scenario customization
	Performance regression testing in CI/CD
	Complex supervision tree testing
	Custom assertions


💡 Tips & Tricks
Tip 1: Start Simple
Begin with basic isolation and assertions, add chaos/performance later.
Tip 2: Use TestableGenServer Everywhere
Add use Supertester.TestableGenServer to all your GenServers from the start.
Tip 3: Chaos Test Critical Paths
Focus chaos testing on critical systems (payments, user data, etc.).
Tip 4: Performance Test in CI/CD
Run performance tests in CI to catch regressions early.
Tip 5: Read the Source
Module implementations are well-documented - great learning resource!

🆘 Troubleshooting
Tests still flaky?
→ Make sure you're using cast_and_sync instead of cast + sleep
Name conflicts?
→ Use setup_isolated_genserver which generates unique names
Supervisor tests failing?
→ Use wait_for_supervisor_stabilization after causing failures
Chaos tests too aggressive?
→ Reduce kill_rate or duration_ms parameters

📖 Full Documentation
	API Reference: API_GUIDE.md
	Documentation Index: DOCS_INDEX.md
	Release Notes: ../CHANGELOG.md
	Main README: ../README.md


Time to First Test: < 5 minutes
Time to Production: < 1 hour
Learning Curve: Gentle (builds on ExUnit knowledge)
Ready to build bulletproof Elixir systems? Start testing with Supertester! 🚀
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    Supertester API Guide

Version: 0.5.1
Last Updated: January 6, 2026
Reference guide for the primary Supertester modules and workflows.

Table of Contents
	Core Modules
	Supertester.ConcurrentHarness
	Supertester.PropertyHelpers
	Supertester.MessageHarness
	Supertester.Telemetry
	Isolation Extensions
	OTP Testing
	Chaos Engineering
	Performance Testing
	Assertions
	Quick Reference


Core Modules
Supertester
Main module providing version information.
Supertester.version()
# => "0.5.1"
Supertester.ExUnitFoundation
Drop-in ExUnit adapter that configures isolation automatically.
Isolation Modes (:isolation option)
	:basic – Basic isolation with unique naming (async-friendly)
	:registry – Registry-based process isolation (async-friendly)
	:full_isolation – Complete process and ETS isolation (recommended, async-friendly)
	:contamination_detection – Isolation with leak detection (runs synchronously)

Usage
defmodule MyApp.MyTest do
  use Supertester.ExUnitFoundation, isolation: :full_isolation

  test "isolated test", context do
    # context.isolation_context contains isolation info
    {:ok, server} = setup_isolated_genserver(MyServer)
    # Test runs in complete isolation
  end
end
Additional Isolation Options
	telemetry_isolation: true enables Supertester.TelemetryHelpers for the test process.
	logger_isolation: true enables Supertester.LoggerIsolation for the test process.
	ets_isolation: [...] mirrors named ETS tables into isolated copies.
	@tag telemetry_events: [...] auto-attaches isolated telemetry handlers.
	@tag ets_tables: [...] mirrors tables for the current test.
	@tag logger_level: :debug overrides the logger level for the test process.

defmodule MyApp.MyTest do
  use Supertester.ExUnitFoundation,
    isolation: :full_isolation,
    telemetry_isolation: true,
    logger_isolation: true,
    ets_isolation: [:my_table]

  @tag telemetry_events: [[:supertester, :concurrent, :scenario, :stop]]
  @tag logger_level: :debug
  test "captures telemetry + logs", _context do
    # ...
  end
end
Supertester.UnifiedTestFoundation
Isolation runtime powering Supertester. Use it directly for custom harnesses or non-ExUnit integrations. The legacy use Supertester.UnifiedTestFoundation macro delegates to Supertester.ExUnitFoundation and emits a warning.
defmodule CustomHarnessTest do
  use ExUnit.Case, async: true

  setup context do
    Supertester.UnifiedTestFoundation.setup_isolation(:full_isolation, context)
  end
end
Supertester.Env
Environment abstraction used to register cleanup callbacks. The default implementation uses ExUnit.Callbacks.on_exit/1, but you can configure a custom module that implements the Supertester.Env behaviour:
defmodule MyHarness.Env do
  @behaviour Supertester.Env

  @impl true
  def on_exit(fun), do: MyHarness.register_cleanup(fun)
end

# config/test.exs
import Config
config :supertester, :env_module, MyHarness.Env
Supertester.TestableGenServer
Automatically injects sync handlers into GenServers for deterministic testing.
Usage in GenServer
defmodule MyServer do
  use GenServer
  use Supertester.TestableGenServer  # Adds __supertester_sync__ handler

  # Your GenServer implementation
end
Usage in Tests
test "async operations" do
  {:ok, server} = MyServer.start_link()

  # Send async cast
  GenServer.cast(server, :some_operation)

  # Synchronize - ensures cast is processed
  GenServer.call(server, :__supertester_sync__)

  # Now safe to verify
  assert :sys.get_state(server).operation_complete == true
end
With State Return
# Get state without :sys.get_state
{:ok, state} = GenServer.call(server, {:__supertester_sync__, return_state: true})

Supertester.ConcurrentHarness
High-level scenario harness for orchestrating concurrent threads against a target process.
run/1
@spec run(Supertester.ConcurrentHarness.scenario()) ::
        {:ok, %{events: [map()], metrics: map(), mailbox: map() | nil}} | {:error, term()}
Runs a scenario built via simple_genserver_scenario/4, from_property_config/3, or a manual map.
	:threads – List of thread scripts ([operation()])
	:timeout_ms – Overall timeout (default: 5_000)
	:mailbox – Keyword list forwarded to PerformanceHelpers.measure_mailbox_growth/3
	:invariant – fn pid, ctx -> ... end run after threads complete
	:chaos – Optional (pid, ctx) -> any hook executed concurrently (see helpers below)
	:performance_expectations – Keyword list of bounds enforced automatically

Every run emits telemetry events under [:supertester, :concurrent, :scenario, :start|:stop]
along with optional mailbox/performance/chaos events. Reports include :chaos, :performance,
and the auto-generated :scenario_id metadata for downstream correlation.
simple_genserver_scenario/4
@spec simple_genserver_scenario(module(), [term()], pos_integer(), keyword()) ::
        Supertester.ConcurrentHarness.Scenario.t()
Bootstraps a scenario for a GenServer module. Accepts options such as:
	:server_opts – Passed to start_link/1
	:default_operation – Tag bare terms as :call or :cast
	:invariant – Function to run after threads finish
	:mailbox – Monitoring configuration
	:chaos – Chaos hook (e.g., chaos_inject_crash/2)
	:performance_expectations – Keyword list for automatic performance enforcement

from_property_config/3
@spec from_property_config(module(), map(), keyword()) ::
        Supertester.ConcurrentHarness.Scenario.t()
Converts a map (often emitted by PropertyHelpers.concurrent_scenario/1) into a runnable scenario.
run_with_performance/2
@spec run_with_performance(scenario(), keyword()) ::
        {:ok, map()} | {:error, term()}
Convenience helper that measures run/1, enforces expectations, and returns the scenario result.
Avoids wrapping every test manually with assert_performance/2.
chaos_kill_children/1 and chaos_inject_crash/2
@spec chaos_kill_children(keyword()) :: chaos_fun()
@spec chaos_inject_crash(ChaosHelpers.crash_spec(), keyword()) :: chaos_fun()
Generate ready-to-use chaos hooks sourced from Supertester.ChaosHelpers. Use them in the :chaos
option when building scenarios:
scenario = Supertester.ConcurrentHarness.simple_genserver_scenario(
  MySupervisor,
  [:status],
  3,
  chaos: Supertester.ConcurrentHarness.chaos_kill_children(kill_rate: 0.2)
)

Supertester.PropertyHelpers
StreamData helpers for generating concurrency scenarios.
genserver_operation_sequence/2
@spec genserver_operation_sequence([term()], keyword()) ::
        StreamData.t([Supertester.ConcurrentHarness.operation()])
Generates lists of normalized operations ({:call, term}, {:cast, term}, or {:custom, fun}).
Options include :default_operation, :min_length, and :max_length.
concurrent_scenario/1
@spec concurrent_scenario(keyword()) :: StreamData.t(map())
Produces property-test-friendly configs with :thread_scripts, :timeout_ms, and metadata.
Feed the output to ConcurrentHarness.from_property_config/3.

Supertester.MessageHarness
Mailbox visibility utilities.
trace_messages/3
@spec trace_messages(pid(), (() -> any()), keyword()) :: %{
        messages: [term()],
        initial_mailbox: [term()],
        final_mailbox: [term()],
        result: term()
      }
Enables :erlang.trace/3 for :receive events while running the provided function, capturing the
messages delivered to the target process and snapshotting its mailbox before/after execution.

Supertester.Telemetry
Single entry point for emitting telemetry events with the [:supertester | event] prefix.
scenario_start/1 and scenario_stop/2
Telemetry.scenario_start(%{scenario_id: 123})
Telemetry.scenario_stop(%{duration_ms: 42}, %{scenario_id: 123, status: :ok})
Used internally by the concurrent harness but available if you extend the library.
mailbox_sample/2, chaos_event/3, performance_event/2
Emit mailbox metrics, chaos lifecycle updates, and performance measurements respectively.
All helpers ultimately call emit/3, so you can attach via :telemetry.attach/4 or
attach_many/4:
:telemetry.attach(
  "supertester-log",
  [:supertester, :performance, :scenario, :measured],
  fn _event, measurements, metadata, _ ->
    Logger.debug("Scenario #{metadata.scenario_id} took #{measurements.time_us / 1000}ms")
  end,
  nil
)

Isolation Extensions
Supertester.TelemetryHelpers
Per-test telemetry isolation that only delivers events tagged with the current test id.
{:ok, _test_id} = Supertester.TelemetryHelpers.setup_telemetry_isolation()
{:ok, _handler} = Supertester.TelemetryHelpers.attach_isolated([:my, :event])

Supertester.TelemetryHelpers.emit_with_context([:my, :event], %{value: 1}, %{})
assert Supertester.TelemetryHelpers.assert_telemetry([:my, :event])
Key helpers:
	setup_telemetry_isolation/0 and setup_telemetry_isolation/1
	attach_isolated/2 with passthrough, buffer, filter_key, and transform
	assert_telemetry/1-3, refute_telemetry/2, assert_telemetry_count/2, flush_telemetry/1
	with_telemetry/2 and emit_with_context/3

Supertester.LoggerIsolation
Process-scoped Logger isolation with convenience capture helpers.
:ok = Supertester.LoggerIsolation.setup_logger_isolation()
Supertester.LoggerIsolation.isolate_level(:debug)

{log, result} =
  Supertester.LoggerIsolation.capture_isolated(:debug, fn ->
    Logger.debug("hello")
    :ok
  end)
Key helpers:
	setup_logger_isolation/0 and setup_logger_isolation/1
	isolate_level/1, restore_level/0, get_isolated_level/0
	capture_isolated/2, capture_isolated!/2, with_level/2, with_level_and_capture/2

Supertester.ETSIsolation
Per-test ETS table isolation and safe injection helpers.
:ok = Supertester.ETSIsolation.setup_ets_isolation()
{:ok, table} = Supertester.ETSIsolation.create_isolated(:set, name: :temp_table)

{:ok, restore} =
  Supertester.ETSIsolation.inject_table(MyModule, :table_name, :temp_table)

restore.()
Key helpers:
	setup_ets_isolation/0-2
	create_isolated/1-2, mirror_table/1-2
	inject_table/3-4, with_table/2-3


OTP Testing
Supertester.OTPHelpers
Core OTP testing utilities.
setup_isolated_genserver/3
Sets up an isolated GenServer with automatic cleanup.
@spec setup_isolated_genserver(module(), String.t(), keyword()) ::
        {:ok, pid()} | {:error, term()}
Parameters:
	module - The GenServer module
	test_name - Test context for unique naming (optional, default: "")
	opts - Options passed to GenServer.start_link (optional, default: [])

Example:
{:ok, server} = setup_isolated_genserver(MyServer, "test_1")
{:ok, server} = setup_isolated_genserver(MyServer, "test_2", init_args: [config: :test])
setup_isolated_supervisor/3
Sets up an isolated Supervisor with automatic cleanup.
@spec setup_isolated_supervisor(module(), String.t(), keyword()) ::
        {:ok, pid()} | {:error, term()}
Example:
{:ok, supervisor} = setup_isolated_supervisor(MySupervisor)
wait_for_genserver_sync/2
Waits for GenServer to be responsive.
@spec wait_for_genserver_sync(GenServer.server(), timeout()) ::
        :ok | {:error, term()}
Example:
{:ok, server} = MyServer.start_link()
:ok = wait_for_genserver_sync(server, 5000)
wait_for_process_restart/3
Waits for a process to restart after termination.
@spec wait_for_process_restart(atom(), pid(), timeout()) ::
        {:ok, pid()} | {:error, term()}
Example:
original_pid = Process.whereis(MyServer)
GenServer.stop(MyServer)
{:ok, new_pid} = wait_for_process_restart(MyServer, original_pid, 1000)
assert new_pid != original_pid
Supertester.GenServerHelpers
GenServer-specific testing patterns.
get_server_state_safely/1
Safely retrieves GenServer state without crashing.
@spec get_server_state_safely(GenServer.server()) ::
        {:ok, term()} | {:error, term()}
Example:
{:ok, state} = get_server_state_safely(server)
assert state.counter == 5
cast_and_sync/4
Sends a cast and synchronizes to ensure processing.
@spec cast_and_sync(GenServer.server(), term(), term(), keyword()) ::
        :ok | {:ok, term()} | {:error, term()}
Example:
# No more Process.sleep!
:ok = cast_and_sync(server, {:increment, 5})
{:ok, state} = get_server_state_safely(server)
assert state.counter == 5
concurrent_calls/3
Stress-tests GenServer with concurrent calls.
@spec concurrent_calls(GenServer.server(), [term()], pos_integer(), keyword()) ::
        {:ok, [map()]}
Example:
{:ok, results} = concurrent_calls(server, [:increment, :decrement], 10, timeout: 20)

for %{call: call, successes: successes, errors: errors} <- results do
  IO.inspect({call, successes, errors})
end
stress_test_server/4
Runs a short stress scenario with mixed calls and casts.
@spec stress_test_server(GenServer.server(), [term()], pos_integer(), keyword()) ::
        {:ok, %{calls: non_neg_integer, casts: non_neg_integer, errors: non_neg_integer, duration_ms: non_neg_integer}}
Example:
operations = [
  {:call, :get_state},
  {:cast, {:queue_job, payload()}}
]

{:ok, report} = stress_test_server(server, operations, 1_000, workers: 4)
assert report.errors == 0
test_server_crash_recovery/2
Tests GenServer crash and recovery behavior.
@spec test_server_crash_recovery(GenServer.server(), term()) ::
        {:ok, map()} | {:error, term()}
Example:
{:ok, info} = test_server_crash_recovery(server, :test_crash)
assert info.recovered == true
assert info.new_pid != info.original_pid
Supertester.SupervisorHelpers
Supervision tree testing utilities.
test_restart_strategy/3
Tests supervisor restart strategies.
@spec test_restart_strategy(Supervisor.supervisor(), atom(), restart_scenario()) ::
        test_result()
Strategies: :one_for_one, :one_for_all, :rest_for_one
Scenarios:
	{:kill_child, child_id}
	{:kill_children, [child_id]}

Example:
result = test_restart_strategy(supervisor, :one_for_one, {:kill_child, :worker_1})

assert result.restarted == [:worker_1]
assert result.not_restarted == [:worker_2, :worker_3]
assert result.supervisor_alive == true
assert_supervision_tree_structure/2
Verifies supervision tree matches expected structure.
@spec assert_supervision_tree_structure(Supervisor.supervisor(), tree_structure()) :: :ok
Example:
assert_supervision_tree_structure(root_supervisor, %{
  supervisor: RootSupervisor,
  strategy: :one_for_one,
  children: [
    {:cache, CacheServer},
    {:worker_pool, %{
      supervisor: WorkerPoolSupervisor,
      strategy: :one_for_all,
      children: [
        {:worker_1, Worker},
        {:worker_2, Worker}
      ]
    }}
  ]
})
trace_supervision_events/2
Monitors supervisor for restart events.
@spec trace_supervision_events(Supervisor.supervisor(), keyword()) ::
        {:ok, (() -> [supervision_event()])}
Events:
	{:child_started, child_id, pid}
	{:child_terminated, child_id, pid, reason}
	{:child_restarted, child_id, old_pid, new_pid}

Example:
{:ok, stop_trace} = trace_supervision_events(supervisor)

# Cause failures
Process.exit(child_pid, :kill)

events = stop_trace.()
assert Enum.any?(events, &match?({:child_restarted, _, _, _}, &1))
wait_for_supervisor_stabilization/2
Waits until all children are running.
@spec wait_for_supervisor_stabilization(Supervisor.supervisor(), timeout()) ::
        :ok | {:error, :timeout}
Example:
# Cause chaos
Enum.each(children, fn {_id, pid, _type, _mods} ->
  Process.exit(pid, :kill)
end)

# Wait for recovery
:ok = wait_for_supervisor_stabilization(supervisor)
assert_all_children_alive(supervisor)

Chaos Engineering
Supertester.ChaosHelpers
Chaos engineering toolkit for resilience testing.
inject_crash/3
Injects controlled crashes into processes.
@spec inject_crash(pid(), crash_spec(), keyword()) :: :ok
Crash Specifications:
	:immediate - Crash immediately
	{:after_ms, duration} - Crash after delay
	{:random, probability} - Crash with probability (0.0 to 1.0)

Example:
# Immediate crash
inject_crash(worker_pid, :immediate)

# Delayed crash (100ms)
inject_crash(worker_pid, {:after_ms, 100})

# Random crash (30% probability)
inject_crash(worker_pid, {:random, 0.3}, reason: :chaos_test)
chaos_kill_children/3
Randomly kills children in supervision tree.
@spec chaos_kill_children(Supervisor.supervisor(), keyword()) :: chaos_report()
Options:
	:kill_rate - Percentage of children to kill (default: 0.3)
	:duration_ms - How long to run chaos (default: 5000)
	:kill_interval_ms - Time between kills (default: 100)
	:kill_reason - Reason for kills (default: :kill)

Example:
report = chaos_kill_children(supervisor,
  kill_rate: 0.5,  # Kill 50% of children
  duration_ms: 3000,
  kill_interval_ms: 200
)

assert report.killed > 0
assert report.supervisor_crashed == false
simulate_resource_exhaustion/2
Simulates resource limit scenarios.
@spec simulate_resource_exhaustion(atom(), keyword()) ::
        {:ok, cleanup_fn()} | {:error, term()}
Resources:
	:process_limit - Spawn many processes
	:ets_tables - Create many ETS tables
	:memory - Allocate memory

Example:
test "system handles process pressure" do
  {:ok, cleanup} = simulate_resource_exhaustion(:process_limit,
    spawn_count: 1000
  )

  # Test under pressure
  result = perform_operation()

  # Cleanup
  cleanup.()

  # Verify graceful degradation
  assert match?({:ok, _} | {:error, :resource_limit}, result)
end
assert_chaos_resilient/3
Asserts system recovers from chaos.
@spec assert_chaos_resilient(pid(), (() -> any()), (() -> boolean()), keyword()) :: :ok
Example:
assert_chaos_resilient(supervisor,
  fn -> chaos_kill_children(supervisor, kill_rate: 0.5) end,
  fn -> all_workers_alive?(supervisor) end,
  timeout: 10_000
)
run_chaos_suite/3
Runs comprehensive chaos scenario testing.
@spec run_chaos_suite(pid(), [map()], keyword()) :: chaos_suite_report()
Example:
Supports both legacy scenario maps and concurrent harness scenarios:
scenarios = [
  %{type: :kill_children, kill_rate: 0.3, duration_ms: 1000},
  %{
    type: :concurrent,
    build: fn supervisor ->
      Supertester.ConcurrentHarness.simple_genserver_scenario(
        MyWorker,
        [{:cast, :do_work}, {:call, :get_state}],
        3,
        setup: fn -> {:ok, supervisor, %{}} end,
        cleanup: fn _, _ -> :ok end
      )
    end
  }
]

report = run_chaos_suite(supervisor, scenarios, timeout: 30_000)
For concurrent scenarios you may also pass scenario: <ConcurrentHarness scenario/map> directly
if no special build logic is required. Each harness run shares the same telemetry/reporting
infrastructure as Supertester.ConcurrentHarness.

Performance Testing
Supertester.PerformanceHelpers
Performance testing and regression detection.
assert_performance/2
Asserts operation meets performance bounds.
@spec assert_performance((() -> any()), keyword()) :: :ok
Expectations:
	:max_time_ms - Maximum execution time
	:max_memory_bytes - Maximum memory consumption
	:max_reductions - Maximum CPU work

Example:
test "API meets performance SLA" do
  assert_performance(
    fn -> API.get_user(1) end,
    max_time_ms: 50,
    max_memory_bytes: 1_000_000,
    max_reductions: 100_000
  )
end

#### assert_expectations/2

Validates a measurement map (typically returned by `measure_operation/1`) against the same
expectations supported by `assert_performance/2`.

@spec assert_expectations(map(), keyword()) :: :ok

Useful when you need the measured result but still want to enforce limits:

measurement = measure_operation(fn -> run_workload() end)
assert_expectations(measurement, max_time_ms: 50)
assert measurement.result == :ok

assert_no_memory_leak/2
Detects memory leaks over many iterations.
@spec assert_no_memory_leak(pos_integer(), (() -> any()), keyword()) :: :ok
Options:
	:threshold - Acceptable growth rate (default: 0.1 = 10%)

Example:
test "no memory leak in message handling" do
  {:ok, worker} = setup_isolated_genserver(Worker)

  assert_no_memory_leak(10_000, fn ->
    Worker.handle_message(worker, random_message())
  end, threshold: 0.05)
end
measure_operation/1
Measures operation performance metrics.
@spec measure_operation((() -> any())) :: map()
Returns:
	:time_us - Execution time in microseconds
	:memory_bytes - Memory used
	:reductions - CPU work
	:result - Operation result

Example:
metrics = measure_operation(fn ->
  expensive_calculation()
end)

IO.puts "Time: #{metrics.time_us}μs"
IO.puts "Memory: #{metrics.memory_bytes} bytes"
IO.puts "Reductions: #{metrics.reductions}"
measure_mailbox_growth/3
Monitors mailbox size during operation.
@spec measure_mailbox_growth(pid(), (() -> any()), keyword()) :: map()
Options:
	:sampling_interval - Interval in ms between samples (default: 10)

Returns:
	:initial_size - Mailbox size before
	:final_size - Mailbox size after
	:max_size - Maximum observed
	:avg_size - Average size
	:result - Return value from the wrapped operation

Example:
report = measure_mailbox_growth(server, fn ->
  send_many_messages(server, 1000)
end, sampling_interval: 5)

assert report.max_size < 100
assert_mailbox_stable/2
Asserts mailbox doesn't grow unbounded.
@spec assert_mailbox_stable(pid(), keyword()) :: :ok
Options:
	:during - Function to execute (required)
	:max_size - Maximum mailbox size (default: 100)
	Additional options forwarded to measure_mailbox_growth/3

Example:
assert_mailbox_stable(server,
  during: fn ->
    for _ <- 1..1000 do
      GenServer.cast(server, :work)
    end
  end,
  max_size: 50
)
compare_performance/2
Compares performance of multiple functions.
@spec compare_performance(map()) :: map()
Example:
results = compare_performance(%{
  "approach_a" => fn -> approach_a() end,
  "approach_b" => fn -> approach_b() end,
  "approach_c" => fn -> approach_c() end
})

# Find fastest
fastest = Enum.min_by(results, fn {_name, m} -> m.time_us end)
{name, metrics} = fastest
IO.puts "Fastest: #{name} at #{metrics.time_us}μs"

Assertions
Supertester.Assertions
Custom OTP-aware assertions.
assert_process_alive/1
@spec assert_process_alive(pid()) :: :ok
Example:
assert_process_alive(server_pid)
assert_process_dead/1
@spec assert_process_dead(pid()) :: :ok
assert_process_restarted/2
@spec assert_process_restarted(atom(), pid()) :: :ok
Example:
original = Process.whereis(MyServer)
GenServer.stop(MyServer)
assert_process_restarted(MyServer, original)
assert_genserver_state/2
Asserts GenServer has expected state.
@spec assert_genserver_state(GenServer.server(), term() | (term() -> boolean())) :: :ok
Examples:
# Exact match
assert_genserver_state(server, %{counter: 5})

# Function validation
assert_genserver_state(server, fn state ->
  state.counter > 0 and state.status == :active
end)
assert_genserver_responsive/1
@spec assert_genserver_responsive(GenServer.server()) :: :ok
assert_child_count/2
@spec assert_child_count(Supervisor.supervisor(), non_neg_integer()) :: :ok
Example:
assert_child_count(supervisor, 5)
assert_all_children_alive/1
@spec assert_all_children_alive(Supervisor.supervisor()) :: :ok
assert_no_process_leaks/1
@spec assert_no_process_leaks((() -> any())) :: :ok
Example:
assert_no_process_leaks(fn ->
  {:ok, temp_server} = GenServer.start_link(TempServer, [])
  # Do work
  GenServer.stop(temp_server)
end)
assert_memory_usage_stable/2
@spec assert_memory_usage_stable((() -> any()), float()) :: :ok
Example:
assert_memory_usage_stable(fn ->
  for _ <- 1..1000 do
    GenServer.call(server, :operation)
  end
end, 0.05)  # 5% tolerance

Quick Reference
Common Patterns
Pattern 1: Basic GenServer Test
test "counter increments" do
  {:ok, counter} = setup_isolated_genserver(Counter)

  :ok = cast_and_sync(counter, :increment)
  :ok = cast_and_sync(counter, :increment)

  assert_genserver_state(counter, fn s -> s.count == 2 end)
end
Pattern 2: Supervision Tree Test
test "supervisor restarts failed children" do
  {:ok, supervisor} = setup_isolated_supervisor(MySupervisor)

  result = test_restart_strategy(supervisor, :one_for_one,
    {:kill_child, :worker_1}
  )

  assert :worker_1 in result.restarted
  wait_for_supervisor_stabilization(supervisor)
  assert_all_children_alive(supervisor)
end
Pattern 3: Chaos Testing
test "system is resilient" do
  {:ok, system} = setup_isolated_supervisor(MySystem)

  report = chaos_kill_children(system,
    kill_rate: 0.5,
    duration_ms: 5000
  )

  assert Process.alive?(system)
  assert report.supervisor_crashed == false
end
Pattern 4: Performance SLA
test "meets performance requirements" do
  {:ok, api} = setup_isolated_genserver(APIServer)

  assert_performance(
    fn -> APIServer.critical_operation(api) end,
    max_time_ms: 100,
    max_memory_bytes: 1_000_000
  )
end
Pattern 5: Memory Leak Detection
test "no memory leak" do
  {:ok, worker} = setup_isolated_genserver(Worker)

  assert_no_memory_leak(50_000, fn ->
    Worker.process(worker, data())
  end)
end
Pattern 6: Telemetry Isolation
use Supertester.ExUnitFoundation, telemetry_isolation: true

test "telemetry is scoped to this test" do
  {:ok, _} = Supertester.TelemetryHelpers.attach_isolated([:my, :event])
  Supertester.TelemetryHelpers.emit_with_context([:my, :event], %{}, %{})
  assert Supertester.TelemetryHelpers.assert_telemetry([:my, :event])
end
Import Patterns
# Core OTP testing
import Supertester.{OTPHelpers, GenServerHelpers, Assertions}

# Supervision testing
import Supertester.{OTPHelpers, SupervisorHelpers, Assertions}

# Chaos testing
import Supertester.{ChaosHelpers, SupervisorHelpers}

# Performance testing
import Supertester.PerformanceHelpers

# Everything
import Supertester.{
  OTPHelpers,
  GenServerHelpers,
  SupervisorHelpers,
  ChaosHelpers,
  PerformanceHelpers,
  Assertions
}
TestableGenServer Pattern
# In your GenServer
defmodule MyServer do
  use GenServer
  use Supertester.TestableGenServer  # Add this line

  # Rest of implementation
end

# In your tests
test "with sync" do
  GenServer.cast(server, :async_op)
  GenServer.call(server, :__supertester_sync__)  # Wait for processing
  # Now safe to assert
end

Best Practices
1. Always Use Isolation
use Supertester.ExUnitFoundation, isolation: :full_isolation
2. Use setupisolated* Functions
setup do
  {:ok, server} = setup_isolated_genserver(MyServer)
  {:ok, server: server}
end
3. Never Use Process.sleep
# ❌ Bad
GenServer.cast(server, :op)
Process.sleep(50)

# ✅ Good
cast_and_sync(server, :op)
4. Use Expressive Assertions
# ❌ Verbose
state = :sys.get_state(server)
assert state.counter == 5

# ✅ Better
assert_genserver_state(server, %{counter: 5})

# ✅ Best (with validation)
assert_genserver_state(server, fn s -> s.counter == 5 and s.status == :active end)
5. Test Resilience with Chaos
test "system handles chaos" do
  {:ok, system} = setup_isolated_supervisor(MySystem)

  assert_chaos_resilient(system,
    fn -> chaos_kill_children(system, kill_rate: 0.3) end,
    fn -> system_healthy?(system) end
  )
end
6. Assert Performance SLAs
test "meets SLA" do
  assert_performance(
    fn -> critical_path() end,
    max_time_ms: 100
  )
end

Testing Supertester Tests
When writing tests for code that uses Supertester:
defmodule MyApp.MyModuleTest do
  use Supertester.ExUnitFoundation, isolation: :full_isolation

  import Supertester.{OTPHelpers, Assertions}

  describe "my functionality" do
    test "works correctly" do
      {:ok, server} = setup_isolated_genserver(MyModule)

      # Your test logic
      assert_genserver_responsive(server)
    end
  end
end

Migration from Process.sleep
Before
test "async operation" do
  GenServer.cast(server, :operation)
  Process.sleep(50)  # Hope this is enough!
  assert :sys.get_state(server).done == true
end
After
test "async operation" do
  :ok = cast_and_sync(server, :operation)
  assert_genserver_state(server, fn s -> s.done == true end)
end

Troubleshooting
Q: Tests are still flaky
A: Ensure you're using cast_and_sync instead of GenServer.cast + sleep
Q: Name conflicts in tests
A: Use setup_isolated_genserver which generates unique names
Q: Supervisor tests fail
A: Use wait_for_supervisor_stabilization after causing failures
Q: Performance tests are inconsistent
A: Run with :erlang.garbage_collect() before measurements, use sufficient iterations
Q: Chaos tests too aggressive
A: Reduce kill_rate or duration_ms parameters
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    Supertester Examples

This folder contains full Mix applications that demonstrate Supertester in real test suites.
Available Examples
	echo_lab/ - Compact OTP app with a comprehensive test suite covering every Supertester module.

Running an Example
cd examples/echo_lab
mix deps.get
mix test

Each example uses a path dependency pointing back to the Supertester repo root, so you can edit
Supertester and immediately see the behavior in the example tests.
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    EchoLab Example App

EchoLab is a tiny OTP application whose test suite exercises every Supertester feature end to end.
It is intentionally small so the tests stay focused on Supertester itself rather than app logic.
What This Example Covers
The EchoLab test suite demonstrates:
	Supertester.ExUnitFoundation isolation, tags, telemetry/log/ETS extensions
	Supertester.UnifiedTestFoundation API (including contamination detection)
	Supertester.Env custom environment module
	Supertester.TestableGenServer sync handler injection
	Supertester.OTPHelpers for isolated GenServers and supervisors
	Supertester.GenServerHelpers for state access, sync casts, concurrency, and recovery
	Supertester.SupervisorHelpers for restart strategy checks and tree validation
	Supertester.Assertions for OTP-aware assertions and leak checks
	Supertester.PerformanceHelpers for performance and mailbox monitoring
	Supertester.ChaosHelpers for crash injection and chaos suites
	Supertester.ConcurrentHarness and Supertester.PropertyHelpers
	Supertester.MessageHarness for mailbox tracing
	Supertester.Telemetry and Supertester.TelemetryHelpers
	Supertester.LoggerIsolation and Supertester.ETSIsolation

Running the Tests
cd examples/echo_lab
mix deps.get
mix test

Layout
	lib/ contains a small counter, workers, supervisors, and ETS helpers.
	test/ contains focused tests that map directly to Supertester modules.
	test/support/ contains the TestableCounter used by sync and harness examples.
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    Changelog

All notable changes to this project will be documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
Unreleased
0.5.1 - 2026-01-09
Fixed
	Supertester.TestableGenServer no longer emits a private @doc warning when used without GenServer.

0.5.0 - 2026-01-06
Added
	EchoLab example app demonstrating full Supertester coverage under examples/.

Changed
	Documentation reorganized under guides/ and refreshed for 0.5.0 coverage.

Fixed
	setup_isolated_supervisor/3 now passes init args correctly when starting supervisors.
	GenServer helper name resolution now supports {:global, _} and {:via, _, _} registrations.
	Mailbox monitoring handles process exits during sampling and avoids redundant messaging.
	Telemetry buffering avoids Agent startup races under concurrency.
	GenServer state assertions now support scalar expected values.
	Supervisor strategy assertion documentation clarified to reflect public API limits.

Removed
	get_supervisor_strategy/1 (unfinished API) has been dropped.
	Legacy release summary documentation has been removed.

0.4.0 - 2025-12-26
Added
	Supertester.TelemetryHelpers for async-safe telemetry assertions with test-scoped handlers, buffering, and helper macros.
	Supertester.LoggerIsolation for per-process Logger level isolation and safe log capture helpers.
	Supertester.ETSIsolation for isolated ETS table creation, mirroring, and table injection with automatic cleanup.
	ExUnitFoundation options telemetry_isolation, logger_isolation, and ets_isolation, plus tag-based telemetry, logger, and ETS configuration.
	New telemetry events covering isolation setup, handler lifecycle, and ETS table operations.

Changed
	Supertester.IsolationContext extended with telemetry, logger, and ETS isolation state fields.

0.3.1 - 2025-11-19
Added
	Supertester.ConcurrentHarness providing a scenario-based runner with thread scripts, invariants, structured event reporting, and optional mailbox metrics.
	Supertester.PropertyHelpers exposing genserver_operation_sequence/2 and concurrent_scenario/1 generators that emit configs consumed by the concurrent harness or property-based tests.
	Supertester.MessageHarness with trace_messages/3 for lightweight mailbox visibility during any operation.
	Regression tests covering the new harness layer, message tracing utility, and property generators (when :stream_data is available).
	Supertester.Telemetry centralized module plus global :telemetry dependency, enabling harness lifecycle, chaos, mailbox, and performance events out of the box.
	ConcurrentHarness chaos helpers (chaos_kill_children/1, chaos_inject_crash/2) and run_with_performance/2 helper for composing richer scenarios.
	ChaosHelpers.run_chaos_suite/3 can now consume full Supertester.ConcurrentHarness scenarios (via :concurrent entries), consolidating telemetry and reporting across chaos suites.

Changed
	PerformanceHelpers.measure_mailbox_growth/3 now accepts options (sampling interval) and returns the wrapped operation result so higher-level APIs can forward diagnostics.
	assert_mailbox_stable/2 forwards extra options to the new mailbox measurement signature, enabling finer-grained monitoring from tests and the concurrent harness.
	ConcurrentHarness integrates optional chaos hooks, performance expectations, and emits telemetry events for scenario start/stop and diagnostics.

Fixed
	Documentation now reflects the new concurrent harness and mailbox utilities, replacing stale references to planned modules that did not yet exist.

0.3.0 - 2025-11-19
Added
	Supertester.ExUnitFoundation — drop-in ExUnit adapter that automatically wires Supertester.UnifiedTestFoundation isolation and sets async mode based on the selected strategy.
	Supertester.Env and configurable environment behaviour, enabling custom harnesses to override how on-exit cleanup callbacks are registered.
	Supertester.IsolationContext struct for consistent tracking of processes, ETS tables, cleanup callbacks, and contextual tags.
	Dedicated tests covering the new Env abstraction, ExUnit adapter behaviour, and enhanced helpers.

Changed
	Supertester.UnifiedTestFoundation now focuses purely on managing isolation contexts, exposes helpers to fetch/update those contexts, and registers cleanup via the new environment abstraction. The legacy macro now warns and delegates to the ExUnit adapter.
	Supertester.OTPHelpers improved process tracking, derives deterministic names from the isolation context, traps exits to prevent linked process crashes from taking down tests, and returns richer error metadata when isolated processes fail to start.
	Supertester.GenServerHelpers gained stricter cast_and_sync/4, structured concurrent_calls/4 output, configurable timeouts, parallel stress-test workers, and better logging around missing sync handlers.
	Documentation (README, MANUAL, API guide, technical design doc, etc.) updated to reflect the new ExUnit adapter, environment abstraction, and enhanced helper APIs.

Fixed
	Stress tests now aggregate worker metrics reliably and include execution duration, avoiding missed worker exits.
	cast_and_sync/4 handles servers that raise when sync handlers are missing, providing clearer errors when strict?: true is enabled.

0.2.1 - 2025-10-17
Fixed
	Fixed missing logo asset in hex.pm package (404 error on hexdocs)	Added assets directory to package files list in mix.exs
	Logo now correctly displays in HexDocs at https://hexdocs.pm/supertester



0.2.0 - 2025-10-07
Added
	Supertester.TestableGenServer - Automatic __supertester_sync__ handler injection for GenServers	Enables deterministic testing without Process.sleep/1
	Works with use Supertester.TestableGenServer in any GenServer
	Supports state return option for debugging


	Supertester.SupervisorHelpers - Comprehensive supervision tree testing toolkit	test_restart_strategy/3 - Test one_for_one, one_for_all, rest_for_one strategies
	assert_supervision_tree_structure/2 - Validate tree structure
	trace_supervision_events/2 - Monitor supervisor events
	wait_for_supervisor_stabilization/2 - Wait for all children ready
	get_active_child_count/1 - Get active child count


	Supertester.ChaosHelpers - Chaos engineering for OTP resilience testing	inject_crash/3 - Controlled crash injection (immediate, delayed, random)
	chaos_kill_children/3 - Random child killing in supervision trees
	simulate_resource_exhaustion/2 - Process/ETS/memory limit simulation
	assert_chaos_resilient/3 - Verify system recovery from chaos
	run_chaos_suite/3 - Comprehensive chaos scenario testing


	Supertester.PerformanceHelpers - Performance testing and regression detection	assert_performance/2 - Assert time/memory/reduction bounds
	assert_no_memory_leak/2 - Detect memory leaks over iterations
	measure_operation/1 - Measure time, memory, and CPU work
	measure_mailbox_growth/2 - Monitor mailbox growth
	assert_mailbox_stable/2 - Ensure mailbox doesn't grow unbounded
	compare_performance/2 - Compare multiple function performances



Changed
	BREAKING: Eliminated all Process.sleep/1 calls in production code	Replaced with proper receive do after patterns
	Modified OTPHelpers, GenServerHelpers, UnifiedTestFoundation, Assertions
	All timing-based waits now use receive timeouts with proper remaining time calculation


	Updated package description to emphasize chaos engineering and performance testing
	Enhanced mix.exs with better hex.pm publishing metadata

Improved
	All tests now run with 100% async execution
	Test suite execution time: ~1.6 seconds for 37 tests
	Zero compilation warnings in production code
	Complete type specs on all public functions
	Comprehensive documentation with real-world examples

Fixed
	Pattern matching warnings in UnifiedTestFoundation and SupervisorHelpers
	Unused variable warnings in test files
	Proper handling of supervisor event tracing

Documentation
	Added comprehensive technical design documentation.
	Added implementation status tracking documentation.
	Enhanced README.md with advanced usage examples for all new modules
	Added chaos engineering, performance testing, and supervision tree examples

Testing
	Added 33 new tests across 4 test files
	Total test coverage: 37 tests, all passing
	Added chaos engineering test scenarios
	Added performance regression test examples
	Added supervision tree verification tests

0.1.0 - 2025-07-22
Added
	Initial release of Supertester
	Multi-repository test orchestration and execution framework
	OTP-compliant testing utilities to replace Process.sleep/1
	Test isolation support enabling async: true
	GenServer testing helpers with proper synchronization
	Supervisor testing utilities for supervision tree validation
	Performance testing framework for benchmarking and load testing
	Chaos engineering helpers for resilience testing
	Custom OTP-aware assertions
	Unified test foundation with multiple isolation modes
	Complete elimination of GenServer registration conflicts
	Zero test failure guarantee across monorepo structures

Features
	Supertester.UnifiedTestFoundation - Test isolation and foundation patterns
	Supertester.OTPHelpers - OTP-compliant testing utilities
	Supertester.GenServerHelpers - GenServer-specific test patterns
	Supertester.Assertions - Custom OTP-aware assertions
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Supertester.ConcurrentHarness.Scenario 
    



      
Struct describing a prepared concurrent scenario.
Exposed primarily for introspection of generated scenarios—most callers
should rely on Supertester.ConcurrentHarness helpers instead of
constructing this struct manually.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Supertester.ConcurrentHarness.Scenario{
  call_timeout_ms: pos_integer(),
  cast_sync_message: term(),
  chaos: Supertester.ConcurrentHarness.chaos_fun() | nil,
  cleanup: (pid(), map() -> any()) | nil,
  default_operation: :call | :cast,
  invariant: (pid(), map() -> any()),
  mailbox: keyword() | nil,
  metadata: map(),
  performance_expectations: keyword(),
  setup: (-> {:ok, pid()} | {:ok, pid(), map()} | {:error, term()}),
  strict_cast_sync?: boolean(),
  threads: [[Supertester.ConcurrentHarness.operation()]],
  timeout_ms: pos_integer()
}
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Supertester.ETSIsolation 
    



      
Per-test ETS table management for async-safe isolation.

      


      
        Summary


  
    Types
  


    
      
        create_opt()

      


    


    
      
        create_opts()

      


    


    
      
        inject_opt()

      


    


    
      
        inject_opts()

      


    


    
      
        mirror_opt()

      


    


    
      
        mirror_opts()

      


    


    
      
        table_access()

      


    


    
      
        table_name()

      


    


    
      
        table_option()

      


    


    
      
        table_ref()

      


    


    
      
        table_type()

      


    





  
    Functions
  


    
      
        create_isolated(type, opts \\ [])

      


        Create an isolated ETS table with automatic cleanup.



    


    
      
        get_mirror(source_name)

      


        Get the mirror table for a source table.



    


    
      
        get_mirror!(source_name)

      


        Get the mirror table or raise if not found.



    


    
      
        inject_table(module, function_or_attribute, replacement, opts \\ [])

      


        Temporarily replace a module's table reference.



    


    
      
        mirror_table(source_name, opts \\ [])

      


        Create an isolated copy of an existing named table.



    


    
      
        setup_ets_isolation()

      


        Initialize ETS isolation for the current process.



    


    
      
        setup_ets_isolation(tables)

      


        Initialize ETS isolation and optionally auto-mirror tables or update context.



    


    
      
        setup_ets_isolation(ctx, tables)

      


        Initialize ETS isolation, auto-mirror tables, and update context.



    


    
      
        with_table(type, fun)

      


        Execute a function with a temporary ETS table that is deleted after scope.



    


    
      
        with_table(type, opts, fun)
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      create_opt()



        
          
        

    

  


  

      

          @type create_opt() ::
  {:name, atom()}
  | {:copy_from, table_ref()}
  | {:owner, pid()}
  | {:cleanup, boolean()}


      



  



  
    
      
    
    
      create_opts()



        
          
        

    

  


  

      

          @type create_opts() :: [table_option() | create_opt()]


      



  



  
    
      
    
    
      inject_opt()



        
          
        

    

  


  

      

          @type inject_opt() ::
  {:create, boolean()} | {:table_opts, [table_option()]} | {:cleanup, boolean()}


      



  



  
    
      
    
    
      inject_opts()



        
          
        

    

  


  

      

          @type inject_opts() :: [inject_opt()]


      



  



  
    
      
    
    
      mirror_opt()



        
          
        

    

  


  

      

          @type mirror_opt() ::
  {:include_data, boolean()} | {:access, table_access()} | {:cleanup, boolean()}


      



  



  
    
      
    
    
      mirror_opts()



        
          
        

    

  


  

      

          @type mirror_opts() :: [mirror_opt()]


      



  



  
    
      
    
    
      table_access()



        
          
        

    

  


  

      

          @type table_access() :: :public | :protected | :private


      



  



  
    
      
    
    
      table_name()



        
          
        

    

  


  

      

          @type table_name() :: atom()


      



  



  
    
      
    
    
      table_option()



        
          
        

    

  


  

      

          @type table_option() ::
  table_type()
  | table_access()
  | :named_table
  | {:keypos, pos_integer()}
  | {:heir, pid(), term()}
  | {:write_concurrency, boolean()}
  | {:read_concurrency, boolean()}
  | :compressed


      



  



  
    
      
    
    
      table_ref()



        
          
        

    

  


  

      

          @type table_ref() :: :ets.tid() | atom()


      



  



  
    
      
    
    
      table_type()



        
          
        

    

  


  

      

          @type table_type() :: :set | :ordered_set | :bag | :duplicate_bag


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      create_isolated(type, opts \\ [])



        
          
        

    

  


  

      

          @spec create_isolated(table_type(), create_opts()) :: {:ok, table_ref()}


      


Create an isolated ETS table with automatic cleanup.

  



  
    
      
    
    
      get_mirror(source_name)



        
          
        

    

  


  

      

          @spec get_mirror(table_name()) :: {:ok, table_ref()} | {:error, :not_mirrored}


      


Get the mirror table for a source table.

  



  
    
      
    
    
      get_mirror!(source_name)



        
          
        

    

  


  

      

          @spec get_mirror!(table_name()) :: table_ref()


      


Get the mirror table or raise if not found.

  



    

  
    
      
    
    
      inject_table(module, function_or_attribute, replacement, opts \\ [])



        
          
        

    

  


  

      

          @spec inject_table(module(), atom(), table_name() | table_ref(), inject_opts()) ::
  {:ok, (-> :ok)}


      


Temporarily replace a module's table reference.

  



    

  
    
      
    
    
      mirror_table(source_name, opts \\ [])



        
          
        

    

  


  

      

          @spec mirror_table(table_name(), mirror_opts()) ::
  {:ok, table_ref()} | {:error, {:table_not_found, table_name()}}


      


Create an isolated copy of an existing named table.

  



  
    
      
    
    
      setup_ets_isolation()



        
          
        

    

  


  

      

          @spec setup_ets_isolation() :: :ok


      


Initialize ETS isolation for the current process.

  



  
    
      
    
    
      setup_ets_isolation(tables)



        
          
        

    

  


  

      

          @spec setup_ets_isolation([table_name()]) :: :ok


          @spec setup_ets_isolation(Supertester.IsolationContext.t()) ::
  {:ok, Supertester.IsolationContext.t()}


      


Initialize ETS isolation and optionally auto-mirror tables or update context.

  



  
    
      
    
    
      setup_ets_isolation(ctx, tables)



        
          
        

    

  


  

      

          @spec setup_ets_isolation(Supertester.IsolationContext.t(), [table_name()]) ::
  {:ok, Supertester.IsolationContext.t()}


      


Initialize ETS isolation, auto-mirror tables, and update context.

  



  
    
      
    
    
      with_table(type, fun)



        
          
        

    

  


  

      

          @spec with_table(table_type(), (table_ref() -> term())) :: term()


      


Execute a function with a temporary ETS table that is deleted after scope.

  



  
    
      
    
    
      with_table(type, opts, fun)



        
          
        

    

  


  

      

          @spec with_table(table_type(), create_opts(), (table_ref() -> term())) :: term()


      



  


        

      


  

  
    
    Supertester.Env - Supertester v0.5.1
    
    

    


  
  

    
Supertester.Env behaviour
    



      
Environment abstraction that Supertester uses to integrate with the host test runner.
By default, Supertester.Env delegates to ExUnit.Callbacks.on_exit/1. Custom harnesses
can provide their own implementation via the :supertester, :env_module application
configuration.

      


      
        Summary


  
    Callbacks
  


    
      
        on_exit(function)

      


    





  
    Functions
  


    
      
        on_exit(callback)

      


        Registers a callback to run when the current test finishes.



    





      


      
        Callbacks


        


  
    
      
    
    
      on_exit(function)



        
          
        

    

  


  

      

          @callback on_exit((-> any())) :: :ok


      



  


        

      

      
        Functions


        


  
    
      
    
    
      on_exit(callback)



        
          
        

    

  


  

      

          @spec on_exit((-> any())) :: :ok


      


Registers a callback to run when the current test finishes.

  


        

      


  

  
    
    Supertester.IsolationContext - Supertester v0.5.1
    
    

    


  
  

    
Supertester.IsolationContext 
    



      
Normalized representation of all resources and metadata tracked for a test.

      


      
        Summary


  
    Types
  


    
      
        process_info()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        get_ets_table(isolation_context, source_name)

      


        Get the isolated ETS table for a source table name.



    


    
      
        logger_isolated?(isolation_context)

      


        Check if logger isolation is active.



    


    
      
        telemetry_handlers(isolation_context)

      


        List all telemetry handler IDs.



    


    
      
        telemetry_id(isolation_context)

      


        Get the telemetry test ID for filtering.



    





      


      
        Types


        


  
    
      
    
    
      process_info()



        
          
        

    

  


  

      

          @type process_info() :: %{pid: pid(), name: atom() | nil, module: module()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Supertester.IsolationContext{
  cleanup_callbacks: [(-> any())],
  ets_injections: [{module(), atom(), term(), term()}],
  ets_mirrors: [{atom(), :ets.tid() | atom()}],
  ets_tables: [term()],
  initial_ets_tables: [term()],
  initial_processes: [pid()],
  isolated_ets_tables: %{required(atom()) => :ets.tid() | atom()},
  logger_isolated?: boolean(),
  logger_original_level: Logger.level() | nil,
  processes: [process_info()],
  registry: atom() | nil,
  tags: map(),
  telemetry_handlers: [{String.t(), [[atom()]]}],
  telemetry_test_id: integer() | nil,
  test_id: term()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      get_ets_table(isolation_context, source_name)



        
          
        

    

  


  

      

          @spec get_ets_table(t(), atom()) :: :ets.tid() | atom() | nil


      


Get the isolated ETS table for a source table name.

  



  
    
      
    
    
      logger_isolated?(isolation_context)



        
          
        

    

  


  

      

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


      


Check if logger isolation is active.

  



  
    
      
    
    
      telemetry_handlers(isolation_context)



        
          
        

    

  


  

      

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


      


List all telemetry handler IDs.

  



  
    
      
    
    
      telemetry_id(isolation_context)



        
          
        

    

  


  

      

          @spec telemetry_id(t()) :: integer() | nil


      


Get the telemetry test ID for filtering.

  


        

      


  

  
    
    Supertester.LoggerIsolation - Supertester v0.5.1
    
    

    


  
  

    
Supertester.LoggerIsolation 
    



      
Per-process Logger level isolation utilities for async-safe testing.

      


      
        Summary


  
    Types
  


    
      
        capture_opts()

      


    


    
      
        isolate_opts()

      


    


    
      
        level()

      


    


    
      
        level_or_all()

      


    





  
    Functions
  


    
      
        capture_isolated(level, fun, opts \\ [])

      


        Capture logs with automatic level isolation.



    


    
      
        capture_isolated!(level, fun, opts \\ [])

      


        Capture logs with automatic level isolation and return only the log.



    


    
      
        get_isolated_level()

      


        Get the current process isolated level.



    


    
      
        isolate_level(level, opts \\ [])

      


        Set the Logger level for the current process only.



    


    
      
        isolated?()

      


        Check if logger isolation is active.



    


    
      
        restore_level()

      


        Restore the process Logger level to its original state.



    


    
      
        setup_logger_isolation()

      


        Initialize logger isolation for the current process.



    


    
      
        setup_logger_isolation(ctx)

      


        Initialize logger isolation and update the isolation context.



    


    
      
        with_level(level, fun)

      


        Execute a function with a temporary Logger level.



    


    
      
        with_level_and_capture(level, fun)

      


        Execute a function with a temporary Logger level and capture logs.



    





      


      
        Types


        


  
    
      
    
    
      capture_opts()



        
          
        

    

  


  

      

          @type capture_opts() :: [
  level: level(),
  colors: boolean(),
  format: String.t(),
  metadata: [atom()]
]


      



  



  
    
      
    
    
      isolate_opts()



        
          
        

    

  


  

      

          @type isolate_opts() :: [{:cleanup, boolean()}]


      



  



  
    
      
    
    
      level()



        
          
        

    

  


  

      

          @type level() ::
  :emergency | :alert | :critical | :error | :warning | :notice | :info | :debug


      



  



  
    
      
    
    
      level_or_all()



        
          
        

    

  


  

      

          @type level_or_all() :: level() | :all | :none


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      capture_isolated(level, fun, opts \\ [])



        
          
        

    

  


  

      

          @spec capture_isolated(level_or_all(), (-> term()), capture_opts()) ::
  {String.t(), term()}


      


Capture logs with automatic level isolation.

  



    

  
    
      
    
    
      capture_isolated!(level, fun, opts \\ [])



        
          
        

    

  


  

      

          @spec capture_isolated!(level_or_all(), (-> term()), capture_opts()) :: String.t()


      


Capture logs with automatic level isolation and return only the log.

  



  
    
      
    
    
      get_isolated_level()



        
          
        

    

  


  

      

          @spec get_isolated_level() :: level() | nil


      


Get the current process isolated level.

  



    

  
    
      
    
    
      isolate_level(level, opts \\ [])



        
          
        

    

  


  

      

          @spec isolate_level(level_or_all(), isolate_opts()) :: :ok


      


Set the Logger level for the current process only.

  



  
    
      
    
    
      isolated?()



        
          
        

    

  


  

      

          @spec isolated?() :: boolean()


      


Check if logger isolation is active.

  



  
    
      
    
    
      restore_level()



        
          
        

    

  


  

      

          @spec restore_level() :: :ok


      


Restore the process Logger level to its original state.

  



  
    
      
    
    
      setup_logger_isolation()



        
          
        

    

  


  

      

          @spec setup_logger_isolation() :: :ok


      


Initialize logger isolation for the current process.

  



  
    
      
    
    
      setup_logger_isolation(ctx)



        
          
        

    

  


  

      

          @spec setup_logger_isolation(Supertester.IsolationContext.t()) ::
  {:ok, Supertester.IsolationContext.t()}


      


Initialize logger isolation and update the isolation context.

  



  
    
      
    
    
      with_level(level, fun)



        
          
        

    

  


  

      

          @spec with_level(level_or_all(), (-> result)) :: result when result: term()


      


Execute a function with a temporary Logger level.

  



  
    
      
    
    
      with_level_and_capture(level, fun)



        
          
        

    

  


  

      

          @spec with_level_and_capture(level_or_all(), (-> result)) :: {String.t(), result}
when result: term()


      


Execute a function with a temporary Logger level and capture logs.

  


        

      


  

  
    
    Supertester.TelemetryHelpers - Supertester v0.5.1
    
    

    


  
  

    
Supertester.TelemetryHelpers 
    



      
Async-safe telemetry testing helpers with per-test event isolation.

      


      
        Summary


  
    Types
  


    
      
        assert_opts()

      


    


    
      
        attach_opts()

      


    


    
      
        event()

      


    


    
      
        handler_id()

      


    


    
      
        measurements()

      


    


    
      
        metadata()

      


    


    
      
        telemetry_message()

      


    


    
      
        test_id()

      


    





  
    Functions
  


    
      
        assert_telemetry_count(event_pattern, expected_count, opts \\ [])

      


        Assert exactly expected_count telemetry events were received.



    


    
      
        attach_isolated(events, opts \\ [])

      


        Attach a telemetry handler that only receives events matching the current test ID.



    


    
      
        current_test_metadata()

      


        Return metadata map containing the current test's telemetry ID.



    


    
      
        current_test_metadata(existing)

      


        Merge the current test's telemetry metadata into an existing map.



    


    
      
        emit_with_context(event, measurements \\ %{}, metadata \\ %{})

      


        Emit a telemetry event with the current test's context.



    


    
      
        flush_telemetry(event_pattern)

      


        Flush telemetry messages from the mailbox.



    


    
      
        get_test_id()

      


        Retrieve the current test's telemetry ID.



    


    
      
        get_test_id!()

      


        Retrieve the current test's telemetry ID or raise if missing.



    


    
      
        setup_telemetry_isolation()

      


        Initialize telemetry isolation for the current process.



    


    
      
        setup_telemetry_isolation(ctx)

      


        Initialize telemetry isolation and update the isolation context.



    


    
      
        with_telemetry(events, fun, opts \\ [])

      


        Execute a function and capture emitted telemetry events.



    





      


      
        Types


        


  
    
      
    
    
      assert_opts()



        
          
        

    

  


  

      

          @type assert_opts() :: [{:timeout, pos_integer()}]


      



  



  
    
      
    
    
      attach_opts()



        
          
        

    

  


  

      

          @type attach_opts() :: [
  filter_key: atom(),
  passthrough: boolean(),
  buffer: boolean(),
  transform: (telemetry_message() -> term())
]


      



  



  
    
      
    
    
      event()



        
          
        

    

  


  

      

          @type event() :: [atom()]


      



  



  
    
      
    
    
      handler_id()



        
          
        

    

  


  

      

          @type handler_id() :: String.t()


      



  



  
    
      
    
    
      measurements()



        
          
        

    

  


  

      

          @type measurements() :: map()


      



  



  
    
      
    
    
      metadata()



        
          
        

    

  


  

      

          @type metadata() :: map()


      



  



  
    
      
    
    
      telemetry_message()



        
          
        

    

  


  

      

          @type telemetry_message() :: {:telemetry, event(), measurements(), metadata()}


      



  



  
    
      
    
    
      test_id()



        
          
        

    

  


  

      

          @type test_id() :: integer()


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      assert_telemetry_count(event_pattern, expected_count, opts \\ [])



        
          
        

    

  


  

      

          @spec assert_telemetry_count(
  event() | (event() -> boolean()),
  pos_integer(),
  assert_opts()
) :: [
  telemetry_message()
]


      


Assert exactly expected_count telemetry events were received.

  



    

  
    
      
    
    
      attach_isolated(events, opts \\ [])



        
          
        

    

  


  

      

          @spec attach_isolated(event() | [event()], attach_opts()) :: {:ok, handler_id()}


      


Attach a telemetry handler that only receives events matching the current test ID.

  



  
    
      
    
    
      current_test_metadata()



        
          
        

    

  


  

      

          @spec current_test_metadata() :: map()


      


Return metadata map containing the current test's telemetry ID.

  



  
    
      
    
    
      current_test_metadata(existing)



        
          
        

    

  


  

      

          @spec current_test_metadata(map()) :: map()


      


Merge the current test's telemetry metadata into an existing map.

  



    

    

  
    
      
    
    
      emit_with_context(event, measurements \\ %{}, metadata \\ %{})



        
          
        

    

  


  

      

          @spec emit_with_context(event(), measurements(), metadata()) :: :ok


      


Emit a telemetry event with the current test's context.

  



  
    
      
    
    
      flush_telemetry(event_pattern)



        
          
        

    

  


  

      

          @spec flush_telemetry(:all | event()) :: [telemetry_message()]


      


Flush telemetry messages from the mailbox.

  



  
    
      
    
    
      get_test_id()



        
          
        

    

  


  

      

          @spec get_test_id() :: test_id() | nil


      


Retrieve the current test's telemetry ID.

  



  
    
      
    
    
      get_test_id!()



        
          
        

    

  


  

      

          @spec get_test_id!() :: test_id()


      


Retrieve the current test's telemetry ID or raise if missing.

  



  
    
      
    
    
      setup_telemetry_isolation()



        
          
        

    

  


  

      

          @spec setup_telemetry_isolation() :: {:ok, test_id()}


      


Initialize telemetry isolation for the current process.

  



  
    
      
    
    
      setup_telemetry_isolation(ctx)



        
          
        

    

  


  

      

          @spec setup_telemetry_isolation(Supertester.IsolationContext.t()) ::
  {:ok, test_id(), Supertester.IsolationContext.t()}


      


Initialize telemetry isolation and update the isolation context.

  



    

  
    
      
    
    
      with_telemetry(events, fun, opts \\ [])



        
          
        

    

  


  

      

          @spec with_telemetry(event() | [event()], (-> result), attach_opts()) ::
  {result, [telemetry_message()]}
when result: term()


      


Execute a function and capture emitted telemetry events.

  


        

      


  

  
    
    Supertester - Supertester v0.5.1
    
    

    


  
  

    
Supertester 
    



      
Supertester - Multi-repository test orchestration and execution framework.
Provides centralized test management, execution, and reporting across
multiple Elixir repositories in a monorepo structure.
Core Modules
	Supertester.ExUnitFoundation - ExUnit adapter that wires in Supertester isolation
	Supertester.UnifiedTestFoundation - Test isolation runtime for custom harnesses
	Supertester.OTPHelpers - OTP-compliant testing utilities
	Supertester.GenServerHelpers - GenServer-specific test patterns
	Supertester.SupervisorHelpers - Supervision tree testing utilities
	Supertester.ConcurrentHarness - Scenario-based concurrency orchestrator
	Supertester.PropertyHelpers - StreamData generators for concurrency testing
	Supertester.MessageHarness - Mailbox tracing utilities
	Supertester.Telemetry - Centralized telemetry emission helpers
	Supertester.PerformanceHelpers - Benchmarking and load testing
	Supertester.ChaosHelpers - Chaos engineering and resilience testing
	Supertester.Assertions - Custom OTP-aware assertions

Usage
Add supertester as a test dependency in your mix.exs:
def deps do
  [
    {:supertester, path: "../supertester", only: :test}
  ]
end
Then use the helpers in your tests:
defmodule MyApp.MyModuleTest do
  use Supertester.ExUnitFoundation, isolation: :full_isolation
  import Supertester.OTPHelpers
  import Supertester.Assertions

  describe "my functionality" do
    setup do
      setup_isolated_genserver(MyModule, "my_test")
    end

    test "my test", %{server: server} do
      assert_genserver_responsive(server)
    end
  end
end

      


      
        Summary


  
    Functions
  


    
      
        version()

      


        Returns the version of Supertester.



    





      


      
        Functions


        


  
    
      
    
    
      version()



        
          
        

    

  


  

      

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


      


Returns the version of Supertester.

  


        

      


  

  
    
    Supertester.ExUnitFoundation - Supertester v0.5.1
    
    

    


  
  

    
Supertester.ExUnitFoundation 
    



      
Thin ExUnit adapter that wires Supertester.UnifiedTestFoundation into ExUnit.Case.
Use this module from your test cases to enable Supertester isolation while keeping
the ergonomics of use ExUnit.Case. All isolation options supported by
Supertester.UnifiedTestFoundation are available via the :isolation option.
Example
defmodule MyApp.MyTest do
  use Supertester.ExUnitFoundation, isolation: :full_isolation

  test "works concurrently", context do
    assert context.isolation_context.test_id
  end
end

      




  

  
    
    Supertester.TestableGenServer - Supertester v0.5.1
    
    

    


  
  

    
Supertester.TestableGenServer 
    



      
A behavior that makes GenServers testable with Supertester.
This module injects a __supertester_sync__ handler that allows tests to
synchronize with the GenServer without using Process.sleep/1.
Usage
defmodule MyServer do
  use GenServer
  use Supertester.TestableGenServer

  # Your GenServer implementation
end
Synchronization
The injected handler responds to two message formats:
	:__supertester_sync__ - Returns :ok after processing
	{:__supertester_sync__, return_state: true} - Returns {:ok, state}

Example
{:ok, server} = MyServer.start_link()
GenServer.cast(server, :some_operation)

# Ensure cast is processed before continuing
GenServer.call(server, :__supertester_sync__)

# Now safe to verify results
state = :sys.get_state(server)

      




  

  
    
    Supertester.UnifiedTestFoundation - Supertester v0.5.1
    
    

    


  
  

    
Supertester.UnifiedTestFoundation 
    



      
Isolation runtime for OTP-heavy tests.
This module configures and maintains isolation contexts that can be plugged into any
test harness. Use Supertester.ExUnitFoundation for the ready-made ExUnit adapter, or
call the functions in this module directly from custom harnesses.
Isolation Modes
	:basic - Basic isolation with unique naming
	:registry - Registry-based process isolation
	:full_isolation - Complete process and ETS isolation
	:contamination_detection - Isolation with contamination detection

Usage with ExUnit
defmodule MyApp.MyModuleTest do
  use Supertester.ExUnitFoundation, isolation: :full_isolation

  test "my test", context do
    # Test runs with full isolation
  end
end
Usage with custom harnesses
:ok = Supertester.UnifiedTestFoundation.setup_isolation(:full_isolation, context)

      


      
        Summary


  
    Functions
  


    
      
        __using__(opts)

      


        Deprecated macro maintained for backwards compatibility.



    


    
      
        add_cleanup_callback(ctx, callback)

      


        Adds a cleanup callback to the isolation context.



    


    
      
        add_tracked_ets_table(ctx, table)

      


        Adds a tracked ETS table to the isolation context.



    


    
      
        add_tracked_process(ctx, process_info)

      


        Adds a tracked process to the isolation context.



    


    
      
        fetch_isolation_context()

      


        Fetches the isolation context stored in the current process.



    


    
      
        isolation_allows_async?(atom)

      


        Returns whether the isolation type allows async testing.



    


    
      
        isolation_timeout(atom)

      


        Returns the timeout for the isolation type.



    


    
      
        put_isolation_context(context)

      


        Stores the isolation context in the current process.



    


    
      
        setup_isolation(isolation_type, context)

      


        Sets up test isolation based on the specified isolation type.



    


    
      
        verify_test_isolation(context)

      


        Verifies test isolation has been maintained.



    


    
      
        wait_for_supervision_tree_ready(supervisor_pid, timeout \\ 5000)

      


        Waits for a supervision tree to be ready.



    





      


      
        Functions


        


  
    
      
    
    
      __using__(opts)


        (macro)


        
          
        

    

  


  

Deprecated macro maintained for backwards compatibility.

  



  
    
      
    
    
      add_cleanup_callback(ctx, callback)



        
          
        

    

  


  

      

          @spec add_cleanup_callback(Supertester.IsolationContext.t(), (-> any())) ::
  Supertester.IsolationContext.t()


      


Adds a cleanup callback to the isolation context.

  



  
    
      
    
    
      add_tracked_ets_table(ctx, table)



        
          
        

    

  


  

      

          @spec add_tracked_ets_table(Supertester.IsolationContext.t(), term()) ::
  Supertester.IsolationContext.t()


      


Adds a tracked ETS table to the isolation context.

  



  
    
      
    
    
      add_tracked_process(ctx, process_info)



        
          
        

    

  


  

      

          @spec add_tracked_process(
  Supertester.IsolationContext.t(),
  Supertester.IsolationContext.process_info()
) ::
  Supertester.IsolationContext.t()


      


Adds a tracked process to the isolation context.

  



  
    
      
    
    
      fetch_isolation_context()



        
          
        

    

  


  

      

          @spec fetch_isolation_context() :: Supertester.IsolationContext.t() | nil


      


Fetches the isolation context stored in the current process.

  



  
    
      
    
    
      isolation_allows_async?(atom)



        
          
        

    

  


  

      

          @spec isolation_allows_async?(atom()) :: boolean()


      


Returns whether the isolation type allows async testing.

  



  
    
      
    
    
      isolation_timeout(atom)



        
          
        

    

  


  

      

          @spec isolation_timeout(atom()) :: non_neg_integer()


      


Returns the timeout for the isolation type.

  



  
    
      
    
    
      put_isolation_context(context)



        
          
        

    

  


  

      

          @spec put_isolation_context(Supertester.IsolationContext.t() | nil) ::
  Supertester.IsolationContext.t() | nil


      


Stores the isolation context in the current process.

  



  
    
      
    
    
      setup_isolation(isolation_type, context)



        
          
        

    

  


  

      

          @spec setup_isolation(atom(), map()) :: {:ok, map()}


      


Sets up test isolation based on the specified isolation type.

  



  
    
      
    
    
      verify_test_isolation(context)



        
          
        

    

  


  

      

          @spec verify_test_isolation(map()) :: boolean()


      


Verifies test isolation has been maintained.

  



    

  
    
      
    
    
      wait_for_supervision_tree_ready(supervisor_pid, timeout \\ 5000)



        
          
        

    

  


  

      

          @spec wait_for_supervision_tree_ready(pid(), non_neg_integer()) ::
  {:ok, pid()} | {:error, :timeout}


      


Waits for a supervision tree to be ready.

  


        

      


  

  
    
    Supertester.ConcurrentHarness - Supertester v0.5.1
    
    

    


  
  

    
Supertester.ConcurrentHarness 
    



      
Scenario-based concurrency harness for OTP processes.
This module coordinates multi-threaded test scenarios against a target process
(typically a GenServer) while keeping isolation, cleanup, chaos injection,
performance validation, telemetry, and invariant checks in one place.
High level usage:
scenario =
  Supertester.ConcurrentHarness.simple_genserver_scenario(
    MyServer,
    [:increment, :decrement],
    5,
    chaos: Supertester.ConcurrentHarness.chaos_inject_crash(),
    performance_expectations: [max_time_ms: 100],
    invariant: fn server, _ctx ->
      assert {:ok, state} = Supertester.GenServerHelpers.get_server_state_safely(server)
      assert state.count >= 0
    end
  )

assert {:ok, report} = Supertester.ConcurrentHarness.run(scenario)
The returned report contains thread events, chaos + mailbox + performance
diagnostics, and emits telemetry for start/stop/chaos/mailbox/perf events.

      


      
        Summary


  
    Types
  


    
      
        chaos_fun()

      


    


    
      
        operation()

      


    


    
      
        scenario()

      


    


    
      
        thread_script()

      


    





  
    Functions
  


    
      
        chaos_inject_crash(spec \\ :immediate, opts \\ [])

      


        Chaos hook helper that injects a crash into the primary subject.



    


    
      
        chaos_kill_children(opts \\ [])

      


        Chaos hook helper that kills supervisor children while the scenario runs.



    


    
      
        default_invariant(pid, ctx)

      


        Default invariant that simply returns :ok.



    


    
      
        from_property_config(module, config, opts \\ [])

      


        Converts a property helper configuration into a runnable scenario.



    


    
      
        run(scenario)

      


        Runs a concurrent scenario and returns a diagnostic report.



    


    
      
        run_with_performance(scenario, expectations)

      


        Runs a scenario while enforcing additional performance bounds externally.



    


    
      
        simple_genserver_scenario(module, operations, thread_count, opts \\ [])

      


        Builds a scenario for a GenServer module with repeated operation scripts.



    





      


      
        Types


        


  
    
      
    
    
      chaos_fun()



        
          
        

    

  


  

      

          @type chaos_fun() :: (pid(), map() -> any())


      



  



  
    
      
    
    
      operation()



        
          
        

    

  


  

      

          @type operation() :: {:call, term()} | {:cast, term()} | {:custom, (pid() -> any())}


      



  



  
    
      
    
    
      scenario()



        
          
        

    

  


  

      

          @type scenario() :: Supertester.ConcurrentHarness.Scenario.t() | map() | keyword()


      



  



  
    
      
    
    
      thread_script()



        
          
        

    

  


  

      

          @type thread_script() :: [operation()]


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      chaos_inject_crash(spec \\ :immediate, opts \\ [])



        
          
        

    

  


  

      

          @spec chaos_inject_crash(
  Supertester.ChaosHelpers.crash_spec(),
  keyword()
) :: chaos_fun()


      


Chaos hook helper that injects a crash into the primary subject.

  



    

  
    
      
    
    
      chaos_kill_children(opts \\ [])



        
          
        

    

  


  

      

          @spec chaos_kill_children(keyword()) :: chaos_fun()


      


Chaos hook helper that kills supervisor children while the scenario runs.

  



  
    
      
    
    
      default_invariant(pid, ctx)



        
          
        

    

  


  

      

          @spec default_invariant(pid(), map()) :: :ok


      


Default invariant that simply returns :ok.

  



    

  
    
      
    
    
      from_property_config(module, config, opts \\ [])



        
          
        

    

  


  

      

          @spec from_property_config(module(), map(), keyword()) ::
  Supertester.ConcurrentHarness.Scenario.t()


      


Converts a property helper configuration into a runnable scenario.

  



  
    
      
    
    
      run(scenario)



        
          
        

    

  


  

      

          @spec run(scenario()) :: {:ok, map()} | {:error, term()}


      


Runs a concurrent scenario and returns a diagnostic report.

  



  
    
      
    
    
      run_with_performance(scenario, expectations)



        
          
        

    

  


  

      

          @spec run_with_performance(
  scenario(),
  keyword()
) :: {:ok, map()} | {:error, term()}


      


Runs a scenario while enforcing additional performance bounds externally.

  



    

  
    
      
    
    
      simple_genserver_scenario(module, operations, thread_count, opts \\ [])



        
          
        

    

  


  

      

          @spec simple_genserver_scenario(
  module(),
  [term() | operation()],
  pos_integer(),
  keyword()
) ::
  Supertester.ConcurrentHarness.Scenario.t()


      


Builds a scenario for a GenServer module with repeated operation scripts.
Options
	:server_opts - options passed to start_link/1
	:default_operation - :call or :cast for bare terms (default: :call)
	:call_timeout_ms - timeout for GenServer.call/3 (default: 1_000)
	:timeout_ms - overall scenario timeout (default: 5_000)
	:invariant - function of fn pid, ctx -> term end
	:cleanup - custom cleanup callback
	:metadata - map merged into report metadata
	:mailbox - keyword list passed to mailbox monitoring
	:chaos - function (pid, ctx) -> any injected while threads execute
	:performance_expectations - keyword list forwarded to assert_expectations/2


  


        

      


  

  
    
    Supertester.MessageHarness - Supertester v0.5.1
    
    

    


  
  

    
Supertester.MessageHarness 
    



      
Utilities for observing messages delivered to a process during a function run.
These helpers are intended for troubleshooting concurrent tests where mailbox
visibility is important. They integrate with ConcurrentHarness reports but
can also be used standalone.

      


      
        Summary


  
    Functions
  


    
      
        trace_messages(pid, fun, opts \\ [])

      


        Traces messages received by pid while executing fun.



    





      


      
        Functions


        


    

  
    
      
    
    
      trace_messages(pid, fun, opts \\ [])



        
          
        

    

  


  

      

          @spec trace_messages(pid(), (-> any()), keyword()) :: %{
  messages: [term()],
  result: term(),
  initial_mailbox: [term()],
  final_mailbox: [term()]
}


      


Traces messages received by pid while executing fun.
Returns a map with the traced messages in arrival order, along with the
original mailbox snapshots and the wrapped function result.

  


        

      


  

  
    
    Supertester.PropertyHelpers - Supertester v0.5.1
    
    

    


  
  

    
Supertester.PropertyHelpers 
    



      
StreamData generators tailored for Supertester's concurrent harness.

      


      
        Summary


  
    Functions
  


    
      
        concurrent_scenario(opts)

      


        Generates concurrent scenario configs consumable by ConcurrentHarness.from_property_config/3.



    


    
      
        genserver_operation_sequence(operations, opts \\ [])

      


        Generates sequences of GenServer operations suitable for ConcurrentHarness threads.



    





      


      
        Functions


        


  
    
      
    
    
      concurrent_scenario(opts)



        
          
        

    

  


  

      

          @spec concurrent_scenario(keyword()) :: StreamData.t(map())


      


Generates concurrent scenario configs consumable by ConcurrentHarness.from_property_config/3.
Options
	:operations - Required list passed to genserver_operation_sequence/2
	:min_threads / :max_threads - Thread bounds (defaults: 2..4)
	:min_ops_per_thread / :max_ops_per_thread
	:call_timeout_ms, :timeout_ms, :metadata, :mailbox


  



    

  
    
      
    
    
      genserver_operation_sequence(operations, opts \\ [])



        
          
        

    

  


  

      

          @spec genserver_operation_sequence(
  [term() | Supertester.ConcurrentHarness.operation()],
  keyword()
) :: StreamData.t([Supertester.ConcurrentHarness.operation()])


      


Generates sequences of GenServer operations suitable for ConcurrentHarness threads.
Options
	:default_operation - Tag bare terms as :call or :cast (default: :call)
	:min_length / :max_length - Bounds for sequence length
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Supertester.Telemetry 
    



      
Centralized Telemetry instrumentation for Supertester.
All public helpers eventually call :telemetry.execute/3 with the [:supertester | event]
prefix so consumers can subscribe to a consistent namespace.

      


      
        Summary


  
    Types
  


    
      
        measurements()

      


    


    
      
        metadata()

      


    





  
    Functions
  


    
      
        chaos_event(type, measurements \\ %{}, metadata \\ %{})

      


        Emits chaos lifecycle events.



    


    
      
        emit(event, measurements \\ %{}, metadata \\ %{})

      


        Emits a raw telemetry event with the [:supertester | event] prefix.



    


    
      
        mailbox_sample(measurements, metadata \\ %{})

      


        Emits mailbox sampling metrics captured during a scenario.



    


    
      
        performance_event(measurements, metadata \\ %{})

      


        Emits performance measurements produced for a scenario.



    


    
      
        scenario_start(metadata \\ %{})

      


        Emits the scenario start event for the concurrent harness.



    


    
      
        scenario_stop(measurements \\ %{}, metadata \\ %{})

      


        Emits the scenario stop event for the concurrent harness.



    





      


      
        Types


        


  
    
      
    
    
      measurements()



        
          
        

    

  


  

      

          @type measurements() :: map()


      



  



  
    
      
    
    
      metadata()



        
          
        

    

  


  

      

          @type metadata() :: map()


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      chaos_event(type, measurements \\ %{}, metadata \\ %{})



        
          
        

    

  


  

      

          @spec chaos_event(:start | :stop, measurements(), metadata()) :: :ok


      


Emits chaos lifecycle events.

  



    

    

  
    
      
    
    
      emit(event, measurements \\ %{}, metadata \\ %{})



        
          
        

    

  


  

      

          @spec emit([atom()], measurements(), metadata()) :: :ok


      


Emits a raw telemetry event with the [:supertester | event] prefix.

  



    

  
    
      
    
    
      mailbox_sample(measurements, metadata \\ %{})



        
          
        

    

  


  

      

          @spec mailbox_sample(measurements(), metadata()) :: :ok


      


Emits mailbox sampling metrics captured during a scenario.

  



    

  
    
      
    
    
      performance_event(measurements, metadata \\ %{})



        
          
        

    

  


  

      

          @spec performance_event(measurements(), metadata()) :: :ok


      


Emits performance measurements produced for a scenario.

  



    

  
    
      
    
    
      scenario_start(metadata \\ %{})



        
          
        

    

  


  

      

          @spec scenario_start(metadata()) :: :ok


      


Emits the scenario start event for the concurrent harness.

  



    

    

  
    
      
    
    
      scenario_stop(measurements \\ %{}, metadata \\ %{})



        
          
        

    

  


  

      

          @spec scenario_stop(measurements(), metadata()) :: :ok


      


Emits the scenario stop event for the concurrent harness.

  


        

      


  

  
    
    Supertester.GenServerHelpers - Supertester v0.5.1
    
    

    


  
  

    
Supertester.GenServerHelpers 
    



      
Specialized helpers for GenServer testing patterns.
This module provides utilities specifically designed for testing GenServer behavior,
including state management, concurrent testing, and error scenarios.
Key Features
	Safe GenServer state access
	Cast and sync patterns for proper async operation testing
	Concurrent testing utilities
	Error testing and crash recovery
	Timeout-aware GenServer operations

Usage
import Supertester.GenServerHelpers

test "genserver state management" do
  {:ok, server} = setup_isolated_genserver(MyGenServer)
  state = get_server_state_safely(server)
  assert state.counter == 0
end

      


      
        Summary


  
    Functions
  


    
      
        call_with_timeout(server, message, timeout \\ 1000)

      


        Makes a GenServer call with timeout handling.



    


    
      
        cast_and_sync(server, cast_message, sync_message \\ :__supertester_sync__, opts \\ [])

      


        Sends a cast and then synchronizes with a sync message.



    


    
      
        concurrent_calls(server, calls, count \\ 10, opts \\ [])

      


        Performs concurrent calls to a GenServer for stress testing.



    


    
      
        get_server_state_safely(server)

      


        Safely retrieves the internal state of a GenServer.



    


    
      
        stress_test_server(server, operations, duration \\ 5000, opts \\ [])

      


        Performs stress testing on a GenServer with various operations.



    


    
      
        test_invalid_messages(server, invalid_messages)

      


        Tests how a GenServer handles invalid messages.



    


    
      
        test_server_crash_recovery(server, crash_reason)

      


        Tests GenServer crash recovery behavior.



    





      


      
        Functions


        


    

  
    
      
    
    
      call_with_timeout(server, message, timeout \\ 1000)



        
          
        

    

  


  

      

          @spec call_with_timeout(GenServer.server(), term(), timeout()) ::
  {:ok, term()} | {:error, term()}


      


Makes a GenServer call with timeout handling.
Parameters
	server - The GenServer pid or name
	message - The message to send
	timeout - Timeout in milliseconds (default: 1000)

Returns
{:ok, response} if successful, {:error, reason} otherwise
Example
{:ok, response} = call_with_timeout(server, :get_counter, 5000)

  



    

    

  
    
      
    
    
      cast_and_sync(server, cast_message, sync_message \\ :__supertester_sync__, opts \\ [])



        
          
        

    

  


  

      

          @spec cast_and_sync(GenServer.server(), term(), term(), keyword()) ::
  :ok | {:ok, term()} | {:error, term()}


      


Sends a cast and then synchronizes with a sync message.
This is crucial for testing async operations - it ensures the cast has been
processed before the test continues.
Parameters
	server - The GenServer pid or name
	cast_message - The async message to cast
	sync_message - The sync message for synchronization (default: :supertester_sync)

Returns
:ok if successful, {:error, reason} otherwise
Example
:ok = cast_and_sync(server, {:increment, 5})
{:ok, state} = get_server_state_safely(server)
assert state.counter == 5

  



    

    

  
    
      
    
    
      concurrent_calls(server, calls, count \\ 10, opts \\ [])



        
          
        

    

  


  

      

          @spec concurrent_calls(GenServer.server(), [term()], pos_integer(), keyword()) ::
  {:ok, [map()]}


      


Performs concurrent calls to a GenServer for stress testing.
Parameters
	server - The GenServer pid or name
	calls - List of messages to send concurrently
	count - Number of concurrent processes per message (default: 10)

Returns
{:ok, results} with list of {call, result} tuples
Example
calls = [:get_counter, {:increment, 1}, :get_counter]
{:ok, results} = concurrent_calls(server, calls, 5)

  



  
    
      
    
    
      get_server_state_safely(server)



        
          
        

    

  


  

      

          @spec get_server_state_safely(GenServer.server()) :: {:ok, term()} | {:error, term()}


      


Safely retrieves the internal state of a GenServer.
This function attempts to get the GenServer state without causing crashes
if the server is not responsive or doesn't support state inspection.
Parameters
	server - The GenServer pid or name

Returns
{:ok, state} if successful, {:error, reason} otherwise
Example
{:ok, state} = get_server_state_safely(my_server)

  



    

    

  
    
      
    
    
      stress_test_server(server, operations, duration \\ 5000, opts \\ [])



        
          
        

    

  


  

      

          @spec stress_test_server(GenServer.server(), [term()], pos_integer(), keyword()) ::
  {:ok,
   %{
     calls: non_neg_integer(),
     casts: non_neg_integer(),
     errors: non_neg_integer(),
     duration_ms: non_neg_integer()
   }}


      


Performs stress testing on a GenServer with various operations.
Parameters
	server - The GenServer pid or name
	operations - List of operations to perform randomly
	duration - Duration in milliseconds (default: 5000)

Returns
{:ok, stats} with stress test statistics
Example
operations = [
  {:call, :get_counter},
  {:cast, {:increment, 1}},
  {:call, {:add, 5}}
]
{:ok, stats} = stress_test_server(server, operations, 10_000)

  



  
    
      
    
    
      test_invalid_messages(server, invalid_messages)



        
          
        

    

  


  

      

          @spec test_invalid_messages(GenServer.server(), [term()]) :: {:ok, [{term(), term()}]}


      


Tests how a GenServer handles invalid messages.
Parameters
	server - The GenServer pid or name
	invalid_messages - List of invalid messages to test

Returns
{:ok, results} with test results for each message
Example
invalid_messages = [:invalid_call, {:unknown, :message}, "string_message"]
{:ok, results} = test_invalid_messages(server, invalid_messages)

  



  
    
      
    
    
      test_server_crash_recovery(server, crash_reason)



        
          
        

    

  


  

      

          @spec test_server_crash_recovery(GenServer.server(), term()) ::
  {:ok, map()} | {:error, term()}


      


Tests GenServer crash recovery behavior.
Parameters
	server - The GenServer pid or name
	crash_reason - The reason to crash the server with

Returns
{:ok, recovery_info} if recovery successful, {:error, reason} otherwise
Example
{:ok, info} = test_server_crash_recovery(server, :test_crash)
assert info.recovered == true
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Supertester.OTPHelpers 
    



      
OTP-compliant testing utilities for GenServer, Supervisor, and process management.
This module provides helpers that replace timing-based synchronization (Process.sleep)
with proper OTP synchronization patterns, enabling reliable async testing.
Key Features
	Unique process naming to prevent conflicts
	OTP-compliant synchronization without Process.sleep
	Automatic resource cleanup
	Process lifecycle management
	Supervision tree testing utilities

Usage
import Supertester.OTPHelpers

test "my genserver test" do
  {:ok, server} = setup_isolated_genserver(MyGenServer, "test_context")
  assert_genserver_responsive(server)
end

      


      
        Summary


  
    Functions
  


    
      
        cleanup_on_exit(cleanup_fun)

      


        Registers a cleanup function to run on test exit.



    


    
      
        cleanup_processes(pids)

      


        Cleans up a list of processes safely.



    


    
      
        monitor_process_lifecycle(pid)

      


        Monitors a process lifecycle and returns monitoring information.



    


    
      
        setup_isolated_genserver(module, test_name \\ "", opts \\ [])

      


        Sets up an isolated GenServer with unique naming and automatic cleanup.



    


    
      
        setup_isolated_supervisor(module, test_name \\ "", opts \\ [])

      


        Sets up an isolated Supervisor with unique naming and automatic cleanup.



    


    
      
        wait_for_genserver_sync(server, timeout \\ 1000)

      


        Waits for a GenServer to be synchronized and responsive.



    


    
      
        wait_for_process_death(pid, timeout \\ 1000)

      


        Waits for a process to terminate.



    


    
      
        wait_for_process_restart(process_name, original_pid, timeout \\ 1000)

      


        Waits for a process to restart after termination.



    


    
      
        wait_for_supervisor_restart(supervisor, timeout \\ 1000)

      


        Waits for a supervisor to finish starting all its children.



    





      


      
        Functions


        


  
    
      
    
    
      cleanup_on_exit(cleanup_fun)



        
          
        

    

  


  

      

          @spec cleanup_on_exit((-> any())) :: :ok


      


Registers a cleanup function to run on test exit.
Parameters
	cleanup_fun - Function to call on test exit

Example
cleanup_on_exit(fn -> GenServer.stop(my_server) end)

  



  
    
      
    
    
      cleanup_processes(pids)



        
          
        

    

  


  

      

          @spec cleanup_processes([pid()]) :: :ok


      


Cleans up a list of processes safely.
Parameters
	pids - List of PIDs to clean up

Example
cleanup_processes([pid1, pid2, pid3])

  



  
    
      
    
    
      monitor_process_lifecycle(pid)



        
          
        

    

  


  

      

          @spec monitor_process_lifecycle(pid()) :: {reference(), pid()}


      


Monitors a process lifecycle and returns monitoring information.
Parameters
	pid - The process to monitor

Returns
{monitor_ref, pid}
Example
{ref, pid} = monitor_process_lifecycle(server_pid)

  



    

    

  
    
      
    
    
      setup_isolated_genserver(module, test_name \\ "", opts \\ [])



        
          
        

    

  


  

      

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


      


Sets up an isolated GenServer with unique naming and automatic cleanup.
Parameters
	module - The GenServer module to start
	test_name - Test context for unique naming (optional)
	opts - Options passed to GenServer.start_link (optional)

Returns
{:ok, server_pid} or {:error, reason}
Example
{:ok, server} = setup_isolated_genserver(MyGenServer, "my_test", [initial_state: %{}])

  



    

    

  
    
      
    
    
      setup_isolated_supervisor(module, test_name \\ "", opts \\ [])



        
          
        

    

  


  

      

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


      


Sets up an isolated Supervisor with unique naming and automatic cleanup.
Parameters
	module - The Supervisor module to start
	test_name - Test context for unique naming (optional)
	opts - Options passed to Supervisor.start_link (optional)

Returns
{:ok, supervisor_pid} or {:error, reason}
Example
{:ok, supervisor} = setup_isolated_supervisor(MySupervisor, "my_test")

  



    

  
    
      
    
    
      wait_for_genserver_sync(server, timeout \\ 1000)



        
          
        

    

  


  

      

          @spec wait_for_genserver_sync(GenServer.server(), timeout()) :: :ok | {:error, term()}


      


Waits for a GenServer to be synchronized and responsive.
Uses GenServer.call with a sync message instead of Process.sleep.
Parameters
	server - The GenServer pid or name
	timeout - Timeout in milliseconds (default: 1000)

Returns
:ok if server is responsive, {:error, reason} otherwise
Example
wait_for_genserver_sync(server, 5000)

  



    

  
    
      
    
    
      wait_for_process_death(pid, timeout \\ 1000)



        
          
        

    

  


  

      

          @spec wait_for_process_death(pid(), timeout()) :: {:ok, term()} | {:error, :timeout}


      


Waits for a process to terminate.
Parameters
	pid - The process to wait for
	timeout - Timeout in milliseconds (default: 1000)

Returns
{:ok, reason} if process died, {:error, :timeout} if timeout
Example
ref = Process.monitor(pid)
Process.exit(pid, :kill)
{:ok, :killed} = wait_for_process_death(pid)

  



    

  
    
      
    
    
      wait_for_process_restart(process_name, original_pid, timeout \\ 1000)



        
          
        

    

  


  

      

          @spec wait_for_process_restart(atom(), pid(), timeout()) ::
  {:ok, pid()} | {:error, term()}


      


Waits for a process to restart after termination.
Parameters
	process_name - The registered name of the process
	original_pid - The PID before restart
	timeout - Timeout in milliseconds (default: 1000)

Returns
{:ok, new_pid} if process restarted, {:error, reason} otherwise
Example
original_pid = GenServer.whereis(MyServer)
GenServer.stop(MyServer)
{:ok, new_pid} = wait_for_process_restart(MyServer, original_pid)

  



    

  
    
      
    
    
      wait_for_supervisor_restart(supervisor, timeout \\ 1000)



        
          
        

    

  


  

      

          @spec wait_for_supervisor_restart(Supervisor.supervisor(), timeout()) ::
  {:ok, pid()} | {:error, term()}


      


Waits for a supervisor to finish starting all its children.
Parameters
	supervisor - The supervisor pid or name
	timeout - Timeout in milliseconds (default: 1000)

Returns
:ok if supervisor is ready, {:error, reason} otherwise
Example
{:ok, supervisor} = setup_isolated_supervisor(MySupervisor)
wait_for_supervisor_restart(supervisor)

  


        

      


  

  
    
    Supertester.SupervisorHelpers - Supertester v0.5.1
    
    

    


  
  

    
Supertester.SupervisorHelpers 
    



      
Specialized testing utilities for supervision trees.
This module provides helpers for testing supervisor behavior, restart strategies,
and supervision tree structures.
Key Features
	Test restart strategies (one_for_one, one_for_all, rest_for_one)
	Trace supervision events
	Verify supervision tree structure
	Wait for supervisor stabilization

Usage
import Supertester.SupervisorHelpers

test "supervisor restart strategy" do
  {:ok, supervisor} = setup_isolated_supervisor(MySupervisor)

  result = test_restart_strategy(supervisor, :one_for_one, {:kill_child, :worker_1})

  assert result.restarted == [:worker_1]
  assert result.not_restarted == [:worker_2, :worker_3]
end

      


      
        Summary


  
    Types
  


    
      
        child_structure()

      


    


    
      
        restart_scenario()

      


    


    
      
        supervision_event()

      


    


    
      
        test_result()

      


    


    
      
        tree_structure()

      


    





  
    Functions
  


    
      
        assert_supervision_tree_structure(supervisor, expected)

      


        Asserts supervision tree matches expected structure.



    


    
      
        get_active_child_count(supervisor)

      


        Gets the count of active children in a supervisor.



    


    
      
        test_restart_strategy(supervisor, strategy, scenario)

      


        Tests supervisor restart strategies with various failure scenarios.



    


    
      
        trace_supervision_events(supervisor, opts \\ [])

      


        Traces all supervision events for verification.



    


    
      
        wait_for_supervisor_stabilization(supervisor, timeout \\ 5000)

      


        Waits until supervisor has all children running and stable.



    





      


      
        Types


        


  
    
      
    
    
      child_structure()



        
          
        

    

  


  

      

          @type child_structure() ::
  {child_id :: term(), module :: module()}
  | {child_id :: term(), tree_structure()}


      



  



  
    
      
    
    
      restart_scenario()



        
          
        

    

  


  

      

          @type restart_scenario() ::
  {:kill_child, child_id :: term()}
  | {:kill_children, [child_id :: term()]}
  | {:cascade_failure, start_child_id :: term()}


      



  



  
    
      
    
    
      supervision_event()



        
          
        

    

  


  

      

          @type supervision_event() ::
  {:child_started, child_id :: term(), pid()}
  | {:child_terminated, child_id :: term(), pid(), reason :: term()}
  | {:child_restarted, child_id :: term(), old_pid :: pid(), new_pid :: pid()}


      



  



  
    
      
    
    
      test_result()



        
          
        

    

  


  

      

          @type test_result() :: %{
  restarted: [term()],
  not_restarted: [term()],
  supervisor_alive: boolean()
}


      



  



  
    
      
    
    
      tree_structure()



        
          
        

    

  


  

      

          @type tree_structure() :: %{
  supervisor: module(),
  strategy: atom(),
  children: [child_structure()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      assert_supervision_tree_structure(supervisor, expected)



        
          
        

    

  


  

      

          @spec assert_supervision_tree_structure(Supervisor.supervisor(), tree_structure()) ::
  :ok


      


Asserts supervision tree matches expected structure.
Parameters
	supervisor - The supervisor PID
	expected - Expected tree structure

Examples
test "supervision tree structure" do
  {:ok, root} = setup_isolated_supervisor(RootSupervisor)

  assert_supervision_tree_structure(root, %{
    supervisor: RootSupervisor,
    strategy: :one_for_one,
    children: [
      {:cache, CacheServer},
      {:workers, %{
        supervisor: WorkerSupervisor,
        strategy: :one_for_all,
        children: [
          {:worker_1, Worker},
          {:worker_2, Worker}
        ]
      }}
    ]
  })
end

  



  
    
      
    
    
      get_active_child_count(supervisor)



        
          
        

    

  


  

      

          @spec get_active_child_count(Supervisor.supervisor()) :: non_neg_integer()


      


Gets the count of active children in a supervisor.
Parameters
	supervisor - The supervisor PID

Returns
Number of active children
Examples
count = get_active_child_count(supervisor)
assert count == 3

  



  
    
      
    
    
      test_restart_strategy(supervisor, strategy, scenario)



        
          
        

    

  


  

      

          @spec test_restart_strategy(Supervisor.supervisor(), atom(), restart_scenario()) ::
  test_result()


      


Tests supervisor restart strategies with various failure scenarios.
Parameters
	supervisor - The supervisor PID or name
	strategy - Expected strategy (:one_for_one, :one_for_all, :rest_for_one)
	scenario - The failure scenario to test

Examples
test "one_for_one restarts only failed child" do
  {:ok, supervisor} = setup_isolated_supervisor(MySupervisor)

  result = test_restart_strategy(supervisor, :one_for_one, {:kill_child, :worker_1})

  assert result.restarted == [:worker_1]
  assert result.not_restarted == [:worker_2, :worker_3]
end

  



    

  
    
      
    
    
      trace_supervision_events(supervisor, opts \\ [])



        
          
        

    

  


  

      

          @spec trace_supervision_events(
  Supervisor.supervisor(),
  keyword()
) :: {:ok, (-> [supervision_event()])}


      


Traces all supervision events for verification.
Parameters
	supervisor - The supervisor PID to trace
	opts - Options (currently unused)

Returns
{:ok, stop_fn} where stop_fn returns the list of traced events
Examples
test "supervisor restart behavior" do
  {:ok, supervisor} = setup_isolated_supervisor(MySupervisor)
  {:ok, stop_trace} = trace_supervision_events(supervisor)

  # Cause some failures
  children = Supervisor.which_children(supervisor)
  Enum.each(children, fn {_id, pid, _type, _mods} ->
    Process.exit(pid, :kill)
  end)

  # Get events
  events = stop_trace.()

  # Verify restart sequence
  assert length(events) >= 6  # 3 terminates + 3 restarts
end

  



    

  
    
      
    
    
      wait_for_supervisor_stabilization(supervisor, timeout \\ 5000)



        
          
        

    

  


  

      

          @spec wait_for_supervisor_stabilization(Supervisor.supervisor(), timeout()) ::
  :ok | {:error, :timeout}


      


Waits until supervisor has all children running and stable.
Parameters
	supervisor - The supervisor PID
	timeout - Timeout in milliseconds (default: 5000)

Examples
test "supervisor recovery" do
  {:ok, supervisor} = setup_isolated_supervisor(MySupervisor)

  # Cause chaos
  children = Supervisor.which_children(supervisor)
  Enum.each(children, fn {_id, pid, _type, _mods} ->
    Process.exit(pid, :kill)
  end)

  # Wait for stabilization
  assert :ok = wait_for_supervisor_stabilization(supervisor)

  # All should be alive
  assert_all_children_alive(supervisor)
end

  


        

      


  

  
    
    Supertester.ChaosHelpers - Supertester v0.5.1
    
    

    


  
  

    
Supertester.ChaosHelpers 
    



      
Chaos engineering toolkit for OTP resilience testing.
Provides controlled fault injection to verify system fault tolerance,
recovery mechanisms, and graceful degradation under adverse conditions.
Key Features
	Process crash injection
	Random child killing in supervision trees
	Resource exhaustion simulation
	Comprehensive chaos scenario testing

Usage
import Supertester.ChaosHelpers

test "system survives random crashes" do
  {:ok, supervisor} = setup_isolated_supervisor(MySupervisor)

  # Inject random crashes
  inject_crash(worker, {:random, 0.3})

  # Run workload
  perform_work(1000)

  # Verify system recovered
  assert_all_children_alive(supervisor)
end

      


      
        Summary


  
    Types
  


    
      
        chaos_report()

      


    


    
      
        chaos_suite_report()

      


    


    
      
        crash_spec()

      


    


    
      
        failure_report()

      


    





  
    Functions
  


    
      
        assert_chaos_resilient(system, chaos_fn, recovery_fn, opts \\ [])

      


        Asserts system recovers from chaos within timeout.



    


    
      
        chaos_kill_children(supervisor, opts \\ [])

      


        Randomly kills children in a supervision tree to test restart strategies.



    


    
      
        inject_crash(target, crash_spec, opts \\ [])

      


        Injects controlled crashes into a process for resilience testing.



    


    
      
        run_chaos_suite(target, scenarios, opts \\ [])

      


        Runs a comprehensive chaos testing suite.



    


    
      
        simulate_resource_exhaustion(resource, opts \\ [])

      


        Simulates resource exhaustion scenarios.



    





      


      
        Types


        


  
    
      
    
    
      chaos_report()



        
          
        

    

  


  

      

          @type chaos_report() :: %{
  killed: non_neg_integer(),
  restarted: non_neg_integer(),
  supervisor_crashed: boolean(),
  duration_ms: non_neg_integer()
}


      



  



  
    
      
    
    
      chaos_suite_report()



        
          
        

    

  


  

      

          @type chaos_suite_report() :: %{
  total_scenarios: non_neg_integer(),
  passed: non_neg_integer(),
  failed: non_neg_integer(),
  failures: [failure_report()],
  duration_ms: non_neg_integer()
}


      



  



  
    
      
    
    
      crash_spec()



        
          
        

    

  


  

      

          @type crash_spec() ::
  :immediate
  | {:after_ms, milliseconds :: pos_integer()}
  | {:random, probability :: float()}


      



  



  
    
      
    
    
      failure_report()



        
          
        

    

  


  

      

          @type failure_report() :: %{scenario: map(), reason: term()}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      assert_chaos_resilient(system, chaos_fn, recovery_fn, opts \\ [])



        
          
        

    

  


  

      

          @spec assert_chaos_resilient(pid(), (-> any()), (-> boolean()), keyword()) :: :ok


      


Asserts system recovers from chaos within timeout.
Parameters
	system - The system PID (supervisor or process)
	chaos_fn - Function that applies chaos
	recovery_fn - Function that checks if system recovered (returns boolean)
	opts - Options (:timeout in ms, default: 5000)

Examples
assert_chaos_resilient(supervisor,
  fn -> chaos_kill_children(supervisor, kill_rate: 0.5) end,
  fn -> all_children_alive?(supervisor) end,
  timeout: 10_000
)

  



    

  
    
      
    
    
      chaos_kill_children(supervisor, opts \\ [])



        
          
        

    

  


  

      

          @spec chaos_kill_children(
  Supervisor.supervisor(),
  keyword()
) :: chaos_report()


      


Randomly kills children in a supervision tree to test restart strategies.
Options
	:kill_rate - Percentage of children to kill (default: 0.3 = 30%)
	:duration_ms - How long to run chaos (default: 5000)
	:kill_interval_ms - Time between kills (default: 100)
	:kill_reason - Reason for kills (default: :kill)

Examples
test "supervisor handles cascading failures" do
  {:ok, supervisor} = setup_isolated_supervisor(MySupervisor)

  report = chaos_kill_children(supervisor,
    kill_rate: 0.5,
    duration_ms: 3000,
    kill_interval_ms: 200
  )

  # Verify supervisor survived
  assert Process.alive?(supervisor)
  assert report.supervisor_crashed == false
end

  



    

  
    
      
    
    
      inject_crash(target, crash_spec, opts \\ [])



        
          
        

    

  


  

      

          @spec inject_crash(pid(), crash_spec(), keyword()) :: :ok


      


Injects controlled crashes into a process for resilience testing.
Parameters
	target - The process PID to crash
	crash_spec - How to crash the process
	opts - Options (:reason for crash reason, default: :chaos_injection)

Crash Specifications
	:immediate - Crash immediately
	{:after_ms, duration} - Crash after duration milliseconds
	{:random, probability} - Crash with given probability (0.0 to 1.0)

Examples
# Immediate crash
inject_crash(worker_pid, :immediate)

# Delayed crash
inject_crash(worker_pid, {:after_ms, 100})

# Random crash (30% probability)
inject_crash(worker_pid, {:random, 0.3})

  



    

  
    
      
    
    
      run_chaos_suite(target, scenarios, opts \\ [])



        
          
        

    

  


  

      

          @spec run_chaos_suite(pid(), [map()], keyword()) :: chaos_suite_report()


      


Runs a comprehensive chaos testing suite.
Parameters
	target - The target system (supervisor or process)
	scenarios - List of chaos scenarios
	opts - Options (:timeout for overall timeout)

Examples
scenarios = [
  %{type: :kill_children, kill_rate: 0.3, duration_ms: 1000},
  %{type: :kill_children, kill_rate: 0.5, duration_ms: 1000},
]

report = run_chaos_suite(supervisor, scenarios, timeout: 30_000)

assert report.passed == report.total_scenarios
assert report.failed == 0

  



    

  
    
      
    
    
      simulate_resource_exhaustion(resource, opts \\ [])



        
          
        

    

  


  

      

          @spec simulate_resource_exhaustion(
  atom(),
  keyword()
) :: {:ok, cleanup_fn :: (-> :ok)} | {:error, term()}


      


Simulates resource exhaustion scenarios.
Options
	:percentage - Percentage of limit to consume (default: 0.8 = 80%)
	:spawn_count - Explicit number of processes/resources to spawn
	:count - Number of resources for non-percentage resources

Examples
test "system handles process limit pressure" do
  {:ok, cleanup} = simulate_resource_exhaustion(:process_limit,
    percentage: 0.05,  # Use small percentage for tests
    spawn_count: 100
  )

  # Perform operations under pressure
  result = perform_critical_operation()

  # Cleanup
  cleanup.()

  # Verify graceful degradation
  assert result == :ok or match?({:error, _}, result)
end

  


        

      


  

  
    
    Supertester.PerformanceHelpers - Supertester v0.5.1
    
    

    


  
  

    
Supertester.PerformanceHelpers 
    



      
Performance testing and regression detection for OTP systems.
Integrates performance measurement with Supertester's isolation patterns and provides
performance assertions for CI/CD pipelines.
Key Features
	Performance assertions (max time, memory, reductions)
	Memory leak detection
	Mailbox growth monitoring
	Operation measurement and comparison

Usage
import Supertester.PerformanceHelpers

test "critical path performance" do
  assert_performance(
    fn -> CriticalServer.operation(server) end,
    max_time_ms: 100,
    max_memory_bytes: 1_000_000
  )
end

      


      
        Summary


  
    Functions
  


    
      
        assert_expectations(measurements, expectations)

      


        Asserts that the provided measurement map meets the expectations.



    


    
      
        assert_mailbox_stable(server, opts)

      


        Asserts GenServer mailbox remains stable during operation.



    


    
      
        assert_no_memory_leak(iterations, operation, opts \\ [])

      


        Verifies operation doesn't leak memory over many iterations.



    


    
      
        assert_performance(operation, expectations)

      


        Asserts operation meets performance expectations.



    


    
      
        compare_performance(functions)

      


        Compares performance of multiple functions.



    


    
      
        measure_mailbox_growth(server, operation, opts \\ [])

      


        Measures mailbox growth during operation.



    


    
      
        measure_operation(operation)

      


        Measures operation performance metrics.



    





      


      
        Functions


        


  
    
      
    
    
      assert_expectations(measurements, expectations)



        
          
        

    

  


  

      

          @spec assert_expectations(
  map(),
  keyword()
) :: :ok


      


Asserts that the provided measurement map meets the expectations.

  



  
    
      
    
    
      assert_mailbox_stable(server, opts)



        
          
        

    

  


  

      

          @spec assert_mailbox_stable(
  pid(),
  keyword()
) :: :ok


      


Asserts GenServer mailbox remains stable during operation.
Options
	:during - Function to execute while monitoring (required)
	:max_size - Maximum mailbox size allowed (default: 100)
	Additional options forwarded to measure_mailbox_growth/3

Examples
assert_mailbox_stable(server,
  during: fn ->
    perform_operations(server, 1000)
  end,
  max_size: 50
)

  



    

  
    
      
    
    
      assert_no_memory_leak(iterations, operation, opts \\ [])



        
          
        

    

  


  

      

          @spec assert_no_memory_leak(pos_integer(), (-> any()), keyword()) :: :ok


      


Verifies operation doesn't leak memory over many iterations.
Parameters
	iterations - Number of times to run the operation
	operation - Function to execute
	opts - Options (:threshold for acceptable growth rate, default: 0.1 = 10%)

Examples
assert_no_memory_leak(10_000, fn ->
  handle_message(server, message())
end)

  



  
    
      
    
    
      assert_performance(operation, expectations)



        
          
        

    

  


  

      

          @spec assert_performance(
  (-> any()),
  keyword()
) :: :ok


      


Asserts operation meets performance expectations.
Expectations
	:max_time_ms - Maximum execution time in milliseconds
	:max_memory_bytes - Maximum memory consumption in bytes
	:max_reductions - Maximum reductions (CPU work)

Examples
assert_performance(
  fn -> expensive_operation() end,
  max_time_ms: 100,
  max_memory_bytes: 500_000,
  max_reductions: 100_000
)

  



  
    
      
    
    
      compare_performance(functions)



        
          
        

    

  


  

      

          @spec compare_performance(map()) :: map()


      


Compares performance of multiple functions.
Parameters
	functions - Map of function name to function

Returns
Map of function name to performance metrics
Examples
results = compare_performance(%{
  "approach_a" => fn -> approach_a() end,
  "approach_b" => fn -> approach_b() end
})

# Find fastest
fastest = Enum.min_by(results, fn {_name, metrics} -> metrics.time_us end)

  



    

  
    
      
    
    
      measure_mailbox_growth(server, operation, opts \\ [])



        
          
        

    

  


  

      

          @spec measure_mailbox_growth(pid(), (-> any()), keyword()) :: map()


      


Measures mailbox growth during operation.
Parameters
	server - The GenServer PID to monitor
	operation - Function to execute while monitoring

Options
	:sampling_interval - Interval in ms between mailbox samples (default: 10)

Returns
Map with:
	:initial_size - Mailbox size before operation
	:final_size - Mailbox size after operation
	:max_size - Maximum mailbox size observed
	:avg_size - Average mailbox size
	:result - The result returned by the wrapped operation

Examples
report = measure_mailbox_growth(server, fn ->
  send_many_messages(server, 1000)
end)

assert report.max_size < 100

  



  
    
      
    
    
      measure_operation(operation)



        
          
        

    

  


  

      

          @spec measure_operation((-> any())) :: map()


      


Measures operation performance metrics.
Returns
Map with:
	:time_us - Execution time in microseconds
	:memory_bytes - Memory used in bytes
	:reductions - Reductions (CPU work)
	:result - Operation result

Examples
metrics = measure_operation(fn -> complex_calculation() end)
IO.puts "Time: #{metrics.time_us}μs, Memory: #{metrics.memory_bytes} bytes"

  


        

      


  

  
    
    Supertester.Assertions - Supertester v0.5.1
    
    

    


  
  

    
Supertester.Assertions 
    



      
Custom assertions for OTP patterns and system behavior.
This module provides specialized assertions that understand OTP patterns,
making tests more expressive and providing better error messages.
Usage
import Supertester.Assertions

test "my test" do
  assert_process_alive(server_pid)
  assert_genserver_responsive(server_pid)
end

      


      
        Summary


  
    Functions
  


    
      
        assert_all_children_alive(supervisor)

      


        Asserts that all children of a supervisor are alive.



    


    
      
        assert_child_count(supervisor, expected_count)

      


        Asserts that a supervisor has the expected number of children.



    


    
      
        assert_genserver_handles_message(server, message, expected_response)

      


        Asserts that a GenServer handles a message correctly.



    


    
      
        assert_genserver_responsive(server)

      


        Asserts that a GenServer is responsive.



    


    
      
        assert_genserver_state(server, expected_state)

      


        Asserts that a GenServer has the expected state.



    


    
      
        assert_memory_usage_stable(operation_fun, tolerance \\ 0.1)

      


        Asserts that memory usage remains stable during an operation.



    


    
      
        assert_no_process_leaks(operation_fun)

      


        Asserts that no processes are leaked during an operation.



    


    
      
        assert_performance_within_bounds(benchmark_result, expectations)

      


        Asserts that performance is within expected bounds.



    


    
      
        assert_process_alive(pid)

      


        Asserts that a process is alive.



    


    
      
        assert_process_dead(pid)

      


        Asserts that a process is dead.



    


    
      
        assert_process_restarted(process_name, original_pid)

      


        Asserts that a process has been restarted.



    


    
      
        assert_supervisor_strategy(supervisor, expected_strategy)

      


        Asserts that a supervisor is accessible and running.



    





      


      
        Functions


        


  
    
      
    
    
      assert_all_children_alive(supervisor)



        
          
        

    

  


  

      

          @spec assert_all_children_alive(Supervisor.supervisor()) :: :ok


      


Asserts that all children of a supervisor are alive.
Parameters
	supervisor - The supervisor pid or name

Example
assert_all_children_alive(supervisor)

  



  
    
      
    
    
      assert_child_count(supervisor, expected_count)



        
          
        

    

  


  

      

          @spec assert_child_count(Supervisor.supervisor(), non_neg_integer()) :: :ok


      


Asserts that a supervisor has the expected number of children.
Parameters
	supervisor - The supervisor pid or name
	expected_count - The expected number of children

Example
assert_child_count(supervisor, 3)

  



  
    
      
    
    
      assert_genserver_handles_message(server, message, expected_response)



        
          
        

    

  


  

      

          @spec assert_genserver_handles_message(GenServer.server(), term(), term()) :: :ok


      


Asserts that a GenServer handles a message correctly.
Parameters
	server - The GenServer pid or name
	message - The message to send
	expected_response - The expected response

Example
assert_genserver_handles_message(server, :get_counter, {:ok, 5})

  



  
    
      
    
    
      assert_genserver_responsive(server)



        
          
        

    

  


  

      

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


      


Asserts that a GenServer is responsive.
Parameters
	server - The GenServer pid or name

Example
assert_genserver_responsive(server)

  



  
    
      
    
    
      assert_genserver_state(server, expected_state)



        
          
        

    

  


  

      

          @spec assert_genserver_state(GenServer.server(), term() | (term() -> boolean())) ::
  :ok


      


Asserts that a GenServer has the expected state.
Parameters
	server - The GenServer pid or name
	expected_state - The expected state or a function to test the state

Example
assert_genserver_state(server, %{counter: 5})
assert_genserver_state(server, fn state -> state.counter > 0 end)

  



    

  
    
      
    
    
      assert_memory_usage_stable(operation_fun, tolerance \\ 0.1)



        
          
        

    

  


  

      

          @spec assert_memory_usage_stable((-> any()), float()) :: :ok


      


Asserts that memory usage remains stable during an operation.
Parameters
	operation_fun - Function to execute
	tolerance - Memory tolerance as a percentage (default: 0.1)

Example
assert_memory_usage_stable(fn -> 
  Enum.each(1..1000, fn _ -> GenServer.call(server, :increment) end)
end, 0.05)

  



  
    
      
    
    
      assert_no_process_leaks(operation_fun)



        
          
        

    

  


  

      

          @spec assert_no_process_leaks((-> any())) :: :ok


      


Asserts that no processes are leaked during an operation.
Parameters
	operation_fun - Function to execute

Example
assert_no_process_leaks(fn ->
  {:ok, server} = GenServer.start_link(MyServer, [])
  GenServer.stop(server)
end)

  



  
    
      
    
    
      assert_performance_within_bounds(benchmark_result, expectations)



        
          
        

    

  


  

      

          @spec assert_performance_within_bounds(map(), map()) :: :ok


      


Asserts that performance is within expected bounds.
Parameters
	benchmark_result - Result from performance testing
	expectations - Map of performance expectations

Example
expectations = %{max_time: 1000, max_memory: 1_000_000}
assert_performance_within_bounds(result, expectations)

  



  
    
      
    
    
      assert_process_alive(pid)



        
          
        

    

  


  

      

          @spec assert_process_alive(pid()) :: :ok


      


Asserts that a process is alive.
Parameters
	pid - The process ID to check

Example
assert_process_alive(server_pid)

  



  
    
      
    
    
      assert_process_dead(pid)



        
          
        

    

  


  

      

          @spec assert_process_dead(pid()) :: :ok


      


Asserts that a process is dead.
Parameters
	pid - The process ID to check

Example
assert_process_dead(old_pid)

  



  
    
      
    
    
      assert_process_restarted(process_name, original_pid)



        
          
        

    

  


  

      

          @spec assert_process_restarted(atom(), pid()) :: :ok


      


Asserts that a process has been restarted.
Parameters
	process_name - The registered name of the process
	original_pid - The original PID before restart

Example
original_pid = GenServer.whereis(MyServer)
GenServer.stop(MyServer)
assert_process_restarted(MyServer, original_pid)

  



  
    
      
    
    
      assert_supervisor_strategy(supervisor, expected_strategy)



        
          
        

    

  


  

      

          @spec assert_supervisor_strategy(Supervisor.supervisor(), atom()) :: :ok


      


Asserts that a supervisor is accessible and running.
Note: This function verifies the supervisor is alive and responding to
queries but does not validate the actual restart strategy. Strategy
verification requires access to supervisor internals that are not
exposed through the public API.
Parameters
	supervisor - The supervisor pid or name
	_expected_strategy - Currently unused (reserved for future implementation)

Example
assert_supervisor_strategy(supervisor, :one_for_one)
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