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    pm4exunit

Process-conformance and latency assertions for ExUnit. Record the events your code emits during a
test, then assert that the trace follows an allowed process model and meets its time limits.
defmodule OrderSagaTest do
  use ExUnit.Case
  use Pm4ExUnit

  test "order saga follows the model", %{pm4_session: session} do
    emit_event(session, "e1", :order_created)
    emit_event(session, "e2", :payment_processed)
    emit_event(session, "e3", :order_fulfilled)

    assert_conformance(session, [[:order_created, :payment_processed, :order_fulfilled]])
  end
end
Install
def deps do
  [{:pm4exunit, "~> 26.11", only: :test}]
end
Requires Elixir 1.15 or later. No runtime dependencies.
What it does
	Conformance: assert_conformance/3 and refute_conformance/3 replay a trace against one or
more valid paths using token-based replay, and report a fitness score in 0.0..1.0. The
assertion passes only when fitness is at least min_fitness (default 1.0) and no tokens are
missing.
	Latency: assert_sla/4 bounds the time between two activities. Pass max_seconds: (or
max_duration:).
	Recording: each test gets its own session process (%{pm4_session: pid}) that stores events
and OCEL-style objects. Assertions also accept a %Pm4ExUnit.TraceCollector{} or a plain list
of events.
	Reporting: Pm4ExUnit.Reporter formats a result as TAP v13 or JUnit XML.

Replay semantics port the pm4vitest TBR engine, so the same model and trace score identically in
both. This is verified by test/pm4exunit_cross_engine_vector_test.exs.
Documentation
The docs follow Diátaxis. Start at docs/README.md.
	You want to	Read
	Learn by doing	Tutorials
	Solve a specific task	How-to guides
	Look up an API	Reference
	Understand the model	Explanation

Known limitations
	assert_sla/4 uses the first occurrence of each activity. Repeated activities are not paired.
	An event with a missing timestamp gets DateTime.utc_now() when recorded
(Pm4ExUnit.TraceCollector). Pm4ExUnit.Temporal also falls back to utc_now() for any
timestamp that is not a %DateTime{} (or an ISO8601 "time:timestamp" string). Always pass
explicit DateTime timestamps when asserting SLAs.
	Object-centric querying (OCPQ) is not implemented. Objects are recorded but not queryable.

The docs/ directory ships with the hex package and is rendered on HexDocs.
License
MIT. See LICENSE.


  

    pm4exunit documentation

Organized by Diátaxis: four kinds of documentation for four needs.
Tutorials (learning)
	Write your first conformance test

How-to guides (tasks)
	Allow several valid paths
	Enforce a latency SLA
	Assert that a trace is rejected
	Emit TAP or JUnit output
	Assert on a plain list of activities

Reference (facts)
	API reference

Explanation (understanding)
	How token-based replay scores a trace
	Why a session process per test



  

    Write your first conformance test

In this tutorial you will add pm4exunit to a project, record events in a test, and watch a
conformance assertion pass and then fail. It takes about ten minutes.
1. Add the dependency
In mix.exs:
{:pm4exunit, "~> 26.11", only: :test}
Run mix deps.get.
2. Write a passing test
Create test/order_saga_test.exs:
defmodule OrderSagaTest do
  use ExUnit.Case
  use Pm4ExUnit

  test "order saga follows the model", %{pm4_session: session} do
    emit_event(session, "e1", :order_created)
    emit_event(session, "e2", :payment_processed)
    emit_event(session, "e3", :order_fulfilled)

    assert_conformance(session, [[:order_created, :payment_processed, :order_fulfilled]])
  end
end
use Pm4ExUnit starts a session for each test and passes it in the test context as
:pm4_session. The list of lists is the model: each inner list is one allowed path.
Run mix test. The test passes.
3. Break it
Delete the :payment_processed line and run mix test again. The assertion fails with a
message like:
Process Conformance Assertion Failed!
Minimum Fitness Required: 1.0
Observed Fitness: 0.5833
Violations:
  * Conformance fitness 0.5833 is below required minimum 1.0.
  * Trace missed 1 mandatory transition(s) in path: ["order_created", "payment_processed", "order_fulfilled"].
  * Trace ended with 1 unconsumed token(s) (premature termination or superfluous transitions).
Diagnostics:
  Trace: ["order_created", "order_fulfilled"]
  Missing Tokens: 1
  Remaining Tokens: 1
The expected path is printed in the violations; compare it with the trace under Diagnostics to
see which step is missing.
4. Add a latency limit
Add a second test:
test "fulfilment is fast enough", %{pm4_session: session} do
  t0 = ~U[2026-11-12 10:00:00Z]

  emit_event(session, "e1", :order_created, timestamp: t0)
  emit_event(session, "e2", :order_fulfilled, timestamp: DateTime.add(t0, 2, :second))

  assert_sla(session, :order_created, :order_fulfilled, max_seconds: 5.0)
end
Change 2 to 9 and it fails with SLA violated.
Next
	Several valid paths: model-multiple-paths
	What the fitness number means: token-based replay



  

    Allow several valid paths

Pass one inner list per allowed path. A trace conforms if it fully follows any one of them.
paths = [
  [:draft, :submitted, :approved, :dispatched],
  [:draft, :submitted, :rejected, :closed]
]

assert_conformance(session, paths, min_fitness: 1.0)
Paths share a start and end place, so they behave as alternative branches. A trace that mixes
steps from two branches does not conform.


  

    Enforce a latency SLA

Give both events explicit timestamps and bound the gap:
emit_event(session, "e1", :request_received, timestamp: t0)
emit_event(session, "e2", :response_dispatched, timestamp: t1)

assert_sla(session, :request_received, :response_dispatched, max_seconds: 5.0)
max_duration: is accepted as an alias for max_seconds:.
Cautions:
	Always pass timestamp:. A missing or unparsable timestamp falls back to the current time, which
makes the result nondeterministic.
	Only the first occurrence of each activity is used.
	If either activity is absent, the assertion fails with a "was not observed" violation.



  

    Assert that a trace is rejected

Use refute_conformance/3 to prove that a trace is rejected: it fails the model, or its fitness
is below :min_fitness (default 1.0). Requires use Pm4ExUnit, which imports the assertions
and defines emit_event/4:
emit_event(session, "e1", :order_created)
emit_event(session, "e3", :order_fulfilled)

refute_conformance(session, [[:order_created, :payment_processed, :order_fulfilled]])
It raises ExUnit.AssertionError if the trace conforms. It returns the evaluation result
(%{success: false, violations: [...], diagnostics: %{...}}), so you can assert on violations.


  

    Emit TAP or JUnit output

assert_conformance/3 raises on failure, so it only returns a successful result. To report both
pass and fail, call evaluate/3 directly:
events = Pm4ExUnit.Session.get_events(session)
result = Pm4ExUnit.Conformance.evaluate(events, [[:step_a, :step_b]])

tap = Pm4ExUnit.Reporter.format_tap("order saga", result.success, result.violations, result.diagnostics)
xml = Pm4ExUnit.Reporter.format_junit("order saga", result.success, result.violations, result.diagnostics, 0.02)
The fifth argument to format_junit is the duration in seconds (default 0.001). diagnostics
is accepted but not written to the XML.
TAP output is TAP version 13, 1..1, ok 1 - name (or not ok), then an indented --- YAML
block listing violations, then .... JUnit output is a <testsuites> / <testsuite> /
<testcase> tree; a failure adds a <failure message="..."> node.
Both return strings; write them wherever your CI reads reports.


  

    Assert on a plain list of activities

The first argument to assert_conformance/3 and refute_conformance/3 (and assert_sla/4, which
needs timestamped event maps) may be a session pid, a %Pm4ExUnit.TraceCollector{}, or a
list of events. A list may hold atoms, strings, or maps with :activity, :name, or
"concept:name":
assert_conformance([:a, :b, :c], [[:a, :b, :c]])
This needs no session. In a test that does not use Pm4ExUnit, add
import Pm4ExUnit.Assertions first.


  

    API reference

use Pm4ExUnit
Imports Pm4ExUnit.Assertions, aliases Pm4ExUnit.Session, and adds a setup that calls
Session.start_link(test_name: to_string(context.test)) and puts the pid in the context as
:pm4_session. use Pm4ExUnit takes no options. Defines two helpers in the test module:
	Function	Description
	emit_event(session, event_id, activity, opts \\ [])	Append an event. Returns :ok.
	register_object(session, obj_id, obj_type, attrs \\ %{})	Record an object. Returns :ok.

emit_event options (keyword list or map): :timestamp (DateTime, default now), :attributes
(map, default %{}), :relationships (list; falls back to :objects, default []). event_id
and activity are stored as strings. Events are appended in call order.
Pm4ExUnit.Assertions
source is a session pid, a %Pm4ExUnit.TraceCollector{}, or a list of events.
	Function	Description
	assert_conformance(source, valid_paths, opts \\ [])	Fails unless fitness >= min_fitness and missing_tokens == 0. Remaining tokens matter only through fitness.
	refute_conformance(source, valid_paths, opts \\ [])	Fails if the trace would pass assert_conformance with the same options.
	assert_sla(source, from, to, opts \\ [])	Uses the first event for from and the first for to. Fails if either is absent or to - from exceeds the limit. A negative gap passes.

Options: min_fitness: (default 1.0) for conformance; max_seconds: or max_duration:
(both in seconds; one is required, omitting both raises KeyError) for SLA. All return the result
map on success.
Result maps
Conformance: %{success, fitness, violations, diagnostics}. diagnostics holds trace,
target_path, best_path, produced, consumed, missing_tokens, remaining_tokens,
missing_transitions, remaining_tokens_map.
SLA: %{success, actual_seconds, max_seconds, violations, diagnostics}. actual_seconds is nil
and diagnostics is %{} when an activity is absent; otherwise diagnostics has from, to,
duration_ms, start_time, end_time.
Other modules
	Module	Purpose
	Pm4ExUnit.Session	GenServer holding one test's collector. start_link/1 (opt :test_name), emit_event/4, register_object/4, get_events/1, get_collector/1.
	Pm4ExUnit.TraceCollector	Pure struct %{objects: %{}, events: []}. new/0, register_object/4 (default attributes: %{}), emit_event/4 (default opts: []).
	Pm4ExUnit.Conformance	evaluate(events, valid_paths, opts \\ []); the replay engine (:min_fitness default 1.0). Events may be %{activity:}, %{"concept:name"}, %{name:}, or bare strings/atoms.
	Pm4ExUnit.Temporal	evaluate_sla(events, from, to, max_seconds). Reads :timestamp (DateTime) or "time:timestamp" (ISO8601 string).
	Pm4ExUnit.Reporter	format_tap(test_name, success, violations, diagnostics); format_junit(test_name, success, violations, diagnostics, duration_seconds \\ 0.001). Both return a string. No JSON formatter exists.

Activity names are compared as strings, so :a and "a" are the same activity.


  

    How token-based replay scores a trace

Each valid path becomes a branch of a Petri net. All branches share one source place and one sink
place; within a branch each activity is a transition between consecutive places. The source
holds one token at the start.
Replaying a trace tries, for each activity, to fire a transition with that label whose input place
holds a token. If none can fire, the event is a cannot-fire step: it counts as missing and as
one consumed token, and produces nothing. No token is manufactured. After the last event, every
token outside the sink place is counted as remaining. With several branches, replay
backtracks to choose the firing sequence that minimises (missing, remaining) in that order.
fitness = 0.5 * (1 - missing / consumed) + 0.5 * (1 - remaining / produced)
A perfect trace has fitness 1.0. assert_conformance additionally requires missing == 0, so
a trace cannot pass by being mostly right when it skipped a mandatory step. An empty trace leaves
the initial token stranded and scores 0.5, matching the TypeScript engine.
Backtracking is capped at 100,000 search steps. If the cap is exceeded, replay gives up and treats
every event as cannot-fire, so the result is pessimistic (low fitness) rather than an error. A
zero denominator in either ratio counts as 0.
Why this model: it ports the token-based replay of pm4vitest (the TypeScript engine) and is
checked against it counter for counter by the cross-engine vector tests. It follows the usual
TBR idea of missing and remaining tokens, but it is not verified against pm4py. The reported
best_path and missing_transitions are chosen by longest common subsequence and are
diagnostics only.


  

    Why a session process per test

Events are recorded in a GenServer started in each test's setup (use Pm4ExUnit), not in a
module attribute or ETS. The session holds a Pm4ExUnit.TraceCollector struct with the registered
objects and an ordered list of events.
	Isolation. Each test gets its own session pid, passed in the test context as
:pm4_session. Traces from different tests (including async: true tests) never interleave.
	Cleanup. Session.start_link/1 is called from setup, so the session is linked to the test
process and exits with it. There is no explicit teardown.
	Cross-process emission. Code under test running in other processes can call
Pm4ExUnit.Session.emit_event/4 and register_object/4 with the session pid. These are
synchronous GenServer.calls, so events are stored in arrival order. Order is arrival, not
timestamp: a caller-supplied :timestamp is stored as-is and does not reorder events.

The cost is that you pass the session explicitly (%{pm4_session: session}). For one-off checks,
assertions also accept a plain list, which avoids the session entirely.


  

    
Pm4ExUnit 
    



      
Process Mining, Conformance Checking, and Temporal SLA Verification for ExUnit.
The Elixir native counterpart to pm4pytest.
Usage in ExUnit Tests:
defmodule MyProcessTest do
  use ExUnit.Case
  use Pm4ExUnit

  test "order saga satisfies FSM conformance", %{pm4_session: session} do
    session |> emit_event("e1", :order_created)
    session |> emit_event("e2", :payment_processed)
    session |> emit_event("e3", :order_fulfilled)

    assert_conformance(session, [
      [:order_created, :payment_processed, :order_fulfilled]
    ], min_fitness: 1.0)
  end

  test "sla latency gate", %{pm4_session: session} do
    t0 = DateTime.utc_now()
    t1 = DateTime.add(t0, 2, :second)

    session |> emit_event("e1", :start_scan, timestamp: t0)
    session |> emit_event("e2", :finish_scan, timestamp: t1)

    assert_sla(session, :start_scan, :finish_scan, max_seconds: 5.0)
  end
end

      




  

    
Pm4ExUnit.Assertions 
    



      
ExUnit assertion macros for process intelligence and conformance checking.

      


      
        Summary


  
    Functions
  


    
      
        assert_conformance(source, valid_paths, opts \\ [])

      


        Asserts that a trace or session conforms to a set of valid paths with minimum fitness threshold.



    


    
      
        assert_sla(source, from_activity, to_activity, opts \\ [])

      


        Asserts that the temporal duration between two activities in the trace satisfies the max latency constraint.



    


    
      
        refute_conformance(source, valid_paths, opts \\ [])

      


        Refutes conformance (asserts that a trace violates the model or fitness constraint).



    





      


      
        Functions


        


    

  
    
      
    
    
      assert_conformance(source, valid_paths, opts \\ [])



    

  


  

Asserts that a trace or session conforms to a set of valid paths with minimum fitness threshold.

  



    

  
    
      
    
    
      assert_sla(source, from_activity, to_activity, opts \\ [])



    

  


  

Asserts that the temporal duration between two activities in the trace satisfies the max latency constraint.

  



    

  
    
      
    
    
      refute_conformance(source, valid_paths, opts \\ [])



    

  


  

Refutes conformance (asserts that a trace violates the model or fitness constraint).

  


        

      


  

    
Pm4ExUnit.Conformance 
    



      
Formal Token-Based Replay and FSM Conformance Engine for Elixir / ExUnit.
Validates traces against allowed finite state machine transitions and execution paths.
Calculates token replay fitness:
  fitness = 0.5  (1 - missing / consumed) + 0.5  (1 - remaining / produced)
Replay semantics are a faithful port of pm4vitest's standard TBR engine
(servengine-frontend/packages/pm4vitest/src/conformance.ts): each valid path
becomes a parallel branch in a block-structured Petri net (shared source place,
per-activity transitions, shared sink place); a trace is replayed with bounded
backtracking choosing the firing sequence minimizing (missing, remaining)
lexicographically.

      


      
        Summary


  
    Types
  


    
      
        conformance_result()

      


    





  
    Functions
  


    
      
        evaluate(events, valid_paths, opts \\ [])

      


        Evaluates a sequence of events/activities against a set of valid paths or allowed transitions.



    





      


      
        Types


        


  
    
      
    
    
      conformance_result()



    

  


  

      

          @type conformance_result() :: %{
  success: boolean(),
  fitness: float(),
  violations: [String.t()],
  diagnostics: map()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      evaluate(events, valid_paths, opts \\ [])



    

  


  

Evaluates a sequence of events/activities against a set of valid paths or allowed transitions.

  


        

      


  

    
Pm4ExUnit.Reporter 
    



      
Generates machine-parseable test output (TAP v13, JUnit XML) for process intelligence runs.
Matches pm4pytest reporters.

      


      
        Summary


  
    Functions
  


    
      
        format_junit(test_name, success, violations, diagnostics, duration_seconds \\ 0.001)

      


        Formats results as JUnit XML for direct CI/CD ingestion.



    


    
      
        format_tap(test_name, success, violations, diagnostics)

      


        Formats results as Test Anything Protocol (TAP) version 13 with YAML diagnostic blocks.



    





      


      
        Functions


        


    

  
    
      
    
    
      format_junit(test_name, success, violations, diagnostics, duration_seconds \\ 0.001)



    

  


  

Formats results as JUnit XML for direct CI/CD ingestion.

  



  
    
      
    
    
      format_tap(test_name, success, violations, diagnostics)



    

  


  

Formats results as Test Anything Protocol (TAP) version 13 with YAML diagnostic blocks.

  


        

      


  

    
Pm4ExUnit.Session 
    



      
Session process and state manager for test instrumentation.
Maintains events, objects, and specs for the currently running ExUnit test.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        emit_event(pid, event_id, activity, opts \\ [])

      


    


    
      
        get_collector(pid)

      


    


    
      
        get_events(pid)

      


    


    
      
        init(opts)

      


        Callback implementation for GenServer.init/1.



    


    
      
        register_object(pid, obj_id, obj_type, attributes \\ %{})

      


    


    
      
        start_link(opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



    

  


  

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

  



    

  
    
      
    
    
      emit_event(pid, event_id, activity, opts \\ [])



    

  


  


  



  
    
      
    
    
      get_collector(pid)



    

  


  


  



  
    
      
    
    
      get_events(pid)



    

  


  


  



  
    
      
    
    
      init(opts)



    

  


  

Callback implementation for GenServer.init/1.

  



    

  
    
      
    
    
      register_object(pid, obj_id, obj_type, attributes \\ %{})



    

  


  


  



    

  
    
      
    
    
      start_link(opts \\ [])



    

  


  


  


        

      


  

    
Pm4ExUnit.Temporal 
    



      
Temporal Latency SLA Engine for ExUnit.
Validates durations between specified process activities against strict thresholds.

      


      
        Summary


  
    Types
  


    
      
        temporal_result()

      


    





  
    Functions
  


    
      
        evaluate_sla(events, from_activity, to_activity, max_seconds)

      


        Evaluates temporal SLA between from_activity and to_activity.
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      temporal_result()



    

  


  

      

          @type temporal_result() :: %{
  success: boolean(),
  actual_seconds: float() | nil,
  max_seconds: float(),
  violations: [String.t()],
  diagnostics: map()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      evaluate_sla(events, from_activity, to_activity, max_seconds)



    

  


  

Evaluates temporal SLA between from_activity and to_activity.

  


        

      


  

    
Pm4ExUnit.TraceCollector 
    



      
Collects process execution traces and events in-memory during an ExUnit test case.
Provides structured OCEL 2.0 object and event recording.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        emit_event(collector, event_id, activity, opts \\ [])

      


        Emits an event into the trace collector.



    


    
      
        new()

      


        Initializes an empty trace collector.



    


    
      
        register_object(collector, obj_id, obj_type, attributes \\ %{})

      


        Registers an object in the trace collector.
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      t()



    

  


  

      

          @type t() :: %Pm4ExUnit.TraceCollector{
  events: [map()],
  objects: %{
    required(String.t()) => %{
      id: String.t(),
      type: String.t(),
      attributes: map()
    }
  }
}
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      emit_event(collector, event_id, activity, opts \\ [])



    

  


  

Emits an event into the trace collector.
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Initializes an empty trace collector.

  



    

  
    
      
    
    
      register_object(collector, obj_id, obj_type, attributes \\ %{})



    

  


  

Registers an object in the trace collector.
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