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    ExternalService

[image: Hex.pm]
[image: Documentation]
An Elixir library for safely calling external services and APIs with
customizable retry logic, the circuit breaker pattern, and optional
rate limiting. Calls can be synchronous, asynchronous background tasks, or
fanned out in parallel for MapReduce-style processing — all under the same
protection.
Why?
Calling an external service is risky: the network hiccups, the service is briefly
overloaded, or it goes down entirely. ExternalService wraps those calls with
three complementary safety mechanisms:
	Retries smooth over transient failures by trying again with configurable
backoff and jitter.
	A circuit breaker protects against a persistently failing service: once
failures cross a threshold the breaker opens and calls fail fast instead of
piling up against a service that is already down.
	A rate limiter keeps you under the call quota the service imposes.

You wrap your call in a function, hand it to ExternalService, and all of the
above is applied on every call.
Installation
Add external_service to your dependencies in mix.exs:
def deps do
  [{:external_service, "~> 3.0"}]
end
Quick start
Define a module for the service, configuring it declaratively, and start it
under your supervisor:
defmodule MyApp.Stripe do
  use ExternalService,
    circuit_breaker: [tolerate: 5, within: :timer.seconds(1), reset: :timer.seconds(5)],
    rate_limit: [limit: 100, per: :timer.seconds(1), wait: :timer.seconds(1)],
    retry: [max_attempts: 5, backoff: :exponential, jitter: true]

  def charge(params) do
    call fn ->
      case Stripe.charge(params) do
        {:ok, result} -> {:ok, result}
        {:error, %{status: status}} when status in 500..599 -> :retry
        other -> other
      end
    end
  end
end
# In your supervision tree:
children = [MyApp.Stripe]
Supervisor.start_link(children, strategy: :one_for_one, name: MyApp.Supervisor)
Now call it from anywhere; retries, circuit breaking, and rate limiting are
applied automatically:
case MyApp.Stripe.charge(%{amount: 1000, currency: "usd", source: token}) do
  {:ok, result} ->
    handle_success(result)

  {:error, %ExternalService.RetriesExhausted{}} ->
    {:error, :payment_unavailable}

  {:error, %ExternalService.CircuitBreakerOpen{}} ->
    {:error, :payment_unavailable}

  {:error, reason} ->
    {:error, reason}
end
Inside the function you pass to call/1, return :retry or {:retry, reason}
to ask for another attempt; any other value is treated as success and returned
as-is.
Documentation
Full documentation is on HexDocs. Start
with these guides:
	Getting Started — your first reliable call.
	The Module Front Door — everything use ExternalService generates, plus supervision and overrides.
	Circuit Breakers — how the breaker trips,
resets, and how to introspect it.
	Retries — backoff, jitter, attempt/time budgets, and
retrying on exceptions.
	Rate Limiting — staying under a quota.
	Tuning — choosing the retry, breaker and limiter
settings together, with the measurements behind each rule.
	Error Handling — call vs call! and the
structured error types.
	Using Errata — for applications that define their own
Errata errors: letting them drive retries, and
what comes back when they don't succeed.
	Telemetry — observing calls, retries, and trips.
	Migrating to 3.0 — upgrading from 2.x.
	Migrating to 2.0 — upgrading from 1.x.

Upgrading
Version 3.0 changes several defaults and one behavior, and renames nothing: your
code compiles unchanged and behaves differently. Start with the
3.0 migration guide, whose first section tells you
in about a minute which changes affect you.
Version 2.0 was a breaking modernization of the library; see the
2.0 migration guide. The
CHANGELOG has the full list of changes for both.
License
Released under the Apache 2.0 license. Originally sponsored by Ropig.


  

    Changelog

All notable changes to this project, from version 1.0.0 onward, will be documented in this file.
The format is based on Keep a Changelog
and this project adheres to Semantic Versioning.
Unreleased
3.1.0 - 2026-08-23
Two testing modules and one diagnostic fix. Nothing here changes how a guarded
call behaves — ExternalService.Test and ExternalService.Test.Coverage are new
surface for test suites, and the third item moves a compile-time warning onto a
more useful line.
Added
	ExternalService.Test, ExUnit helpers for the four things the
Testing guide otherwise asks you to hand-write
(issue #110).
use ExternalService.Test imports them; it is exactly import ExternalService.Test.
use ExternalService.Test

setup :record_events

test "retries a 503, then fails fast once the breaker is open" do
  ExternalService.call(service, fn -> {:retry, :service_unavailable} end)
  assert_retried(service, reason: :service_unavailable)

  trip_breaker(service)

  assert {:error, %ExternalService.CircuitBreakerOpen{}} =
           ExternalService.call(service, fn -> flunk("should not run") end)
end
	Helper	Replaces
	trip_breaker/1	melting :tolerate + 1 times, with the off-by-one written out in your test
	exhaust_rate_limit/1	spending :limit calls' worth of budget by hand
	record_events/0, assert_retried/2, refute_retried/2, assert_breaker_blown/2, assert_throttled/2	twelve lines of :telemetry.attach per test, plus remembering that handler IDs are global
	recording_sleep/1, assert_slept/1	a hand-rolled :sleep_function shim

The two that read configuration do so off the started service, so the numbers
are not restated in your tests and cannot drift from the configuration. The
assertions return the telemetry metadata they matched, so further assertions
compose. refute_retried/2 is there because a retry that did not happen
leaves nothing in a call's return value to assert on instead.
The guide keeps every explanation and loses the boilerplate — these replace the
typing, not the model.

	ExternalService.Test.Coverage, which resilience paths your suite actually
exercised (issue #111).
# test/test_helper.exs
ExUnit.start()
ExternalService.Test.Coverage.install_reporter()
external_service coverage

service             calls    retried     failed    breaker  throttled  saturated
MyApp.Geocoder         44         12          4          0          0          0
MyApp.Search          318          0          0          0          0          0  ⚠
MyApp.Stripe         1204        142         31          3          7          0

⚠ MyApp.Search was called 318 times and never once retried, failed, or was
  rejected. Its `:retry` returns, its fallback path and its error handling are
  not covered by this suite.
Testing has always ended on "an inert service is not a
tested one," with nothing behind it: a suite making ten thousand happy-path
calls looks exactly like one that exercises every failure path. This counts
them, from telemetry the library already emits — so there is no instrumentation
to enable and no build that differs.
Every count is a number of calls, not of events, so all of them are
comparable with the first column: a call that retried four times counts once.
A row of zeros is a prompt, not a verdict — a dependency stubbed at your own
boundary is supposed to have zeros. Never a threshold, never a build failure.
entries/0 can be read mid-suite without the reporter, which makes "assert
this test exercised the breaker" something you can write directly.


Changed
	Compile-time configuration warnings now anchor at the use ExternalService
call (issue #119).
They fired from the @before_compile hook, whose env is the defmodule, so
jumping to a warning landed on the module head rather than on the option block
it is about — some distance away when the options sit below the module's
documentation, and ambiguous when one file holds several services:
  warning: :tidal_writes has a circuit breaker window narrower than the
           failures it has to count...
  │
13 │     use ExternalService,
  │     ~~~~~~~~~~~~~~~~~~~~
__using__/1 records __CALLER__'s file and line, which is the use call, and
the hook warns from there. This is what the Tuning guide has
been describing all along — "at compile time, on the line where the configuration
is written."
Anchoring at the offending option is not possible consistently: keyword keys
carry no line metadata and neither do literal values, so within: :timer.seconds(30)
is locatable while within: 30_000 is not. One anchor that is always the same
beats a warning that moves depending on how the reader wrote a number.

	Test-support modules moved from ExternalService.Test.* to
ExternalService.TestSupport.*. They are compiled only in :test and have
never been packaged, so nothing downstream can be affected; the rename keeps
them from reading as children of the now-public ExternalService.Test.


3.0.0 - 2026-08-23
The 3.0 release. It changes four defaults and behaviors and renames nothing:
your code compiles unchanged and behaves differently, which is what makes it a
major. Start with the migration guide — its
first section tells you in about a minute which changes affect you, by grepping
two strings out of your boot logs.
Alongside the breaking changes, 3.0 is largely about being able to answer
questions about a configuration before shipping it: ExternalService.explain/1,
ExternalService.simulate/3, ExternalService.Insights, within: :auto, and
warnings at compile time when the numbers do not add up. See
Tuning.
The full detail of everything in this release is in the 3.0.0-rc.1 through
3.0.0-rc.4 sections below, which are unchanged. What follows is what landed
after 3.0.0-rc.4.
Added
	.formatter.exs exports locals_without_parens
(issue #118).
The README and every guide write the front door paren-free — call fn -> ... end
— but the export block was missing, so mix format in a downstream project
rewrote the documented idiom to call(fn -> ... end). Add :external_service
to import_deps and the rules now come with it:
# .formatter.exs
[import_deps: [:external_service]]
The exported rules cover call/1,2, call!/1,2 and call_async/1,2.
call_async_stream is deliberately excluded — its first argument is an
enumerable, so the parenthesized form reads better — as is the external_call
decorator, which the docs always write as @decorate external_call(MyApp.Service).
.formatter.exs is also now included in the Hex package; without it in the
tarball the export reaches nobody installing from Hex.


Changed
	Circuit Breakers documents HTTP clients that
retry on their own
(issue #120).
Req retries GET and HEAD requests three times by default, underneath
call/3, where none of the four mechanisms can see it — measured at 12 requests
for a service configured with max_attempts: 3. The new section covers what
each common client does by default, and why the hidden attempts matter more than
the request count: they are invisible to the retry telemetry, to the breaker's
melt count, and to the explain/1 / simulate/3 / ConfigCheck arithmetic
that the 3.0 tuning work rests on.

3.0.0-rc.4 - 2026-08-20
One fix, and the testing that found it.
A circuit breaker configured with melt: :per_attempt could be installed with a
counting window too narrow to ever open it — measured at 75 seconds of every call
failing with the breaker still closed. :per_attempt is what
the migration guide
offers as "keep the 2.x behavior", so if you took that option, read the :auto
entry below. Everything on the default melt: :per_call was and is correct.
The rest is test-only and changes nothing about how the library behaves.
Fixed
	within: :auto and the narrow-window check were both under-sized for
melt: :per_attempt (issue #112).
Both sized the window for a single call's melts. That is right only when one
failing call can produce the whole :tolerate + 1 melt budget by itself, and
wrong everywhere else — including at the defaults, where tolerate: 10 against
max_attempts: 5 needs three calls.
Measured against a live service before the fix: tolerate: 10, melt: :per_attempt,
base: 500, max_attempts: 5, with :within left to size itself, stayed closed
through 75 seconds of every single call failing. :auto had installed 15
seconds where the failures needed 22.5. After the fix it installs 45 seconds and
the breaker opens on the 3rd failing call.
The window is now sized from how many calls it actually takes to reach the melt
budget, counted from the retry plan rather than from :max_attempts — an
:expiry that runs out first makes a call stop short of its attempt count, and
a window sized from the count rather than the reality was under-sized in the
same way. The rule lives in one function that both :auto and the configuration
checks use, because the two computing it separately is how they came to be
wrong in the same way without either noticing.
Only melt: :per_attempt is affected. The default :per_call path is correct:
there one melt is one call, so :tolerate calls is the right span.


Changed
	Property-based tests over options generated from the library's own schemas
(issue #114).
Test-only; nothing about the library's behavior changes, and stream_data is a
:dev/:test dependency that never reaches an application using this library.
The retry-plan invariants — that RetryOptions.window/1 is what the plan adds
up to, that a plan never overshoots its :expiry, that every delay is within
:cap — were a hand-written 144-configuration matrix covering four options,
which would not have covered a fifth. They are now properties over generated
options, and an option added to a schema is either generated or fails a test
saying it is not covered.
The rate limiter and the concurrency limit are now checked over generated
sequences rather than configurations, which is the shape their promises
actually take: a limiter's interesting failures are about the order operations
arrive in, and a concurrency limit's single promise — never more than :limit
in flight — is a claim about interleavings. Both walk a model alongside the real
thing and compare after every step.


3.0.0-rc.3 - 2026-08-20
rc.2 made a configuration behave predictably. rc.3 is about finding out whether it
is behaving — two additions, no breaking changes, and nothing to migrate.
Between them they cover the two halves of that question. simulate/3 answers it
from the configuration, before anything ships and inside a test.
ExternalService.Insights answers it from what is actually happening, which is
the only place the missing variable — how long a single attempt takes — ever shows
up.
Added
	ExternalService.simulate/3 — runs a configuration against a failing
dependency on a virtual clock and reports what happened
(issue #94).
explain/1 says what a configuration is; this says what it does, and makes
it assertable:
test "our breaker actually opens, and fast enough" do
  assert %ExternalService.Simulation{opens_after: opens, worst_call: worst} =
           ExternalService.simulate(MyApp.Stripe, :always_failing)

  assert opens <= 5
  assert worst < 2_000
end
Simulating half an hour of a background job costs microseconds: nothing sleeps
and no service is started. Scenarios cover a dependency that always fails, one
that is slow, one that recovers, and one that fails intermittently — including
{:always_failing, attempt_ms}, which is how to see what a configuration does
when attempts are slow as well as failing, the one thing no configuration
states.
The only thing modelled rather than executed is the circuit breaker's sliding
failure window. That model is pinned against six behaviors measured from real
services, including a configuration that stays closed through twelve
consecutive fully-failing calls.

	ExternalService.Insights — an opt-in telemetry handler that reports when a
configuration has stopped doing what it was set up to do
(issue #95).
ExternalService.Insights.attach()
explain/1 and simulate/3 answer questions about a configuration from the
configuration. This answers the one they cannot: whether what is happening
matches it. The gap between the two is attempt duration, which nothing in a
configuration states — so a breaker sized correctly on the day it was written
goes quietly inert when the dependency slows down, and the symptom is a service
failing every call with its breaker still closed.
Three findings, each naming the setting to change and a value to try: a breaker
that has absorbed more consecutive failures than it tolerates and is still
closed; calls taking much longer than their backoff accounts for; and traffic
that is succeeding only because retries are absorbing a fault, which the circuit
breaker deliberately cannot see.
Off by default and free until attached. Attached, it costs a fixed dozen
integers per service updated without locks, starts no process, and logs at most
once per service per interval. ExternalService.Insights.report/1 returns the
same findings as data.


3.0.0-rc.2 - 2026-08-20
rc.2 is about the interplay between the mechanisms rather than any one of them.
The Tuning guide documented three couplings that made a
configuration hard to reason about: :tolerate moved when you changed
:max_attempts, a breaker window narrower than the retry window never opened at
all, and neither was visible in the options as written. Two of the three are gone,
the third is computed for you, and what remains is checked when you compile.
One breaking change, and it changes what a number you have already tuned
means. Read the :tolerate entry below, and
the migration guide.
Changed
	The circuit breaker's :tolerate now counts failing calls, not failing
attempts — a breaking change
(issue #93).
A call melts the breaker once, when its retrying gives up, rather than once per
failing attempt. tolerate: 3 means three dead calls, whatever :max_attempts
is.
This removes the two couplings that guides/tuning.md exists to warn about.
:tolerate and :max_attempts could not previously be tuned independently:
raising the attempt count made the breaker open sooner, because each call
spent more of its budget — and with tolerate: 5, max_attempts: 8 the very
first call melted the breaker five times inside its own retry loop and had its
remaining attempts rejected by the breaker it had just opened. A call's melts
were also spread across its whole retry window, so :within had to be wider
than that window or they never accumulated at all.
Three consequences worth reading before upgrading, all covered in the
migration guide:
	Divide your :tolerate by the :max_attempts it was sized against. Left
alone it now means that many calls, so the breaker opens later than
intended — silently, and in the dangerous direction.
	:within may need to be wider. Melts now arrive one per call rather than
several per call, so the window has to span the interval across which
:tolerate failing calls arrive. Slow services need a wider window than
before, not a narrower one.
	Unbounded retrying now needs a time budget. A call that never gives up
never melts, so max_attempts: :infinity with no :expiry would retry
forever with nothing to stop it. That combination now raises, at start/2
and at any call/3 that overrides its way into it.

circuit_breaker: [melt: :per_attempt] restores the pre-3.0 semantics in full,
including the breaker acting as the backstop for an unbounded retry loop.
A call that fails some attempts and then succeeds no longer melts at all.
Retries did their job, and a breaker that opened on it would convert working
calls into errors. [:external_service, :call, :retry] telemetry still fires
per attempt under both settings, so degraded-but-succeeding traffic remains
observable.

	The guides are re-derived and re-measured for the 3.0 semantics
(issue #97). The
Tuning guide loses two of the three couplings it existed to
warn about, and three of the seven items on its checklist, because the library
now computes or rejects them. Its three worked configurations were re-derived
and measured again against a running service.

	Internal: extracted an ExternalService.Retry module, so that retrying is owned by one
module the way the circuit breaker, rate limiter and concurrency limit each are
(issue #86). It owns the
delay streams, the retry loop, and the decision about whether an outcome counts as
a retry at all. ExternalService.RetryOptions stays public and unchanged in shape —
it remains the per-call configuration type callers construct, validate and merge —
and simply no longer carries behavior. No public API moved and nothing observable
changed.


Added
	ExternalService.explain/1 — a report of what a configuration will do
(issue #90). Takes
either a started service or a keyword list, so a configuration can be examined
before it ships as well as during an incident:
IO.puts ExternalService.explain(MyApp.Stripe)

MyApp.Stripe

  retry
    window       1.5s
    delays       100ms, 200ms, 400ms, 800ms
    attempts     up to 5
    time budget  none (:expiry unset)

  circuit breaker
    opens after      4 failing calls
    counting window  10s
    resets after     60s
    backend          ExternalService.CircuitBreaker.Fuse
  ...
Every line is derived from the options rather than measured, which is what the
rest of this release makes possible: before it, most of this report would have
had to say "it depends". A started service reports the options it is actually
running with, including child-spec overrides and the resolved :within, and any
configuration warnings appear in the report itself.

	Configurations are now checked against each other, at compile time for
services declared with use ExternalService and at start time for everything
else (issue #91).
NimbleOptions validates every option in isolation, which is why every trap in
the tuning guide is a pair of options that are individually valid and jointly
wrong — and why this library shipped a recommended configuration whose breaker
never opened. Four checks, each naming the setting to change and a value to try:
	Finding	What it means
	uncapped backoff above six attempts	a failing call waits minutes, most of it in the last attempt or two
	a call that trips its own breaker	under melt: :per_attempt, one call melts more times than :tolerate, so raising :max_attempts makes the service give up sooner
	unbounded retrying	under melt: :per_attempt, the breaker is the only backstop and is not a reliable one
	a window narrower than the failures it counts	:within cannot accumulate the failures needed to open the breaker

Compile-time findings carry a file and a line and fail a build compiled with
--warnings-as-errors. Start-time findings are logged, which is what covers the
functional API and child-spec overrides — the latter being runtime values that
no compile-time check can see.
config :external_service, on_suspicious_config: :warn   # | :raise | :ignore

	The circuit breaker's :within now defaults to :auto, sizing the
failure-counting window against the retry options rather than being a flat
10_000 with no relationship to them
(issue #92). A flat
window stops fitting the moment someone raises :base, which is the usual first
move for an HTTP dependency — and a window narrower than the failures it has to
count is a breaker that never opens.
:auto reads what it needs from the retry options and the :melt setting: with
the default melt: :per_call a call melts once, so :tolerate of them span
:tolerate retry windows; with melt: :per_attempt a single call's melts are
spread across its own retry window. It then doubles that, because the interval
between two failing calls is a whole call — its retry window plus however long
its attempts run for, which no configuration states. It is a floor, never
narrower than the 10 seconds it replaces, so no existing service gets a narrower
window than it had. An explicit :within is left exactly as given.
What it cannot know is attempt duration: a failing call takes its retry window
plus however long its attempts run for, and no configuration states the latter.
Size :within yourself when your dependency's attempts are slow.

	ExternalService.RetryOptions.window/1 — the total time a fully-failing call
spends waiting between attempts, for a set of retry options
(issue #90). This is the
number to compare against a caller's latency budget, and the one the circuit
breaker's :within window has to be at least as wide as. Until now it existed
only as a table in the tuning guide that readers had to look their configuration
up in.
RetryOptions.window(base: 100, max_attempts: 5)              #=> 1500
RetryOptions.window(base: 100, max_attempts: 10, cap: 1_000) #=> 6500
RetryOptions.window(base: 500, max_attempts: :infinity)      #=> :infinity
Both tables in the tuning guide are now asserted against this
function, cell by cell, by a test that reads them out of the guide itself.


Fixed
	Internal: a retry configuration with an :expiry can now be inspected without
waiting out its budget (issue #89).
The delay sequence measures what is left of the budget against the monotonic
clock, and it is the retry loop sleeping each delay that keeps the clock
advancing in step with it. Drawing the sequence without sleeping decoupled the
two, so base: 500, cap: 5_000, expiry: 30_000, max_attempts: :infinity took 25
seconds to yield 2400 delays totalling 3.3 hours. A planning path now spends the
budget against the delays themselves — the same trimming rule, written once —
and answers the same configuration in microseconds with a sequence that totals
the budget exactly. No change to what a real call does.

3.0.0-rc.1 - 2026-08-18
3.0 changes four defaults and behaviors, and renames nothing. Your code
compiles unchanged; it behaves differently — which is what makes it a major.
Each change has a one-line way to keep the 2.x behavior.
Start with the migration guide. If your
application has been running 2.4.0 or later, its first section tells you in about
a minute which of these affect you, by grepping two strings out of your boot logs.
Changed
	The rate limit :wait now defaults to one window, capped at 5 seconds — a
breaking change, and part of the forthcoming 3.0
(issue #73).
An unset :wait used to sleep the calling process until the limiter admitted
it, so rate limiting paced calls without ever shedding: sustained throttling
became unbounded latency and process growth rather than a fast 429, even
though ExternalService.RateLimited already carries retry_after and maps to
429.
One window (:per) is the value because it is the most a limiter can ask a
caller to wait for the next refill — it absorbs a burst exactly and no more.
Measured at limit: 50, per: 1_000 on both the default GCRA limiter and the
Hammer backend:
	offered load	wait: false	one window	2 × window
	2× instantaneous burst	50% shed	0% shed	0% shed
	2× sustained	27–35% shed	15–17% shed	1–5% shed, ~2× the latency
	6× sustained	71–75% shed	64–67% shed	55–58% shed

A burst is absorbed completely; sustained overload is still shed, which is the
point — shedding is the right answer to real overload, and the larger budget
buys a lower shed rate only by converting it back into latency. On the
fixed-window Hammer backend one window is also the structural answer: a window
boundary is never more than :per away.
The 5-second cap keeps the derivation sane for a large window. A per-minute
quota (limit: 100, per: :timer.minutes(1)) would otherwise block a caller for
a full minute, which is barely better than not bounding the wait at all.
To keep waiting indefinitely, ask for it:
rate_limit: [limit: 100, per: 1_000, wait: :infinity]
That is the right setting for background jobs and for Flow pipelines, where
sleeping is how back-pressure propagates upstream and a budget sheds work that
has nowhere else to go. guides/flow.md recommends it explicitly, so a pipeline
is the configuration most worth checking when upgrading.
The unset-:wait warning is gone, having existed only to announce this.

	:max_attempts now defaults to 5 — a breaking change, and part of the
forthcoming 3.0
(issue #43).
Retry options that set neither :max_attempts nor :expiry used to retry
forever, and the circuit breaker was not a reliable backstop: growing
backoff delays outpace its :within window, so a fully default breaker paired
with retry: [base: 100] never opens. Retrying now always stops on its own.
5 is the number ExternalService.start/2 has been suggesting in its
unbounded-retries warning since 2.4.0, and that the guides have shown
throughout, so an application that took that advice is already on the 3.0
default.
Two things worth knowing about it. With the default :base of 10 the delays
are [10, 20, 40, 80], so this is a bound — 150ms of waiting — rather than
a retry window tuned for a real dependency; raise :base (100 for HTTP)
rather than the attempt count. And because every failing attempt melts the
circuit breaker, five attempts melt five of the ten a default breaker tolerates,
so two fully-failing calls now open a breaker that previously never opened at
all.
To keep unbounded retrying, ask for it:
retry: [max_attempts: :infinity]
:infinity has been accepted since 2.4.0, so this can be set before upgrading.
The unbounded-retries warning is gone, having existed only to announce this.

	:decorator is now an optional dependency — a breaking change, and part of
the forthcoming 3.0
(issue #48).
ExternalService.Decorator — the @decorate external_call annotations — is a
convenience layer that someone using the front door or the functional API never
touches, but compiled anyway. It now gets the same treatment
ExternalService.Flow has always had: the module is compiled only when its
dependency is present, and the dependency is not forced on you.
If you use @decorate external_call, add it to your deps:
{:decorator, "~> 1.4"}
Unlike the other 3.0 changes this one is loud rather than silent — a build
without it fails immediately and names the missing module:
error: module ExternalService.Decorator is not loaded and could not be found
If you do not use the annotations, there is nothing to do and one fewer
transitive dependency in your tree.

	Removed the :deep_merge dependency. It was used in exactly one place —
combining child-spec overrides with the options given to use ExternalService —
and is replaced by an internal helper of about a dozen lines. This one changes
nothing observable.
The merge is subtler than "recurse into keyword lists", so it was ported
deliberately rather than reinvented. In particular an empty override list means
two different things depending on the original: start_link(circuit_breaker: [])
leaves the configured breaker options alone, while retry_exceptions: [] does
clear [RuntimeError], because that original is not keyword-shaped. Both rules
are pinned by tests, and the port was checked against DeepMerge.deep_merge/2
across 24 option shapes before the dependency was dropped.
Together with :decorator, this takes the required runtime dependencies from
six to four — fuse, errata, nimble_options and telemetry — with
decorator and flow optional alongside them.

	:expiry now honors a budget smaller than 100ms — a breaking change, and
part of the forthcoming 3.0
(issue #70).
:expiry is documented as a time budget for retrying, but its final delay was
floored at 100ms, so any budget below that was silently rounded up and bought
an extra attempt. The final delay is now trimmed to whatever is left of the
budget, placing the last attempt exactly at the deadline.
Measured with backoff: :exponential, base: 10 against a function that always
retries:
	:expiry	2.x	3.0
	1ms	2 attempts, 103ms	2 attempts, 4ms
	50ms	2 attempts, 100ms	4 attempts, 51ms
	250ms	6 attempts, 254ms	6 attempts, 250ms — unchanged
	1000ms	8 attempts, 1001ms	8 attempts, 1000ms — unchanged

Only budgets under ~100ms are affected; the floor never engaged above that.
Note that such a budget changes in both directions at once — more attempts, in
less time — because the retrying now proceeds at the pace the backoff asks for
instead of waiting out a 100ms floor.
Trimming was chosen over halting on the first delay that would overshoot.
Halting looks like the stricter reading of "budget" but abandons most of it
under exponential backoff — 630ms of a 1000ms budget, 2550ms of 5000ms —
because the delay that does not fit is roughly as large as everything before it
combined.


Added
	A Tuning guide
(issue #81). Each
mechanism was documented on its own page; how they interact was not. The new
guide covers which setting controls what (and which one people reach for by
mistake), what a configuration costs as a measured table, the three couplings
that produce surprises, a two-step rule for sizing the breaker against the
retry settings, and worked configurations for a request path, a background job
and a Flow pipeline. Every number in it was measured against the library.

Fixed
	The recommended HTTP configuration in the Retries guide had a circuit breaker
that never opened. tolerate: 5, within: :timer.seconds(1) was paired with
retry settings whose window is about 1.5 seconds, so at most four of a call's
five melts ever landed inside the same one-second window and :tolerate was
never reached. Measured against it: 20 consecutive fully-failing calls across
30 seconds of continuous failure, with the breaker still closed.
The configuration is now tolerate: 15, within: :timer.seconds(5), which opens
on the third consecutive fully-failing call, and both that guide and the
Circuit Breakers guide now say that the breaker settings have to be sized
against the retry settings rather than chosen independently.


2.8.0 - 2026-08-18
Added
	:sleep_function now covers retry backoff, not just rate-limit and
concurrency waiting. The retry loop used to sleep with a hardcoded
:timer.sleep/1 inside the dependency, so backoff was the one wait a caller
could not intercept. Tests can now assert on the real backoff configuration
instead of flattening it with base: 0:
ExternalService.start(service,
  retry: [max_attempts: 4, backoff: :exponential, base: 100],
  sleep_function: fn delay -> send(test_process, {:slept, delay}) end
)

ExternalService.call(service, fn -> :retry end)

assert_received {:slept, 100}
assert_received {:slept, 200}
assert_received {:slept, 400}
Note that a no-op sleep function is the right tool for retry backoff — the
delays are a fixed sequence — but still the wrong one for rate limiting and
concurrency, where the wait is a re-check loop and skipping it busy-waits. The
Testing guide now says which is which.


Changed
	Removed the ElixirRetry dependency
(issue #69). The
retry loop and its delay streams are now part of this library. No retry
behavior changes: the delay sequences were pinned by characterization tests
first, and those tests pass unchanged against the new implementation.
The delay-stream builders are reimplemented from Retry.DelayStreams
(ElixirRetry, © 2014 Safwan Kamarrudin, Apache-2.0 — the same license as this
project), with attribution in the source.
This drops the required runtime dependencies from seven to six — fuse,
deep_merge, decorator, errata, nimble_options and telemetry, with
flow optional alongside them — and lets the retry loop use the service's
:sleep_function. It also removed the project's
.dialyzer_ignore.exs entirely: its three suppressed pattern_match warnings
were artifacts of the Retry.retry/2 macro's success typing, and mix dialyzer
now reports no warnings at all with no filters in place.
One deliberate improvement rather than a faithful port: the :expiry budget is
measured with System.monotonic_time/1 rather than the system clock, so a clock
adjustment mid-call can no longer stretch or collapse a retry budget.


2.7.0 - 2026-08-18
Added
	:retry_exceptions accepts a predicate, not just a list of modules
(issue #63).
A module list settles retriability by type, which is the wrong grain when
the same exception is transient in one instance and permanent in another — an
HTTP client that raises one error struct for every status, say. Pass a
predicate and it is run on the exception itself:
retry: [
  retry_exceptions: fn
    %MyApp.HTTPError{status: status} -> status >= 500
    _other -> false
  end
]
A truthy return retries and melts the circuit breaker; anything else
propagates the exception untouched, exactly as an unlisted module would. The
predicate replaces the list rather than supplementing it, so fold any module
checks you still want into it.
This is what makes the raised half of an Errata
integration expressible — an Errata error type can decide from its own
:reason or :context, and a module list cannot ask it:
retry_exceptions: fn error ->
  Errata.is_error(error) and Errata.retryable?(error)
end

	The structured error types now declare their retryability
(issue #62).
Errata 1.5.0 added a retryability classification, and Errata.retryable?/1
exposes it for any Errata error. Left to the default for infrastructure
errors, all five of ExternalService's error types would have answered
true — including ServiceNotStarted, where retrying can never help.
Each type now says so for itself:
	Error	retryable?/1
	CircuitBreakerOpen	true
	RateLimited	true
	ServiceSaturated	true
	RetriesExhausted	false
	ServiceNotStarted	false

The three retryable ones share a shape: the wrapped function never ran, and
the condition clears on its own. ServiceNotStarted is a configuration
mistake — the same reasoning that gives it a 500 rather than a 503.
RetriesExhausted is the one worth reading twice. It is not retryable because
retrying is exactly what has already failed, and an outer loop branching on
retryable?/1 would spin on it. Errata's classification carries no notion of
when, so this means "not worth retrying now" — re-attempting the work at a
coarser layer, such as a background job re-enqueuing itself minutes later, is
still perfectly reasonable.
Note that this describes ExternalService's own errors only. What your wrapped
function returns or raises still passes through untouched; ExternalService
does not consult Errata.retryable?/1 when deciding whether to retry your
function.

	An exception retry reason is chained as the error's :cause.
When a call exhausts its retries with a reason that is an exception — any
Errata error included — that value is now set as RetriesExhausted's :cause
as well as its :context.reason. Errata.cause/1 and Errata.root_cause/1
reach the underlying failure, and Errata.format_chain/1 prints it:
ExternalService.RetriesExhausted: exhausted all retries while calling the external service
Caused by: MyApp.UpstreamTimeout: upstream timed out
A reason that is not an exception is left in :context.reason alone, with no
:cause set.

	A guide for applications that use Errata themselves
(Using Errata in Your Application). Covers letting your own
error types drive retries through the :retry_on and :retry_exceptions
predicates, the distinction between an error being retryable and a call being
safe to repeat, how RetriesExhausted chains your error as its :cause, and
the sharp edges — require Errata for the guard macro, guarding
Errata.retryable?/1 against non-Errata values, and aggregates being retryable
only when every member is.
It also documents something that applies well beyond Errata: predicates cannot
be given to use ExternalService as anonymous functions, because the options
are stored in a module attribute. A remote capture
(&MyApp.Retry.retryable_error?/1) works; the Retries guide now says so too.


Fixed
	A retry predicate that fails no longer changes the outcome of the call
(issue #67).
A :retry_exceptions predicate runs on a path that is already failing, so a
bug in it replaced the exception it had been called to classify — the caller
got the predicate's error instead of its own, and nothing was retried. The
:retry_on predicate was worse: because it runs inside the same rescue, its
exception was itself evaluated against :retry_exceptions, so a matching
:retry_exceptions would re-run an already-successful function for every
remaining attempt.
A predicate that fails — raising, throwing, or exiting rather than answering —
is now treated as no match. The call's own result or exception is left
exactly as it was, nothing is retried, the circuit breaker is untouched, and a
warning naming the option, the service and the predicate's own failure is
logged so the bug is findable:
[warning] The :retry_exceptions predicate for :my_service did not return, so the
call was treated as not retriable and its own result or exception was left
untouched. ...

** (RuntimeError) predicate blew up
    lib/my_app/retry.ex:12: MyApp.Retry.transient?/1
Not retrying is the safe reading: retrying is the consequential interpretation,
and a predicate that just crashed has not authorized it.
This is easy to hit by accident with Errata:
Errata.is_error/1 is a guard macro, so a predicate module that forgets
require Errata raises, and Errata.retryable?/1 raises on any value that is
not an Errata error.

	A retried exception now keeps its original stacktrace. When retries ran out
while retrying an exception, it was re-raised with raise/1, which generates a
fresh stacktrace — so the trace handed to the caller pointed into
ExternalService's own retry loop rather than at the code that raised:
** (RuntimeError) KABOOM!
    (external_service) lib/external_service.ex:815: ExternalService.call_with_retry/4
The exception is now re-raised with the stacktrace captured where it was
raised. For a library whose failure mode is "your call failed N times", the
old behaviour discarded exactly the information you needed.


Changed
	The :errata dependency requirement is now ~> 1.5 (was ~> 1.3).

2.6.0 - 2026-08-05
Added
	A per-service concurrency limit — the bulkhead pattern
(issue #49).
concurrency: [limit: 25, reclaim_after: :timer.seconds(30)] caps how many
calls may be in flight against a service at once. Over the limit a call is not
dropped: it returns the new ExternalService.ServiceSaturated error to its
caller, which is free to enqueue the work, serve something stale, or answer
	There is no cooldown — unlike the circuit breaker, a slot is available
again the instant the call holding it finishes, so recovery is continuous.

This closes the gap that opens when a service degrades rather than fails. The
breaker counts failures, so slow-but-successful calls are invisible to it; the
rate limiter counts starts, not concurrency, so limit: 100, per: 1_000
against a service that slows to 10 seconds per call leaves roughly a thousand
processes parked in the same call, each holding a connection.
Saturation is your own backpressure rather than the service's failure, so it
does not melt the circuit breaker and is not retried — exactly like
ExternalService.RateLimited. ServiceSaturated maps to 503 rather than
429 for the same reason: it is your application shedding load, not the
external service refusing you.
State is an :atomics array with one slot per permit — no process, supervisor,
or registry, the same design as ExternalService.RateLimiter.Local, at roughly
0.4µs for an uncontended acquire and release. Slots are taken per attempt and
inside the rate limiter, so a call sitting in backoff or sleeping on a :wait
budget holds no capacity.

	:reclaim_after bounds how long a slot may be held before it is reused.
A slot is released whenever the call finishes, raises, throws, or exits — but
not when the calling process is killed from outside, because an exit signal
does not run after blocks. That includes the ordinary :shutdown a
supervisor sends while draining, so it is not an edge case. Without expiry each
such caller would burn a slot permanently and the service would ratchet toward
wedged; :reclaim_after bounds the damage to one slot for one window. It is
required rather than defaulted because it must exceed the longest legitimate
call, which depends on a client timeout the library cannot see.

	An optional :wait budget on :concurrency absorbs short bursts instead of
shedding them. concurrency: [limit: 25, reclaim_after: 30_000, wait: 50] parks
a caller for up to 50ms waiting for a slot before returning ServiceSaturated.
Waiting callers hold no slot and no connection, so the number parked is bounded
by arrival rate times the budget — smoothing without reintroducing the pile-up a
concurrency limit exists to prevent. Defaults to false (shed immediately).
Unlike the rate limiter's :wait, :infinity is not accepted: sleeping
until a quota refills is bounded by the quota, but a slot only frees when
another call finishes, so an unbounded wait is the pile-up itself. start/2
raises with an explanation rather than a bare type error, since anyone reaching
for it is coming from the rate limiter where :infinity is often correct.

	ExternalService.saturated?/1 (with a generated saturated?/0), plus
ExternalService.Concurrency.in_flight/1 and limit/1, completing the trio
with available?/1 and rate_limited?/1. reset_all/1 frees every slot.

	[:external_service, :concurrency, :rejected] and
[:external_service, :concurrency, :waited] telemetry, and a new
Concurrency Limiting guide. The guide documents what a
rejection actually means — the call is handed back to its caller, not dropped —
that there is no cooldown, and the measured shed rate against offered load
(0% below capacity, 12% at capacity, 54% at twice capacity).


Changed
	Documented that ExternalService imposes no timeout
(issue #44). The
breaker protects against a service that fails, not one that hangs: a blocking
function blocks call/3, melts nothing, and trips no breaker — measured with
tolerate: 1, a slow in-flight call leaves the service reporting
available?: true. A new When the service hangs section in the circuit
breaker guide says so plainly, shows where the timeout belongs (the client's
receive and pool-checkout timeouts), and explains why running attempts in a
Task would cost a process on the hot path without reliably cancelling
anything.
	Corrected what :expiry bounds. It was documented as a time budget for
retries, which reads like a wall-clock bound on the call. It is evaluated
between attempts, so it bounds when the next attempt starts and never how
long the current one runs. Measured with max_attempts: 4, expiry: 100 against
a function sleeping 300ms per attempt: 2 attempts, 706ms total — seven times
the budget. A function that never returns is never bounded by it at all. Both
measurements are now pinned by tests.
	The circuit breaker guide names what the library does not bound — attempt
duration and in-flight concurrency — and points at where each belongs. The rate
limiter bounds how often calls start, not how many are running.

2.5.0 - 2026-08-05
Added
	circuit_breaker: [tolerate: :infinity] installs no breaker at all
(issue #55). It never
opens, ignores melts, and holds no state. Useful in production for a service
where opening the breaker is worse than the failures it would prevent, and in
tests because a breaker with no state cannot leak between them. Rejected in
combination with :fault_injection, which exists to open the breaker — the
contradiction raises at start/2 rather than letting either option silently
win.

	rate_limit: [limit: :infinity] installs no limiter at all. Calls pass
straight through, exactly as if :rate_limit had been omitted. It exists for
the case where omitting is not possible: child spec overrides are deep merged,
so they can replace a key but never remove one.
Together these are the answer to #55's "first-class test mode" question. Both
are exact where tolerate: 1_000_000 was only large, and both are meaningful
outside tests, so neither is API whose only purpose is switching the library
off. The Testing guide now shows the combination, and says
plainly that a service made inert is not a service being tested.

	ExternalService.RateLimiter.reset/1 discards a service's recorded rate
limit usage, and the ExternalService.RateLimiter behaviour gained a
corresponding ExternalService.RateLimiter.reset/2 callback. The control API
was asymmetric without it: the circuit breaker could be asked, melted, and
reset, but a drained rate limit budget could not be cleared at all.

	ExternalService.reset_all/1 clears every stateful mechanism for a service —
the circuit breaker and the rate limiter — with a reset_all/0 counterpart
generated by use ExternalService. reset/1 still resets only the breaker,
deliberately: clearing a limiter in production releases a burst at the service,
which is rarely what someone closing a breaker intended. reset_all/1 is what
a test setup block wants.


2.4.0 - 2026-08-05
Added
	ExternalService.start/2 now warns when a service configures no retry
bound (issue #43).
Retry options that set neither :max_attempts nor :expiry retry forever, and
the circuit breaker does not reliably stop them: exponential backoff eventually
spaces attempts further apart than the breaker's :within window, so failures
stop accumulating fast enough to reach :tolerate. This is not a pathological
corner — a fully default breaker with retry: [base: 100] never opens, and the
call never returns. The library's own documentation has always advised against
this configuration; now the advice reaches the place the mistake is made.

	:max_attempts and :expiry accept :infinity. It behaves exactly like
leaving the bound unset, but states the intent explicitly and silences the new
warning — for background work that really should retry until it succeeds, or
for a service whose call sites each supply their own bound.

	ExternalService.start/2 now warns when a rate limited service sets no
:wait budget (issue #47).
A throttled call sleeps the calling process until the limiter admits it, which
is correct for background work and wrong in a request path, where it converts
load into latency and process growth instead of a fast 429. The warning fires
only for services that configure :rate_limit. wait: :infinity states the
unbounded intent explicitly and silences it.

	A Testing guide
(issue #45). Covers
the thing an adopter hits first and the guides never addressed: service state
is global — it lives in :persistent_term and :fuse keyed on the service
term — so nothing is torn down between tests and async: true tests sharing a
service share one breaker and one rate-limit bucket. Also covers keeping tests
off the clock, driving the breaker and limiter directly to reach failure paths,
and asserting on telemetry. Every example is executed as part of this library's
suite (test/testing_guide_examples_test.exs), so the guide cannot drift from
the API.


Changed
	The :max_attempts documentation no longer describes the circuit breaker as
a bound on retries, because it isn't one in the general case (see above).
	:tolerate is now documented as counting failed attempts, not failed
calls (issue #46).
Every failing retry attempt melts the breaker, so :tolerate and
:max_attempts cannot be tuned independently: a tolerate: 10 breaker paired
with max_attempts: 5 opens during the third failing call, not the tenth.
The circuit breaker guide now carries the measured numbers and the arithmetic,
and the retries guide cross-references it — it is the same coupling seen from
the other side.
	:wait no longer carries a documented default of :infinity. Runtime
behavior is unchanged — an unset :wait still waits as long as the limiter
requires — but it is now distinguishable from an explicit :infinity, which
is what lets start/2 warn about the former only.

Deprecated
	Leaving both retry bounds unset is on the path to becoming an error. A future
3.0 is expected to give :max_attempts a finite default; :infinity is the
forward-compatible way to keep unbounded behavior.
	Leaving :wait unset is likewise on the path to changing meaning. 3.0 is
expected to default it to a finite, :per-derived budget; wait: :infinity
is the forward-compatible way to keep waiting indefinitely.

Fixed
	The :sleep_function documentation no longer recommends a no-op for tests.
sleep_function: fn _ms -> :ok end was presented as the way to avoid real
delays under a rate limit. It does not avoid them: the limiter is asked again
immediately, still says wait, and the loop spins until real time has passed.
Measured at limit: 1, per: 2_000, the throttled call still took 2000ms and
invoked the no-op 2,075,418 times — the same wall clock, with a core burned.
:sleep_function is documented as an instrumentation hook, and the Testing
guide points at wait: false for keeping rate limited tests fast.
	guides/ is now included in the Hex package
(issue #42). The
README links into the guides eight times, and hex.pm renders the README out of
the package tarball — which did not contain them, so every one of those links
404'd on the package page. HexDocs was unaffected, since ExDoc reads the guides
from the working directory at doc-build time and rewrites the links.

2.3.0 - 2026-07-31
Added
	A public control API for the circuit breaker and rate limiter
(issue #26), for the
cases that fall outside a guarded call/3. 2.2.0 made
ExternalService.CircuitBreaker and ExternalService.RateLimiter public as
behaviours; this makes them usable directly.	ExternalService.CircuitBreaker.melt/1 records a failure the library never
saw — a dropped streaming connection, a webhook that never arrived, a call
made through a different client. It counts toward the service's :tolerate
exactly as an in-call failure does, so enough melts open the breaker (and,
with the cluster backend, open it across the cluster). The mirror image of
reset/1.
	ExternalService.CircuitBreaker.ask/1 reports :ok, :blown, or
:not_started — the three-valued form of available?/1 and blown?/1.
	ExternalService.CircuitBreaker.reset/1, the same operation
ExternalService.reset/1 performs.
	ExternalService.RateLimiter.request/1 spends one call's worth of budget
without running anything, for traffic that reaches the service by some path
other than call/3. It honors the service's :wait setting and returns
ExternalService.RateLimited if that budget runs out.


	Rate limit introspection. ExternalService.rate_limited?/1 reports whether
a call would currently be throttled, and ExternalService.RateLimiter.peek/1
reports how long the wait would be. Both are reads that consume nothing, so
they are safe to ask speculatively before committing to expensive work —
symmetric with available?/1 for the circuit breaker.

Changed
	The ExternalService.RateLimiter behaviour gained a peek/2 callback.
Backends must answer the same way as check/2 without consuming anything.
Both shipped backends implement it; Local reads its atomics slot without the
compare-and-exchange, and Hammer assembles the answer from get/2 and
expires_at/2, since Hammer's hit/3 both checks and consumes.
This is a breaking change for anyone who wrote a rate limiter backend against
2.2.0. It is being made immediately after that release, while no third-party
backends exist, precisely so that it does not have to be made later.


2.2.0 - 2026-07-30
This line makes ExternalService work correctly on more than one node. See the
new Distributed Elixir guide for the full picture.
The two halves of that problem are not the same kind of problem, and are not
solved the same way. A node-local rate limit is a correctness bug — four
nodes configured for 100 calls per second send up to 400, violating the quota you
configured — so the fix is shared counters. A node-local circuit breaker is a
defensible design rather than a bug, since a node with a bad network path should
stop calling a service without taking the cluster down with it, so cross-node
tripping is offered as an opt-in choice.
Added
	Pluggable circuit breaker and rate limiter backends
(issue #12,
issue #13).
Both :circuit_breaker and :rate_limit accept a :backend option, given as
a module or a {module, options} tuple whose options are passed through to
that backend:
use ExternalService,
  circuit_breaker: [backend: ExternalService.CircuitBreaker.Cluster],
  rate_limit: [limit: 100, per: 1_000, backend: {MyApp.Limiter, some: :option}]
ExternalService.CircuitBreaker and ExternalService.RateLimiter are now
documented behaviours you can implement — five callbacks for a breaker, two for
a limiter. Backends are stateless modules: the install/init callback returns
an opaque config term that is stored with the rest of the service state and
handed back to every other callback, so a backend needs no process, supervisor,
or registry of its own.
Note that this exposes the breaker and limiter as behaviours, not as
user-facing control APIs; the operations themselves remain internal
(issue #26).

	ExternalService.CircuitBreaker.Cluster, an opt-in circuit breaker that
trips the whole cluster when any one node trips
(issue #13). Each node
keeps its own ordinary breaker; when one transitions from closed to open it
sends a fire-and-forget :erpc.multicast/4 to the other nodes, each of which
trips its own breaker and then recovers on its own reset timer. There is no
shared store, no distributed state, and no process or supervision tree for this
library to run. A :nodes option (a list, or a zero-arity function returning
one; default &Node.list/0) narrows the broadcast. Read the module docs before
enabling it: it trades isolation for convergence, and one bad node can trip the
whole cluster.

	ExternalService.RateLimiter.Hammer, a rate limiter backend that meters
against a Hammer module
(issue #12). With a
shared Hammer backend such as
hammer_backend_redis every node
draws from the same counters, so the service sees the limit you configured
rather than that limit multiplied by your node count. Hammer is not a
dependency of this library — the backend calls hit/3 on the module you supply.

	rate_limit: [wait: ...] to bound how long a throttled call may block:
:infinity (the default, and the previous behavior), a millisecond budget for
the whole call, or false to never wait. Previously a throttled call waited as
long as the limiter required with no upper bound.

	ExternalService.RateLimited, returned by call/3 and raised by call!/3
when the :wait budget runs out. The wrapped function is not called. It carries
:context.retry_after (milliseconds until the call would have been admitted)
and reports http_status/1 of 429. Being throttled is this library's own
back-pressure rather than a failure of the external service, so it does not
melt the circuit breaker and is not retried.

	A Distributed Elixir guide, plus rate limiting and
circuit breaker guide sections and cheatsheet entries covering the above.


Changed
	The default rate limiter is now a token bucket, and paces calls differently.
ExternalService.RateLimiter.Local replaces the ex_rated fixed window. It
admits a burst of exactly :limit and then paces the rest at one call per
:per / :limit, refilling one call at a time.
What you will notice: waiting out a full window no longer hands you a fresh
full burst. The fixed window allowed :limit calls at the end of one window and
another :limit at the start of the next, briefly sending twice your
configured rate at the service — which could trip the provider's own limiter
even though you had configured yours correctly. Smoothing that out is the point
of the change, but it does mean bursty workloads are now paced where they
previously were not.
No configuration changes: :limit and :per mean what they did before. The
new limiter keeps its counters in a single :atomics slot per service, so it
needs no owning process, and it is correct under concurrent access (a
compare-and-exchange loop, rather than a lock or a best-effort counter).

	Rate limit sleeps are now as long as they need to be, and no longer. Backends
report a real time-to-next-window, where ex_rated could only be given the
window / limit estimate this library computed for it. Expect the
[:external_service, :rate_limit, :sleep] telemetry to report different (and
more accurate) durations.


Removed
	The ex_rated dependency, which has had no release since December 2021.
Rate limiting is now handled by the built-in ExternalService.RateLimiter.Local
or a backend of your choosing.
If your own code called ExRated directly — it was previously reaching you as a
transitive dependency — add {:ex_rated, "~> 2.1"} to your deps. Nothing in
the ExternalService API changes.


2.1.0 - 2026-07-30
Added
	ExternalService.Decorator: decorator-based annotations for marking a function
as an external call (issue #28).
use ExternalService.Decorator brings @decorate external_call(service) (and a
raising external_call!) into scope, wrapping the function body in
ExternalService.call/2 (or call/3 when passed per-call retry options) instead
of writing call fn -> ... end by hand. Built on the
decorator library.
	ExternalService.Flow: process an enumerable (or an existing Flow) through
guarded ExternalService calls as a stage of a Flow
pipeline (issue #27).
ExternalService.Flow.map/3,4,5 returns a Flow, reusing call/3 per element
so retries, the circuit breaker, rate limiting, telemetry, and the
structured-error returns all apply (errors arrive as {:error, ...} elements;
results are unordered). :flow is an optional dependency — the module is
only compiled when you add it. For simple ordered parallel maps,
call_async_stream/5 remains the right tool.

2.0.0 - 2026-06-23
The 2.0 line modernizes the project and introduces breaking changes. See the
migration guide for a step-by-step upgrade from
1.x.
Added
	Documentation overhaul: a set of guides (Getting Started, the module front
door, circuit breakers, retries, rate limiting, error handling, telemetry), a
cheatsheet, and a step-by-step migration guide,
all published on HexDocs.
	Introspection for circuit breaker state (issue #5):
ExternalService.available?/1, ExternalService.blown?/1, and
ExternalService.all_available?/1, plus available?/0 and blown?/0 on
modules using ExternalService.Gateway.
	:telemetry events for guarded calls: [:external_service, :call, :start | :stop | :exception]
(a span around each call), [:external_service, :call, :retry],
[:external_service, :circuit_breaker, :blown], and
[:external_service, :rate_limit, :sleep]. See the ExternalService module
docs for measurements and metadata.

	RetryOptions.max_attempts to bound the total number of attempts (initial plus
retries), complementing the existing time-based :expiry.
	RetryOptions.jitter to control random jitter on retry delays (true for
+/- 10%, or a float proportion such as 0.25).
	RetryOptions.retry_on accepts a predicate over the return value (an
arity-1 function), so retries can be driven from a function that does not itself
return :retry / {:retry, reason} (the common case when adapting an existing
client function). When the predicate returns a truthy value the call is retried
— the result becomes the retry reason and the circuit breaker melts — exactly
like an explicit :retry return, which still takes precedence
(issue #29).
	Declarative module front door: use ExternalService generates a small
wrapper (call/1,2, call!/1,2, async/stream variants, available?/0,
blown?/0, reset/0, child_spec/1, start_link/1) around a service
configured with validated :circuit_breaker/:rate_limit/:retry options.
	A service now remembers the default retry options given to start/2; the
two-argument call/2 (and call!/2, call_async/2) use that default.
	Option validation via NimbleOptions for start/2 and RetryOptions, with the
accepted options rendered into the docs.
	Structured error types (built on Errata):
ExternalService.RetriesExhausted, ExternalService.CircuitBreakerOpen, and
ExternalService.ServiceNotStarted. Each is an exception struct carrying a
:context (always including the :service), an http_status/1, and JSON
encoding, so the same value can be returned from call/3 or raised by
call!/3.

Changed (breaking)
	Error representation overhauled. call/3 now returns structured error
structs instead of nested tuples, and call!/3 raises the same structs:
	Before (1.x)	After (2.0)
	{:error, {:retries_exhausted, reason}}	{:error, %ExternalService.RetriesExhausted{context: %{service: name, reason: reason}}}
	{:error, {:fuse_blown, name}}	{:error, %ExternalService.CircuitBreakerOpen{context: %{service: name}}}
	{:error, {:fuse_not_found, name}}	{:error, %ExternalService.ServiceNotStarted{context: %{service: name}}}
	raise ExternalService.RetriesExhaustedError	raise ExternalService.RetriesExhausted
	raise ExternalService.FuseBlownError	raise ExternalService.CircuitBreakerOpen
	raise ExternalService.FuseNotFoundError	raise ExternalService.ServiceNotStarted

Results returned directly by the wrapped function (including its own
{:error, reason} values) are unchanged. See the
migration guide for the full mapping.

	Configuration and terminology overhauled to drop the leaked "fuse" wording:
	start/2 now takes circuit_breaker: [tolerate:, within:, reset:, fault_injection:]
and rate_limit: [limit:, per:] (and an optional retry:) instead of
fuse_strategy: {:standard, max, window} / fuse_refresh: and the
rate_limit: {limit, window} tuple. Options are validated by NimbleOptions.
	The fuse_name argument/type is now service.
	reset_fuse/1 is now reset/1.


	Retry options reshaped (ExternalService.RetryOptions):
	backoff is now :exponential / :linear with separate :base and
:factor, instead of {:exponential, delay} / {:linear, delay, factor}.
	randomize is now jitter.
	rescue_only is now retry_exceptions, and defaults to [] — raised
exceptions are no longer retried by default (issue #7).
List exception modules in :retry_exceptions to retry on them.
:retry_exceptions now also governs the circuit breaker: an exception that is
not retried no longer melts the breaker (it propagates untouched), so a raised
exception counts as a circuit-breaker failure only when its type is in
:retry_exceptions. Explicit :retry / {:retry, reason} return values
always melt the breaker.
	call/3 and call!/3 now also accept a keyword list of retry options. A
keyword list is treated as per-call overrides: it is merged onto the
service's configured :retry defaults (overriding only the keys it lists and
inheriting the rest). A %RetryOptions{} struct still replaces the defaults
entirely.


	use ExternalService.Gateway is deprecated in favor of use ExternalService.
It still works (emitting a deprecation warning) and keeps the external_call/*
and reset_fuse/0 names as aliases, but uses the same new option shape as
use ExternalService — the old fuse: [...] options are no longer supported.


Removed (breaking)
	The ExternalService.RetriesExhaustedError, ExternalService.FuseBlownError,
and ExternalService.FuseNotFoundError exception modules, replaced by the
structured error types above.

Fixed
	ExternalService.Gateway now applies the fuse: [strategy:, refresh:] options
it was configured with. Previously these keys did not match the
:fuse_strategy/:fuse_refresh keys that ExternalService.start/2 reads, so
every gateway silently ran on the default circuit-breaker configuration.
	Added a regression test for the :fault_injection strategy (issue #4); the
:fuse_monitor crash no longer reproduces on fuse 2.5.
	Rate limiting now works for a service whose name is any term, not only an atom
or binary. The rate-limit bucket name is now derived with inspect/1;
previously it used Module.concat/2, which raised for names such as tuples
(circuit breaker and retries already accepted any term).

Changed
	Raise the minimum Elixir requirement to ~> 1.15.
	Modernize the build: refreshed dependency versions, added nimble_options and
telemetry, ExDoc/Dialyxir bumps, GitHub Actions CI (test matrix, quality, and
Dialyzer jobs), and Hex package/docs metadata cleanup.
	Store per-service state in :persistent_term instead of an unsupervised
Agent, removing a process that could crash and was never linked to a
supervisor. ExternalService.stop/1 now accepts any term as a fuse name
(matching start/2), not only atoms, and is idempotent — it is safe to call
on a service that was never started or has already been stopped.

1.1.4 - 2024-01-04
Fixed
	Replace use of deprecated System.stacktrace/0 with __STACKTRACE__/0 (PR #17 from @iperks)

[1.1.3] - 2023-05-12
Changed
	Update to retry 0.18.0
	Update ex_rated to 2.1

1.1.2 - 2021-09-30
Changed
	Make sleep function configurable (PR #11 from @doorgan)

1.1.1 - 2021-09-17
Changed
	Update to fuse 2.5
	Update ex_rated to 2.0

1.1.0 - 2021-09-17
Added
	Add ExternalService.stop/1 (PR #9 from @doorgan)

Changed
	Allow any term as fuse name (PR #10 from @doorgan)

1.0.1 - 2020-06-08
Added
	Add ability to reset fuses
	Add documentation for initialization and configuration of gateway modules

1.0.0 - 2020-06-05
Added
	Add new ExternalService.Gateway module for module-based service gateways.
	Add this changelog...better late than never!



  

    License


                                 Apache License
                           Version 2.0, January 2004
                        http://www.apache.org/licenses/

   TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

   1. Definitions.

      "License" shall mean the terms and conditions for use, reproduction,
      and distribution as defined by Sections 1 through 9 of this document.

      "Licensor" shall mean the copyright owner or entity authorized by
      the copyright owner that is granting the License.

      "Legal Entity" shall mean the union of the acting entity and all
      other entities that control, are controlled by, or are under common
      control with that entity. For the purposes of this definition,
      "control" means (i) the power, direct or indirect, to cause the
      direction or management of such entity, whether by contract or
      otherwise, or (ii) ownership of fifty percent (50%) or more of the
      outstanding shares, or (iii) beneficial ownership of such entity.

      "You" (or "Your") shall mean an individual or Legal Entity
      exercising permissions granted by this License.

      "Source" form shall mean the preferred form for making modifications,
      including but not limited to software source code, documentation
      source, and configuration files.

      "Object" form shall mean any form resulting from mechanical
      transformation or translation of a Source form, including but
      not limited to compiled object code, generated documentation,
      and conversions to other media types.

      "Work" shall mean the work of authorship, whether in Source or
      Object form, made available under the License, as indicated by a
      copyright notice that is included in or attached to the work
      (an example is provided in the Appendix below).

      "Derivative Works" shall mean any work, whether in Source or Object
      form, that is based on (or derived from) the Work and for which the
      editorial revisions, annotations, elaborations, or other modifications
      represent, as a whole, an original work of authorship. For the purposes
      of this License, Derivative Works shall not include works that remain
      separable from, or merely link (or bind by name) to the interfaces of,
      the Work and Derivative Works thereof.

      "Contribution" shall mean any work of authorship, including
      the original version of the Work and any modifications or additions
      to that Work or Derivative Works thereof, that is intentionally
      submitted to Licensor for inclusion in the Work by the copyright owner
      or by an individual or Legal Entity authorized to submit on behalf of
      the copyright owner. For the purposes of this definition, "submitted"
      means any form of electronic, verbal, or written communication sent
      to the Licensor or its representatives, including but not limited to
      communication on electronic mailing lists, source code control systems,
      and issue tracking systems that are managed by, or on behalf of, the
      Licensor for the purpose of discussing and improving the Work, but
      excluding communication that is conspicuously marked or otherwise
      designated in writing by the copyright owner as "Not a Contribution."

      "Contributor" shall mean Licensor and any individual or Legal Entity
      on behalf of whom a Contribution has been received by Licensor and
      subsequently incorporated within the Work.

   2. Grant of Copyright License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      copyright license to reproduce, prepare Derivative Works of,
      publicly display, publicly perform, sublicense, and distribute the
      Work and such Derivative Works in Source or Object form.

   3. Grant of Patent License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      (except as stated in this section) patent license to make, have made,
      use, offer to sell, sell, import, and otherwise transfer the Work,
      where such license applies only to those patent claims licensable
      by such Contributor that are necessarily infringed by their
      Contribution(s) alone or by combination of their Contribution(s)
      with the Work to which such Contribution(s) was submitted. If You
      institute patent litigation against any entity (including a
      cross-claim or counterclaim in a lawsuit) alleging that the Work
      or a Contribution incorporated within the Work constitutes direct
      or contributory patent infringement, then any patent licenses
      granted to You under this License for that Work shall terminate
      as of the date such litigation is filed.

   4. Redistribution. You may reproduce and distribute copies of the
      Work or Derivative Works thereof in any medium, with or without
      modifications, and in Source or Object form, provided that You
      meet the following conditions:

      (a) You must give any other recipients of the Work or
          Derivative Works a copy of this License; and

      (b) You must cause any modified files to carry prominent notices
          stating that You changed the files; and

      (c) You must retain, in the Source form of any Derivative Works
          that You distribute, all copyright, patent, trademark, and
          attribution notices from the Source form of the Work,
          excluding those notices that do not pertain to any part of
          the Derivative Works; and

      (d) If the Work includes a "NOTICE" text file as part of its
          distribution, then any Derivative Works that You distribute must
          include a readable copy of the attribution notices contained
          within such NOTICE file, excluding those notices that do not
          pertain to any part of the Derivative Works, in at least one
          of the following places: within a NOTICE text file distributed
          as part of the Derivative Works; within the Source form or
          documentation, if provided along with the Derivative Works; or,
          within a display generated by the Derivative Works, if and
          wherever such third-party notices normally appear. The contents
          of the NOTICE file are for informational purposes only and
          do not modify the License. You may add Your own attribution
          notices within Derivative Works that You distribute, alongside
          or as an addendum to the NOTICE text from the Work, provided
          that such additional attribution notices cannot be construed
          as modifying the License.

      You may add Your own copyright statement to Your modifications and
      may provide additional or different license terms and conditions
      for use, reproduction, or distribution of Your modifications, or
      for any such Derivative Works as a whole, provided Your use,
      reproduction, and distribution of the Work otherwise complies with
      the conditions stated in this License.

   5. Submission of Contributions. Unless You explicitly state otherwise,
      any Contribution intentionally submitted for inclusion in the Work
      by You to the Licensor shall be under the terms and conditions of
      this License, without any additional terms or conditions.
      Notwithstanding the above, nothing herein shall supersede or modify
      the terms of any separate license agreement you may have executed
      with Licensor regarding such Contributions.

   6. Trademarks. This License does not grant permission to use the trade
      names, trademarks, service marks, or product names of the Licensor,
      except as required for reasonable and customary use in describing the
      origin of the Work and reproducing the content of the NOTICE file.

   7. Disclaimer of Warranty. Unless required by applicable law or
      agreed to in writing, Licensor provides the Work (and each
      Contributor provides its Contributions) on an "AS IS" BASIS,
      WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
      implied, including, without limitation, any warranties or conditions
      of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
      PARTICULAR PURPOSE. You are solely responsible for determining the
      appropriateness of using or redistributing the Work and assume any
      risks associated with Your exercise of permissions under this License.

   8. Limitation of Liability. In no event and under no legal theory,
      whether in tort (including negligence), contract, or otherwise,
      unless required by applicable law (such as deliberate and grossly
      negligent acts) or agreed to in writing, shall any Contributor be
      liable to You for damages, including any direct, indirect, special,
      incidental, or consequential damages of any character arising as a
      result of this License or out of the use or inability to use the
      Work (including but not limited to damages for loss of goodwill,
      work stoppage, computer failure or malfunction, or any and all
      other commercial damages or losses), even if such Contributor
      has been advised of the possibility of such damages.

   9. Accepting Warranty or Additional Liability. While redistributing
      the Work or Derivative Works thereof, You may choose to offer,
      and charge a fee for, acceptance of support, warranty, indemnity,
      or other liability obligations and/or rights consistent with this
      License. However, in accepting such obligations, You may act only
      on Your own behalf and on Your sole responsibility, not on behalf
      of any other Contributor, and only if You agree to indemnify,
      defend, and hold each Contributor harmless for any liability
      incurred by, or claims asserted against, such Contributor by reason
      of your accepting any such warranty or additional liability.

   END OF TERMS AND CONDITIONS

   APPENDIX: How to apply the Apache License to your work.

      To apply the Apache License to your work, attach the following
      boilerplate notice, with the fields enclosed by brackets "{}"
      replaced with your own identifying information. (Don't include
      the brackets!)  The text should be enclosed in the appropriate
      comment syntax for the file format. We also recommend that a
      file or class name and description of purpose be included on the
      same "printed page" as the copyright notice for easier
      identification within third-party archives.

   Copyright {yyyy} {name of copyright owner}

   Licensed under the Apache License, Version 2.0 (the "License");
   you may not use this file except in compliance with the License.
   You may obtain a copy of the License at

       http://www.apache.org/licenses/LICENSE-2.0

   Unless required by applicable law or agreed to in writing, software
   distributed under the License is distributed on an "AS IS" BASIS,
   WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
   See the License for the specific language governing permissions and
   limitations under the License.



  

    Getting Started

This guide walks you through adding ExternalService to a project and making
your first reliable call to an external API — with retries, a circuit breaker,
and (optionally) rate limiting all working for you out of the box.
For full reference material, see the ExternalService module docs.
Installation
Add external_service to your dependencies in mix.exs:
def deps do
  [
    {:external_service, "~> 3.0"}
  ]
end
Then run mix deps.get.
The big idea
Calling an external service is risky: the network hiccups, the service is
briefly overloaded, or it goes down entirely. ExternalService wraps those
calls with two complementary safety mechanisms:
	Retries smooth over transient failures by trying a failed request
again, with configurable backoff.
	A circuit breaker protects you from a service that is persistently
failing: once failures cross a threshold the breaker "opens" and further
calls fail fast instead of piling up against a service that is already down.
	Optionally, a rate limiter keeps you under the call quota the external
service imposes.

You wrap your call to the external service in a function, hand that function to
ExternalService, and it applies all of the above on every call.
Your first service
The recommended way to use the library is the declarative module front door,
use ExternalService. Define a module for the service you depend on and
configure its behavior in one place:
defmodule MyApp.Stripe do
  use ExternalService,
    circuit_breaker: [tolerate: 5, within: :timer.seconds(1), reset: :timer.seconds(5)],
    retry: [max_attempts: 5, backoff: :exponential, jitter: true]

  def charge(params) do
    call fn ->
      case Stripe.charge(params) do
        {:ok, result} -> {:ok, result}
        {:error, %{status: status}} when status in 500..599 -> :retry
        other -> other
      end
    end
  end
end
A few things to notice:
	The module configures its own circuit breaker and retry policy. No fuse
names to juggle at the call site.
	charge/1 wraps the real Stripe call in a zero-argument function and passes
it to the generated call/1.
	The function returns :retry (or {:retry, reason}) to ask for another
attempt; any other value is treated as success and returned as-is.

Start it under your supervisor
A service must be started before it can be called — starting installs its
circuit breaker (and rate limiter, if configured). Add the module to your
supervision tree:
def start(_type, _args) do
  children = [
    MyApp.Stripe
    # ... the rest of your children
  ]

  Supervisor.start_link(children, strategy: :one_for_one, name: MyApp.Supervisor)
end
That's it. Anywhere in your application you can now call:
MyApp.Stripe.charge(%{amount: 1000, currency: "usd", source: token})
and the retry, circuit-breaker, and rate-limit logic is applied automatically.
Triggering a retry
Inside the function you pass to call/1, you decide what counts as a retriable
failure. There are two ways to ask for a retry:
	return the atom :retry, or
	return a tuple {:retry, reason}, where reason is any term (handy for
logging and telemetry).

Any other return value is considered a success and is returned to the caller
untouched — including the function's own {:error, reason} values. This is the
key distinction: an {:error, ...} you return is your error and passes
through; only :retry/{:retry, reason} drive the retry machinery.
def fetch(id) do
  call fn ->
    case HTTP.get("/widgets/#{id}") do
      {:ok, %{status: 200, body: body}} -> {:ok, body}
      {:ok, %{status: status}} when status in 500..599 -> {:retry, status}
      {:ok, %{status: 404}} -> {:error, :not_found}   # not retried — your error
      {:error, %HTTPError{}} = err -> err             # not retried — your error
    end
  end
end
By default, raised exceptions are not retried — they propagate to the
caller. If you want an exception to trigger a retry, match it with the
:retry_exceptions retry option — a list of exception modules, or a predicate on
the exception when the decision depends on the instance rather than the type. To
retry based on the return value of a function
you don't want to modify, use the :retry_on predicate. See the
Retries guide for the full set of retry knobs.
Handling failures
When retries are exhausted or the circuit breaker is open, call/1 returns a
structured error:
case MyApp.Stripe.charge(params) do
  {:ok, result} ->
    handle_success(result)

  {:error, %ExternalService.RetriesExhausted{}} ->
    # transient failure outlasted our retry budget
    {:error, :payment_unavailable}

  {:error, %ExternalService.CircuitBreakerOpen{}} ->
    # the breaker is open; fail fast
    {:error, :payment_unavailable}

  {:error, reason} ->
    # an error your own function returned
    {:error, reason}
end
If you'd rather these failures raise instead of being returned, use the
generated call!/1. See the Error handling guide for the
full picture.
Where to go next
	The module front door — everything use ExternalService generates, plus supervision and per-environment overrides.
	Circuit breakers — how the breaker trips and
resets, and how to introspect it.
	Retries — backoff strategies, jitter, attempt and time
budgets, and retrying on exceptions.
	Rate limiting — staying under a service's quota.
	Error handling — call vs call! and the
structured error types.
	Telemetry — observing calls, retries, and breaker trips.
	Migrating to 2.0 — upgrading from 1.x.



  

    The Module Front Door

use ExternalService is the recommended, declarative way to define a gateway to
an external service. You configure the circuit breaker, rate limiting, and
default retry options once at the module level, start the module under a
supervisor, and call the service through a small set of generated functions.
This guide covers what use ExternalService generates and how to operate it.
For the mechanics of each subsystem, see the Circuit breakers,
Retries, and Rate limiting guides.
Defining a service
defmodule MyApp.Stripe do
  use ExternalService,
    circuit_breaker: [tolerate: 5, within: :timer.seconds(1), reset: :timer.seconds(5)],
    rate_limit: [limit: 100, per: :timer.seconds(1), wait: :timer.seconds(1)],
    retry: [max_attempts: 5, backoff: :exponential, jitter: true]

  def charge(params) do
    call fn ->
      case Stripe.charge(params) do
        {:ok, result} -> {:ok, result}
        {:error, %{status: status}} when status in 500..599 -> :retry
        other -> other
      end
    end
  end
end
The options are exactly those accepted by ExternalService.start/2
(:circuit_breaker, :rate_limit, :retry, :sleep_function), plus:
	:name — the term that identifies the service. Defaults to the module name.

You rarely need :name; the module name is a perfectly good service identifier
and keeps things unambiguous.
Starting the service
A service must be started before it is called. Starting installs the circuit
breaker and rate limiter and records the default retry options. Because use ExternalService generates child_spec/1, you can place the module directly in
a supervision tree:
children = [
  MyApp.Stripe
]

Supervisor.start_link(children, strategy: :one_for_one)
Under the hood the generated start_link/1 installs the service's circuit
breaker and rate limiter. This is the only "process" the front door adds, and it
exists purely to tie the service's lifecycle to your supervision tree.
Per-environment overrides
The child spec accepts overrides that are deep merged with the options given
to use ExternalService. This is the idiomatic way to tune a service per
environment — most usefully, to make tests fast and deterministic:
# config-driven children
children = [
  {MyApp.Stripe, circuit_breaker: [tolerate: 1], retry: [max_attempts: 1]}
]
Because the merge is deep, you only override the keys you care about; everything
else falls back to the module-level configuration. For example, the override
above keeps the :within and :reset from the module and only changes
:tolerate.
Generated functions
use ExternalService generates the following functions on your module:
	Function	Delegates to	Purpose
	call/1, call/2	ExternalService.call/2,3	Synchronous guarded call.
	call!/1, call!/2	ExternalService.call!/2,3	Like call, but raises on failure.
	call_async/1, call_async/2	ExternalService.call_async/2,3	Returns a Task.
	call_async_stream/2,3,4	ExternalService.call_async_stream/3,4,5	Parallel, streaming calls.
	available?/0	ExternalService.available?/1	Is the breaker closed?
	blown?/0	ExternalService.blown?/1	Is the breaker open?
	reset/0	ExternalService.reset/1	Force the breaker closed.
	reset_all/0	ExternalService.reset_all/1	Clear the breaker and the limiter.
	child_spec/1, start_link/1	—	Supervision integration.

The one- and two-argument call forms differ only in whether you pass retry
options explicitly:
# Uses the module's default :retry options
call fn -> do_work() end

# Overrides just :max_attempts for this call, merged onto the module's defaults
call [max_attempts: 2], fn -> do_work() end
A per-call keyword list is merged onto the module's :retry defaults — it
changes only the keys it lists and inherits the rest. (A %RetryOptions{} struct
replaces them entirely.) See the Retries guide for the full list of
keys and the merge-vs-replace rule.
Introspection
The generated available?/0, blown?/0, and reset/0 let you inspect and
control the circuit breaker without referring to the service name:
if MyApp.Stripe.available?() do
  MyApp.Stripe.charge(params)
else
  {:error, :payments_unavailable}
end
available?/0 returns true when the breaker is closed (calls will be
attempted) and false when it is open or the service has not been started.
blown?/0 is the direct "is the breaker open?" question. See
Circuit breakers for the semantics and caveats.
Relationship to the functional API
Everything the front door generates is a thin wrapper over the functional
ExternalService API (start/2, call/3, call!/3, call_async/3,
call_async_stream/5, available?/1, blown?/1, reset/1). Reach for the
functional API directly when a service identifier isn't naturally a module — for
example, when you start services dynamically or key them on runtime values:
ExternalService.start({:tenant, tenant_id},
  circuit_breaker: [tolerate: 5, within: 1_000],
  retry: [max_attempts: 3]
)

ExternalService.call({:tenant, tenant_id}, fn -> fetch(tenant_id) end)
The two styles interoperate freely; the front door is just the ergonomic
default.
Decorator annotations
If you'd rather not wrap each body in call fn -> ... end, ExternalService.Decorator
lets you mark a function as an external call with a @decorate annotation and write
the body directly. It's a thin convenience layer over call — nothing more.
Optional dependency
Like ExternalService.Flow, this module exists only when its dependency is
present. Add it to your application's deps to use the annotations:
{:decorator, "~> 1.4"}
defmodule MyApp.Payments do
  use ExternalService.Decorator

  @decorate external_call(MyApp.Stripe)
  def charge(params) do
    case Stripe.charge(params) do
      {:error, %{status: s}} when s in 500..599 -> :retry
      other -> other
    end
  end

  @decorate external_call!(MyApp.Stripe)
  def capture(id), do: Stripe.capture(id)
end
The decorated body is the retriable function, so the same retry protocol applies:
it drives retries by returning :retry / {:retry, reason}, and the call returns the
body's value on success or a structured error on failure. external_call! raises
instead of returning, mirroring call!.
The service argument is any started service term — it need not be the module the
function lives in, so one module can front several services.
To retry based on the return value of an unmodified function, pass per-call retry
options (the same ones call/3 accepts) as a second argument — most usefully a
:retry_on predicate:
@decorate external_call(MyApp.Stripe, retry_on: &match?({:error, %{status: 500}}, &1))
def charge(params), do: Stripe.charge(params)
Multi-clause functions, default args, and guards
Annotate an empty function head and let it cover every clause:
@decorate external_call(MyApp.Stripe)
def fetch(id, opts \\ [])
def fetch(id, opts) when is_integer(id), do: Client.get(id, opts)
See ExternalService.Decorator for the full reference.
Flow-based pipelines
For parallel work that is part of a larger pipeline — partitioned, back-pressured
processing with downstream map/filter/reduce stages — the optional
ExternalService.Flow integration runs each element through a guarded call as a
Flow stage:
orders
|> ExternalService.Flow.map(MyApp.Stripe, fn order -> charge(order) end)
|> Flow.filter(&match?({:ok, _}, &1))
|> Enum.to_list()
It requires adding :flow to your deps. For a simple ordered parallel map,
call_async_stream/2 is still the right tool. See the Flow pipelines
guide and ExternalService.Flow.
Migrating from ExternalService.Gateway
use ExternalService.Gateway (the 1.x module-based gateway) still works but is
deprecated and emits a warning at compile time. It delegates to use ExternalService and keeps the old external_call/* and reset_fuse/0 names as
aliases — but it uses the new option shape, so the old fuse: [...] options are
gone. See Migrating to 2.0 for the mapping.


  

    Circuit Breakers

The circuit breaker is what protects your application from a persistently
failing dependency. Where retries handle the occasional blip, the breaker
handles the outage: once a service fails too often, the breaker "opens" and
further calls fail fast — immediately, without touching the struggling service —
until it has had time to recover.
This is the mechanism described in Michael Nygard's Release It! and popularized
by Martin Fowler. ExternalService implements it on top of the Erlang
:fuse library, but you never call :fuse
directly — the breaker is managed for you on every call.
Why fail fast?
When a dependency is down and you keep calling it, every caller blocks on
timeouts, work piles up, and the failure spreads — a cascading failure. The
breaker short-circuits that: after enough failures it stops you from even
attempting the call, so callers get an immediate error they can handle (serve
cached data, degrade gracefully, return 503) instead of hanging.
Unlike retries, which are per-call, the breaker is global to the service. If
it trips, it trips for every caller in the system at once. That is precisely what
makes it effective at preventing cascades.
Configuration
Configure the breaker with the :circuit_breaker option to use ExternalService or ExternalService.start/2:
use ExternalService,
  circuit_breaker: [
    tolerate: 5,                 # failures allowed within the window...
    within: :timer.seconds(1),   # ...this window, in milliseconds
    reset: :timer.seconds(5)     # stay open this long before resetting
  ]
	Option	Default	Meaning
	:tolerate	10	Number of failed attempts tolerated within the :within window before the breaker opens. :infinity never opens.
	:within	10_000	Length of the failure-counting window, in milliseconds.
	:reset	60_000	Milliseconds to wait before the breaker resets (closes) after opening.
	:fault_injection	—	If set to a rate between 0.0 and 1.0, randomly fails that fraction of calls (for testing).

So tolerate: 5, within: 1_000 means "open the breaker once there are more than
5 failed attempts inside any 1-second window." After opening, the breaker stays open
for :reset milliseconds, then closes again and calls resume under the same
monitoring.
The :circuit_breaker option (and every key within it) is optional. Omit it to
get the defaults above.
What counts as a failure?
The breaker is "melted" — pushed one step toward opening — once per call whose
retrying gives up, where a failing attempt is one in which:
	the function returns :retry or {:retry, reason}, or
	the function returns a value matched by the :retry_on predicate, or
	the function raises an exception matched by the :retry_exceptions retry
option — either by being one of the modules it lists, or by satisfying the
predicate it holds.

Melt and retry go together for exceptions
The :retry_exceptions retry option governs both whether a raised exception
is retried and whether it melts the breaker. An exception :retry_exceptions
matches is retried and melts the breaker; one it does not match is neither
retried nor melted — it propagates to the caller and leaves the breaker
untouched.
Explicit :retry / {:retry, reason} return values, and results matched by the
:retry_on predicate, always melt the breaker — they are ways of asking for
another attempt.
Values your function simply returns — including its own {:error, reason} — are
successes as far as the breaker is concerned and do not melt it.
:tolerate counts calls, not attempts
:tolerate reads like "how many failed calls before the breaker opens," and
since 3.0 that is what it is. A call melts the breaker once, when its
retrying gives up, however many attempts it made on the way. Measured with:
use ExternalService,
  circuit_breaker: [tolerate: 10],
  retry: [max_attempts: 5]
failing calls #1..#10: returned RetriesExhausted,   blown? false
failing call  #11:     returned RetriesExhausted,   blown? true
failing call  #12:     returned CircuitBreakerOpen
:fuse tolerates :tolerate melts and opens on the next, so tolerate: 10
opens on the 11th failing call. Changing :max_attempts does not move that
number.
Note that a call which fails some attempts and then succeeds melts nothing
at all. Retries did their job, and a breaker that opened on a call the caller
saw succeed would turn working traffic into errors. If you want to see that a
dependency is degraded even while it is succeeding, the
[:external_service, :call, :retry] telemetry event counts attempts and fires
for every one of them.
Before 3.0 every failing attempt melted, so :tolerate and :max_attempts
could not be tuned independently — with max_attempts: 5 the configuration
above opened during the third failing call rather than the eleventh, and
raising the attempt count made a service give up sooner. Services that keep
those semantics with circuit_breaker: [melt: :per_attempt] still need to
budget in attempts: :tolerate as roughly failing calls you will accept ×
:max_attempts. The library warns when such a configuration would let a call
trip its own breaker part-way through its own retry loop.
When the breaker is open
A call made while the breaker is open does not invoke your function at all.
Instead:
	call/3 returns {:error, %ExternalService.CircuitBreakerOpen{}},
	call!/3 raises ExternalService.CircuitBreakerOpen, and
	an [:external_service, :circuit_breaker, :blown] telemetry event is
emitted.

See Error handling for how to deal with these.
Introspecting and resetting
You can ask about the breaker's state at any time. With the module front door:
MyApp.Stripe.available?()   #=> true when the breaker is closed
MyApp.Stripe.blown?()       #=> true when the breaker is open
MyApp.Stripe.reset()        #=> force the breaker closed
Or with the functional API:
ExternalService.available?(:payments)
ExternalService.blown?(:payments)
ExternalService.all_available?([:payments, :inventory])
ExternalService.reset(:payments)
A few semantics worth knowing:
	available?/1 is true only when the breaker is closed. A service that
was never started reports false — it is not "ready to use."
	blown?/1 is the direct "is it open?" question. A service that was
never started is not reported as blown (there is no breaker to be open);
use available?/1 when you want "ready to use" semantics.
	all_available?/1 is true only if every listed service is
available?/1 — handy for guarding work that depends on several services.
	Availability can change between the check and a subsequent call, so treat
these as best-effort signals, not guarantees. They let you bail out early;
they do not replace handling a CircuitBreakerOpen error from the call
itself.

reset/1 forces the breaker closed immediately, discarding its recorded
failures. It is mainly useful in tests and in operational tooling ("we fixed the
upstream, stop failing fast now").
It resets only the breaker. A service's rate limiter is separate state, and
clearing it releases a burst at the service — rarely what someone closing a
breaker intended. When you do want both, ExternalService.reset_all/1 clears the
breaker and the limiter together:
ExternalService.reset_all(:payments)
MyApp.Stripe.reset_all()
That is usually what a test setup block wants; see the Testing
guide.
Reporting a failure the library never saw
The breaker counts failures that happen inside call/3. Sometimes a service
fails somewhere else — a long-lived streaming connection drops, a webhook you
were expecting never arrives, a request made through a different client times
out. Those are real failures, and you can tell the breaker about them:
ExternalService.CircuitBreaker.melt(:payments)
A melt counts toward the service's configured :tolerate exactly as an in-call
failure does, so enough of them will open the breaker — and with the
cluster breaker, open it across the cluster. This is the
mirror image of reset/1: one forces the breaker closed, the other pushes it
toward open.
Use it sparingly and only for genuine failures of the service. Melting on
something that is not the service's fault will fail-fast traffic that would have
succeeded.
When the service hangs
The breaker protects you against a service that fails. It has no answer for
one that hangs.
If your function blocks, call/3 blocks with it. No failure has been observed,
so nothing melts the breaker, no retry is attempted, and no :stop telemetry is
emitted. Measured with tolerate: 1 while a slow call is in flight:
available?: true
blown?:     false
That is correct behavior — the call hasn't failed, it just hasn't finished — but
it is the opposite of what "circuit breaker" leads people to expect. The pattern
as usually described pairs a breaker with a timeout, and the timeout is what
converts a hang into the failure the breaker counts. Without one, the most common
real degradation — service up, responses crawling — is invisible: latency climbs,
processes pile up, and nothing trips.
ExternalService does not impose a timeout
There is no :timeout option, and no retry option supplies one.
:expiry is evaluated between attempts,
so it cannot interrupt an attempt already running. Bounding a single attempt
is your responsibility, at the client.
In practice this is where it belongs, because your HTTP client already has the
timeout that matters — it can actually abandon the socket, which the library
could not do from the outside:
# Req
Req.get(url, receive_timeout: :timer.seconds(5))

# Finch
Finch.request(req, MyFinch, receive_timeout: :timer.seconds(5), pool_timeout: :timer.seconds(1))

# Tesla / Hackney
Tesla.get(client, path, opts: [adapter: [recv_timeout: :timer.seconds(5)]])
Set the pool checkout timeout too, not just the receive timeout. Under saturation
you block waiting for a connection before you ever send a request, and only the
checkout timeout bounds that.
Once the client times out, the wrapped function returns or raises — which is an
observable failure, so it melts the breaker and can be retried like any other:
def fetch(id) do
  call fn ->
    case Req.get(url(id), receive_timeout: :timer.seconds(5)) do
      {:ok, %{status: status} = resp} when status < 500 -> {:ok, resp}
      # Timeouts and 5xx are worth another attempt; both melt the breaker.
      _ -> :retry
    end
  end
end
Why the library doesn't do this for you: running each attempt in a Task would
put a process on the hot path, which is the cost this library exists to avoid,
and it would not help as much as it appears. Killing the task stops you waiting
for the socket but does not cancel the request — the connection can stay checked
out, so the timeout masks saturation rather than relieving it. It would also move
your function off the calling process, so anything it reads from there — Logger
metadata, OpenTelemetry context, Ecto sandbox ownership — would silently change.
Note that a timeout bounds each call but does not bound how many are in flight at
once. For that, see Concurrency Limiting — and note the two go
together, since a concurrency limit whose calls never finish just fills up.
When the client retries too
The client is also where retries tend to live by default, and unlike the timeout,
they are not wanted there.
Req is the clearest case, because it retries out of the box: retry: :safe_transient retries GET and HEAD requests on 408/429/500/502/503/504 and
on transport timeouts, refusals and closed connections, three times, with its own
exponential backoff (roughly 0.9s, 2s, 4s). Wrapped in call/3 that nests — each
attempt this library makes becomes four requests:
max_attempts: 3, against a service returning 500

Req defaults    12 requests
retry: false     3 requests
Turn them off, and leave the client owning the timeout:
# The client owns the timeout. ExternalService owns retrying.
Req.get(url, retry: false, receive_timeout: :timer.seconds(5))
	Client	Retries on its own?
	Req	Yes. Three retries on GET/HEAD. Pass retry: false.
	Tesla	No — Tesla.Middleware.Retry is opt-in. Leave it out of the stack.
	Finch	No, apart from re-dispatching a request whose HTTP/2 pool is draining.
	:hackney, HTTPoison	No.

The request count is the least of it. The retrying happens below call/3, so
none of the four mechanisms can see it:
	[:external_service, :call, :retry] never fires for those attempts, so the
retry rate in Telemetry under-reports by whatever the client
did.
	The breaker melts once per call that gives up, so a nested storm is one melt —
and none at all when the client's own retry eventually succeeds. The failures
it hid are the ones :tolerate was counting.
	ExternalService.explain/1, ExternalService.simulate/3 and
ExternalService.Insights describe a call profile your application does not
have, and the compile-time configuration warnings test :within
against a retry window that is not the real one.

Everything in Tuning works out what a service will do from its
configuration alone. A client retrying underneath makes those answers wrong
without anything failing to say so.
What this library does not bound
One thing, and it is the hang:
	Not bounded	Where it belongs
	How long one attempt may take	Your HTTP client's receive and pool-checkout timeouts.

Everything else has a bound available: failures with :tolerate, attempts with
:max_attempts/:expiry, call rate with :rate_limit, and calls in flight
with :concurrency.
The last two are easy to confuse. The rate limiter bounds how often calls
start, which is not the same as how many are running: at limit: 100, per: 1_000
against a service that slows to 10 seconds per call, roughly a thousand processes
end up parked in the same call, each holding a connection. That is what a
concurrency limit caps, and the breaker only opens once things
actually start failing — by which point the pressure is upstream of it.
Fault injection (for testing)
The :fault_injection option makes the breaker fail a random fraction of calls,
which is useful for exercising your own fallback and error-handling paths:
use ExternalService,
  circuit_breaker: [tolerate: 5, within: 1_000, fault_injection: 0.25]
This is a testing aid — leave it unset in production.
A breaker that never opens
tolerate: :infinity installs no breaker at all. Calls are never rejected,
melts are ignored, and the service holds no breaker state:
use ExternalService,
  circuit_breaker: [tolerate: :infinity]
Two situations want this.
In production, for a service where opening the breaker is worse than the
failures it would prevent — an idempotent write to a queue you'd rather keep
retrying, say — while you still want the retry and telemetry machinery. It says
that deliberately, where tolerate: 1_000_000 only says "not for a while".
In tests, because a breaker that holds no state cannot leak between them.
:tolerate is normally the awkward one: it is global to the service and nothing
resets it between tests, so a suite long enough to accumulate :tolerate melts
starts failing tests that have nothing to do with the breaker. A finite number
merely postpones that. See the Testing guide.
:infinity cannot be combined with :fault_injection — one promises the breaker
never opens and the other exists to open it — so start/2 raises rather than
letting either silently win:
** (ArgumentError) ExternalService.start(:payments, ...) sets both
circuit_breaker: [tolerate: :infinity] and :fault_injection, which contradict
each other.
Choosing thresholds
There is no universally correct setting; it depends on the service's normal
error rate and how costly a false trip is. Some rules of thumb:
	Set :tolerate/:within so the breaker tolerates normal transient noise
but trips promptly on a real outage. Counting failures over a window (rather
than consecutively) makes it robust to interleaved success and failure.
	Set :reset to roughly how long you expect a recovering service to need. Too
short and you hammer a service that isn't ready; too long and you stay
degraded after it has recovered.
	Remember the breaker is global to the service. Size it for aggregate traffic,
not a single caller.
	Leave :within to size itself unless you know how long a single attempt
takes. It is computed from your retry settings, and the one thing no
configuration states is attempt duration — which is exactly what makes a
hand-set window too narrow. The Tuning guide has the measurements.

Running on more than one node
"Global to the service" means global on this node. Each node counts its own
failures and opens its own breaker, so in a cluster every node has to learn about
an outage separately.
That is usually the behavior you want — a node with a bad network path should
stop calling the service without taking the rest of the cluster with it — but it
does mean slower convergence. ExternalService.CircuitBreaker.Cluster trades
that isolation for speed, propagating a trip to the other nodes:
use ExternalService,
  circuit_breaker: [
    tolerate: 5,
    within: :timer.seconds(1),
    backend: ExternalService.CircuitBreaker.Cluster
  ]
See the Distributed Elixir guide for how it works and what the
trade costs you.


  

    Retries

Many failures when calling an external service are transient: a momentary
timeout, a brief overload, a connection reset. The simplest effective response is
to try again — perhaps after a short backoff. ExternalService automates this
using the retry library, exposing its
flexibility through the ExternalService.RetryOptions struct.
Triggering a retry
Inside the function you pass to call, you signal that a retry should happen by
returning either:
	the atom :retry, or
	a tuple {:retry, reason}, where reason is any term.

Anything else is a success and is returned to the caller as-is — including the
function's own {:error, reason} results. You decide what is retriable:
call fn ->
  case HTTP.post(url, body) do
    {:ok, %{status: 200} = resp}            -> {:ok, resp}
    {:ok, %{status: s}} when s in 500..599  -> {:retry, s}   # retry server errors
    {:ok, %{status: 429}}                   -> :retry        # retry throttling
    {:ok, %{status: 4xx}} = resp            -> resp          # client error: don't retry
    {:error, reason}                        -> {:error, reason}
  end
end
Each retry melts the service's circuit breaker, so a sustained run of retries
will eventually open it. See Circuit breakers.
Retrying on the return value with :retry_on
Returning :retry works when you control the function body. When you're calling
an existing function that already returns its own result shape — and you'd rather
not wrap it just to translate that shape into :retry — the :retry_on retry
option takes a predicate that is run on the return value. When the predicate
returns a truthy value, the call is retried exactly as if the function had
returned {:retry, result}: the result becomes the retry reason, and the circuit
breaker melts.
# Retry any 5xx response from an unmodified client function.
retry: [retry_on: &match?({:error, %{status: s}} when s in 500..599, &1)]

call fn -> Stripe.charge(params) end
If retries are exhausted, the matched result is carried as the reason on
ExternalService.RetriesExhausted (and in the [:external_service, :call, :retry]
telemetry metadata). An explicit :retry / {:retry, reason} return from the
function always takes precedence over the predicate.
Prefer explicit returns when you own the function
:retry_on is for adapting functions you don't want to change. When you do
control the body, returning :retry / {:retry, reason} keeps the retry
decision explicit and local to the call.
Configuring retries
Retry behavior is described by ExternalService.RetryOptions. You can supply it
as the service's default (the :retry option to use ExternalService /
start/2), or per call as a keyword list or struct:
# Service default
use ExternalService,
  retry: [max_attempts: 5, backoff: :exponential, base: 100, jitter: true]

# Per-call override (keyword list)
call [max_attempts: 2, backoff: :linear, base: 50], fn -> work() end

# Per-call override (struct)
call %ExternalService.RetryOptions{max_attempts: 2}, fn -> work() end
When you use the two-argument call/2 (no options), the service's default
:retry options apply.
Per-call keyword lists merge; structs replace
A per-call keyword list is treated as a set of overrides: it is merged
onto the service's configured :retry defaults, changing only the keys you
list and inheriting the rest. So if a service is configured with
retry: [backoff: :exponential, base: 100, max_attempts: 5], then
call([max_attempts: 2], fun) runs with backoff: :exponential, base: 100, max_attempts: 2.
A per-call %RetryOptions{} struct, by contrast, is already a complete set
of options, so it replaces the service defaults wholesale — any field you
don't set takes the library default, not the service's value.
The options
	Option	Default	Meaning
	:backoff	:exponential	Growth strategy for the delay between retries: :exponential or :linear.
	:base	10	Initial delay between retries, in milliseconds (0 for no delay).
	:factor	1	Growth factor applied each retry. Only used for :linear backoff.
	:cap	—	Caps the delay between retries to at most this many milliseconds.
	:expiry	—	Time budget for the retrying, in milliseconds. The budget is spent, never overshot.
	:max_attempts	5	Maximum number of attempts, counting the initial one. :infinity to retry without a count bound.
	:jitter	false	Random jitter on delays. true applies ±10%; a float (e.g. 0.25) applies that proportion.
	:retry_on	—	Predicate run on the return value; retry when it returns a truthy value (see below).
	:retry_exceptions	[]	Which raised exceptions trigger a retry: a list of exception modules, or a predicate run on the exception (see below).

Options are validated when the struct is built; an invalid value raises
NimbleOptions.ValidationError with a helpful message.
Backoff strategies
Exponential backoff grows the delay multiplicatively, starting from :base.
This is the right default for most services: it backs off quickly when a service
is struggling.
retry: [backoff: :exponential, base: 100]
# delays grow ~100ms, 200ms, 400ms, 800ms, ...
Linear backoff grows the delay by :factor each time, starting from
:base:
retry: [backoff: :linear, base: 100, factor: 1]
# delays grow ~100ms, 200ms, 300ms, 400ms, ...
Bounding retries
:max_attempts defaults to 5, so retrying always stops on its own. There are
two bounds and they compose:
	:max_attempts — a count, defaulting to 5. max_attempts: 5 means at
most five attempts total (the first try plus four retries).
	:expiry — a time budget in milliseconds for the retrying. Backoff delays
are used as-is while they fit; the one that would overshoot the budget is
trimmed instead, so the final attempt starts exactly at the deadline rather
than past it. It is checked between attempts, so it bounds when the next
attempt starts, never how long the current one runs — see
Nothing here bounds a single attempt.

You can use either or both; whichever is reached first stops the retries. When
the bound is hit without success, call/3 returns
{:error, %ExternalService.RetriesExhausted{}} (and call!/3 raises it).
# Stop after 5 attempts OR 5 seconds, whichever comes first.
retry: [max_attempts: 5, expiry: :timer.seconds(5), backoff: :exponential, base: 100]
The default is a bound, not an allowance
With the default :base of 10, five attempts means delays of
[10, 20, 40, 80] — 150ms of waiting in total. That is a safety net
against retrying forever, not a retry window tuned for a real dependency.
If your dependency needs longer, raise :base rather than the attempt count:
base: 100 gives the same five attempts across 1.5 seconds, and is the usual
starting point for an HTTP service. Raising :max_attempts instead makes the
circuit breaker trip sooner, for the reason in the warning below.
Nothing here bounds a single attempt
:expiry reads like a wall-clock budget for the whole call. It isn't, and the
difference matters as soon as your function is slow rather than fast-failing.
Both bounds are evaluated between attempts — when the retry machinery decides
whether to make another one — so neither can interrupt an attempt already
running.
Measured with retry: [max_attempts: 4, expiry: 100] against a function that
sleeps 300ms and then returns :retry:
attempts made: 2
total elapsed: 621ms
The 100ms budget stopped the third attempt, but the call still took six times
the budget, because each attempt ran to completion first. Push that further —
a function that never returns — and :expiry is never evaluated at all, so the
call hangs forever no matter what you set.
ExternalService imposes no timeout on your function. Bounding a single
attempt is the caller's job; see
When the service hangs.
Don't rely on the circuit breaker to bound retries
The breaker is a backstop, not a retry bound. Set max_attempts: :infinity and
retries stop only when the breaker opens — and that is not guaranteed. The
breaker opens after :tolerate failures within its :within window, but
exponential backoff keeps widening the gap between attempts. Once the delay
grows past the window, failures stop accumulating fast enough to trip the
breaker, and retrying continues indefinitely.
This needs no exotic configuration. With a fully default circuit breaker
(tolerate: 10, within: 10_000) and retry options default except for the
base: 100 used throughout this guide, attempts land at roughly 0ms, 100ms,
300ms, 700ms, 1.5s, 3.1s, 6.3s, 12.7s, … Only seven of them ever fall inside
any 10-second window, so the melt count tops out at 7 against a :tolerate of
	The breaker never opens and the call never returns. Always set an explicit
:max_attempts or :expiry — and a :cap, below — for unattended retries.

Since 3.0 this combination is rejected rather than merely discouraged: under
the default melt semantics a call that never gives up never melts the breaker, so
there would be nothing at all to stop it. The paragraph above describes what the
breaker does for services that opt back into circuit_breaker: [melt: :per_attempt],
where it remains the only backstop and an unreliable one. See
:tolerate counts calls, not attempts.
Unbounded retries are a choice you have to make
Retrying without a count bound is available, but it has to be asked for:
ExternalService.start(:my_service, retry: [max_attempts: :infinity])
That is the right answer for some work — a background job that should keep trying
until it succeeds, where there is nowhere else for the failure to go. It is
almost never the right answer in a request path, where a call that never returns
is worse than one that fails.
If you do reach for it, pair it with an :expiry, or at least a :cap so the
delay between attempts doesn't grow without limit. And read the warning above
first: the circuit breaker will not reliably stop the retrying for you.
Capping the delay
Exponential backoff grows without bound. :cap puts a ceiling on any single
delay so you don't end up waiting minutes between attempts:
retry: [backoff: :exponential, base: 100, cap: :timer.seconds(2)]
# delays grow 100, 200, 400, 800, 1600, 2000, 2000, ... (capped at 2s)
Jitter
When many processes retry on the same schedule, they retry in lockstep and slam
the recovering service all at once — the thundering herd. Jitter randomizes
each delay to spread them out:
retry: [backoff: :exponential, base: 100, jitter: true]   # ±10%
retry: [backoff: :exponential, base: 100, jitter: 0.25]   # ±25%
Enabling jitter is good practice for any service with many concurrent callers.
Retrying on raised exceptions
By default, raised exceptions are not retried — they propagate straight to
the caller. This is a deliberate 2.0 change (see
issue #7): retrying
every RuntimeError by default tended to mask real bugs.
If a particular exception genuinely indicates a transient condition worth
retrying, list its module in :retry_exceptions:
retry: [retry_exceptions: [MyApp.TransientError, DBConnection.ConnectionError]]
Now a raised MyApp.TransientError triggers a retry just like a :retry return
value would, and it melts the circuit breaker. Exceptions not in the list still
propagate untouched and leave the breaker alone — :retry_exceptions governs both
retrying and whether a raised exception counts against the breaker.
If retries run out while retrying an exception, that original exception is
re-raised — with its original stacktrace, still pointing at the code that raised
it — rather than being converted into an ExternalService.RetriesExhausted.
Deciding per exception rather than per type
A module list settles the question by type, which is the wrong grain when the
same exception is transient in one instance and permanent in another — an HTTP
client that raises one error struct for every status, say. Give
:retry_exceptions a predicate instead and it is run on the exception itself:
retry: [
  retry_exceptions: fn
    %MyApp.HTTPError{status: status} -> status >= 500
    _other -> false
  end
]
A truthy return retries and melts the breaker; anything else propagates the
exception untouched, exactly as an unlisted module would. The predicate replaces
the list rather than supplementing it, so fold any module checks you still want
into it:
Predicates must answer for every value
A predicate is handed every exception the call raises, including ones it does
not recognise, so a %MyApp.HTTPError{}-only clause will eventually meet
something else. A predicate that fails rather than answering — raising,
throwing, or exiting — is treated as no match: the exception it was asked
to classify reaches the caller unchanged, nothing is retried, the breaker is
left alone, and a warning naming the option and the service is logged. The same
holds for the :retry_on predicate, where the call's result passes through
untouched. A broken classifier never changes the outcome of a call; it only
stops retries from happening.
retry_exceptions: fn
  %MyApp.HTTPError{status: status} -> status >= 500
  error -> is_struct(error, DBConnection.ConnectionError)
end
Anonymous functions and use ExternalService
The examples above pass an anonymous function, which works for
ExternalService.start/2 and for per-call retry options. The options given to
use ExternalService are stored in a module attribute, though, which cannot
hold one:
use ExternalService, retry: [retry_exceptions: fn error -> ... end]
# ** (ArgumentError) cannot inject attribute @__external_service_opts__ into
#    function/macro because cannot escape #Function<...>
Put the predicate in a named function and pass a remote capture —
&MyApp.Retry.transient?/1 — which is a valid attribute value. The same
applies to the :retry_on predicate.
This pairs well with Errata, whose errors classify
themselves — an error type can decide from its own :reason or :context and
answer through Errata.retryable?/1:
defmodule MyApp.Retry do
  require Errata

  def retryable_error?(error), do: Errata.is_error(error) and Errata.retryable?(error)
end

# ...then, in the service configuration:
retry: [retry_exceptions: &MyApp.Retry.retryable_error?/1]
See Using Errata in Your Application for both boundaries together,
and for the difference between an error being retryable and a call being safe to
repeat.
Prefer return values over exceptions
Where you can, drive retries with :retry / {:retry, reason} return values
(or the :retry_on predicate) rather than relying on :retry_exceptions. It
keeps the retry decision explicit and local to the call, and avoids retrying an
exception that happens to share a type with a genuine bug.
Putting it together
A solid default for an HTTP-style dependency:
use ExternalService,
  circuit_breaker: [tolerate: 15, within: :timer.seconds(5), reset: :timer.seconds(5)],
  retry: [
    backoff: :exponential,
    base: 100,
    cap: :timer.seconds(2),
    max_attempts: 5,
    expiry: :timer.seconds(10),
    jitter: true
  ]
This retries transient failures with jittered exponential backoff, never waits
more than 2 seconds between attempts, gives up after 5 attempts or 10 seconds,
and opens the circuit breaker on the third consecutive fully-failing call.
The breaker settings are sized against the retry settings rather than picked
independently, and that is not optional. Five attempts spread over a ~1.5 second
retry window means :within has to be wider than 1.5 seconds for the melts to
accumulate at all, and :tolerate has to be about 3 × max_attempts for three
calls to be what trips it. Get that wrong and the breaker never opens: see
Sizing the breaker
for the measurement, and the Tuning guide for choosing all of these
together.


  

    Rate Limiting

Many external services impose a quota: no more than N requests per time
window. Exceed it and you get throttled (or billed, or blocked).
ExternalService can keep you under that quota automatically, across your entire
application.
Rate limiting is opt-in: omit the :rate_limit option and no limiting is
applied.
Configuration
Add a :rate_limit option with a :limit and a :per window (in
milliseconds):
use ExternalService,
  rate_limit: [
    limit: 100,                # at most 100 calls...
    per: :timer.seconds(1)     # ...per 1-second window
  ]
	Option	Required	Meaning
	:limit	yes	Maximum number of calls allowed within each :per window. :infinity never throttles.
	:per	yes	Length of the rate-limiting window, in milliseconds.
	:wait	no	How long a throttled call may wait. Defaults to one window, capped at 5s.
	:backend	no	The limiter implementation. Defaults to ExternalService.RateLimiter.Local.

:limit and :per are both required when :rate_limit is present.
Turning a limit off
limit: :infinity installs no limiter — calls pass straight through, exactly as
if :rate_limit had been omitted:
# in test.exs, overriding a module that configures a real limit
{MyApp.Api, rate_limit: [limit: :infinity]}
If you want no rate limiting in the first place, just omit :rate_limit.
:infinity is for the case where you cannot: child spec overrides are deep
merged, so they can replace a key but never remove one. :per stays
required and is ignored.
How it works
The limit is tracked per service and shared across every caller in your
application — every process that calls the service draws from the same bucket. So
the example above guarantees no more than 100 calls per second in total, no
matter how many processes are making them.
The default limiter is a token bucket: it allows a burst of up to :limit
calls, then paces the rest at one call per :per / :limit. Waiting out a full
window does not hand you a fresh burst all at once — the bucket refills one call
at a time. This is deliberately smoother than a fixed window, which allows a full
burst at the end of one window and another at the start of the next, briefly
sending twice your configured limit at the service.
When a call would exceed the limit, ExternalService does not fail it. Instead
it sleeps until there is room, then proceeds. From your code's point of view
the call simply takes a little longer; it still succeeds.
# This will never make more than 100 calls/second, even in a tight loop —
# excess calls sleep until the window allows them.
Enum.each(1..10_000, fn i ->
  MyApp.Api.fetch(i)
end)
Who sleeps?
The sleeping happens in whichever process is making the call:
	With call/1 (synchronous), the calling process sleeps. Your code blocks
until the call is allowed.
	With call_async/1 and call_async_stream/2, the background task(s)
sleep, not your calling process. This is often what you want for bulk work:
kick off the stream and let the workers pace themselves.

# Bulk import that respects the rate limit without blocking the caller:
ids
|> MyApp.Api.call_async_stream(fn id -> MyApp.Api.fetch(id) end)
|> Enum.to_list()
Bounding the wait
A throttled call sleeps the calling process until the limiter admits it, so
without a budget rate limiting paces calls without ever shedding load — it
converts overload into latency and process growth.
:wait therefore has a default: one window (:per), capped at 5 seconds.
One window is the value because it is the most a limiter can ask you to wait for
the next refill, so it absorbs a burst exactly and no more. Measured at
limit: 50, per: 1_000 against an instantaneous burst of twice the limit, a
one-window budget takes shedding from 50% to 0% — while a sustained 2x overload
still sheds around 15%, which is the point. Shedding is the right answer to real
overload; the wait exists to absorb bursts, not to hide saturation.
The cap matters for a service with a large window. A per-minute quota
(limit: 100, per: :timer.minutes(1)) would otherwise block a caller for a full
minute, which is barely better than not bounding the wait at all. Past 5 seconds,
returning ExternalService.RateLimited — which carries retry_after — is the
more useful answer.
Set it explicitly when the default does not suit the call site:
use ExternalService,
  rate_limit: [
    limit: 100,
    per: :timer.seconds(1),
    wait: :timer.seconds(2)    # give up rather than block longer than this
  ]
	:wait value	Behavior
	unset	One window (:per), capped at 5 seconds.
	:infinity	Wait as long as it takes.
	milliseconds	A budget for the whole call, not for any single sleep.
	false	Never wait — fail immediately if the call cannot be made now.

Don't expect the limiter to bound the wait for you
The limiter never quotes a long delay. A single check reports at most one
emission interval (:per / :limit, so 10ms at limit: 100, per: 1_000), no
matter how saturated the bucket is — so an unbounded wait is not the same thing
as a well-paced one.
Long waits come out of the re-check loop, and that loop is unfair: there is
no queue, so a sleeping caller can lose the race to a newly arrived one over
and over. With the default local limiter at limit: 50, per: 1_000, one caller
competing against a herd of 25 blocked for 1.7s, 4.4s and 5.2s on three
consecutive runs of the same scenario.
The wait a given call experiences is therefore set by how much other traffic
there is, not by the configuration — which is exactly what you cannot predict
at the call site.
Which value you want depends on where the call is made, not on the service:
	Background work — a job runner, a Flow pipeline, a batch import:
:infinity. Sleeping is the back-pressure, and it propagates upstream (see
the Flow guide).
	A request path — anything with a client waiting on the other end: a finite
budget. The client has usually given up long before a deep backlog clears, so
the work is being done for nobody.

A window's worth — the same number you gave :per — is a good starting point for
a request path. It absorbs bursts and sheds sustained overload; measured at
limit: 50, per: 1_000 with wait: 1_000:
	Offered load	Calls shed
	1× (50 calls over 1s)	0%
	2× instantaneous burst	1%
	2× sustained (200 calls over 2s)	9%
	6× sustained (300 calls over 1s)	50%

wait: false is the aggressive end of the same dial: it sheds 50% of that same
2× burst, because it will not wait even the 20ms the limiter is asking for.
Reach for it when you would rather shed than add any latency at all.
When the budget runs out the wrapped function is not called and you get an
ExternalService.RateLimited error:
case MyApp.Api.fetch(id) do
  {:error, %ExternalService.RateLimited{context: %{retry_after: ms}}} ->
    # Shed this request; `ms` is how long until it would have been admitted.
    {:error, :busy}

  result ->
    result
end
RateLimited reports http_status/1 of 429, so it maps straight onto a "Too
Many Requests" response. It does not melt the circuit breaker and is not
retried — the function never ran, and retrying immediately would only be
throttled again. See the Error Handling guide.
The alternative to a budget is to absorb the wait elsewhere: run the work through
call_async_stream/2 so a pool of tasks does the sleeping, or apply your own
back-pressure upstream.
An unbounded wait is a choice you have to make
Waiting indefinitely is right for some work, and you ask for it explicitly:
use ExternalService,
  rate_limit: [limit: 100, per: :timer.seconds(1), wait: :infinity]
Reach for it for background jobs and for Flow pipelines, where
sleeping is how back-pressure propagates upstream and shedding mid-pipeline drops
work that has nowhere else to go. Avoid it in a request path, where a caller that
blocks indefinitely is worse than one that gets a fast 429.
Asking before you commit
Sometimes you want to know whether a call would be throttled before doing the
work that leads up to it. rate_limited?/1 answers that, and consumes nothing —
it is a read, so it is safe to ask as often as you like:
if ExternalService.rate_limited?(:payments) do
  {:error, :busy}
else
  charge(build_expensive_request(order))
end
When you want to know how long the wait would be rather than merely whether
there is one, ExternalService.RateLimiter.peek/1 reports it:
case ExternalService.RateLimiter.peek(:payments) do
  :ok -> start_work()
  {:wait, ms} -> {:error, {:busy, retry_after: ms}}
end
Both are best-effort, in the same way available?/1 is: another process can
spend the budget between your check and your call. They let you bail out early;
they do not replace handling the call's own result.
Counting calls made elsewhere
If some of your traffic reaches the service by a path that does not go through
call/3 — a batch endpoint, a streaming client, a library you do not control —
it still counts against the provider's quota even though this library never saw
it. request/1 spends budget without running anything:
# This batch endpoint costs three calls against the quota.
Enum.each(1..3, fn _ -> ExternalService.RateLimiter.request(:payments) end)
It blocks according to the service's :wait setting, exactly as a guarded call
would, and returns {:error, %ExternalService.RateLimited{}} if that budget runs
out.
Pacing inside a Flow pipeline
ExternalService.Flow (the optional :flow integration) paces the same way: a
throttled call sleeps inside its stage process, which back-pressures the pipeline
upstream. The rate-limit bucket is global per service, so the configured limit is
honored across all of Flow's parallel stages. Because a sleeping call stalls the
rest of its demand batch, a smaller :max_demand gives smoother pacing under a
rate limit. See ExternalService.Flow for details.
Customizing the sleep
By default sleeping uses Process.sleep/1. You can substitute your own with
:sleep_function, which receives the number of milliseconds the library would
otherwise sleep:
use ExternalService,
  rate_limit: [limit: 100, per: :timer.seconds(1), wait: :timer.seconds(1)],
  sleep_function: fn ms ->
    :ok = MyApp.Metrics.record_throttle(ms)
    Process.sleep(ms)
  end
This is an instrumentation hook, not a way to skip the wait.
A no-op sleep function busy-waits
sleep_function: fn _ms -> :ok end looks like it makes throttled calls
instant in tests. It does not. The limiter is asked again immediately, still
says wait, and the loop spins until real time has actually passed — so the call
takes just as long and burns a core doing it.
Measured at limit: 1, per: 2_000 with a counting no-op: the throttled call
still took 2000ms, and the sleep function was invoked 2,075,418 times.
To keep a rate-limited test off the clock, use wait: false and assert on the
ExternalService.RateLimited error, or configure a limit the test never
reaches. See the Testing guide.
Observing throttling
Every time a call is throttled and put to sleep, an
[:external_service, :rate_limit, :sleep] telemetry event is emitted, with the
sleep duration in its measurements. Attach a handler to track how often (and how
long) you are being rate limited — a useful signal that you may need a higher
quota or fewer calls. See the Telemetry guide.
Rate limiting across a cluster
The default limiter is node-local: its counters live in that node's memory.
Run the same service on four nodes with limit: 100 and the external service can
see up to 400 calls per window, because each node meters only its own traffic.
To enforce one limit across a whole cluster, point the service at a shared
limiter with :backend. ExternalService.RateLimiter.Hammer meters against a
Hammer module, which with a shared backend such as
hammer_backend_redis gives every
node the same counters:
defmodule MyApp.RateLimit do
  use Hammer, backend: Hammer.Redis
end

# in your supervision tree
children = [{MyApp.RateLimit, url: "redis://localhost:6379"}]
use ExternalService,
  rate_limit: [
    limit: 100,
    per: :timer.seconds(1),
    backend: {ExternalService.RateLimiter.Hammer, module: MyApp.RateLimit}
  ]
Hammer is not a dependency of this library — the backend calls hit/3 on the
module you supply, so you only add Hammer itself.
Writing your own backend is a matter of implementing two callbacks, init/2 and
check/2, where check/2 answers :ok or {:wait, milliseconds}. See
ExternalService.RateLimiter, and the Distributed Elixir guide
for the wider picture of running on more than one node.
Rate limiting and the circuit breaker
Rate-limit sleeps are independent of the circuit breaker: being throttled is not
a failure and does not melt the breaker. A throttled call waits and then runs
normally, succeeding or failing on its own merits.


  

    Concurrency Limiting

Retries bound how hard you try, the circuit breaker bounds how many failures you
tolerate, and the rate limiter bounds how often calls start. None of them
bounds how many calls are in flight at once.
That is the gap that opens when a service degrades rather than fails. Requests
still succeed, just slowly. The breaker counts failures, so it sees nothing. The
rate limiter counts starts, not concurrency — so limit: 100, per: 1_000 against
a service that slows to 10 seconds per call leaves roughly a thousand processes
parked in the same call, each holding a connection out of the pool and whatever
the caller had live. The breaker opens only once things actually start failing,
by which point the pressure is upstream of it.
A concurrency limit — the bulkhead pattern — caps that.
Configuration
use ExternalService,
  concurrency: [
    limit: 25,                            # at most 25 calls in flight
    reclaim_after: :timer.seconds(30)     # ...and a held slot expires after this
  ]
	Option	Required	Meaning
	:limit	yes	Maximum number of calls in flight against the service at once.
	:reclaim_after	yes	Milliseconds after which a held slot is assumed abandoned and reused.
	:wait	no	Milliseconds a call may wait for a slot. Defaults to false — shed at once.

Concurrency limiting is opt-in: omit :concurrency and calls are never
capped.
What happens over the limit
Nothing is dropped. A call over the limit returns
ExternalService.ServiceSaturated to its caller — the library declines to
start the call and hands control straight back. What happens next is yours to
decide:
case MyApp.Api.fetch(id) do
  {:error, %ExternalService.ServiceSaturated{}} ->
    # Any of these is a legitimate answer. The request is still yours.
    MyApp.Queue.enqueue(:fetch, id)          # do it later
    # or: MyApp.Cache.stale(id)              # serve something older
    # or: {:error, :busy}                    # 503 with a Retry-After
    # or: retry at your own layer            # the next call may well succeed

  result ->
    result
end
There is no cooldown. Unlike the circuit breaker, which stays open for
:reset once tripped, a concurrency limit has no lockout at all: the moment a
call finishes, its slot is free and the next caller takes it. Recovery is not
something you have to arrange — it is continuous.
ServiceSaturated reports http_status/1 of 503. That differs from
ExternalService.RateLimited's 429 on purpose: a rate limit is the external
service refusing you, while saturation is your own bulkhead shedding load — a
"Service Unavailable" from your application, not a "Too Many Requests" from
theirs.
Because the wrapped function never ran, saturation does not melt the circuit
breaker and is not retried inside the call, exactly like rate limiting.
It only fires above capacity
Shedding is proportional to overload, not a cliff. Measured with limit: 8 and
20ms calls — a capacity of roughly 400 calls per second:
	Offered load	Shed
	25% of capacity	0%
	50% of capacity	0%
	at capacity	12%
	2× capacity	54%

Below capacity the limit never fires. Above it, the calls being shed are ones
that could not have been served anyway — and the point is what happens to the
rest. Without a limit those callers do not disappear; they park in your
application, each holding a connection, degrading the calls that could have
succeeded and every other endpoint sharing the node. Shedding protects the work
you can actually do.
Absorbing bursts with :wait
By default a call over the limit is shed immediately. That is the right default,
but it is strict: a burst that would have cleared in 30ms is shed anyway.
A bounded wait budget absorbs that:
concurrency: [
  limit: 25,
  reclaim_after: :timer.seconds(30),
  wait: 50                            # wait up to 50ms for a slot
]
A waiting caller holds no slot and no connection — it is parked, and the
number parked is bounded by arrival rate × budget, so this smooths bursts without
reintroducing the pile-up the limit exists to prevent. If the budget runs out,
you get ServiceSaturated exactly as before.
	:wait value	Behavior
	false	Shed immediately. The default.
	milliseconds	Wait up to this long for a slot, then shed.

Start small. A budget in the tens of milliseconds absorbs jitter; one in the
hundreds starts adding real latency to the requests you are trying to protect.
:infinity is not accepted here
The rate limiter's :wait accepts :infinity, because sleeping until a quota
refills is bounded by the quota itself. A slot only frees when another call
finishes, so nothing bounds waiting for one — an unbounded wait is the
unbounded pile-up. start/2 raises rather than accepting it.
Choosing a limit
Size it to the resource you are actually protecting, which is usually your
connection pool rather than the remote service. A limit at or just below your
pool size means the bulkhead rejects a call rather than letting it block waiting
for a connection — failing in a millisecond instead of queueing behind a pool
checkout.
A limit far larger than the pool protects nothing; one far smaller wastes
capacity you have paid for.
What :reclaim_after is for
A slot is released as soon as the call finishes — including when it raises,
throws, or exits. What it cannot cover is the calling process being killed from
outside, because an exit signal does not run after blocks. That is not an
exotic case: it is the ordinary :shutdown a supervisor sends to in-flight
callers on every deploy that drains requests.
Without expiry, each of those would burn a slot permanently, and the service
would ratchet toward wedged until someone restarted it. :reclaim_after bounds
the damage to one slot for one window.
Set it longer than your client's timeout
Reclaiming a slot from a call that was merely slow means briefly running more
than :limit calls at once. That is the intended trade — over-admitting for
one window is much better than wedging forever — but it does mean too short a
value silently defeats the limit.
:reclaim_after is required rather than defaulted precisely because no
universally correct value exists: it has to exceed the longest legitimate call,
and only you know the timeout configured in your HTTP client. See
When the service hangs — if you
have not set a client timeout, there is no longest legitimate call.
Retries take a slot per attempt
The slot is acquired per attempt, not per call, and released as soon as that
attempt finishes. A call sitting in backoff between attempts holds nothing, so
the limit tracks calls actually hitting the service rather than calls that happen
to be somewhere in a retry sequence.
One consequence worth knowing: a call can be rejected partway through its
retries, if the bulkhead filled up while it was backing off. That is honest
backpressure — the alternative is reserving capacity for a call that is currently
doing nothing.
The slot is also taken inside the rate limiter, so a caller sleeping on a
:wait budget holds no slot either.
Asking before you commit
ExternalService.saturated?/1 completes the trio with available?/1 and
rate_limited?/1:
if ExternalService.saturated?(:payments) do
  {:error, :busy}
else
  charge(build_expensive_request(order))
end
ExternalService.Concurrency.in_flight/1 reports how many slots are held, which
is the more useful number to put on a dashboard:
ExternalService.Concurrency.in_flight(:payments)   #=> 17
ExternalService.Concurrency.limit(:payments)       #=> 25
Like the other checks, these are best-effort: a slot can be taken or freed
between the check and the call, so they let you bail out early rather than
replacing handling of the error itself.
Observing saturation
Every rejected call emits an
[:external_service, :concurrency, :rejected] telemetry event, with the
configured :limit in its measurements and the :service in its metadata.
A steady trickle usually means the limit is too low for normal traffic; a sudden
spike is the dependency slowing down. See the Telemetry guide.
How it works
State is an :atomics array with one slot per permit, so a concurrency limit
needs no process, supervisor, or registry — the same design as
ExternalService.RateLimiter.Local, and cheap enough not to matter on the hot
path (about 0.4µs for an uncontended acquire and release).
Each slot holds the monotonic millisecond deadline until which it counts as
occupied. There is deliberately no "free" sentinel value, because
System.monotonic_time/1 may be negative — a slot is free precisely when its
deadline has passed. Acquiring scans from a slot derived from the caller's own
hash, so concurrent callers spread out rather than contending on the head of the
array, and takes the first free slot with a compare-and-exchange.
Releasing is also a compare-and-exchange rather than a write. That is what makes
reclamation safe: if a slow caller's slot was already reclaimed and handed to
someone else, its release finds a deadline it does not recognize and does
nothing, instead of evicting the new owner.
Clearing leaked slots
ExternalService.reset_all/1 frees every slot along with resetting the breaker
and the rate limiter. Outside of tests this is for clearing slots lost to killed
callers when :reclaim_after is long — it forgets that the slots were taken, it
does not stop any call that is genuinely running.
What this does not do
It bounds concurrency per node, since the counters live in that node's
memory. Four nodes with limit: 25 allow up to 100 concurrent calls at the
service. That is usually the right shape — the resource you are protecting, your
connection pool, is also per node — but if you need a cluster-wide ceiling it has
to come from somewhere else.
It also does not bound how long any single call takes; see
When the service hangs. The two go
together: a concurrency limit without a client timeout fills with calls that
never finish, and only :reclaim_after saves it.


  

    Tuning

Each mechanism in this library is documented on its own page, and each is simple
enough on its own. Choosing them together used to be the hard part: the retry
settings decided how fast the circuit breaker tripped, and the breaker's window
decided whether it tripped at all.
Most of that is gone in 3.0. :tolerate counts failing calls, so it no longer
moves when you change :max_attempts; :within sizes itself against your retry
settings; and the configuration you write is checked against itself when you
compile it. What is left is one coupling worth understanding and a handful of
judgement calls, which is what this guide is about.
Every number here was measured against the library rather than derived.
Ask the library first
Before reading further, ask your configuration what it does:
use ExternalService,
  circuit_breaker: [tolerate: 3],
  retry: [backoff: :exponential, base: 100, max_attempts: 5]
IO.puts ExternalService.explain(MyApp.Stripe)
MyApp.Stripe

  retry
    window       1.5s
    delays       100ms, 200ms, 400ms, 800ms
    attempts     up to 5
    time budget  none (:expiry unset)

  circuit breaker
    opens after      4 failing calls
    counting window  10s
    resets after     60s
    backend          ExternalService.CircuitBreaker.Fuse

  rate limit
    none  calls are not throttled

  concurrency
    none  calls are not limited in flight

  a fully-failing call
    spends  1.5s waiting between attempts
    plus    however long its 5 attempts take — nothing here bounds a single attempt
It takes a proposed keyword list as well as a started service, so you can try a
configuration before shipping it. Anything this guide warns about, it also warns
about — at compile time, on the line where the configuration is written.
What you are actually choosing
Four things, and the setting that controls each:
	You want to control	Set	Don't reach for
	How long a failing call keeps trying	:base, :cap	:max_attempts
	How many times a failing dependency gets hit	:max_attempts	—
	When to give up regardless of how slow attempts are	:expiry	:max_attempts
	How many failing calls before you stop calling	:tolerate	—

The first row is the one people get wrong. A longer retry window and more
attempts feel like the same thing, and they are not:
	The window costs you nothing but latency on a call that was already
failing.
	The attempt count also multiplies the load you put on a struggling
dependency.

So when you want to ride out a longer outage, raise :base. Reach for
:max_attempts only when you actually want more attempts.
What a configuration costs
Total time a call spends waiting between attempts, with exponential backoff.
ExternalService.RetryOptions.window/1 answers this for any configuration; the
table is here to show the shape.
	:max_attempts	base: 10	base: 50	base: 100	base: 500
	3	30ms	150ms	300ms	1.5s
	4	70ms	350ms	700ms	3.5s
	5 (default)	150ms	750ms	1.5s	7.5s
	6	310ms	1.6s	3.1s	15.5s
	8	1.3s	6.3s	12.7s	63.5s
	10	5.1s	25.6s	51.1s	255.5s

Read that table down a column rather than across a row. Each extra attempt costs
roughly as much as everything before it combined, so the last one or two attempts
account for most of the window.
:cap is what stops that runaway, and it matters more the more attempts you have:
	:max_attempts (base: 100)	uncapped	cap: 1s	cap: 2s
	5	1.5s	1.5s	1.5s
	8	12.7s	4.5s	7.1s
	10	51.1s	6.5s	11.1s

At the default of five attempts a cap changes nothing. Past six it is the
difference between a bounded call and a minute-long one — which is why the
library warns about an uncapped configuration above six attempts.
The coupling that remains
base: 100 is the usual advice for an HTTP dependency, and max_attempts: 10
sounds merely thorough. Together they are a 51-second call, and nothing about
either setting hints at the other.
If you raise one, look at the table before raising the other — or ask
explain/1, which does it for you.
Sizing the breaker
:tolerate is the number of failing calls you are willing to absorb; the breaker
opens on the next one. It is independent of :max_attempts, so this is now one
decision rather than an arithmetic problem:
circuit_breaker: [tolerate: 3]
Measured with base: 100, max_attempts: 5: the breaker opens on the 4th
consecutive fully-failing call, and a single failing call takes about 1.4
seconds.
:within — the window those failures are counted over — defaults to :auto and
is computed from your retry settings. Set it yourself only when you know
something the configuration does not, which is usually how long your attempts
take. A configuration states how long it waits between attempts and says
nothing about the attempts themselves, so a dependency that hangs for ten seconds
per attempt needs a wider window than :auto can know to ask for.
The rule this section used to contain
Before 3.0, :tolerate counted failing attempts. Sizing a breaker meant
multiplying by :max_attempts and then checking that :within was wider than
the whole retry window, because a single call's melts were spread across it.
Getting it wrong produced a breaker that never opened — as this guide's own
recommended configuration did, staying closed through 20 consecutive failing
calls over 30 seconds of continuous failure.
Services that keep the old semantics with circuit_breaker: [melt: :per_attempt]
still need that rule. The library warns when such a configuration has a
:tolerate smaller than its :max_attempts, which is the case where a call
trips its own breaker part-way through its own retry loop.
Three situations
A request path
You have a latency budget, and a call that fails fast is better than one that
succeeds too late. Keep the retry window well inside the budget and let the
breaker do the rest.
use ExternalService,
  circuit_breaker: [tolerate: 3, reset: :timer.seconds(5)],
  retry: [backoff: :exponential, base: 100, max_attempts: 4, expiry: 1_000, jitter: true]
  # :wait defaults to one window, which is what you want here
Measured: a fully-failing call takes about 670ms, and the breaker opens on the
4th consecutive one. After that, callers get CircuitBreakerOpen immediately
instead of waiting 670ms to fail. :within resolves to 10 seconds.
Note what the :expiry is for. It is not bounding the backoff — 700ms of waiting
is nowhere near a second. It bounds the case the attempt count cannot: a slow
dependency, where four attempts at three seconds each would otherwise mean twelve
seconds of call. :expiry is checked between attempts, so it stops the next one
rather than interrupting the current one; see
Nothing here bounds a single attempt.
A background job
Nobody is waiting, and the work has nowhere else to go — so trade latency for
success. This is where the patient settings are correct rather than careless.
use ExternalService,
  circuit_breaker: [tolerate: 3, reset: :timer.seconds(30)],
  retry: [
    backoff: :exponential,
    base: 500,
    cap: :timer.seconds(5),
    max_attempts: :infinity,
    expiry: :timer.seconds(30),
    jitter: true
  ],
  rate_limit: [limit: 100, per: :timer.seconds(1), wait: :infinity]
max_attempts: :infinity with an :expiry is the useful shape: keep trying, but
stop after half a minute. Unbounded on both is rejected outright — under the
default melt semantics a call that never gives up never melts the breaker, so
nothing would stop it.
Measured: a fully-failing call takes 30 seconds, spending its budget exactly,
and the breaker opens on the 4th consecutive one — two minutes into a total
outage. :within resolves to 180 seconds, which is what makes that possible: four
failures two minutes apart have to be counted over a window wider than two
minutes.
That number is worth pausing on. A slow service needs a wider counting window
than a fast one, not a narrower one, and it is the single most common thing to get
wrong by hand. Leave :within unset unless you know your attempts are slower than
your backoff.
If your job runner already retries failed jobs, prefer a modest bound here and
let re-enqueueing be the outer loop. Two retry layers multiply.
A Flow pipeline
The important setting is wait: :infinity, and it is the one most easily missed.
use ExternalService,
  circuit_breaker: [tolerate: 3],
  retry: [backoff: :exponential, base: 100, cap: 2_000, max_attempts: 5, jitter: true],
  rate_limit: [limit: 100, per: :timer.seconds(1), wait: :infinity]
Measured: a fully-failing call takes about 1.5 seconds and the breaker opens
on the 4th consecutive one.
In a pipeline, sleeping is how back-pressure reaches upstream. A :wait budget
sheds work mid-pipeline instead of pacing it, and that work usually has nowhere
to go. See Flow Pipelines.
Where the rate limiter fits
:wait defaults to one window (:per), capped at 5 seconds — enough to absorb a
burst, not enough to hide sustained saturation. Override it in two directions:
	:infinity for background work and pipelines, as above.
	false, or a budget well under one window, when your latency budget is
tighter than the limiter's window and you would rather return 429 than wait.

Rate limiting composes with retries in a way worth noticing: a throttled call
that exhausts its :wait budget returns RateLimited without melting the
circuit breaker and without being retried, because the wrapped function never
ran. Throttling is not failure. See Rate limiting.
A checklist
Four of the seven items this guide used to carry are now checked for you when you
compile. What is left needs a human:
	[ ] Read your retry window off explain/1 — is it inside the latency budget of whoever is calling?
	[ ] Is :tolerate the number of failing calls you are actually willing to absorb?
	[ ] Do you know how long a single attempt can take? Nothing here bounds it, and :within cannot size itself against it.
	[ ] Is :wait right for the call site — default for a request path, :infinity for a pipeline or job?
	[ ] Is :jitter on, if many processes call this service?



  

    Error Handling

ExternalService distinguishes two kinds of failure:
	Errors from the service itself — whatever your wrapped function returns
or raises. These pass through untouched; they are yours to handle.
	Errors from ExternalService — retries exhausted, or the circuit
breaker open. These are surfaced as structured error types.

Keeping the two straight is the key to clean error handling. This guide covers
the structured error types and the choice between call/3 and call!/3.
The structured error types
ExternalService errors are built on Errata
infrastructure errors. The same struct is returned by call/3 (inside an
{:error, struct} tuple) and raised by call!/3.
	Error	Returned/raised when	http_status/1	retryable?/1
	ExternalService.RetriesExhausted	retries (count or time budget) were exhausted	503	false
	ExternalService.CircuitBreakerOpen	a call was rejected because the breaker is open	503	true
	ExternalService.ServiceNotStarted	a call was made to a service never started with start/2	500	false
	ExternalService.RateLimited	a call was throttled beyond the rate limit :wait budget	429	true
	ExternalService.ServiceSaturated	a call was shed because the concurrency limit was full	503	true

Each carries a :context map that always includes the :service it relates to.
RetriesExhausted additionally carries :context.reason — the value from the
function's last {:retry, reason} return, or :reason_unknown if it returned a
bare :retry. RateLimited carries :context.retry_after, the milliseconds
until the call would have been admitted.
{:error, %ExternalService.RetriesExhausted{context: %{service: svc, reason: reason}}} ->
  Logger.error("#{inspect(svc)} exhausted retries: #{inspect(reason)}")
When that reason is itself an exception — any Errata error included — it is also
set as the error's :cause, so the underlying failure is reachable without
digging into :context:
{:error, error} = ExternalService.call(:my_service, fn -> {:retry, upstream_error} end)

Errata.cause(error)       #=> the upstream error
Errata.root_cause(error)  #=> the deepest cause, if it wrapped one of its own
Logger.error(Errata.format_chain(error))
#=> ExternalService.RetriesExhausted: exhausted all retries while calling the external service
#=> Caused by: MyApp.UpstreamTimeout: upstream timed out
A reason that is not an exception — :reason_unknown, a status tuple, whatever
your function passed to {:retry, reason} — is left in :context.reason alone,
with no :cause set.
Because they are Errata infrastructure errors, they also come with an
http_status/1, a retryable?/1, and JSON encoding for free — convenient for
turning a failure into an HTTP response or a structured log entry.
ServiceNotStarted maps to 500 (it signals a configuration/programming
mistake, not a transient outage) and RateLimited to 429; the rest map to
503.
Retryability
Errata.retryable?/1 answers whether an error is worth another attempt, and each
of these types declares its own answer rather than inheriting the default for
infrastructure errors. Code that handles errors from several sources can branch
on it without knowing which library produced them:
require Errata

case do_work() do
  {:error, error} when Errata.is_error(error) ->
    if Errata.retryable?(error), do: reschedule(), else: give_up(error)

  result ->
    result
end
CircuitBreakerOpen, RateLimited and ServiceSaturated are retryable: in all
three the wrapped function never ran, and the condition clears on its own — the
breaker resets, the limiter refills, in-flight calls drain.
ServiceNotStarted is not: nothing changes until the service is started.
RetriesExhausted is not either, which deserves a word. Retrying is precisely
what has already been tried and failed, so "retry it" is the wrong immediate
response — and an outer retry loop branching on retryable?/1 would spin on it.
Errata's classification has no notion of when, though, so read this as "not
worth retrying now": re-attempting the work at a coarser layer, such as a
background job re-enqueuing itself minutes later, remains perfectly reasonable.
That is just not the question retryable?/1 is answering.
Note that these answers describe ExternalService's own errors. Whatever your
wrapped function returns or raises passes through untouched by default, retryable
or not — ExternalService never consults Errata.retryable?/1 on your errors
unless you ask it to, with the :retry_on and :retry_exceptions predicates. If
your application defines its own Errata errors, see
Using Errata in Your Application for how the two libraries fit
together.
RateLimited and ServiceSaturated are worth telling apart. A rate limit is the
external service refusing you, so 429 ("Too Many Requests") passes that on.
Saturation is your own bulkhead shedding load before the call is made, which is
a 503 from your application rather than a complaint from theirs.
ServiceSaturated only appears for services configured with a :concurrency
limit; see the Concurrency Limiting guide. Like RateLimited
it means the wrapped function never ran, so neither melts the circuit breaker and
neither is retried.
RateLimited only appears for services that bound the wait with wait: false or
a millisecond budget — with wait: :infinity, or with :wait left unset, a
throttled call waits as long as it takes rather than failing. See the
Rate limiting guide.
call — errors as values
call/3 returns the structured error in an {:error, struct} tuple, alongside
your function's own results. Match on the struct types you care about:
case MyApp.Stripe.charge(params) do
  {:ok, result} ->
    {:ok, result}

  {:error, %ExternalService.RetriesExhausted{}} ->
    {:error, :payment_temporarily_unavailable}

  {:error, %ExternalService.CircuitBreakerOpen{}} ->
    {:error, :payment_temporarily_unavailable}

  {:error, reason} ->
    # an error your own function returned, e.g. {:error, :card_declined}
    {:error, reason}
end
Notice the last clause: an {:error, :card_declined} that your function returned
is not an ExternalService error. It flows through call unchanged, so you
handle it like any other domain result.
call! — errors as exceptions
When the only thing you'd do with an ExternalService error is bail out, the
returned-tuple style adds noise: you must distinguish library errors from your
own results at every call site. call!/3 raises the structured errors instead,
letting your happy path stay clean and your failure handling live in one
rescue:
def create(conn, %{"message" => message}) do
  result = MyApp.PubSub.publish!(message, @topic)
  send_resp(conn, 201, encode(result))
rescue
  e in [ExternalService.RetriesExhausted, ExternalService.CircuitBreakerOpen] ->
    Logger.error(Exception.format(:error, e))
    send_resp(conn, 503, "")
end
call!/3 only raises the ExternalService errors; values your function
returns are still returned normally. And because every error knows its own
http_status/1, you can collapse the handling further:
rescue
  e in [ExternalService.RetriesExhausted, ExternalService.CircuitBreakerOpen,
        ExternalService.ServiceNotStarted] ->
    send_resp(conn, ExternalService.RetriesExhausted.http_status(e), "")
end
Which should I use?
	Use call/3 when an ExternalService failure is a normal branch in your
logic — you want to fall back to cached data, return a specific domain error,
or otherwise react in line.
	Use call!/3 when an ExternalService failure should abort the current
unit of work and be handled uniformly higher up (a Phoenix action, an Oban
job, a task). It keeps the happy path readable.

Both apply identical retry and circuit-breaker behavior; they differ only in how
the library's failures are delivered.
A note on exceptions from your function
Remember that, by default, exceptions raised by your wrapped function are not
retried — they propagate to the caller (out of both call/3 and call!/3).
They are also not converted into ExternalService error types; a raised
MyApp.HTTPError comes out of call as a raised MyApp.HTTPError. If you want
such an exception retried, match it with the :retry_exceptions retry option —
which takes either a list of exception modules or a predicate run on the
exception itself (see Retries). That holds even once retries run
out: the original exception is re-raised, with its original stacktrace, rather
than becoming a RetriesExhausted. If you want it returned rather than raised,
catch it inside your function and return an {:error, reason} (or
{:retry, reason}) value.
This matters especially for the async variants. call_async/1 runs your function
in a linked Task, so an exception that propagates out of it crashes the task —
Task.await/2 then re-raises it in the caller, and the link can take the caller
down if you don't await. In call_async_stream/2, an exception raised for one
element exits that task and, by default, propagates out of the stream. So for
background and bulk work, prefer returning {:error, reason} / {:retry, reason}
values (or listing the exception in :retry_exceptions) over letting exceptions escape,
so one bad element can't crash the batch.


  

    Using Errata in Your Application

ExternalService's own failures are Errata errors —
see Error Handling for the five types and what they carry.
That is true whether or not you use Errata yourself.
If your application also defines Errata errors, the two libraries meet in two
more places: the errors your wrapped functions hand to ExternalService, and
what ExternalService hands back. This guide covers both.
Both libraries' errors answer the same questions
An Errata error classifies itself — an HTTP status, a log severity, and whether
it is worth retrying — so error handling at the edge of your application does not
have to know which library produced the failure:
require Errata

def to_response({:error, error}) when Errata.is_error(error) do
  Logger.log(Errata.severity(error), Errata.format_chain(error))
  send_resp(conn, Errata.http_status(error), render(error))
end
Fed ExternalService's errors and your own, that handler behaves consistently:
	Error	http_status/1	retryable?/1
	ExternalService.RetriesExhausted	503	false
	MyApp.HTTPError (status 503)	503	true
	MyApp.CardDeclined (domain error)	422	false

Retrying on your own errors' say-so
Errata.retryable?/1 is a classification, not a retry mechanism. ExternalService
is the mechanism, and two retry options connect them: :retry_on for errors your
function returns, and :retry_exceptions for errors it raises.
Both take a predicate, so both can ask the error itself:
defmodule MyApp.Retry do
  require Errata

  @doc "True when `error` is an Errata error that classifies itself as retryable."
  def retryable_error?(error), do: Errata.is_error(error) and Errata.retryable?(error)

  @doc "The same question, asked of a `{:error, error}` return value."
  def retryable_result?({:error, error}), do: retryable_error?(error)
  def retryable_result?(_other), do: false
end
defmodule MyApp.Stripe do
  use ExternalService,
    retry: [
      max_attempts: 5,
      backoff: :exponential,
      base: 100,
      retry_on: &MyApp.Retry.retryable_result?/1,
      retry_exceptions: &MyApp.Retry.retryable_error?/1
    ]
end
Now the error type decides. An Errata.InfrastructureError is retryable by
default, an Errata.DomainError is not, and a type that overrides retryable?/1
decides per instance:
defmodule MyApp.HTTPError do
  use Errata.InfrastructureError, default_message: "the request failed"

  def retryable?(%{context: %{status: status}}) when is_integer(status), do: status >= 500
  def retryable?(_error), do: true
end
With the service above, and max_attempts: 3 for legibility:
	Your function	Attempts	Result
	returns {:error, %UpstreamTimeout{}}	3	RetriesExhausted
	returns {:error, %CardDeclined{}}	1	returned untouched
	raises %UpstreamTimeout{}	3	re-raised after the last try
	raises %CardDeclined{}	1	raised untouched
	returns {:error, %HTTPError{status: 503}}	3	RetriesExhausted
	returns {:error, %HTTPError{status: 404}}	1	returned untouched

A retried error melts the circuit breaker; an error that passes through leaves it
alone. That is the same rule as for any other retry: see
Circuit Breakers.
Named functions, not anonymous ones, under use ExternalService
The options given to use ExternalService are stored in a module attribute,
which cannot hold an anonymous function:
use ExternalService, retry: [retry_exceptions: fn error -> ... end]
# ** (ArgumentError) cannot inject attribute @__external_service_opts__ into
#    function/macro because cannot escape #Function<...>
A remote capture — &MyApp.Retry.retryable_error?/1 — is a valid attribute
value and works fine, which is why the predicates above live in a named module.
ExternalService.start/2 and per-call retry options are evaluated at runtime
and accept either form.
Note that retryable_result?/1 matches {:error, error} because that is the
shape these functions return. Yours is yours to match — a function returning
{:error, error, metadata}, or the error bare, wants a clause for that shape.
This is why ExternalService has no built-in "retry Errata errors" switch:
there is no single return shape it could assume on your behalf.
Retryability is not idempotency
Errata.retryable?/1 answers "could this failure succeed on another attempt?"
It does not answer "is it safe to make this call twice?" — and only the second
question decides whether a retry is correct.
Retryability is a claim the error's author made about the failure. Idempotency is
a property of the call site. A %MyApp.PaymentGatewayTimeout{} is a genuine
infrastructure error and genuinely retryable in the abstract; retrying it against
POST /charges may bill the customer twice, because a timeout is precisely the
case where you do not know whether the first call landed.
So wire these predicates per service — or per call — rather than reaching for a
global default:
defmodule MyApp.Stripe do
  use ExternalService,
    retry: [
      max_attempts: 5,
      # Safe: reads can be repeated freely.
      retry_on: &MyApp.Retry.retryable_result?/1
    ]
end

# ...and for a charge, either don't retry...
MyApp.Stripe.call([max_attempts: 1], fn -> create_charge(params) end)

# ...or make the call idempotent first, and then retrying is safe.
MyApp.Stripe.call(fn -> create_charge(params, idempotency_key: key) end)
What comes back
When retries run out, ExternalService.RetriesExhausted carries what happened in
:context.reason. When that reason is an exception — including any Errata error
— it is also the error's :cause, so your failure is reachable through Errata's
own accessors:
{:error, error} = MyApp.Stripe.call(fn -> {:retry, MyApp.UpstreamTimeout.new()} end)

Errata.cause(error)       #=> %MyApp.UpstreamTimeout{}
Errata.root_cause(error)  #=> the deepest cause, following the chain
Errata.format_chain(error)
#=> ExternalService.RetriesExhausted: exhausted all retries while calling the external service
#=> Caused by: MyApp.UpstreamTimeout: the upstream service timed out
The :cause is set from the retry reason, so it engages when your function
raised, and when it returned {:retry, error} as above. A retry driven by the
:retry_on predicate records the whole return value as the reason — {:error, %MyApp.UpstreamTimeout{}} is a tuple, not an exception, so no :cause is set
and the error stays in :context.reason. Where you control the function and want
the chain, return {:retry, error} rather than leaning on the predicate.
Note also that RetriesExhausted is itself not retryable, so a caller of yours
that branches on Errata.retryable?/1 will not loop on it. See
Error Handling.
Sharp edges
Errata.is_error/1 is a guard macro, so its module needs require Errata.
Without it the predicate raises UndefinedFunctionError the first time it runs.
A predicate that fails is treated as "not retriable" and logs a warning, leaving
your call's own result or exception untouched — so this shows up as retries that
never happen, plus a warning naming the option and the service, rather than as a
mystery exception.
Errata.retryable?/1 raises on values that are not Errata errors. Any
predicate will eventually be handed something else — a DBConnection error, a
RuntimeError from a bug — so guard with Errata.is_error/1 first, as
retryable_error?/1 does above, rather than calling retryable?/1 bare.
An aggregate is retryable only when every member is. Errata.Aggregate takes
the conservative reading: one permanent failure among five makes retrying the
whole aggregate pointless. A validation failure holding one timeout and one
declined card is not retryable, and these predicates will pass it through.


  

    Telemetry

ExternalService emits :telemetry events so
that calls to external services can be observed and instrumented. Attach a
handler to forward them to your metrics or logging backend — StatsD, Prometheus
(via TelemetryMetrics), structured logs, or anything else.
Every event carries a :service key in its metadata identifying the service it
relates to.
The events
[:external_service, :call, :start]
Emitted when a guarded call begins.
	Measurements: :system_time, :monotonic_time
	Metadata: :service

[:external_service, :call, :stop]
Emitted when a guarded call completes — including when it completes with an error
value such as ExternalService.RetriesExhausted or
ExternalService.CircuitBreakerOpen.
	Measurements: :duration, :monotonic_time
	Metadata: :service, :result (the value returned from the call)

[:external_service, :call, :exception]
Emitted when a guarded call raises — for example a non-retriable exception from
your function, or call!/3 raising on an open breaker or exhausted retries.
	Measurements: :duration, :monotonic_time
	Metadata: :service, :kind, :reason, :stacktrace

[:external_service, :call, :retry]
Emitted each time a call's function fails in a way that melts the circuit breaker
(it returned :retry / {:retry, reason}, or it raised). Whether another
attempt is actually made depends on the retry options.
	Measurements: :count (always 1)
	Metadata: :service, :reason

[:external_service, :circuit_breaker, :blown]
Emitted when a call is rejected because the service's circuit breaker is open.
	Measurements: :count (always 1)
	Metadata: :service

[:external_service, :rate_limit, :sleep]
Emitted when a call is throttled and put to sleep to stay within the configured
rate limit.
	Measurements: :sleep_time (milliseconds)
	Metadata: :service

[:external_service, :concurrency, :rejected]
Emitted when a call is shed because the service's concurrency limit was fully in
use. A steady trickle usually means the limit is too low for normal traffic; a
sudden spike is the dependency slowing down.
	Measurements: :limit (the configured concurrency limit), :wait_time
(milliseconds spent waiting, 0 unless a :wait budget is configured)
	Metadata: :service

[:external_service, :concurrency, :waited]
Emitted when a call had to wait for a slot but got one before its :wait budget
ran out. Calls served without waiting emit nothing, so this measures only the
bursts a budget is absorbing.
	Measurements: :limit, :wait_time (milliseconds waited)
	Metadata: :service

Event names are a stable contract
The event names use :circuit_breaker (not the underlying :fuse)
deliberately, so they remained stable through the 2.0 terminology changes.
Treat them as a public API you can build dashboards on.
The :call events form a :telemetry.span/3,
so :start is always paired with either :stop or :exception, and the
:duration measurement is directly usable as call latency.
Attaching a handler
A minimal handler that logs retries and breaker trips:
:telemetry.attach_many(
  "external-service-logger",
  [
    [:external_service, :call, :retry],
    [:external_service, :circuit_breaker, :blown],
    [:external_service, :rate_limit, :sleep],
    [:external_service, :concurrency, :rejected],
    [:external_service, :concurrency, :waited]
  ],
  &MyApp.ServiceTelemetry.handle_event/4,
  nil
)

defmodule MyApp.ServiceTelemetry do
  require Logger

  def handle_event([:external_service, :call, :retry], _measurements, %{service: svc, reason: reason}, _config) do
    Logger.warning("Retrying #{inspect(svc)}: #{inspect(reason)}")
  end

  def handle_event([:external_service, :circuit_breaker, :blown], _measurements, %{service: svc}, _config) do
    Logger.error("Circuit breaker open for #{inspect(svc)}")
  end

  def handle_event([:external_service, :rate_limit, :sleep], %{sleep_time: ms}, %{service: svc}, _config) do
    Logger.info("Rate limited #{inspect(svc)}; slept #{ms}ms")
  end
end
Attach handlers once at application start (for example in your
Application.start/2).
Insights: the handler this library ships
Everything above is raw material. ExternalService.Insights is a handler built
from it that watches for one specific thing: a configuration that has stopped
doing what it was set up to do.
# in your application's start/2, after the supervision tree is up
ExternalService.Insights.attach()
[ExternalService.Insights] :payments has failed 6 consecutive calls over 11.5s
with its circuit breaker still closed. It tolerates 5 failures within 10s, but
these are arriving about 2.3s apart, so at most 5 are ever counted together.

    circuit_breaker: [within: :timer.seconds(28)]

A failing call takes its retry window plus however long its attempts run for, and
only the first of those is in the configuration — which is why a window that
fitted when it was written stops fitting when the dependency slows down.
ExternalService.explain/1 and ExternalService.simulate/3 answer questions
about a configuration from the configuration. This answers the one they cannot:
whether what is happening matches it. The gap between the two is attempt
duration, which nothing in a configuration states — so a breaker sized correctly
on the day it was written goes quietly inert when the dependency slows down.
It is off by default and free until attached: no handlers, no storage, no cost on
any call. Attached, it costs a fixed dozen integers per service, updated without
locks, and starts no process. Findings are also available as data through
ExternalService.Insights.report/1, for a health endpoint or a test.
See ExternalService.Insights for what it looks for and how to quiet it.
With Telemetry.Metrics
If you use Telemetry.Metrics, the
events map cleanly onto metric definitions:
import Telemetry.Metrics

[
  # Call latency, tagged by service.
  summary("external_service.call.stop.duration",
    unit: {:native, :millisecond},
    tags: [:service]
  ),

  # How often calls fail and trigger a retry.
  counter("external_service.call.retry.count", tags: [:service]),

  # How often the breaker trips.
  counter("external_service.circuit_breaker.blown.count", tags: [:service]),

  # Time lost to rate-limit throttling.
  sum("external_service.rate_limit.sleep.sleep_time", tags: [:service])
]
These four signals — latency, retry rate, breaker trips, and throttle time —
give you a clear, per-service picture of the health of every external dependency
your application relies on.


  

    Testing

Once a guarded call is in your application, your tests have to get through it.
This guide covers the sharp edges: keeping tests off the clock, isolating them
from each other, and reaching the failure paths on purpose.
ExternalService.Test ships the setup and assertions this guide would otherwise
ask you to hand-write — use ExternalService.Test imports them, and each section
below uses them where they apply. The explanations stay, because the helpers
replace the typing, not the model.
Every example here is executed as part of this library's own suite
(test/testing_guide_examples_test.exs), so they compile and their assertions
hold.
The one thing to know first: service state is global
A service is not a process you start per test. Its configuration lives in
:persistent_term keyed on the service term, and its circuit breaker lives in
:fuse under the same key. Two consequences follow, and both bite quietly:
	Nothing is torn down for you. A test that trips the breaker leaves it
tripped for every test that runs afterwards.
	async: true tests sharing a service share one breaker and one rate-limit
bucket, so they can trip each other, and the failure looks like flakiness.

Everything below follows from this.
Asserting that your configuration works
The tests above check that a call behaves. ExternalService.simulate/3 checks
that the configuration behaves — that the breaker opens, that it opens soon
enough, and that a dead dependency does not absorb more load than you meant it to:
test "our payments breaker actually opens, and fast enough" do
  assert %ExternalService.Simulation{opens_after: opens, worst_call: worst, attempts: attempts} =
           ExternalService.simulate(MyApp.Payments, :always_failing)

  assert opens <= 5
  assert worst < 2_000
  assert attempts <= 25
end
It runs on a virtual clock, so a configuration that would take two minutes of real
failure to trip is simulated in microseconds. Nothing sleeps and no service is
started.
The scenario worth adding once you know your dependency is that a slow one is not
the same as a failing one:
# Attempts that succeed but take five seconds each. The breaker never opens —
# nothing is failing — so :worst_call is the number that matters.
assert %ExternalService.Simulation{worst_call: worst} =
         ExternalService.simulate(MyApp.Payments, {:slow, 5_000})
Attempt duration is the one thing a configuration cannot state, and the thing that
makes a hand-sized :within too narrow. {:always_failing, attempt_ms} is how to
find out what your configuration does when attempts are slow and failing.
Isolating tests from each other
The cleanest fix is to give each test its own service term. Service terms are
arbitrary — any term identifying the service — so derive one from the test name
and tear it down afterwards:
setup context do
  service = :"#{context.module}.#{context.test}"
  on_exit(fn -> ExternalService.stop(service) end)
  {:ok, service: service}
end
ExternalService.stop/1 is idempotent, so this is safe whether or not the test
got as far as starting the service.
Distinct terms are genuinely independent — melting one leaves the other
untouched:
Enum.each(1..2, fn _ -> ExternalService.CircuitBreaker.melt(one) end)

assert ExternalService.blown?(one)
refute ExternalService.blown?(two)
use ExternalService fixes the service name at compile time
The module front door takes its :name when the module is compiled. The
child-spec overrides that tune everything else cannot change it — :name is
consumed by the use macro and is not a start/2 option, so passing it as an
override fails validation rather than being quietly ignored:
** (NimbleOptions.ValidationError) unknown options [:name],
   valid options are: [:circuit_breaker, :rate_limit, :retry, :sleep_function]
So every test exercising MyApp.Stripe shares one breaker and one bucket, no
matter how you configure it.
If you need per-test isolation for a front-door module, either drive the
functional API (ExternalService.start/2 with a unique term) in the tests that
need it, or mark those tests async: false. Reaching for ExternalService.reset/1
in setup works too, but only for the breaker, and only if nothing else is
running concurrently.
Where per-test services are impractical — which is most of the time with a
front-door module — reset the shared service instead. ExternalService.reset_all/1
clears both stateful mechanisms, so nothing a test does to the breaker or the
rate limit budget survives into the next one:
setup do
  MyApp.Stripe.reset_all()
  :ok
end
Use reset_all/1 rather than reset/1 here. reset/1 closes the breaker and
deliberately leaves the limiter alone, because clearing a limiter in production
releases a burst at the service — so a test that drained the budget would leave
the next one throttled.
Resetting shares state rather than isolating it, so it does not make
concurrent tests independent: two async: true tests can still interleave a
reset with the other's assertions. Which leads to the tiering below.
Which technique for which test
	Your test	Approach
	Business logic that happens to call through	Make the service inert (below). No isolation needed — there is no state to share.
	Resilience behavior: fallbacks, breaker opening, throttled paths	Real mechanisms + reset_all/1 in setup, and async: false.
	A service you drive with the functional API	A unique service term per test. Fully isolated, works with async: true.

The middle row is the only one that gives up async: true, and it is normally
the smallest group — those tests are in-memory and fast, so serializing them
costs little.
Keeping tests off the clock
Retries
Retry delays are the usual culprit. base: 0 with a linear backoff removes them
entirely:
ExternalService.start(service,
  circuit_breaker: [tolerate: 100, within: :timer.seconds(10)],
  retry: [max_attempts: 3, backoff: :linear, base: 0]
)

{elapsed, result} = :timer.tc(fn -> ExternalService.call(service, fn -> :retry end) end)

assert {:error, %ExternalService.RetriesExhausted{}} = result
assert elapsed < 500_000   # three attempts, and none of them waited
Note how loose that bound is. It is there to separate the backoff was removed
from production backoff is still on — an HTTP service's 1.5-second retry window
— and not to measure anything. A tight bound on elapsed time measures the machine
the suite is running on: this assertion used to be 50_000, and failed on a busy
CI runner at 68ms with nothing wrong. If you want to assert on the delays
themselves, assert on the delays themselves, with :sleep_function below.
The generous :tolerate is deliberate: a test that exhausts retries melts the
breaker once, and a suite that does it repeatedly against a shared service will
open a breaker configured with production numbers. ExternalService.reset_all/1
between tests is the other half of the answer.
When you want to keep the real backoff configuration under test — because the
delays are the thing you care about — override :sleep_function instead. It is
called with each delay in turn, so the test can record them rather than wait for
them:
test "backs off exponentially between attempts" do
  ExternalService.start(service,
    circuit_breaker: [tolerate: 100],
    retry: [max_attempts: 4, backoff: :exponential, base: 100],
    sleep_function: recording_sleep()
  )

  ExternalService.call(service, fn -> :retry end)

  assert_slept([100, 200, 400])
end
ExternalService.Test.assert_slept/1 takes the whole sequence rather than one
delay at a time, because the sequence is what a backoff configuration determines
— a test that checks only the first delay passes against the wrong :backoff.
This is the one place a no-op sleep function is the right tool — the delays are a
finite sequence, so skipping them ends the retrying sooner rather than spinning.
It is not true of rate limiting, as the warning below explains.
Rate limits
Use wait: false. A throttled call then fails immediately instead of waiting,
which is both fast and assertable:
ExternalService.start(service,
  retry: [max_attempts: 1],
  rate_limit: [limit: 1, per: :timer.minutes(1), wait: false]
)

assert ExternalService.call(service, fn -> :first end) == :first

assert {:error, %ExternalService.RateLimited{}} =
         ExternalService.call(service, fn -> flunk("should not run") end)
The alternative is to configure a limit your tests never reach, so the limiter
never comes into play at all.
Do not reach for a no-op :sleep_function here
sleep_function: fn _ms -> :ok end looks like the obvious way to make
throttled calls instant. For rate limiting it isn't: the limiter is asked again
immediately, still says wait, and the loop spins until real time has passed. The
call takes exactly as long and burns a core doing it.
Measured at limit: 1, per: 2_000, the throttled call still took 2000ms
and invoked the no-op 2,075,418 times. The same applies to waiting for a
concurrency slot, which is also waiting on something else to happen.
Retry backoff is the exception, because the delays are a fixed sequence rather
than a re-check loop — see Retries above.
Reaching the failure paths on purpose
You rarely want to test your fallback code by making a real dependency fail. The
control API drives the breaker and the limiter directly.
Opening the breaker
ExternalService.Test.trip_breaker/1 opens it without a failing call:
ExternalService.start(service,
  circuit_breaker: [tolerate: 2, within: :timer.seconds(10)],
  retry: [max_attempts: 1]
)

trip_breaker(service)

assert ExternalService.blown?(service)

assert {:error, %ExternalService.CircuitBreakerOpen{}} =
         ExternalService.call(service, fn -> flunk("should not run") end)
Underneath it is ExternalService.CircuitBreaker.melt/1, which reports a failure
the library never saw. The reason to use the helper rather than call melt/1 in
a loop is an off-by-one: :fuse tolerates :tolerate melts and opens on the
next, so tolerate: n needs n + 1 melts. trip_breaker/1 reads :tolerate
off the service and does that arithmetic, so the number is not restated in your
test and cannot drift from the configuration.
ExternalService.reset/1 closes it again, which is what makes the setup helper
above work:
ExternalService.reset(service)
assert ExternalService.available?(service)
Exhausting the rate limit
ExternalService.Test.exhaust_rate_limit/1 puts a service right at its limit
before the code under test runs, reading :limit off the service the same way:
ExternalService.start(service,
  retry: [max_attempts: 1],
  rate_limit: [limit: 2, per: :timer.minutes(1), wait: false]
)

exhaust_rate_limit(service)

assert {:error, %ExternalService.RateLimited{}} =
         ExternalService.call(service, fn -> flunk("should not run") end)
It is ExternalService.RateLimiter.request/1 underneath, which spends one call's
worth of budget without running anything. Reach for that directly when you want a
service partly spent rather than fully.
Degrading a service without touching your code
:fault_injection fails a fraction of calls at the breaker, which is useful for
exercising fallback paths under something closer to real conditions. A rate of
1.0 fails every call:
ExternalService.start(service,
  circuit_breaker: [tolerate: 100, within: :timer.seconds(10), fault_injection: 1.0],
  retry: [max_attempts: 1]
)

assert {:error, %ExternalService.CircuitBreakerOpen{}} =
         ExternalService.call(service, fn -> flunk("should not run") end)
Rates between 0.0 and 1.0 are random, so assert on aggregate behavior rather
than on any individual call.
Asserting that a retry happened
"Did this actually retry?" is a common thing to want to check, and it is the one
question the return value cannot answer: a call that failed twice and then
succeeded returns exactly what a call that succeeded first time returns. The
telemetry events are the only difference, and
ExternalService.Test.record_events/0 puts them where a test can see them:
setup :record_events

test "retries a 503" do
  ExternalService.call(service, fn -> {:retry, :service_unavailable} end)

  assert_retried(service, reason: :service_unavailable)
end
record_events/0 attaches handlers for this library's events, generating a
handler ID unique to the calling process and detaching it on exit. That last part
matters: handler IDs are global, so a shared one breaks under async: true.
The assertions return the metadata they matched, so you can go further:
metadata = assert_retried(service)
assert metadata.reason == :service_unavailable
refute_retried/2, assert_breaker_blown/2 and assert_throttled/2 cover the
other three events. refute_retried/2 earns its place rather than being
reflexive symmetry — a retry that did not happen leaves nothing in the return
value to assert on instead. All the events are listed in the
Telemetry guide.
Making a service inert
Everything above makes a service fast. Sometimes you want it absent: the
guarded call should run your function and otherwise stay out of the way, because
what you're testing is the code around it.
Child-spec overrides are deep merged with the options given to
use ExternalService, so test.exs can neutralize a service without a second
module:
children = [
  {MyApp.Stripe,
   circuit_breaker: [tolerate: :infinity],
   rate_limit: [limit: :infinity],
   retry: [max_attempts: 1]}
]
Each key turns off exactly one mechanism, and each is exact rather than merely
large:
	Key	Effect
	circuit_breaker: [tolerate: :infinity]	Installs no breaker. Never opens, holds no state.
	rate_limit: [limit: :infinity]	Installs no limiter. Calls pass straight through.
	retry: [max_attempts: 1]	One attempt; a :retry return becomes RetriesExhausted.

:infinity matters more than it looks. The breaker and the limiter are the two
stateful mechanisms — the ones that accumulate across tests — and until they
had an off switch you could only set them very large. Large is finite: a suite
long enough to accumulate :tolerate melts starts failing tests that have
nothing to do with the breaker, and the failure looks like flakiness. :infinity
removes the state rather than postponing it, which also means it no longer
matters that a front-door module can't vary its :name per test — inert
mechanisms have nothing to share.
Because the merge is deep, you override only the keys you name; :within,
:reset, and :per all fall back to the module-level configuration. See
Per-environment overrides.
Swap in retry: [max_attempts: 3, base: 0] when you do want the retry logic
exercised — base: 0 keeps it instant. And note that rate_limit: [wait: false]
is a different thing from limit: :infinity: it makes throttled calls fail fast,
which is interference, just quick interference. Use it when you're testing the
throttled path, not when you want the limiter gone.
What this library does not give you
There is no single mode: :passthrough switch — the three keys above are the
whole of it, deliberately, because each also means something on its own in
production. There is also no way to make a guarded call transparent: with
max_attempts: 1, a function returning :retry yields RetriesExhausted rather
than the raw :retry, because the sentinel belongs to the library.
The broader point: an inert service is not a tested one. Tests that run with the
mechanisms off are not exercising your :retry returns, your fallback paths, or
your error handling — so keep some that do, using the techniques above. If what
you want is for the external call not to happen at all, stub at your own
boundary, in the function you pass to call/3, rather than neutralizing the
service around it.
Which paths your suite actually exercised
That last point is advice with nothing behind it: nothing tells you whether you
took it. A suite can make ten thousand guarded calls, every one on the happy
path, and look exactly like a suite that exercises every failure path this
library provides.
ExternalService.Test.Coverage answers it, from the telemetry the library
already emits:
# test/test_helper.exs
ExUnit.start()
ExternalService.Test.Coverage.install_reporter()
external_service coverage

service             calls    retried     failed    breaker  throttled  saturated
MyApp.Geocoder         44         12          4          0          0          0
MyApp.Search          318          0          0          0          0          0  ⚠
MyApp.Stripe         1204        142         31          3          7          0

⚠ MyApp.Search was called 318 times and never once retried, failed, or was
  rejected. Its `:retry` returns, its fallback path and its error handling are
  not covered by this suite.
Every count is a number of calls, so they are all comparable with the first
column — a call that retried four times counts once.
A row of zeros is a prompt, not a verdict. A dependency you stub at your own
boundary is supposed to have zeros; that is the recommendation directly above.
What the report is for is the service you believed you were testing. It is
never a threshold and never a build failure.
The counts can also be read mid-suite, without the reporter, which makes "assert
this test exercised the breaker" a thing you can write directly — see
ExternalService.Test.Coverage.entries/0.


  

    Distributed Elixir

ExternalService works out of the box on a single node. Run the same
application on several nodes and two of its three pieces of state need a second
look, because each node keeps its own copy.
This guide covers what actually changes in a cluster, which part is a genuine
correctness problem and which is a design choice, and what to configure for each.
What is node-local, and how much it matters
	State	Where it lives	In a cluster
	Rate limit counters	This node's memory	A correctness problem. N nodes each admit :limit calls per window, so the service sees up to N × your limit.
	Circuit breaker	This node's memory	A design choice. Each node learns independently that the service is failing.
	Service configuration	:persistent_term	Not a problem. Every node runs start/2 itself.

The asymmetry is the important part, and the two get different solutions.
Rate limiting: share the counters
This one is not a matter of taste. If you configure limit: 100, per: 1_000
because your provider allows 100 requests per second, and you run four nodes,
your provider sees up to 400 — you are violating the quota you carefully
configured.
Point the service at a shared limiter with :backend.
ExternalService.RateLimiter.Hammer meters against a
Hammer module, so a shared Hammer backend such as
hammer_backend_redis gives every
node the same counters:
defmodule MyApp.RateLimit do
  use Hammer, backend: Hammer.Redis
end

# in your supervision tree, before the services that use it
children = [
  {MyApp.RateLimit, url: "redis://localhost:6379"},
  MyApp.Api
]
defmodule MyApp.Api do
  use ExternalService,
    rate_limit: [
      limit: 100,
      per: :timer.seconds(1),
      wait: :timer.seconds(1),
      backend: {ExternalService.RateLimiter.Hammer, module: MyApp.RateLimit}
    ]
end
Now the limit is enforced across the cluster, whatever the node count.
Hammer is not a dependency of this library — the backend calls hit/3 on the
module you supply, so you add only Hammer itself. Any other shared store works
too; see ExternalService.RateLimiter for the two callbacks a backend
implements.
The quick and dirty alternative
If you cannot add shared infrastructure, dividing the limit by your node count
(limit: div(100, 4)) keeps you under quota. It is wasteful when load is
uneven, and wrong whenever the cluster size changes, but it is honest about
the constraint and needs nothing new deployed.
Circuit breakers: local by default, and often correctly so
Unlike rate limiting, a node-local circuit breaker is a defensible design rather
than a bug — arguably the better one:
	A node with a bad network path to the service should stop calling it without
taking the rest of the cluster down with it. That is the bulkhead argument,
and it is why the default breaker is local.
	Recovery probing is naturally spread out: nodes reset on their own schedules,
so the service is not hit by every node at once the moment the breaker closes.

What you give up is speed of convergence. Each node has to learn about the
outage separately, so a cluster of N nodes sends roughly N times the failing
traffic before all of them have tripped, and for a while some nodes serve
degraded responses while others still try.
Trip the whole cluster together
If you would rather the cluster converge quickly, use
ExternalService.CircuitBreaker.Cluster:
use ExternalService,
  circuit_breaker: [
    tolerate: 5,
    within: :timer.seconds(1),
    reset: :timer.seconds(5),
    backend: ExternalService.CircuitBreaker.Cluster
  ]
Each node still keeps its own ordinary breaker. When one transitions from
closed to open, it sends a fire-and-forget :erpc.multicast/4 to the other
nodes, and each of those trips its own breaker — which means its own reset timer
then closes it on the normal schedule.
There is no shared store, no distributed state, and no process or supervision
tree that this library has to run for it. Only locally originated trips are
broadcast, so a trip costs one round of messages rather than one per node per
node, and a message lost to a netsplit just means that node keeps its own
counsel until it trips by itself — which is exactly the default behavior.
By default every connected node is notified. When only part of your cluster
calls the service, narrow it:
circuit_breaker: [
  backend: {ExternalService.CircuitBreaker.Cluster, nodes: &MyApp.api_nodes/0}
]
:nodes takes a list or a zero-arity function returning one.
What that costs you
Read these before turning it on — this backend trades isolation for convergence,
and the trade is not always right:
	One node can trip the whole cluster. A single node with a bad route will
take everyone's breakers with it, even though the service is healthy for the
rest. If that worries you more than slow convergence does, stay on the default.
	Propagation is best-effort. Nothing is retried or acknowledged. A dropped
message costs convergence speed, not correctness.
	Recovery is not coordinated. Nodes trip at about the same moment and so
reset at about the same moment, but they do not agree on it, and whichever
closes first probes the service alone.
	A node that joins later does not catch up. It learns the service is
unhealthy the first time one of its own calls fails.

An explicit ExternalService.reset/1 is broadcast, since that is a deliberate
administrative action. Automatic resets are not — each node's timer handles its
own.
Configuration is not shared, and does not need to be
Service configuration lives in :persistent_term on each node, written by
start/2. Every node runs its own application start, so every node installs its
own configuration; there is nothing to distribute. Just make sure the nodes agree
— deploying one node with tolerate: 5 and another with tolerate: 50 gives you
a cluster whose breakers behave differently, which is confusing rather than
broken.
Putting it together
A service configured for a cluster, sharing its rate limit and its breaker:
defmodule MyApp.Api do
  use ExternalService,
    circuit_breaker: [
      tolerate: 5,
      within: :timer.seconds(1),
      reset: :timer.seconds(5),
      backend: ExternalService.CircuitBreaker.Cluster
    ],
    rate_limit: [
      limit: 100,
      per: :timer.seconds(1),
      wait: :timer.seconds(2),
      backend: {ExternalService.RateLimiter.Hammer, module: MyApp.RateLimit}
    ],
    retry: [max_attempts: 5, backoff: :exponential, jitter: true]
end
The :wait budget is worth adding once the limiter is shared: with every node
drawing from the same bucket, a throttled call can wait considerably longer than
it would on a single node. See Rate limiting.


  

    Flow Pipelines

ExternalService.Flow runs an enumerable — or an existing
Flow — through guarded ExternalService calls as a
stage of a Flow pipeline. Reach for it when a guarded call is one step in a
larger computation: partitioned, back-pressured processing with downstream
map/filter/reduce stages.
If all you want is an ordered, bounded-concurrency parallel map, use
ExternalService.call_async_stream/5 instead — it's simpler and preserves input
order. Flow only earns its keep when you're building a pipeline.
Adding the dependency
The integration lives behind the optional :flow
dependency. Add it to your application's deps:
{:flow, "~> 1.2"}
ExternalService.Flow is compiled only when :flow is present. Without it, the
module simply doesn't exist and the rest of ExternalService is unaffected — it
never references Flow.
What the helper actually does
ExternalService.Flow.map/3,4,5 is deliberately thin: it reuses
ExternalService.call/3 for every element, so retries, the circuit breaker, rate
limiting, telemetry, and the structured-error returns behave exactly as they
do for a direct call. It is not a new engine — it's a small adapter that smooths
the rough edges of wiring a guarded call into Flow by hand.
Written out by hand, a guarded Flow stage looks like this:
enum
|> Flow.from_enumerable()
|> Flow.map(fn item ->
  ExternalService.call(MyApp.Stripe, retry_opts, fn -> work(item) end)
end)
With the helper:
ExternalService.Flow.map(enum, MyApp.Stripe, retry_opts, fn item -> work(item) end)
Concretely, it buys you three small things:
	The arity bridge. call/3 expects a zero-arity function (fn -> … end),
but a Flow.map mapper receives the element (fn item -> … end). The helper
does the fn item -> call(svc, fn -> fun.(item) end) end nesting for you, so
you don't fumble the inner closure.

	Enumerable or Flow in one entry point. Pass a plain enumerable and it
becomes a Flow source (via Flow.from_enumerable/2); pass an existing Flow
and it's used as-is. The same call works whether the guard is the source of
a pipeline or a middle stage:
ids
|> Flow.from_enumerable()
|> Flow.map(&build_request/1)
|> ExternalService.Flow.map(MyApp.Stripe, &charge/1)   # middle stage
|> Flow.filter(&match?({:ok, _}, &1))

	A documented home for the gotchas. The non-obvious parts of mixing a
guarded call with Flow (below) live in one place, so they're not folded
incorrectly into hand-rolled code.


That's the whole value: convenience plus a canonical, supported integration
point. The parallelism, partitioning, and back-pressure are all Flow's — the
helper adds none of that, and you could inline call/3 yourself to the same
effect.
A worked example
Charge a batch of orders, keeping only the successes:
orders
|> ExternalService.Flow.map(MyApp.Stripe, fn order ->
  case Stripe.charge(order) do
    {:error, %{status: s}} when s in 500..599 -> :retry   # transient: retry
    other -> other
  end
end)
|> Flow.filter(&match?({:ok, _}, &1))
|> Enum.to_list()
Each element is guarded: transient 5xx responses are retried with backoff, a
sustained run of failures melts the circuit breaker, and a configured rate limit
paces the whole pipeline.
Things to know
These are the behaviors worth internalizing before you lean on a guarded Flow —
they're the reason a documented helper is preferable to scattered hand-rolled
stages.
Errors are elements, not exceptions
The helper uses call/3 (never call!, which would crash a stage), so a failed
element flows downstream as the {:error, …} tuple call/3 returns:
results = ExternalService.Flow.map(items, MyApp.Stripe, &work/1) |> Enum.to_list()

# results may contain, alongside your successful values:
#   {:error, %ExternalService.RetriesExhausted{...}}
#   {:error, %ExternalService.CircuitBreakerOpen{...}}
#   {:error, %ExternalService.ServiceNotStarted{...}}
filter, partition, or pattern-match on them downstream — they are ordinary
data in the stream, not crashes.
Results are unordered
Flow partitions reorder elements, so the output order does not match the input
order. If you need results in input order, use
ExternalService.call_async_stream/5 instead.
Rate-limit pacing
The rate-limit bucket is global per service, so the configured limit is honored
across all of Flow's parallel stages. Throttling works by sleeping the stage
process, which naturally back-pressures the pipeline upstream. Because a sleeping
call stalls the rest of its demand batch, a smaller :max_demand gives smoother
pacing under a rate limit.
Set wait: :infinity for a pipeline
A pipeline is the case where an unbounded wait is the right answer: sleeping is
how the back-pressure reaches upstream, so a wait budget sheds work rather than
pacing it — and the work in a pipeline usually has nowhere else to go.
:wait defaults to one window, so a pipeline has to ask for the unbounded
behavior explicitly. This is the one setting most worth checking when moving
a Flow pipeline to 3.0.
use ExternalService,
  rate_limit: [limit: 100, per: :timer.seconds(1), wait: :infinity]
See the Rate limiting guide.
Passing Flow options
The optional last argument is passed straight to Flow.from_enumerable/2 (for
example :stages, :min_demand, :max_demand):
ExternalService.Flow.map(enum, MyApp.Stripe, [], &work/1, stages: 4, max_demand: 10)
These apply only when the source is an enumerable. When you pass an existing
Flow, its stage configuration already governs and the options are ignored.
Flow vs. call_async_stream
		ExternalService.Flow.map	call_async_stream/5
	Returns	a Flow (keep composing)	a Stream of {:ok, _} | {:exit, _}
	Order	unordered	preserves input order
	Best for	a stage in a multi-stage pipeline	a standalone parallel map
	Dependency	optional :flow	none (built in)

Both run each element through the same guarded call, so the protection is
identical; they differ only in orchestration and shape.


  

    ExternalService Cheatsheet

Quick recipes for configuring and calling services. See the guides for full
detail.
Define a service
Module front door (recommended)
defmodule MyApp.Api do
  use ExternalService,
    circuit_breaker: [tolerate: 5, within: :timer.seconds(1), reset: :timer.seconds(5)],
    rate_limit: [limit: 100, per: :timer.seconds(1), wait: :timer.seconds(1)],
    retry: [max_attempts: 5, backoff: :exponential, jitter: true]

  def fetch(id), do: call(fn -> HTTP.get("/things/#{id}") end)
end
Start it under a supervisor:
children = [MyApp.Api]
Supervisor.start_link(children, strategy: :one_for_one)
Functional API
ExternalService.start(:payments,
  circuit_breaker: [tolerate: 5, within: 1_000, reset: 5_000],
  retry: [max_attempts: 3]
)

ExternalService.call(:payments, fn -> charge() end)
Calling
Synchronous
MyApp.Api.call(fn -> work() end)
MyApp.Api.call([max_attempts: 2], fn -> work() end)  # per-call retry opts
MyApp.Api.call!(fn -> work() end)                     # raises on failure
Async / parallel
task = MyApp.Api.call_async(fn -> work() end)
Task.await(task)

ids
|> MyApp.Api.call_async_stream(fn id -> fetch(id) end)
|> Enum.to_list()
Triggering retries
Return values
call fn ->
  case HTTP.get(url) do
    {:ok, %{status: 200} = r}            -> {:ok, r}
    {:ok, %{status: s}} when s in 500..599 -> {:retry, s}  # retry
    {:ok, %{status: 429}}                -> :retry          # retry
    other                                -> other           # success
  end
end
Key rule
	Return	Effect
	:retry	retry
	{:retry, reason}	retry (reason recorded)
	value matched by :retry_on predicate	retry (result recorded as reason)
	anything else	success, returned as-is
	raised exception	propagates (retried only if matched by :retry_exceptions)

Circuit breaker config
Options
circuit_breaker: [
  tolerate: 5,                # failed ATTEMPTS per window (default 10);
                              # retries melt too, so tolerate ≈
                              # failing calls × max_attempts
  within: :timer.seconds(1),  # window ms (default 10_000)
  reset: :timer.seconds(5)    # ms open before reset (default 60_000)
]

circuit_breaker: [tolerate: :infinity]   # no breaker at all;
                                         # never opens, holds no state
Trip the cluster together
circuit_breaker: [
  tolerate: 5,
  backend: ExternalService.CircuitBreaker.Cluster
]

# narrow the broadcast:
backend: {ExternalService.CircuitBreaker.Cluster,
          nodes: &MyApp.api_nodes/0}
Default breaker is node-local (each node trips on its own).
Introspect & reset
MyApp.Api.available?()   # breaker closed?
MyApp.Api.blown?()       # breaker open?
MyApp.Api.reset()        # force closed

ExternalService.all_available?([:a, :b])
Understand a configuration
# what will this do?
IO.puts ExternalService.explain(MyApp.Api)

# does the breaker actually open? (virtual clock, nothing sleeps)
ExternalService.simulate(MyApp.Api, :always_failing)
#=> %Simulation{opens_after: 4, worst_call: 1500, attempts: 20, ...}

# how long does a fully-failing call wait?
ExternalService.RetryOptions.window(base: 100, max_attempts: 5)   #=> 1500
Both take a proposed keyword list too, so you can try a configuration before
shipping it.
Drive it directly
# count a failure that happened outside call/3
ExternalService.CircuitBreaker.melt(:api)

# :ok | :blown | :not_started
ExternalService.CircuitBreaker.ask(:api)
Rate limit config
Options
rate_limit: [
  limit: 100,               # calls per window
  per: :timer.seconds(1),   # window ms
  wait: :timer.seconds(1)   # :infinity | ms | false
]                           # unset: one window (:per), capped at 5s

rate_limit: [limit: :infinity, per: 1_000]   # no limiter at all
Burst up to limit, then paced at per / limit.
Bound the wait
rate_limit: [limit: 100, per: 1_000, wait: 2_000]

# budget exhausted -> function never runs:
{:error, %ExternalService.RateLimited{
  context: %{retry_after: ms}}}   # http_status 429
wait: false fails immediately. Never melts the breaker; never retried.
Use wait: :infinity for background work and Flow pipelines.
Share a limit across a cluster
defmodule MyApp.RateLimit do
  use Hammer, backend: Hammer.Redis
end

rate_limit: [
  limit: 100, per: 1_000,
  backend: {ExternalService.RateLimiter.Hammer,
            module: MyApp.RateLimit}
]
Default backend is node-local: N nodes ⇒ up to N × limit.
Ask, and spend, directly
ExternalService.rate_limited?(:api)      # boolean, consumes nothing

ExternalService.RateLimiter.peek(:api)   # :ok | {:wait, ms}

# spend budget for a call made some other way
ExternalService.RateLimiter.request(:api)
Concurrency limit
Options
concurrency: [
  limit: 25,                        # calls in flight at once
  reclaim_after: :timer.seconds(30),# slot expiry; must exceed
                                    # your client timeout
  wait: 50                          # ms | false (default)
]
Over the limit, calls shed rather than queue. A short
:wait absorbs bursts; :infinity is rejected.
Errors & introspection
{:error, %ExternalService.ServiceSaturated{
  context: %{limit: l, in_flight: n}}}   # http_status 503

ExternalService.saturated?(:svc)
ExternalService.Concurrency.in_flight(:svc)
Saturation does not melt the breaker and is not retried.
Retry options
All options
retry: [
  backoff: :exponential,   # or :linear
  base: 100,               # initial delay ms (default 10)
  factor: 1,               # :linear growth factor
  cap: :timer.seconds(2),  # max single delay
  max_attempts: 5,         # attempt count bound, the default (or :infinity)
  expiry: :timer.seconds(10), # time budget ms (or :infinity)
  jitter: true,            # ±10%, or a float proportion
  retry_on: &match?({:error, _}, &1), # predicate over the result
  retry_exceptions: []     # exception modules, or a predicate on the exception
]
Recipes
# Fast, bounded
retry: [max_attempts: 3, backoff: :linear, base: 50]

# Resilient HTTP default
retry: [backoff: :exponential, base: 100, cap: 2_000,
        max_attempts: 5, jitter: true]

# Retry a transient exception
retry: [retry_exceptions: [MyApp.TransientError]]

# Retry an exception only for some instances
retry: [retry_exceptions: &match?(%MyApp.HTTPError{status: s} when s >= 500, &1)]

# Retry on the result of an unmodified function
retry: [retry_on: &match?({:error, %{status: 500}}, &1)]

# Deliberately unbounded (opts out of the max_attempts: 5 default)
retry: [max_attempts: :infinity, cap: 30_000]
max_attempts: 5 is a bound, not an allowance
With the default base: 10 that is 150ms of waiting in total. For a real
dependency raise :base, not the attempt count. max_attempts: :infinity
retries forever — the circuit breaker does not reliably stop it.
Error handling
Returned by call
case MyApp.Api.fetch(id) do
  {:ok, v} -> v
  {:error, %ExternalService.RetriesExhausted{}} -> degrade()
  {:error, %ExternalService.CircuitBreakerOpen{}} -> degrade()
  {:error, %ExternalService.RateLimited{}} -> shed()
  {:error, reason} -> {:error, reason}  # your own error
end
Raised by call!
rescue
  e in [ExternalService.RetriesExhausted,
        ExternalService.CircuitBreakerOpen] ->
    send_resp(conn, 503, "")
Telemetry events
Events
[:external_service, :call, :start]
[:external_service, :call, :stop]
[:external_service, :call, :exception]
[:external_service, :call, :retry]
[:external_service, :circuit_breaker, :blown]
[:external_service, :rate_limit, :sleep]
[:external_service, :concurrency, :rejected]
[:external_service, :concurrency, :waited]
Attach
:telemetry.attach_many(
  "es-handler",
  [[:external_service, :call, :retry],
   [:external_service, :circuit_breaker, :blown]],
  &MyApp.Telemetry.handle/4,
  nil
)
Testing
Make a service inert
# test.exs child spec override
{MyApp.Api,
 circuit_breaker: [tolerate: :infinity],
 rate_limit: [limit: :infinity],
 retry: [max_attempts: 1]}
Both :infinity keys remove state, so nothing leaks between tests.
Isolate per test
setup context do
  service = :"#{context.module}.#{context.test}"
  on_exit(fn -> ExternalService.stop(service) end)
  {:ok, service: service}
end
Or reset shared state
setup do
  MyApp.Api.reset_all()   # breaker + limiter
  :ok
end
reset/0 clears only the breaker.
Force the failure paths
# open the breaker (tolerate + 1 melts)
Enum.each(0..tolerate, fn _ ->
  ExternalService.CircuitBreaker.melt(svc)
end)

# spend the rate limit budget
ExternalService.RateLimiter.request(svc)

# fail a fraction of calls
circuit_breaker: [fault_injection: 0.25]
Keep it off the clock
retry: [max_attempts: 3, base: 0]   # instant retries
rate_limit: [wait: false]           # shed, don't wait
For rate limits and concurrency, never sleep_function: fn _ -> :ok end — it busy-waits. (For retry backoff it is fine: those delays are a fixed sequence.)


  

    Migrating to 2.0

ExternalService 2.0 is a deliberate, breaking modernization of the library. It
sheds the leaked "fuse" terminology, validates and documents every option,
adds telemetry and introspection, and replaces ad-hoc error tuples with
structured error types. This guide is the mechanical checklist for upgrading a
1.x codebase.
The changes are real but the upgrade is mostly find-and-replace. Work through the
sections below in order; each shows the 1.x form and its 2.0 replacement.
A complete, categorized list of changes is in the
CHANGELOG. This guide focuses on what you have to do to
upgrade.

At a glance
	Area	1.x	2.0
	Minimum Elixir	< 1.15	~> 1.15
	Circuit breaker config	fuse_strategy: {:standard, max, win}, fuse_refresh: ms	circuit_breaker: [tolerate:, within:, reset:]
	Rate limit config	rate_limit: {limit, win}	rate_limit: [limit:, per:]
	Service identifier term	fuse_name	service
	Reset a breaker	reset_fuse/1	reset/1
	Retry backoff	{:exponential, d} / {:linear, d, f}	backoff: :exponential|:linear + base:/factor:
	Retry on exceptions	rescue_only: [...] (retried RuntimeError by default)	retry_exceptions: [...], default []
	Jitter	randomize:	jitter:
	Module gateway	use ExternalService.Gateway + external_call/*	use ExternalService + call/*
	Library errors (returned)	nested tuples	structured Errata structs
	Library errors (raised)	*Error modules	new structured modules

1. Bump the minimum Elixir version
2.0 requires Elixir ~> 1.15. Make sure your project (and CI matrix) is on 1.15
or later before upgrading.
2. Update circuit breaker and rate limit configuration
The fuse_* options and tuple-style rate limit are gone, replaced by validated
keyword lists. The option names now describe what they do rather than leaking the
underlying :fuse library.
# Before (1.x)
ExternalService.start(MyService,
  fuse_strategy: {:standard, 5, 1_000},
  fuse_refresh: 5_000,
  rate_limit: {100, 1_000}
)

# After (2.0)
ExternalService.start(MyService,
  circuit_breaker: [tolerate: 5, within: 1_000, reset: 5_000],
  rate_limit: [limit: 100, per: 1_000]
)
The mapping is direct:
	fuse_strategy: {:standard, max, window} → circuit_breaker: [tolerate: max, within: window]
	fuse_refresh: ms → circuit_breaker: [reset: ms]
	rate_limit: {limit, window} → rate_limit: [limit: limit, per: window]

For the {:fault_injection, rate, max, window} strategy, use
circuit_breaker: [fault_injection: rate, tolerate: max, within: window].
Options are now validated by NimbleOptions,
so a typo or wrong type raises a clear error at start time instead of silently
misconfiguring the service. (In fact, in 1.x a mismatched gateway fuse: option
was silently dropped — that class of bug is now impossible.)
3. Rename reset_fuse to reset
# Before
ExternalService.reset_fuse(MyService)

# After
ExternalService.reset(MyService)
(On modules using the deprecated gateway, reset_fuse/0 still works as an
alias — see section 7.)
4. Reshape your retry options
ExternalService.RetryOptions changed shape. Backoff is now a plain atom plus
separate numeric fields, randomize became jitter, and rescue_only became
retry_exceptions.
# Before (1.x)
%ExternalService.RetryOptions{
  backoff: {:exponential, 100},
  randomize: true,
  rescue_only: [RuntimeError]
}

# After (2.0)
%ExternalService.RetryOptions{
  backoff: :exponential,
  base: 100,
  jitter: true,
  retry_exceptions: [RuntimeError]
}
Mapping:
	backoff: {:exponential, delay} → backoff: :exponential, base: delay
	backoff: {:linear, delay, factor} → backoff: :linear, base: delay, factor: factor
	randomize: true → jitter: true (a float still means that proportion)
	rescue_only: mods → retry_exceptions: mods

The freed-up :retry_on name now takes a predicate over the return value —
a way to drive retries from a function that doesn't return :retry. See the
Retries guide.
You can also now pass retry options as a plain keyword list to call/3 /
call!/3 and to the :retry option, not only as a struct.
⚠️ Behavior change: exceptions are no longer retried by default
This is the one change that can alter runtime behavior rather than just syntax.
In 1.x, rescue_only defaulted to [RuntimeError], so any raised RuntimeError
was retried automatically. In 2.0, retry_exceptions defaults to [] — raised
exceptions are not retried unless you opt in
(issue #7).
If you were relying on exceptions being retried, restore it explicitly:
retry: [retry_exceptions: [RuntimeError]]
But prefer driving retries with :retry / {:retry, reason} return values where
you can — it is more explicit and avoids retrying an exception that actually
signals a bug. See Retries.
5. Update error handling
This is the largest source-level change. The library no longer returns nested
error tuples or raises the old *Error modules. It returns (and raises)
structured Errata error structs. The same struct
is returned by call/3 and raised by call!/3.
Returned errors (call/3)
	Before (1.x)	After (2.0)
	{:error, {:retries_exhausted, reason}}	{:error, %ExternalService.RetriesExhausted{context: %{service: name, reason: reason}}}
	{:error, {:fuse_blown, name}}	{:error, %ExternalService.CircuitBreakerOpen{context: %{service: name}}}
	{:error, {:fuse_not_found, name}}	{:error, %ExternalService.ServiceNotStarted{context: %{service: name}}}

# Before (1.x)
case ExternalService.call(MyService, fun) do
  {:error, {:retries_exhausted, reason}} -> handle_exhausted(reason)
  {:error, {:fuse_blown, _name}}         -> handle_blown()
  result                                 -> result
end

# After (2.0)
case ExternalService.call(MyService, fun) do
  {:error, %ExternalService.RetriesExhausted{context: %{reason: reason}}} -> handle_exhausted(reason)
  {:error, %ExternalService.CircuitBreakerOpen{}}                         -> handle_blown()
  result                                                                  -> result
end
Note the retry reason now lives in context.reason.
Raised errors (call!/3)
	Before (1.x)	After (2.0)
	ExternalService.RetriesExhaustedError	ExternalService.RetriesExhausted
	ExternalService.FuseBlownError	ExternalService.CircuitBreakerOpen
	ExternalService.FuseNotFoundError	ExternalService.ServiceNotStarted

# Before (1.x)
rescue
  e in [ExternalService.RetriesExhaustedError, ExternalService.FuseBlownError] -> ...

# After (2.0)
rescue
  e in [ExternalService.RetriesExhausted, ExternalService.CircuitBreakerOpen] -> ...
The old *Error modules have been removed entirely. As a bonus, the new structs
are Errata infrastructure errors, so they carry an http_status/1 and JSON
encoding — see Error handling.
Results your own function returns (including its own {:error, reason} values)
are unchanged — only the library's own error representations moved.
6. Adopt the module front door (recommended)
The blessed way to use 2.0 is use ExternalService, which replaces both manual
start/2 + call/3 wiring and the old ExternalService.Gateway. You configure
the service declaratively and start it under your supervisor:
defmodule MyApp.Stripe do
  use ExternalService,
    circuit_breaker: [tolerate: 5, within: :timer.seconds(1), reset: :timer.seconds(5)],
    rate_limit: [limit: 100, per: :timer.seconds(1)],
    retry: [max_attempts: 5, backoff: :exponential, jitter: true]

  def charge(params), do: call(fn -> Stripe.charge(params) end)
end

# In your supervision tree:
children = [MyApp.Stripe]
This isn't required to upgrade — the functional start/2 + call/3 API is fully
supported — but it is the most polished way to use the library. See
The module front door.
7. Migrate off ExternalService.Gateway
use ExternalService.Gateway still compiles but is deprecated and emits a
warning. It now delegates to use ExternalService, keeping the
external_call/* and reset_fuse/0 names as aliases — but it uses the new
option shape, so the old fuse: [strategy:, refresh:] options are gone.
# Before (1.x)
defmodule MyApp.PubSub do
  use ExternalService.Gateway,
    fuse: [name: MyApp.PubSub, strategy: {:standard, 5, 1_000}, refresh: 5_000],
    rate_limit: {100, 1_000},
    retry: [backoff: {:linear, 100, 1}, expiry: 5_000]

  def publish(msg), do: external_call(fn -> do_publish(msg) end)
end

# After (2.0)
defmodule MyApp.PubSub do
  use ExternalService,
    name: MyApp.PubSub,
    circuit_breaker: [tolerate: 5, within: 1_000, reset: 5_000],
    rate_limit: [limit: 100, per: 1_000],
    retry: [backoff: :linear, base: 100, expiry: 5_000]

  def publish(msg), do: call(fn -> do_publish(msg) end)
end
Renames at the call site: external_call → call, external_call! → call!,
external_call_async → call_async, external_call_async_stream →
call_async_stream, reset_fuse → reset.
Upgrade checklist
	[ ] Elixir ~> 1.15 everywhere (deps and CI).
	[ ] fuse_strategy:/fuse_refresh: → circuit_breaker: [tolerate:, within:, reset:].
	[ ] rate_limit: {l, w} → rate_limit: [limit: l, per: w].
	[ ] reset_fuse/1 → reset/1.
	[ ] RetryOptions: tuple backoff → atom backoff: + base:/factor:; randomize: → jitter:; rescue_only: → retry_exceptions:.
	[ ] Re-add retry_exceptions: [RuntimeError] only where you actually want exceptions retried.
	[ ] Replace error tuples with the structured RetriesExhausted / CircuitBreakerOpen / ServiceNotStarted structs.
	[ ] Replace the old *Error modules in rescue clauses.
	[ ] (Recommended) Move use ExternalService.Gateway modules to use ExternalService.
	[ ] Run your test suite; let NimbleOptions validation surface any missed config.



  

    Migrating to 3.0

ExternalService 3.0 changes four things, and nothing renames. Your code
compiles unchanged; it behaves differently. That is exactly what makes this a
major version: there is no call site to fix, because the call sites were never
wrong — the defaults were.
Three of the four changes are defaults that used to mean "never give up".
Retrying without a bound, waiting for a rate limit without a bound, and a retry
time budget that quietly rounded itself up. Each now stops at a finite point, and
each has a one-line way to keep the old behavior if it was what you wanted.
If your application has been running 2.4.0 or later, you have already been
told which of these affect you. The two largest changes have warned at boot
since then. See Have you been warned already?
below — for many applications the answer is "none of this applies", and that
question is answerable in a minute.

At a glance
	Area	2.x	3.0	Keep 2.x behavior with
	Retry bound	unbounded — retries forever	max_attempts: 5	retry: [max_attempts: :infinity]
	Rate limit wait	unbounded — sleeps until admitted	one window (:per), capped at 5s	rate_limit: [wait: :infinity]
	:expiry under 100ms	floors the last delay at 100ms and adds an attempt	trims the last delay to the budget	no equivalent — see below
	Circuit breaker :tolerate	counts failing attempts	counts failing calls	circuit_breaker: [melt: :per_attempt]
	Circuit breaker :within	10_000	:auto — sized from the retry options, never below 10_000	circuit_breaker: [within: 10_000]
	:decorator dependency	installed transitively	declare it yourself	add it to your deps

The first two are silent: same code, different behavior. The third is silent but
narrow. The fifth is loud — it fails your build with a clear message. The fourth
is the one to read carefully: it is silent, it is not narrow, and it changes what
a number you have already tuned means.
Have you been warned already?
Since 2.4.0, ExternalService.start/2 logs a warning for each of the two
unbounded defaults. Search your boot logs:
sets no retry bound: neither :max_attempts nor :expiry is configured
sets no rate limit wait budget: :wait is unset
	Neither appears → changes 1 and 2 do not affect you. You already configure
both bounds explicitly.
	One or both appear → that service takes the new default in 3.0. The
warning names the service and the one-line fix.

The warnings disappear in 3.0, because the defaults they were warning about are
gone.
1. Retries are bounded by default
Retry options that set neither :max_attempts nor :expiry used to retry
forever. The circuit breaker was not a reliable backstop for this: growing
backoff delays outpace its :within window, so a fully default breaker paired
with retry: [base: 100] never opens.
# 2.x — retries until it succeeds, however long that takes
ExternalService.start(:my_service, circuit_breaker: [tolerate: 5, within: 1_000])

# 3.0 — the same call now stops after 5 attempts
What you will see if this affects you. A call that used to block until it
eventually succeeded now returns {:error, %ExternalService.RetriesExhausted{}}
— into a case that may have no clause for it. That is the failure mode to look
for: not a crash at the call site, but an unhandled error a few frames up.
To keep the old behavior, say so explicitly. :infinity has been accepted
since 2.4.0 for exactly this, so it is safe to add before upgrading:
retry: [max_attempts: :infinity]
Better, where you can: pick a real bound. Unbounded retrying is almost never
what a request path wants, and a bound is what lets the circuit breaker do its
job. See Retries.
Two things worth knowing about the number 5. It is what
ExternalService.start/2 has been suggesting in its warning since 2.4.0, so if
you took that advice you are already on the 3.0 default. And it is a bound
rather than a generous allowance: with the default base: 10 and exponential
backoff the delays are [10, 20, 40, 80], so a defaulted call waits at most
150ms across its four retries. If your dependency needs a longer retry window,
raise :base — base: 100 is the usual choice for HTTP — rather than
:max_attempts.
It also restores the circuit breaker at its own defaults. Every failing attempt
melts, so five attempts melt five of the ten a default breaker tolerates: two
fully-failing calls open it. Today, a default breaker paired with default retry
options never opens at all, because growing backoff delays outpace its :within
window.
2. The rate limit wait is bounded by default
An unset rate_limit: [:wait] used to sleep the calling process until the
limiter admitted it. In a request path that converts sustained throttling into
unbounded latency and process growth rather than a fast 429 — even though
ExternalService.RateLimited already carries retry_after and maps to 429.
# 2.x — a throttled call waits as long as it takes
ExternalService.start(:my_service, rate_limit: [limit: 50, per: 1_000])

# 3.0 — the same call gives up after one window (1s here) and returns RateLimited
To keep the old behavior:
rate_limit: [limit: 50, per: 1_000, wait: :infinity]
Flow pipelines want the old behavior
Flow Pipelines recommends an unbounded wait, and is right to:
sleeping is how back-pressure propagates upstream through a pipeline. A finite
budget converts that into shedding work mid-pipeline.
If you run guarded calls inside a Flow or a background job, set
wait: :infinity explicitly. This is the one place where the 2.x default was
the correct choice, and 3.0 makes you say so.
The new default is one window — :per, capped at 5 seconds — rather than
false. One window is the most a limiter can ask you to wait for the next
refill, so it absorbs a burst exactly and no more: measured at
limit: 50, per: 1_000, a 2× instantaneous burst goes from 50% shed to 0%, while
a sustained 2× overload still sheds around 15%. Shedding is the right answer to
real overload; the wait exists to absorb bursts.
wait: false was rejected for the opposite reason — it sheds half of a burst a
healthy service should absorb, which makes bursty-but-fine traffic look like an
outage. The 5-second cap keeps a large window sane: a per-minute quota would
otherwise block a caller for a full minute.
3. :expiry no longer overshoots a small budget
:expiry is documented as a total time budget for retrying. Under 2.x, budgets
below 100ms did not honor that: the last delay was floored at 100ms, so a tight
budget cost at least 100ms and always bought one more attempt.
Only budgets under about 100ms are affected. For everything larger, 3.0
produces exactly the same delays as 2.x:
	:expiry	2.x	3.0
	50ms	2 attempts, 100ms slept	4 attempts, 50ms slept
	250ms	6 attempts, 250ms slept	6 attempts, 250ms slept — same
	1000ms	8 attempts, 1000ms slept	8 attempts, 1000ms slept — same

Note that the change runs in both directions at once: more attempts, in less
time. A tight budget now does what it says — it retries as fast as the backoff
allows and stops at the deadline, rather than sleeping past it.
There is no option that restores the 2.x shape, because it was not a shape anyone
chose deliberately. If you were relying on "one retry roughly 100ms later", say
that directly:
retry: [max_attempts: 2, backoff: :linear, base: 100]
4. :tolerate counts calls, not attempts
Before: every failing attempt melted the circuit breaker. A single call/3
with max_attempts: 5 contributed up to five melts, so :tolerate and
:max_attempts could not be tuned independently — and raising the attempt count
made the breaker open sooner, because each call spent more of its budget.
Now: a call melts the breaker once, when its retrying gives up. tolerate: 3
means three failing calls, whatever :max_attempts is.
What to change
Divide by your attempt count. If you followed the old guidance and sized
:tolerate as (calls you will absorb) × :max_attempts, that multiplication is
now done for you:
# 2.x: "open after about three dead calls", with max_attempts: 5
circuit_breaker: [tolerate: 15, within: :timer.seconds(5)]

# 3.0: the same intent
circuit_breaker: [tolerate: 3, within: :timer.seconds(5)]
Left alone, tolerate: 15 now means fifteen failing calls, so your breaker opens
five times later than you intended. That is silent, and in the dangerous
direction.
:within may need to be wider
This is the part most easily missed. Melts used to be spread across a call's retry
window; now each call contributes one melt at the moment it gives up, so :within
has to span the interval across which :tolerate failing calls arrive. For fast
calls that is easier than before. For slow ones it is not:
# A background job whose calls take ~30s (max_attempts: :infinity, expiry: 30s).
# 2.x: 20 melts arrived within one call, so a 30s window was ample.
circuit_breaker: [tolerate: 20, within: :timer.seconds(30)]

# 3.0: three failing calls take about 90s, so a 30s window never sees them all.
circuit_breaker: [tolerate: 3, within: :timer.seconds(120)]
:within now defaults to :auto, which does this arithmetic for you — it
sizes the window against your retry options and the :melt setting, and is never
narrower than the 10 seconds it replaces. The example above is what :auto
computes. You only need to set :within yourself if you want something other than
that floor, and an explicit value is left exactly as given.
Note what :auto cannot know: a failing call takes its retry window plus
however long its attempts run for, and no configuration states the latter. So it
is a floor rather than a guarantee. If your dependency's attempts are slow, size
:within against how long a failing call really takes.
Unbounded retrying now needs a time budget
Under :per_call, a call that never gives up never melts — so
max_attempts: :infinity with no :expiry would retry forever with nothing to
stop it. That combination now raises, at start/2 and at any call/3 that
overrides its way into it. Add the budget:
retry: [max_attempts: :infinity, expiry: :timer.seconds(30)]
Keeping the 2.x behavior
One option, and everything above stops applying:
circuit_breaker: [melt: :per_attempt]
That is the honest choice if you rely on a single unbounded call being halted by
its own breaker, which only attempt-counting can do.
5. :decorator is an optional dependency
ExternalService.Decorator — the @decorate external_call annotations — is now
behind an optional dependency, the same treatment :flow has always had. If you
use it, declare it:
# mix.exs
{:decorator, "~> 1.4"}
Unlike the three above, this one is loud. If you use the decorator and do not
add the dependency, the build fails immediately and says so:
error: module ExternalService.Decorator is not loaded and could not be found
** (CompileError) cannot compile module MyApp.Stripe (errors have been logged)
If you do not use @decorate external_call, you need to do nothing, and you get
one fewer transitive dependency.
Upgrade checklist
	[ ] Search boot logs for the two start/2 warnings. If neither appears, skip to the last two boxes.
	[ ] For each warned service, decide: a real bound, or max_attempts: :infinity / wait: :infinity to keep 2.x behavior.
	[ ] Set wait: :infinity explicitly on any service used from a Flow pipeline or background job.
	[ ] Check for :expiry values under 100ms; if any, confirm the new attempt count and timing are what you want.
	[ ] Divide every :tolerate by the :max_attempts it was sized against — it counts calls now.
	[ ] Check :within is wide enough for :tolerate failing calls to arrive, not attempts. Leaving it unset lets :auto size it; an explicit value is your own to check, and slow services need a wider window than before.
	[ ] Add an :expiry to any service retrying with max_attempts: :infinity, or set circuit_breaker: [melt: :per_attempt].
	[ ] Add {:decorator, "~> 1.4"} to your deps if you use @decorate external_call.
	[ ] Add clauses for ExternalService.RetriesExhausted and ExternalService.RateLimited wherever a previously-unbounded call is handled — these are the errors that could not occur before.
	[ ] Run your test suite. Tests that relied on a call blocking until success are the ones most likely to surface this.



  

    About ExternalService

ExternalService is an Elixir library for safely calling external services and
APIs, combining three well-established reliability techniques behind one small
interface:
	Retries for transient failures,
	the Circuit Breaker pattern for persistent failures, and
	rate limiting for staying within a service's quota.

Calls can be synchronous, asynchronous background tasks, or fanned out in
parallel for MapReduce-style processing — all under the same retry, circuit
breaker, and rate-limiting protection.
The ideas
Retrying failed requests
Many failures when accessing an external service are transient: network
congestion causing a timeout, or a service briefly under heavy load. The best
response is often simply to try again after a short backoff. ExternalService
automates retry logic — linear or exponential backoff, jitter, delay caps, and
both attempt-count and time budgets — using
Safwan Kamarrudin's retry library. See
Retries.
Circuit breakers
The Circuit Breaker pattern was first described in Michael Nygard's Release It!
and later popularized by Martin Fowler. To quote Nygard, "Circuit breakers are a
way to automatically degrade functionality when the system is under stress."
Like the electrical breakers they're named for, software circuit breakers protect
a system from damage caused by a faulty component. By monitoring calls to an
external service, a breaker can "trip" once failures cross a threshold, after
which further calls fail fast instead of piling up against a service that is
already in trouble. After a cool-down it resets and calls resume. Crucially, the
breaker is global to the service, so a trip protects every caller at once and
prevents cascading failures.
ExternalService implements circuit breakers on top of
Jesper Louis Andersen's Erlang fuse library,
managing the underlying fuse for you — you never call :fuse.ask or
:fuse.melt yourself. See Circuit breakers.
Rate limiting
Many services impose a request quota. ExternalService can keep you under it
automatically and application-wide with a built-in token bucket: excess calls
sleep until there is room, rather than failing. A pluggable backend enforces the
limit across a whole cluster. See Rate limiting.
History
ExternalService grew out of production code at Ropig, where it was first used
to make reliable calls to Google's Pub/Sub messaging service. It was one of
author Jason Voegele's first open-source Elixir libraries and went on to see wide
production adoption. The original overview is described in
this blog post.
The 2.0 line is a ground-up modernization of that original library — validated
and self-documenting options, telemetry, circuit-breaker introspection,
structured errors, and a declarative module front door (use ExternalService) —
while keeping the core idea unchanged: wrap a call in a function, hand it over,
and let retries, the circuit breaker, and rate limiting just work.
License
ExternalService is released under the Apache 2.0 license.
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ExternalService handles all retry and circuit breaker logic for calls to external services.
The recommended way to use it is the declarative module-based front door,
use ExternalService (see __using__/1), which lets you configure a service's
circuit breaker, rate limiting, and default retry options in one place. The
functional API (start/2, call/3, and friends) is the lower-level foundation
it is built on, and can be used directly when you need more control.
Telemetry
ExternalService emits :telemetry events so
that calls to external services can be observed and instrumented. Attach a
handler to any of the events below to forward them to your metrics or logging
backend.
All events carry a :service key in their metadata, which is the name of the
service the event relates to.
	[:external_service, :call, :start] - emitted when a guarded call begins.
	Measurements: :system_time, :monotonic_time
	Metadata: :service


	[:external_service, :call, :stop] - emitted when a guarded call completes
(including when it returns an error such as ExternalService.RetriesExhausted
or ExternalService.CircuitBreakerOpen).
	Measurements: :duration, :monotonic_time
	Metadata: :service, :result (the value returned from the call)


	[:external_service, :call, :exception] - emitted when a guarded call
raises (for example a non-retriable exception, or call!/3 raising on an
open circuit breaker or exhausted retries).
	Measurements: :duration, :monotonic_time
	Metadata: :service, :kind, :reason, :stacktrace


	[:external_service, :call, :retry] - emitted each time a call's function
fails retriably: it returned :retry / {:retry, reason}, it returned a
result matched by the :retry_on predicate, or it raised an exception matched
by the :retry_exceptions retry option. Exceptions :retry_exceptions does
not match neither count as a failure nor emit this event. Whether another
attempt is actually made depends on the retry options.
This counts attempts, under either :melt setting — a failed attempt is
worth observing whether or not it charges the circuit breaker. It is
therefore not a melt count: with the default melt: :per_call, a call that
retries four times and then succeeds emits this four times and melts nothing.
	Measurements: :count (always 1)
	Metadata: :service, :reason


	[:external_service, :circuit_breaker, :blown] - emitted when a call is
rejected because the service's circuit breaker is blown.
	Measurements: :count (always 1)
	Metadata: :service


	[:external_service, :rate_limit, :sleep] - emitted when a call is
throttled and put to sleep to stay within the configured rate limit.
	Measurements: :sleep_time (milliseconds)
	Metadata: :service
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    Types
  


    
      
        circuit_breaker_open()

      


        Error returned when a service's circuit breaker is open



    


    
      
        error()

      


        Union type representing all the possible error return values



    


    
      
        melt()

      


        What one unit of the circuit breaker's :tolerate counts: a failing call, or a
failing attempt. See the :melt circuit breaker option under start/2.



    


    
      
        options()

      


        Options for start/2. See the schema documented under start/2.



    


    
      
        rate_limited()

      


        Error returned when a call is throttled beyond the rate limit :wait budget



    


    
      
        retriable_function()

      


    


    
      
        retriable_function_result()

      


    


    
      
        retries_exhausted()

      


        Error returned when the allowable number of retries has been exceeded



    


    
      
        scenario()

      


        A dependency to simulate a configuration against. See simulate/3.



    


    
      
        service()

      


        A term that uniquely identifies an external service.



    


    
      
        service_not_started()

      


        Error returned when a service has not been started with ExternalService.start/2



    


    
      
        sleep_function()

      


        The function used whenever a call waits: between retry attempts, while throttled
to stay within the rate limit, and while waiting for a concurrency slot.



    





  
    Functions
  


    
      
        __using__(opts)

      


        Defines a module-based gateway to an external service.



    


    
      
        all_available?(services)

      


        Returns true only if every service in fuse_names is available?/1.



    


    
      
        available?(service)

      


        Returns true if the service is currently available, meaning its circuit
breaker is not blown.



    


    
      
        blown?(service)

      


        Returns true if the service's circuit breaker is currently blown.



    


    
      
        call(service, function)

      


        Executes a function for the given service, handling retry and circuit breaker logic.



    


    
      
        call(service, retry_opts, function)

      


    


    
      
        call!(service, function)

      


        Like call/3, but raises an exception if retries are exhausted or the circuit breaker is open.



    


    
      
        call!(service, retry_opts, function)

      


    


    
      
        call_async(service, function)

      


        Asynchronous version of ExternalService.call.



    


    
      
        call_async(service, retry_opts, function)

      


    


    
      
        call_async_stream(enumerable, service, function)

      


        Parallel, streaming version of ExternalService.call.



    


    
      
        call_async_stream(enumerable, service, retry_opts_or_async_opts, function)

      


        Parallel, streaming version of ExternalService.call.



    


    
      
        call_async_stream(enumerable, service, retry_opts, async_opts, function)

      


        Parallel, streaming version of ExternalService.call.



    


    
      
        explain(service_or_options)

      


        Describes what a configuration will do, as a report meant to be read.



    


    
      
        rate_limited?(service)

      


        Returns true if a call to the service would currently be throttled by its
rate limit.



    


    
      
        reset(service)

      


        Resets the circuit breaker for the given service.



    


    
      
        reset_all(service)

      


        Resets every stateful mechanism for the given service: the circuit breaker, the
rate limiter, and the concurrency limit.



    


    
      
        saturated?(service)

      


        Returns true if service has no concurrency slot free right now.



    


    
      
        simulate(service_or_options, scenario, opts \\ [])

      


        Runs a configuration against a failing dependency and reports what happened.



    


    
      
        start(service, options \\ [])

      


        Initializes the circuit breaker (and optional rate limiting and default retry
options) for a specific service.



    


    
      
        stop(service)

      


        Stops the fuse for a specific service.
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      circuit_breaker_open()



        
          
        

    

  


  

      

          @type circuit_breaker_open() :: {:error, ExternalService.CircuitBreakerOpen.t()}


      


Error returned when a service's circuit breaker is open

  



  
    
      
    
    
      error()



        
          
        

    

  


  

      

          @type error() ::
  retries_exhausted()
  | circuit_breaker_open()
  | service_not_started()
  | rate_limited()


      


Union type representing all the possible error return values

  



  
    
      
    
    
      melt()



        
          
        

    

  


  

      

          @type melt() :: :per_call | :per_attempt


      


What one unit of the circuit breaker's :tolerate counts: a failing call, or a
failing attempt. See the :melt circuit breaker option under start/2.

  



  
    
      
    
    
      options()



        
          
        

    

  


  

      

          @type options() :: keyword()


      


Options for start/2. See the schema documented under start/2.

  



  
    
      
    
    
      rate_limited()



        
          
        

    

  


  

      

          @type rate_limited() :: {:error, ExternalService.RateLimited.t()}


      


Error returned when a call is throttled beyond the rate limit :wait budget

  



  
    
      
    
    
      retriable_function()



        
          
        

    

  


  

      

          @type retriable_function() :: (-> retriable_function_result())


      



  



  
    
      
    
    
      retriable_function_result()



        
          
        

    

  


  

      

          @type retriable_function_result() ::
  :retry | {:retry, reason :: any()} | (function_result :: any())


      



  



  
    
      
    
    
      retries_exhausted()



        
          
        

    

  


  

      

          @type retries_exhausted() :: {:error, ExternalService.RetriesExhausted.t()}


      


Error returned when the allowable number of retries has been exceeded

  



  
    
      
    
    
      scenario()



        
          
        

    

  


  

      

          @type scenario() ::
  :always_failing
  | {:always_failing, attempt_ms :: non_neg_integer()}
  | {:slow, attempt_ms :: non_neg_integer()}
  | {:failing_for, ms :: non_neg_integer()}
  | {:intermittent, rate :: float()}


      


A dependency to simulate a configuration against. See simulate/3.

  



  
    
      
    
    
      service()



        
          
        

    

  


  

      

          @type service() :: term()


      


A term that uniquely identifies an external service.

  



  
    
      
    
    
      service_not_started()



        
          
        

    

  


  

      

          @type service_not_started() :: {:error, ExternalService.ServiceNotStarted.t()}


      


Error returned when a service has not been started with ExternalService.start/2

  



  
    
      
    
    
      sleep_function()



        
          
        

    

  


  

      

          @type sleep_function() :: (non_neg_integer() -> any())


      


The function used whenever a call waits: between retry attempts, while throttled
to stay within the rate limit, and while waiting for a concurrency slot.
Blocking the calling process for an extended period is sometimes undesirable
(for example in tests, where it is the difference between a suite that waits out
every backoff and one that does not), so this can be overridden. It is called
with the number of milliseconds to wait. Defaults to Process.sleep/1.
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      __using__(opts)


        (macro)


        
          
        

    

  


  

Defines a module-based gateway to an external service.
use ExternalService generates a small, declarative wrapper around the
functional API. Configure the circuit breaker, rate limiting, and default
retry options at the module level, then start the module under a supervisor
and call the service through the generated call/1 (and friends).
Example
defmodule MyApp.Stripe do
  use ExternalService,
    circuit_breaker: [tolerate: 5, within: :timer.seconds(1), reset: :timer.seconds(5)],
    rate_limit: [limit: 100, per: :timer.seconds(1), wait: :timer.seconds(1)],
    retry: [max_attempts: 5, backoff: :exponential, jitter: true]

  def charge(params) do
    call fn ->
      case Stripe.charge(params) do
        {:ok, result} -> {:ok, result}
        {:error, %{status: status}} when status in 500..599 -> :retry
        other -> other
      end
    end
  end
end
Start it under your supervision tree:
children = [MyApp.Stripe]
Supervisor.start_link(children, strategy: :one_for_one)
Configuration can be overridden when starting (useful in tests), and is deep
merged with the options given to use:
{MyApp.Stripe, circuit_breaker: [tolerate: 1], retry: [max_attempts: 1]}
Options
Accepts the same options as start/2 (:circuit_breaker, :rate_limit,
:retry, :sleep_function), plus:
	:name - the term that identifies the service. Defaults to the module name.

Generated functions
	call/1, call/2, call!/1, call!/2
	call_async/1, call_async/2
	call_async_stream/2, call_async_stream/3, call_async_stream/4
	available?/0, blown?/0, saturated?/0, reset/0, reset_all/0
	child_spec/1, start_link/1


  



  
    
      
    
    
      all_available?(services)



        
          
        

    

  


  

      

          @spec all_available?([service()]) :: boolean()


      


Returns true only if every service in fuse_names is available?/1.
Useful for guarding work that depends on several services at once.
Examples
if ExternalService.all_available?([:payments, :inventory]) do
  place_order(order)
else
  {:error, :service_unavailable}
end

  



  
    
      
    
    
      available?(service)



        
          
        

    

  


  

      

          @spec available?(service()) :: boolean()


      


Returns true if the service is currently available, meaning its circuit
breaker is not blown.
This is useful for the circuit breaker pattern: before kicking off expensive
work, you can check whether the services it depends on are available and bail
out early (returning a degraded response) if any of them are not.
A service that has not been started (see start/2) is reported as not
available. Note that availability can change between this check and a
subsequent call/3, so this is a best-effort signal, not a guarantee.
Examples
if ExternalService.available?(:payments) do
  charge(order)
else
  {:error, :payments_unavailable}
end

  



  
    
      
    
    
      blown?(service)



        
          
        

    

  


  

      

          @spec blown?(service()) :: boolean()


      


Returns true if the service's circuit breaker is currently blown.
A service that has not been started (see start/2) is not considered blown;
use available?/1 if you want "ready to use" semantics that also account for
services that were never started.

  



  
    
      
    
    
      call(service, function)



        
          
        

    

  


  

      

          @spec call(service(), retriable_function()) :: error() | (function_result :: any())


      


Executes a function for the given service, handling retry and circuit breaker logic.
ExternalService.start/2 must be called for the service before using call.
The provided function can indicate that a retry should be performed by returning the atom
:retry or a tuple of the form {:retry, reason}, where reason is any arbitrary term. Any
other result is considered successful, so the operation will not be retried and the result of
the function will be returned as the result of call.
For functions that were not written to return :retry/{:retry, reason}, the :retry_on retry
option takes a predicate that is run on the return value; when it returns a truthy value the call
is retried as though the function had returned {:retry, result} (the result becomes the retry
reason and the circuit breaker melts). An explicit :retry/{:retry, reason} return always
takes precedence over the predicate.
Raised exceptions are only retried if the :retry_exceptions retry option matches them (it
defaults to [], matching nothing); otherwise they propagate to the caller untouched. That
option takes either a list of exception modules or a predicate run on the exception itself, which
can decide per instance rather than per type. An exception that is not retried also does not
melt the circuit breaker — :retry_exceptions governs both retrying and whether a raised
exception counts as a circuit-breaker failure. When retries are spent on an exception that was
being retried, the original exception is re-raised with its original stacktrace.
retry_opts may be a ExternalService.RetryOptions.t/0 struct or a keyword list of retry
options. A keyword list is treated as per-call overrides: it is merged onto the service's
configured default retry options (from start/2), so it overrides only the keys it lists and
inherits the rest. A RetryOptions struct, being a complete set of options, replaces the
service defaults entirely. When omitted (the two-argument form call/2), the service's
configured defaults are used.

  



  
    
      
    
    
      call(service, retry_opts, function)



        
          
        

    

  


  

      

          @spec call(
  service(),
  ExternalService.RetryOptions.t() | keyword(),
  retriable_function()
) ::
  error() | (function_result :: any())


      



  



  
    
      
    
    
      call!(service, function)



        
          
        

    

  


  

      

          @spec call!(service(), retriable_function()) :: function_result :: any() | no_return()


      


Like call/3, but raises an exception if retries are exhausted or the circuit breaker is open.

  



  
    
      
    
    
      call!(service, retry_opts, function)



        
          
        

    

  


  

      

          @spec call!(
  service(),
  ExternalService.RetryOptions.t() | keyword(),
  retriable_function()
) ::
  function_result :: any() | no_return()


      



  



  
    
      
    
    
      call_async(service, function)



        
          
        

    

  


  

      

          @spec call_async(service(), retriable_function()) :: Task.t()


      


Asynchronous version of ExternalService.call.
Returns a Task that may be used to retrieve the result of the async call.

  



  
    
      
    
    
      call_async(service, retry_opts, function)



        
          
        

    

  


  

      

          @spec call_async(
  service(),
  ExternalService.RetryOptions.t() | keyword(),
  retriable_function()
) ::
  Task.t()


      



  



  
    
      
    
    
      call_async_stream(enumerable, service, function)



        
          
        

    

  


  

      

          @spec call_async_stream(Enumerable.t(), service(), (any() ->
                                                retriable_function_result())) ::
  Enumerable.t()


      


Parallel, streaming version of ExternalService.call.
See call_async_stream/5 for full documentation.

  



  
    
      
    
    
      call_async_stream(enumerable, service, retry_opts_or_async_opts, function)



        
          
        

    

  


  

      

          @spec call_async_stream(
  Enumerable.t(),
  service(),
  ExternalService.RetryOptions.t() | (async_opts :: list()),
  (any() -> retriable_function_result())
) :: Enumerable.t()


      


Parallel, streaming version of ExternalService.call.
See call_async_stream/5 for full documentation.

  



  
    
      
    
    
      call_async_stream(enumerable, service, retry_opts, async_opts, function)



        
          
        

    

  


  

      

          @spec call_async_stream(
  Enumerable.t(),
  service(),
  ExternalService.RetryOptions.t() | keyword() | nil,
  async_opts :: list(),
  (any() -> retriable_function_result())
) :: Enumerable.t()


      


Parallel, streaming version of ExternalService.call.
This function uses Elixir's built-in Task.async_stream/3 function and the description below is
taken from there.
Returns a stream that runs the given function function concurrently on each
item in enumerable.
Each enumerable item is passed as argument to the given function function
and processed by its own task. The tasks will be linked to the current
process, similarly to async/1.
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          @spec explain(service() | keyword()) :: String.t()


      


Describes what a configuration will do, as a report meant to be read.
IO.puts ExternalService.explain(MyApp.Stripe)
Takes either a started service or a keyword list of options, so a configuration
can be examined before it ships as well as after:
IO.puts ExternalService.explain(
  circuit_breaker: [tolerate: 3],
  retry: [base: 100, max_attempts: 5]
)
Everything in the report is derived from the options rather than measured, and
the checks described above are included in it, so this is also the way to see why
a service warned at compile time.
Example
:payments

  retry
    window       1.5s
    delays       100ms, 200ms, 400ms, 800ms
    attempts     up to 5
    time budget  none (:expiry unset)

  circuit breaker
    opens after      4 failing calls
    counting window  10.0s
    resets after     60.0s
    backend          ExternalService.CircuitBreaker.Fuse

  rate limit
    none  calls are not throttled

  concurrency
    none  calls are not limited in flight

  a fully-failing call
    spends  1.5s waiting between attempts
    plus    however long its 5 attempts take — nothing here bounds a single attempt
Note that a keyword list is always read as options. A service identified by a
list has to be explained through the started-service path, which means starting
it first.
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          @spec rate_limited?(service()) :: boolean()


      


Returns true if a call to the service would currently be throttled by its
rate limit.
This is a read: it consumes none of the service's budget, so it is safe to
ask speculatively before committing to expensive work. A service with no rate
limit configured is never rate limited.
As with available?/1, this is a best-effort signal — the answer can change
between the check and a subsequent call/3. Use
ExternalService.RateLimiter.peek/1 when you want to know how long the wait
would be rather than merely whether there is one.
Examples
if ExternalService.rate_limited?(:payments) do
  {:error, :busy}
else
  charge(order)
end
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          @spec reset(service()) :: :ok | {:error, :not_found}


      


Resets the circuit breaker for the given service.
After reset, the breaker will be closed with no recorded failures.
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          @spec reset_all(service()) :: :ok | {:error, :not_found}


      


Resets every stateful mechanism for the given service: the circuit breaker, the
rate limiter, and the concurrency limit.
reset/1 closes the breaker only, and deliberately leaves the rate limiter
alone — clearing a limiter in production releases a burst at the service, which
is rarely what someone closing a breaker meant to do. This function is for when
you do want a clean slate.
Its main use is between tests. A service's state is global — it lives in
:persistent_term and :fuse, keyed on the service term — so a test that
trips the breaker or drains the rate limit budget leaves it that way for
whatever runs next:
setup do
  ExternalService.reset_all(MyApp.Stripe)
  :ok
end
A service with no rate limit configured resets just the breaker. One that was
never started answers {:error, :not_found}, exactly as reset/1 does.
Note that this shares state rather than isolating it, so it does not make
concurrent tests independent — see the Testing guide.
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          @spec saturated?(service()) :: boolean()


      


Returns true if service has no concurrency slot free right now.
Completes the trio with available?/1 (is the breaker closed?) and
rate_limited?/1 (would a call be throttled?). A service with no
:concurrency limit configured — including one that was never started — is
never saturated, since nothing is holding calls back.
Like the others this is a best-effort signal: a slot can be taken or released
between the check and a subsequent call, so it lets you bail out early rather
than replacing handling of ExternalService.ServiceSaturated from the call
itself.
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          @spec simulate(service() | keyword(), scenario(), keyword()) ::
  ExternalService.Simulation.t()


      


Runs a configuration against a failing dependency and reports what happened.
explain/1 says what a configuration is; this says what it does. The
question it answers is the one every resilience configuration has and few are
ever asked: does the breaker actually open, how long does a failing call take,
and how much load does a dead dependency absorb first?
test "our breaker actually opens, and fast enough" do
  assert %ExternalService.Simulation{opens_after: opens, worst_call: worst} =
           ExternalService.simulate(MyApp.Stripe, :always_failing)

  assert opens <= 5
  assert worst < 2_000
end
Takes a started service or a keyword list of options, like explain/1.
Scenarios
	:always_failing — every attempt fails, instantly. The base case.
	{:always_failing, attempt_ms} — every attempt fails and takes attempt_ms.
Attempt duration is the one thing a configuration cannot state, and the thing
that makes a hand-sized :within too narrow, so this is the scenario worth
running against a dependency you know to be slow.
	{:slow, attempt_ms} — attempts succeed but take attempt_ms each. Nothing
fails, so the breaker never opens; :worst_call is the answer here.
	{:failing_for, ms} — fails for the first ms of simulated time, then
recovers.
	{:intermittent, rate} — each attempt fails with probability rate. Seed
:rand for a reproducible run.

Options
	:max_calls — how many calls to simulate before giving up on the breaker
opening. Defaults to 100.

What it does and does not model
It runs on a virtual clock, so simulating half an hour of a background job
costs microseconds and no test waits for anything. Delays are nominal, with
:jitter switched off — the same choice RetryOptions.window/1 and explain/1
make, so that all three agree and a simulation asserted in a test does not vary
between runs. Jitter changes the exact :worst_call, never whether a breaker
opens.
The delays come from the library's own planner, the options are resolved through
the same path start/2 uses, and melting follows the service's :melt setting.
The one thing modelled rather than executed is the circuit breaker's sliding
failure window, which is what makes a virtual clock possible at all — a real
breaker counts against real time. That model is pinned against measured behavior
in the test suite, including a configuration that stays closed through twelve
consecutive failing calls.
The rate limiter and the concurrency limit are not simulated. Neither melts the
breaker, and both govern the traffic reaching a service rather than what the
service does with a failure.
Simulated calls arrive one after another, which is the worst case for opening a
breaker: concurrent callers deliver failures closer together, so a breaker that
opens here opens at least as readily under real traffic.
Examples
iex> %ExternalService.Simulation{opens_after: opens} =
...>   ExternalService.simulate(
...>     [circuit_breaker: [tolerate: 3], retry: [base: 100, max_attempts: 5]],
...>     :always_failing
...>   )
iex> opens
4

  



    

  
    
      
    
    
      start(service, options \\ [])



        
          
        

    

  


  

      

          @spec start(service(), options()) :: :ok


      


Initializes the circuit breaker (and optional rate limiting and default retry
options) for a specific service.
The service is a term that uniquely identifies an external service within the
scope of an application.
Configuration checks
These options are validated individually, and then checked against each other —
because the mistakes worth catching are pairs of options that are each valid and
jointly wrong. A window narrower than the failures it has to count, or ten
attempts of uncapped exponential backoff, produce a warning naming the setting to
change and a value to try.
Services declared with use ExternalService are checked at compile time, so
the warning carries a file and a line and fails a build compiled with
--warnings-as-errors. Services started through this function are checked here,
which is also what covers child-spec overrides, since those are runtime values.
Combinations that cannot work at all — rather than merely being unwise — raise
instead. Set how findings are reported with:
config :external_service, on_suspicious_config: :warn   # | :raise | :ignore
:warn is the default. :raise is worth setting in a test environment, where a
suspicious configuration is better as a failure than as a log line. :ignore is
for a configuration you have decided is right despite what the checks make of it.
Options
	:circuit_breaker (keyword/0) - Circuit breaker configuration. The default value is [].
	:tolerate - Number of failures tolerated within the :within window before the breaker opens. What counts as one failure is set by :melt, and defaults to one failing call — so tolerate: 3 means three dead calls, whatever :max_attempts is. :infinity installs no breaker at all: it never opens, holds no state, and cannot be combined with :fault_injection. The default value is 10.

	:melt - What one unit of :tolerate counts. :per_call (the default) melts the breaker once per call, when its retrying gives up, so :tolerate is denominated in calls and is independent of :max_attempts. :per_attempt melts on every failing attempt, which is how versions before 3.0 behaved: a single call with max_attempts: 5 then contributes up to 5, and :tolerate cannot be tuned independently of the retry options. :per_call requires retrying to be bounded — see the note on unbounded retries below. The default value is :per_call.

	:within - Length of the failure-counting window, in milliseconds. :auto (the default) sizes the window against the retry options instead, since how long it takes :tolerate failures to arrive depends on how long a failing call takes. It is a floor, never narrower than the 10 seconds it replaces — see Sizing the window for when to set it yourself. The default value is :auto.

	:reset (pos_integer/0) - Milliseconds to wait before the breaker resets (closes) after it has opened. The default value is 60000.

	:fault_injection (float/0) - If set to a rate between 0.0 and 1.0, randomly fails that fraction of calls. Intended for testing how dependents behave when this service is degraded.

	:backend - The circuit breaker implementation to use, either as a module or as a {module, options} tuple whose options are passed through to that backend. Defaults to the node-local :fuse-based breaker.



	:rate_limit (keyword/0) - Optional rate-limiting configuration. Omit for no rate limiting.
	:limit - Required. Maximum number of calls allowed within each :per window. :infinity installs no limiter at all — calls pass straight through, exactly as if :rate_limit had been omitted. It is meant for overriding a configured limit (a child spec override cannot remove a key); to have no rate limiting in the first place, omit :rate_limit. :per is still required, and ignored.

	:per (pos_integer/0) - Required. Length of the rate-limiting window, in milliseconds.

	:wait - How long a throttled call may wait for the rate limit to admit it. :infinity waits as long as it takes, false never waits, and an integer is a millisecond budget for the whole call. When the budget runs out the call is not made and an ExternalService.RateLimited error is returned (or raised by call!/3). Defaults to one window — :per, capped at 5 seconds — which absorbs a burst without converting sustained throttling into unbounded latency. Use :infinity for background work and pipelines, where sleeping is how back-pressure propagates upstream.

	:backend - The rate limiter implementation to use, either as a module or as a {module, options} tuple whose options are passed through to that backend. Defaults to ExternalService.RateLimiter.Local. Use ExternalService.RateLimiter.Hammer for a limit shared across a cluster.



	:concurrency (keyword/0) - Optional concurrency limit (the bulkhead pattern). Omit for no limit. See ExternalService.Concurrency.
	:limit (pos_integer/0) - Required. Maximum number of calls allowed to be in flight against the service at once.

	:reclaim_after (pos_integer/0) - Required. Milliseconds after which a held slot is considered abandoned and may be reused. A slot is normally released as soon as the call finishes, but a caller killed from outside — including by the ordinary :shutdown a supervisor sends while draining — never runs its release. This bounds how long such a slot is lost. Required rather than defaulted: it must exceed the longest legitimate call, which depends on the timeout configured in your HTTP client. Setting it too low silently admits more than :limit.

	:wait - How long a call may wait for a slot before being shed. false (the default) sheds immediately; an integer is a millisecond budget. A short budget absorbs bursts without allowing a pile-up, since waiting callers hold no slot and are bounded by arrival rate times the budget. Unlike the rate limiter's :wait, :infinity is not accepted — an unbounded wait is the pile-up a concurrency limit exists to prevent. The default value is false.



	:retry - Default retry options for the service, used by call/2. See ExternalService.RetryOptions for the available keys. The default value is [].

	:sleep_function (function of arity 1) - Overrides the function used whenever a call waits — between retry attempts, while rate limited, and while waiting for a concurrency slot. Called with the number of milliseconds to wait. Defaults to Process.sleep/1; overriding it lets tests exercise backoff and throttling without waiting for them.



  



  
    
      
    
    
      stop(service)



        
          
        

    

  


  

      

          @spec stop(service()) :: :ok


      


Stops the fuse for a specific service.
Stopping is idempotent: it is safe to call on a service that was never started
or has already been stopped.

  


        

      


  

    
ExternalService.CircuitBreaker behaviour
    



      
The behaviour implemented by circuit breaker backends.
A service's breaker is chosen with the :backend circuit breaker option, and
defaults to ExternalService.CircuitBreaker.Fuse — a node-local breaker built
on the :fuse library.
Writing a backend
defmodule MyApp.CircuitBreaker do
  @behaviour ExternalService.CircuitBreaker

  @impl true
  def install(service, options) do
    {:ok, %{key: service, tolerate: options[:tolerate]}}
  end

  @impl true
  def ask(_service, config), do: if MyStore.open?(config.key), do: :blown, else: :ok

  @impl true
  def melt(_service, config), do: MyStore.record_failure(config.key)

  @impl true
  def reset(_service, config), do: MyStore.close(config.key)

  @impl true
  def remove(_service, config), do: MyStore.forget(config.key)
end
Backends are stateless modules. install/2 returns an opaque config term
that is stored with the rest of the service state (in :persistent_term) and
handed back to every other callback, so a backend needs no process, supervisor,
or registry of its own.
Driving a breaker directly
Most of the time the breaker is driven for you: ExternalService.call/3 asks
it before each attempt and melts it on failure. The functions in this module
are for the cases that fall outside a guarded call.
The one that matters is melt/1 — recording a failure the library never saw:
# A streaming connection to the service dropped, or a webhook timed out.
# That is a real failure, but it did not happen inside `call/3`.
ExternalService.CircuitBreaker.melt(:payments)
Melting counts toward the service's configured :tolerate exactly as an
in-call failure does, so enough out-of-band failures will open the breaker —
and, with ExternalService.CircuitBreaker.Cluster, open it across the cluster.
ask/1 and reset/1 are also here, though ExternalService.available?/1,
ExternalService.blown?/1, and ExternalService.reset/1 say the same thing
more readably and are usually the better call.

      


      
        Summary


  
    Types
  


    
      
        config()

      


        Backend-private state, produced by install/2 and passed to every other callback.



    


    
      
        service()

      


    


    
      
        t()

      


        An installed circuit breaker: the backend module paired with its config.



    





  
    Callbacks
  


    
      
        ask(service, config)

      


        Reports whether the breaker will currently admit a call.



    


    
      
        install(service, options)

      


        Installs the circuit breaker for service.



    


    
      
        melt(service, config)

      


        Records a single failure against the breaker.



    


    
      
        remove(service, config)

      


        Tears the breaker down. Must be safe to call more than once.



    


    
      
        reset(service, config)

      


        Closes the breaker and discards its recorded failures.



    





  
    Functions
  


    
      
        ask(service)

      


        Reports whether service's breaker will currently admit a call.



    


    
      
        melt(service)

      


        Records a single failure against service's breaker.



    


    
      
        reset(service)

      


        Closes service's breaker and discards its recorded failures.
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          @type config() :: term()


      


Backend-private state, produced by install/2 and passed to every other callback.

  



  
    
      
    
    
      service()



        
          
        

    

  


  

      

          @type service() :: ExternalService.service()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: {module(), config()}


      


An installed circuit breaker: the backend module paired with its config.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      ask(service, config)



        
          
        

    

  


  

      

          @callback ask(service(), config()) :: :ok | :blown


      


Reports whether the breaker will currently admit a call.
A breaker that does not exist (for example because the service was stopped
while a call was in flight) must be reported as :blown rather than raising.

  



  
    
      
    
    
      install(service, options)



        
          
        

    

  


  

      

          @callback install(service(), options :: keyword()) :: {:ok, config()}


      


Installs the circuit breaker for service.
Receives the validated :circuit_breaker options with any backend-specific
options merged in, and returns the backend's config term.

  



  
    
      
    
    
      melt(service, config)



        
          
        

    

  


  

      

          @callback melt(service(), config()) :: :ok


      


Records a single failure against the breaker.

  



  
    
      
    
    
      remove(service, config)



        
          
        

    

  


  

      

          @callback remove(service(), config()) :: :ok


      


Tears the breaker down. Must be safe to call more than once.

  



  
    
      
    
    
      reset(service, config)



        
          
        

    

  


  

      

          @callback reset(service(), config()) :: :ok | {:error, :not_found}


      


Closes the breaker and discards its recorded failures.

  


        

      

      
        Functions


        


  
    
      
    
    
      ask(service)



        
          
        

    

  


  

      

          @spec ask(service()) :: :ok | :blown | :not_started


      


Reports whether service's breaker will currently admit a call.
Answers :not_started for a service that has not been started with
ExternalService.start/2, which is why this is three-valued where
ExternalService.available?/1 is a boolean.

  



  
    
      
    
    
      melt(service)



        
          
        

    

  


  

      

          @spec melt(service()) :: :ok | {:error, :not_found}


      


Records a single failure against service's breaker.
Use this to report a failure that happened outside a guarded call, so that it
counts toward the breaker in the same way an in-call failure would. Enough
melts within the configured :within window will open the breaker.

  



  
    
      
    
    
      reset(service)



        
          
        

    

  


  

      

          @spec reset(service()) :: :ok | {:error, :not_found}


      


Closes service's breaker and discards its recorded failures.
ExternalService.reset/1 is the same operation under a friendlier name.

  


        

      


  

    
ExternalService.CircuitBreaker.Cluster 
    



      
A circuit breaker that trips the whole cluster when any one node trips.
The default breaker (ExternalService.CircuitBreaker.Fuse) is node-local:
every node has to learn independently that a service is failing, so a cluster
of N nodes sends roughly N times the failing traffic before all of them stop.
This backend keeps that same local breaker but tells the other nodes when it
opens, so they open too.
use ExternalService,
  circuit_breaker: [
    tolerate: 5,
    within: :timer.seconds(1),
    reset: :timer.seconds(5),
    backend: ExternalService.CircuitBreaker.Cluster
  ]
Options
	:nodes - which nodes to notify, as a list or a zero-arity function
returning a list. Defaults to &Node.list/0 (every connected node). Supply
a function when only some of your cluster calls the service:
backend: {ExternalService.CircuitBreaker.Cluster, nodes: &MyApp.api_nodes/0}


Every other option is passed through to the underlying :fuse breaker.
How it works
Each node keeps its own ordinary fuse. When a node's breaker transitions
from closed to open, and only then, it sends a fire-and-forget
:erpc.multicast/4 to the other nodes. A node receiving that message trips its
own breaker, which means its own reset timer then closes it on the normal
schedule — there is no distributed state to keep, no shared store to reach, and
no process or supervision tree that this library has to run.
Only locally originated trips are broadcast, so a trip costs one round of
messages rather than one per node per node.
What this costs you
This backend deliberately trades isolation for speed of convergence, and that
trade is not always the right one:
	One node can trip the whole cluster. If a single node has a bad network
path while the service is healthy for everyone else, it will still take the
cluster's breakers with it. If you would rather each node judge the service
for itself — the bulkhead argument — stay on the default breaker.
	Propagation is best-effort. The multicast is fire-and-forget: a message
lost to a netsplit or a slow node simply means that node keeps its own
counsel until it trips on its own, which is exactly the default behavior.
Nothing breaks; convergence is just slower.
	Recovery is not coordinated. Each node's reset timer runs
independently. Because they trip at roughly the same moment they also reset
at roughly the same moment, but they do not agree on it, and the first node
to close will probe the service alone.
	A node that starts later does not catch up. It learns the service is
unhealthy the first time one of its own calls fails.

Automatic resets are not broadcast (each node's timer handles its own), but an
explicit ExternalService.reset/1 is, since that is a deliberate
administrative action.

      




  

    
ExternalService.CircuitBreaker.Fuse 
    



      
The default circuit breaker backend, built on the
:fuse library.
This is the breaker ExternalService has always used, and you get it without
configuring anything. It is node-local: each node counts its own failures
and opens its own breaker, which is usually what you want — a node with a bad
network path should stop calling the service without taking the rest of the
cluster down with it.
It is configured through the ordinary :circuit_breaker options (:tolerate,
:within, :reset, :fault_injection); see ExternalService.start/2.
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    Functions
  


    
      
        strategy(options)

      


        Builds the :fuse strategy tuple for the given circuit breaker options.



    


    
      
        tolerate(arg1)

      


        Returns the number of failures the breaker tolerates before opening.
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          @spec strategy(keyword()) :: tuple()


      


Builds the :fuse strategy tuple for the given circuit breaker options.
Exposed so that backends layered on top of this one (such as
ExternalService.CircuitBreaker.Cluster) can reuse it.

  



  
    
      
    
    
      tolerate(arg1)



        
          
        

    

  


  

      

          @spec tolerate(ExternalService.CircuitBreaker.config()) :: pos_integer() | :infinity


      


Returns the number of failures the breaker tolerates before opening.
Read back out of an installed breaker's config, so that a layered backend can
work out how many melts it takes to trip this node's breaker.

  


        

      


  

    
ExternalService.Concurrency 
    



      
A per-service concurrency limit — the bulkhead pattern.
The circuit breaker bounds how many failures you tolerate and the rate limiter
bounds how often calls start. Neither bounds how many are in flight at
once, and that is the gap that opens when a service degrades rather than
fails. Calls still succeed, just slowly, so the breaker sees nothing; and a
limit of 100 calls per second against a service that slows to 10 seconds per
call leaves roughly a thousand processes parked in the same call, each holding
a connection out of the pool.
A concurrency limit caps that.
use ExternalService,
  concurrency: [limit: 25, reclaim_after: :timer.seconds(30)]
Over the limit a call is not dropped — it returns
ExternalService.ServiceSaturated to its caller, which is then free to enqueue
the work, serve something stale, or answer 503. There is no cooldown: unlike the
circuit breaker, a slot is available again the instant the call holding it
finishes, so recovery is continuous rather than something you arrange.
An optional :wait budget absorbs short bursts by parking a caller for a
bounded time before shedding. Waiting callers hold no slot, so the number parked
is bounded by arrival rate times the budget. :infinity is deliberately not
accepted — an unbounded wait is the pile-up a concurrency limit exists to
prevent.
Saturation is your backpressure rather than the service's failure, so it
does not melt the circuit breaker and is not retried, exactly like
ExternalService.RateLimited.
How slots are tracked
State is an :atomics array with one slot per permit, so this needs no
process, supervisor, or registry — the same shape as
ExternalService.RateLimiter.Local.
Each slot holds the monotonic millisecond deadline until which it counts as
occupied. There is deliberately no "free" sentinel: System.monotonic_time/1
may be negative, so a slot is free precisely when its deadline has passed.
Why slots expire
A slot is released in an after block, which covers everything that happens
inside the calling process — returning, raising, throwing, exiting. It does
not cover the process being terminated from outside: an exit signal, even
the ordinary :shutdown a supervisor sends, kills the process without running
after. That is not exotic — it is what happens to in-flight callers on every
deploy that drains requests.
A plain counter would leak on each of those and ratchet toward permanently
wedged. Instead :reclaim_after bounds how long a slot may be held before it
is considered abandoned and reused. The trade is that reclaiming a slot from a
call that was merely slow briefly admits more than :limit. Over-admitting for
one window is a far better failure than wedging forever, which is why
:reclaim_after is required rather than defaulted: it must be longer than any
legitimate call, and only you know your client's timeout.
Releasing uses a compare-and-exchange rather than a write, so a slow caller
whose slot was already reclaimed cannot evict whoever holds it now.

      


      
        Summary


  
    Types
  


    
      
        saturated()

      


        Returned by call/2 when no slot was available.



    


    
      
        service()

      


    


    
      
        t()

      


        A configured concurrency limit.



    


    
      
        wait()

      


        How long a call may wait for a slot before being shed.



    





  
    Functions
  


    
      
        in_flight(service)

      


        Reports how many of service's slots are currently held.



    


    
      
        limit(service)

      


        Reports the configured limit for service, or nil if it has none.



    


    
      
        reset(service)

      


        Discards service's in-flight accounting, freeing every slot.
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      saturated()



        
          
        

    

  


  

      

          @type saturated() :: {ExternalService.Concurrency, :saturated}


      


Returned by call/2 when no slot was available.

  



  
    
      
    
    
      service()



        
          
        

    

  


  

      

          @type service() :: ExternalService.service()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  %ExternalService.Concurrency{
    limit: term(),
    reclaim_after: term(),
    service: term(),
    sleep: term(),
    slots: term(),
    wait: term()
  }
  | nil


      


A configured concurrency limit.
nil means the service has none, in which case calls pass straight through.

  



  
    
      
    
    
      wait()



        
          
        

    

  


  

      

          @type wait() :: false | non_neg_integer()


      


How long a call may wait for a slot before being shed.
false (the default) sheds immediately. An integer is a millisecond budget.
:infinity is deliberately not accepted: an unbounded wait is the pile-up a
concurrency limit exists to prevent.

  


        

      

      
        Functions


        


  
    
      
    
    
      in_flight(service)



        
          
        

    

  


  

      

          @spec in_flight(service()) :: non_neg_integer()


      


Reports how many of service's slots are currently held.
A service with no concurrency limit — including one that was never started —
answers 0.

  



  
    
      
    
    
      limit(service)



        
          
        

    

  


  

      

          @spec limit(service()) :: pos_integer() | nil


      


Reports the configured limit for service, or nil if it has none.

  



  
    
      
    
    
      reset(service)



        
          
        

    

  


  

      

          @spec reset(service()) :: :ok | {:error, :not_found}


      


Discards service's in-flight accounting, freeing every slot.
Symmetric with ExternalService.CircuitBreaker.reset/1 and
ExternalService.RateLimiter.reset/1, and included in
ExternalService.reset_all/1.
This does not stop any call that is actually running — it only forgets that
the slots were taken — so outside of tests it is a way to clear slots leaked by
callers that were killed, rather than something to reach for routinely.

  


        

      


  

    
ExternalService.Decorator 
    



      
Decorator-based annotations for marking functions as external-service calls.
This is a thin convenience layer over the module front door:
instead of wrapping a function body in call fn -> ... end by hand, you annotate
the function with @decorate external_call(service) and write the body directly.
Optional dependency
ExternalService.Decorator exists only when the optional
:decorator dependency is present. Add
it to your application's deps to use this module:
{:decorator, "~> 1.4"}
use ExternalService.Decorator brings the decorators into scope (built on the
decorator library):
defmodule MyApp.Payments do
  use ExternalService.Decorator

  @decorate external_call(MyApp.Stripe)
  def charge(params) do
    case Stripe.charge(params) do
      {:error, %{status: s}} when s in 500..599 -> :retry
      other -> other
    end
  end
end
The annotated function behaves exactly as if its body were passed to
ExternalService.call/2: it returns the body's value on success, or a structured
error (ExternalService.RetriesExhausted / ExternalService.CircuitBreakerOpen /
ExternalService.ServiceNotStarted) on failure.
The service argument is any term identifying a service that has been started
(via ExternalService.start/2 or use ExternalService). It need not be the
module the decorated function lives in, so a single module can decorate calls to
several services.
The retry protocol still applies
The decorated body is the retriable function, so it drives retries the same way
the body of call fn -> ... end would — by returning :retry / {:retry, reason},
or by configuring a retry option. A body that just returns the underlying client's
result is not retried unless you tell it how. Two ways to do that:
	return :retry / {:retry, reason} from the body (as above), or

	pass per-call retry options as the second decorator argument, for example a
:retry_on predicate that decides from the return value — handy when the body
is an unmodified client call:
@decorate external_call(MyApp.Stripe, retry_on: &match?({:error, %{status: 500}}, &1))
def charge(params), do: Stripe.charge(params)


The second argument is the same per-call retry options accepted by
ExternalService.call/3 (a keyword list of overrides merged onto the service's
defaults, or a ExternalService.RetryOptions.t/0 struct).
Raising variant
external_call! mirrors ExternalService.call!/2,3: it raises the structured
error instead of returning it.
@decorate external_call!(MyApp.Stripe)
def capture(id), do: Stripe.capture(id)
Decorators
	external_call(service) / external_call(service, retry_opts)
	external_call!(service) / external_call!(service, retry_opts)
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    Functions
  


    
      
        external_call(var1)

      


    


    
      
        external_call(var1, var2)

      


    


    
      
        external_call(service, body, context)

      


        Wraps the function body in ExternalService.call/2.



    


    
      
        external_call(service, retry_opts, body, context)

      


        Wraps the function body in ExternalService.call/3 with per-call retry options.



    


    
      
        external_call!(var1)

      


    


    
      
        external_call!(var1, var2)

      


    


    
      
        external_call!(service, body, context)

      


        Wraps the function body in ExternalService.call!/2.



    


    
      
        external_call!(service, retry_opts, body, context)

      


        Wraps the function body in ExternalService.call!/3 with per-call retry options.
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        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      external_call(var1, var2)
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      external_call(service, body, context)



        
          
        

    

  


  

Wraps the function body in ExternalService.call/2.

  



  
    
      
    
    
      external_call(service, retry_opts, body, context)



        
          
        

    

  


  

Wraps the function body in ExternalService.call/3 with per-call retry options.

  



  
    
      
    
    
      external_call!(var1)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      external_call!(var1, var2)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      external_call!(service, body, context)



        
          
        

    

  


  

Wraps the function body in ExternalService.call!/2.

  



  
    
      
    
    
      external_call!(service, retry_opts, body, context)



        
          
        

    

  


  

Wraps the function body in ExternalService.call!/3 with per-call retry options.

  


        

      


  

    
ExternalService.Flow 
    



      
Flow-based parallel processing of an enumerable
(or another Flow) through guarded ExternalService calls.
This is for the case where a guarded call is one stage of a larger Flow
pipeline — partitioned, back-pressured processing with downstream
map/filter/reduce stages. For a simple ordered, bounded-concurrency
parallel map, prefer ExternalService.call_async_stream/5; Flow only earns
its keep when you're building a pipeline.
Optional dependency
ExternalService.Flow exists only when the optional
:flow dependency is present. Add it to your
application's deps to use this module:
{:flow, "~> 1.2"}
Example
[order1, order2, order3]
|> ExternalService.Flow.map(MyApp.Stripe, fn order ->
  case Stripe.charge(order) do
    {:error, %{status: s}} when s in 500..599 -> :retry
    other -> other
  end
end)
|> Flow.filter(&match?({:ok, _}, &1))
|> Enum.to_list()
map/5 accepts either an enumerable (which it turns into a Flow source) or
an existing Flow, and returns a Flow so you can keep composing.
Semantics
Each element is processed with ExternalService.call/2,3, so retries, the
circuit breaker, rate limiting, and telemetry behave exactly as they do for a
direct call. A few consequences worth knowing:
	Errors are elements. Because call/3 returns structured errors
rather than raising them, a failed element comes through the Flow as the
{:error, %ExternalService.RetriesExhausted{}} /
{:error, %CircuitBreakerOpen{}} / {:error, %ServiceNotStarted{}} tuple
that call/3 returns — filter/partition on them downstream. (This
module never uses call!, which would crash a Flow stage.)

	Unordered. Flow partitions reorder elements. If you need results in
input order, use ExternalService.call_async_stream/5 instead.

	Rate-limit pacing. Throttling blocks the worker (it sleeps and
re-checks), which in a Flow naturally back-pressures upstream. The
rate-limit bucket is global per service, so the configured limit is honored
across all stages. Because a sleeping call stalls the rest of its demand
batch, a small :max_demand gives smoother pacing under a rate limit.
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    Types
  


    
      
        mapper()

      


        A function applied to each element, returning a retriable result.



    


    
      
        source()

      


        An enumerable source or an existing Flow to continue.



    





  
    Functions
  


    
      
        map(source, service, fun)

      


        Maps each element of source through a guarded ExternalService call.



    


    
      
        map(source, service, retry_opts, fun)

      


    


    
      
        map(source, service, retry_opts, fun, flow_opts)
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      mapper()



        
          
        

    

  


  

      

          @type mapper() :: (term() -> ExternalService.retriable_function_result())


      


A function applied to each element, returning a retriable result.

  



  
    
      
    
    
      source()



        
          
        

    

  


  

      

          @type source() :: Enumerable.t() | Flow.t()


      


An enumerable source or an existing Flow to continue.

  


        

      

      
        Functions


        


  
    
      
    
    
      map(source, service, fun)



        
          
        

    

  


  

      

          @spec map(source(), ExternalService.service(), mapper()) :: Flow.t()


      


Maps each element of source through a guarded ExternalService call.
source is either an enumerable (used as a Flow source via
Flow.from_enumerable/2) or an existing Flow (whose stage configuration
already applies, so flow_opts are ignored in that case). Returns a Flow.
retry_opts are the same per-call retry options accepted by
ExternalService.call/3 (a keyword list of overrides merged onto the service's
defaults, or a ExternalService.RetryOptions.t/0 struct). flow_opts are
passed straight to Flow.from_enumerable/2 (for example :stages,
:min_demand, :max_demand).

  



  
    
      
    
    
      map(source, service, retry_opts, fun)



        
          
        

    

  


  

      

          @spec map(
  source(),
  ExternalService.service(),
  ExternalService.RetryOptions.t() | keyword(),
  mapper()
) ::
  Flow.t()


      



  



  
    
      
    
    
      map(source, service, retry_opts, fun, flow_opts)



        
          
        

    

  


  

      

          @spec map(
  source(),
  ExternalService.service(),
  ExternalService.RetryOptions.t() | keyword(),
  mapper(),
  keyword()
) :: Flow.t()


      



  


        

      


  

    
ExternalService.Gateway 
    



      
Deprecated. Use use ExternalService instead.
ExternalService.Gateway was the original module-based gateway. In 2.0 the
module-based front door moved to ExternalService itself, with a unified,
validated configuration (:circuit_breaker/:rate_limit/:retry) and shorter
generated function names (call/1 instead of external_call/1).
use ExternalService.Gateway still works but emits a deprecation warning. It
delegates to use ExternalService and additionally generates the old
external_call/* (and reset_fuse/0) function names as deprecated aliases.
Note that the option shape is the same as use ExternalService: the old
fuse: [strategy:, refresh:] options are no longer supported — see the
migration guide.
Migration
# Before
use ExternalService.Gateway,
  fuse: [name: MyService, strategy: {:standard, 5, 1_000}, refresh: 5_000],
  rate_limit: {100, 1_000},
  retry: [backoff: {:linear, 100, 1}, expiry: 5_000]

def call_service(p), do: external_call(fn -> ... end)

# After
use ExternalService,
  name: MyService,
  circuit_breaker: [tolerate: 5, within: 1_000, reset: 5_000],
  rate_limit: [limit: 100, per: 1_000],
  retry: [backoff: :linear, base: 100, expiry: 5_000]

def call_service(p), do: call(fn -> ... end)

      




  

    
ExternalService.Insights 
    



      
Watches a service's telemetry and reports when its configuration is not doing
what it was meant to do.
ExternalService.Insights.attach()
ExternalService.explain/1 and ExternalService.simulate/3 answer questions
about a configuration from the configuration. This answers the one question they
cannot: whether what is actually happening matches it.
The gap is attempt duration. Nothing in a configuration states how long a single
attempt takes, so a breaker sized correctly on the day it was written becomes
inert when the dependency slows down — same configuration, different behavior,
and the symptom is a service failing every call with its breaker still closed.
That is a bad thing to discover during an incident and a cheap thing to notice
beforehand.
[ExternalService.Insights] :payments has failed 14 consecutive calls over
21.7s with its circuit breaker still closed. It tolerates 5 failures within
10s, but these are arriving about 1.5s apart, so at most 6 are ever counted
together. Try `circuit_breaker: [within: :timer.seconds(31)]`.
Attaching
Off by default, and free when it is not attached — no handlers, no storage, no
cost on any call.
# in your application's start/2, after the supervision tree is up
ExternalService.Insights.attach()
attach/1 watches every service that has been started at that moment. A service
started later needs its own call:
ExternalService.Insights.attach(services: [MyApp.Stripe])
Options
	:services — which services to watch. Defaults to every started service.
	:log — whether to log findings as they appear. Defaults to true.
	:log_every — the minimum gap between log lines for one service, in
milliseconds. Defaults to 5 minutes. A diagnostic that fires on every call is
a diagnostic people detach.

Reading findings as data
report/1 returns what is being observed and what it means, so the same
findings can drive a health endpoint or an assertion rather than a log line:
%ExternalService.Insights.Report{
  service: :payments,
  calls: 214,
  findings: [%{check: :inert_breaker, message: "..."}],
  ...
}
What it costs
One :atomics array per watched service — a fixed dozen integers, updated
without locks — and one key in the calling process's dictionary for the duration
of a call. Nothing accumulates, and no process is started.

      


      
        Summary


  
    Functions
  


    
      
        attach(opts \\ [])

      


        Starts watching. See the module documentation for the options.



    


    
      
        detach()

      


        Stops watching, and discards what has been observed.



    


    
      
        report(service)

      


        What has been observed for service, and what it means.



    





      


      
        Functions


        


    

  
    
      
    
    
      attach(opts \\ [])



        
          
        

    

  


  

      

          @spec attach(keyword()) :: :ok


      


Starts watching. See the module documentation for the options.

  



  
    
      
    
    
      detach()



        
          
        

    

  


  

      

          @spec detach() :: :ok


      


Stops watching, and discards what has been observed.

  



  
    
      
    
    
      report(service)



        
          
        

    

  


  

      

          @spec report(ExternalService.service()) ::
  ExternalService.Insights.Report.t() | {:error, :not_attached}


      


What has been observed for service, and what it means.
Answers {:error, :not_attached} for a service that is not being watched.

  


        

      


  

    
ExternalService.Insights.Report 
    



      
What ExternalService.Insights has observed for one service.
Counters are cumulative since attach/1. :findings carries the same shape
as the configuration checks: a :check naming the kind, and a :message
saying what to do about it.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExternalService.Insights.Report{
  attempts: non_neg_integer(),
  calls: non_neg_integer(),
  consecutive_failures: non_neg_integer(),
  degraded: non_neg_integer(),
  failed: non_neg_integer(),
  findings: [%{check: atom(), message: String.t()}],
  mean_call: non_neg_integer(),
  rejected: non_neg_integer(),
  service: ExternalService.service(),
  succeeded: non_neg_integer(),
  worst_call: non_neg_integer(),
  worst_consecutive_failures: non_neg_integer()
}


      



  


        

      


  

    
ExternalService.RateLimiter behaviour
    



      
The behaviour implemented by rate limiter backends.
A service's limiter is chosen with the :backend rate limit option, and
defaults to ExternalService.RateLimiter.Local. ExternalService.RateLimiter.Hammer
meters against a Hammer module, which is the
supported route to a limit shared across a cluster.
Writing a backend
A backend answers one question, in two forms: may a call proceed right now,
and if not, how long until it may? check/2 answers it and consumes the
call; peek/2 answers it and consumes nothing. Everything else — sleeping,
honoring the :wait budget, telemetry, logging — is handled for you, so that
every backend behaves consistently.
defmodule MyApp.RateLimiter do
  @behaviour ExternalService.RateLimiter

  @impl true
  def init(service, options) do
    {:ok, %{key: service, limit: options[:limit], window: options[:per]}}
  end

  @impl true
  def check(_service, config) do
    case MyStore.increment(config.key, config.window, config.limit) do
      {:ok, _count} -> :ok
      {:throttled, milliseconds} -> {:wait, milliseconds}
    end
  end
end
Then point a service at it:
use ExternalService,
  rate_limit: [limit: 100, per: 1_000, backend: {MyApp.RateLimiter, some: :option}]
Backends are stateless modules. init/2 returns an opaque config term
that is stored with the rest of the service state and handed back to every
other callback, so a backend needs no process, supervisor, or registry of its
own. Anything mutable it needs — an :atomics reference, a connection pool
name, a remote key — travels in that term.
Report a real time-to-next-window from check/2 where you can. Callers sleep
for exactly as long as you say, so an accurate answer paces calls precisely and
makes the :wait budget meaningful.
Driving a limiter directly
Most of the time the limiter is driven for you: ExternalService.call/3 checks
it before running your function. The functions in this module are for the cases
that fall outside a guarded call.
peek/1 asks whether a call would be admitted without consuming anything,
which is what makes it safe to call speculatively:
case ExternalService.RateLimiter.peek(:payments) do
  :ok -> start_expensive_work()
  {:wait, ms} -> {:error, {:busy, ms}}
end
ExternalService.rate_limited?/1 is the boolean form, symmetric with
ExternalService.available?/1.
request/1 is the write side: it consumes one call's worth of the budget
without running anything, for traffic that reaches the service by some path
other than call/3.
# A batch endpoint that costs three calls against the quota.
Enum.each(1..3, fn _ -> ExternalService.RateLimiter.request(:payments) end)
Note that request/1 blocks according to the service's :wait setting, just
as a guarded call would.

      


      
        Summary


  
    Types
  


    
      
        config()

      


        Backend-private state, produced by init/2 and passed to every other callback.



    


    
      
        rate_limited()

      


        Returned by call/2 when the wait budget was exhausted before the call could
be admitted, carrying the milliseconds still remaining.



    


    
      
        service()

      


    


    
      
        t()

      


        A configured rate limiter.



    


    
      
        wait()

      


        How long a throttled call may wait before giving up.



    





  
    Callbacks
  


    
      
        check(service, config)

      


        Reports whether a call may proceed now.



    


    
      
        init(service, options)

      


        Prepares the rate limiter for service.



    


    
      
        peek(service, config)

      


        Reports whether a call would be admitted right now, without consuming
anything.



    


    
      
        reset(service, config)

      


        Discards the limiter's recorded usage, returning it to a full budget.



    





  
    Functions
  


    
      
        peek(service)

      


        Reports whether a call to service would be admitted right now, without
consuming any of its budget.



    


    
      
        request(service)

      


        Consumes one call's worth of service's rate limit without running anything.



    


    
      
        reset(service)

      


        Discards service's recorded rate limit usage, returning it to a full budget.



    





      


      
        Types


        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: term()


      


Backend-private state, produced by init/2 and passed to every other callback.

  



  
    
      
    
    
      rate_limited()



        
          
        

    

  


  

      

          @type rate_limited() ::
  {ExternalService.RateLimiter, :rate_limited, non_neg_integer()}


      


Returned by call/2 when the wait budget was exhausted before the call could
be admitted, carrying the milliseconds still remaining.

  



  
    
      
    
    
      service()



        
          
        

    

  


  

      

          @type service() :: ExternalService.service()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  %ExternalService.RateLimiter{
    backend: term(),
    config: term(),
    service: term(),
    sleep: term(),
    wait: term()
  }
  | nil


      


A configured rate limiter.
nil means the service is not rate limited, in which case calls pass straight
through.

  



  
    
      
    
    
      wait()



        
          
        

    

  


  

      

          @type wait() :: :infinity | false | non_neg_integer() | nil


      


How long a throttled call may wait before giving up.
:infinity waits as long as the limiter requires, false never waits, and an
integer is a millisecond budget for the whole call.
A service that does not set :wait gets one derived from its :per — see
default_wait/1. nil never survives new/3.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      check(service, config)



        
          
        

    

  


  

      

          @callback check(service(), config()) :: :ok | {:wait, non_neg_integer()}


      


Reports whether a call may proceed now.
Returns :ok when the call is within the limit, or {:wait, milliseconds}
when it is not. Backends that can compute a real time-to-next-window should do
so, so that callers sleep for the right amount of time rather than an estimate.

  



  
    
      
    
    
      init(service, options)



        
          
        

    

  


  

      

          @callback init(service(), options :: keyword()) :: {:ok, config()}


      


Prepares the rate limiter for service.
Receives the validated :rate_limit options (:limit and :per) with any
backend-specific options merged in.

  



  
    
      
    
    
      peek(service, config)



        
          
        

    

  


  

      

          @callback peek(service(), config()) :: :ok | {:wait, non_neg_integer()}


      


Reports whether a call would be admitted right now, without consuming
anything.
Returns the same values as check/2, but must leave the limiter's state
untouched so that callers can ask speculatively. Where a backend can only
answer approximately, prefer erring toward {:wait, _} — a caller that skips
work it could have done is cheaper than one that floods a service it should
have waited for.

  



  
    
      
    
    
      reset(service, config)



        
          
        

    

  


  

      

          @callback reset(service(), config()) :: :ok


      


Discards the limiter's recorded usage, returning it to a full budget.
The counterpart to ExternalService.CircuitBreaker.reset/2. Mostly useful
between tests, where a bucket drained by one test would otherwise throttle the
next, but also for clearing a limiter after an operational intervention.

  


        

      

      
        Functions


        


  
    
      
    
    
      peek(service)



        
          
        

    

  


  

      

          @spec peek(service()) :: :ok | {:wait, non_neg_integer()}


      


Reports whether a call to service would be admitted right now, without
consuming any of its budget.
A service with no rate limit configured — including one that was never started
— answers :ok, since nothing is holding calls back. Use
ExternalService.available?/1 if you need to know whether a service is ready
to use.

  



  
    
      
    
    
      request(service)



        
          
        

    

  


  

      

          @spec request(service()) ::
  :ok
  | {:error,
     ExternalService.RateLimited.t() | ExternalService.ServiceNotStarted.t()}


      


Consumes one call's worth of service's rate limit without running anything.
For traffic that reaches the service by some path other than
ExternalService.call/3 and should still count against the budget. Blocks
according to the service's :wait setting, exactly as a guarded call would,
and returns ExternalService.RateLimited if that budget runs out.

  



  
    
      
    
    
      reset(service)



        
          
        

    

  


  

      

          @spec reset(service()) :: :ok | {:error, :not_found}


      


Discards service's recorded rate limit usage, returning it to a full budget.
Symmetric with ExternalService.CircuitBreaker.reset/1. A service with no rate
limit configured answers :ok, since there is nothing to reset; one that was
never started answers {:error, :not_found}.
Chiefly useful between tests — a bucket drained by one test throttles the next,
and nothing clears it automatically. ExternalService.reset_all/1 resets the
breaker and the limiter together, which is usually what a setup block wants.

  


        

      


  

    
ExternalService.RateLimiter.Hammer 
    



      
Rate limiter backend backed by a Hammer rate
limiter module.
This is the supported route to cluster-wide rate limiting: point it at a
Hammer module using a shared backend (such as
hammer_backend_redis) and every
node in the cluster meters against the same counters, so the external service
sees the limit you configured rather than that limit multiplied by your node
count.
Define and supervise a Hammer module as Hammer documents:
defmodule MyApp.RateLimit do
  use Hammer, backend: Hammer.Redis
end

children = [{MyApp.RateLimit, url: "redis://localhost:6379"}]
Then point a service at it:
use ExternalService,
  rate_limit: [
    limit: 100,
    per: :timer.seconds(1),
    backend: {ExternalService.RateLimiter.Hammer, module: MyApp.RateLimit}
  ]
Options
	:module (required) - the Hammer rate limiter module to meter against.
	:key - the Hammer key to meter under. Defaults to a key derived from the
service name. Set this explicitly when several services (or several
applications) should share one budget.

:hammer is not a dependency of this library. The backend calls hit/3 on
the module you supply, which is Hammer's own API, so nothing needs to be added
to your dependencies beyond Hammer itself.

      


      
        Summary


  
    Functions
  


    
      
        default_key(service)

      


        The Hammer key used for a service when no :key option is given.
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      default_key(service)



        
          
        

    

  


  

      

          @spec default_key(ExternalService.service()) :: String.t()


      


The Hammer key used for a service when no :key option is given.

  


        

      


  

    
ExternalService.RateLimiter.Local 
    



      
The default rate limiter backend: a node-local token bucket.
You get this without configuring anything. It allows a burst of up to :limit
calls and then paces the rest at one call per :per / :limit, refilling one
call at a time rather than handing out a fresh full burst at each window
boundary.
It is node-local: counters live in this node's memory, so N nodes running
the same service each enforce the limit separately and the external service can
see up to N times the configured rate. For a limit shared across a cluster, use
ExternalService.RateLimiter.Hammer.
State is a single :atomics slot per service, so this backend needs no owning
process, no supervision tree, and no dependency.

      




  

    
ExternalService.RetryOptions 
    



      
Options that control retry logic for calls to external services.
Retry options can be given either as this struct or as a plain keyword list
(which is validated and converted with new/1). The available options are:
	:backoff - The backoff strategy used to grow the delay between retries. The default value is :exponential.

	:base (non_neg_integer/0) - The initial delay between retries, in milliseconds (0 for no delay). The default value is 10.

	:factor (pos_integer/0) - Growth factor applied on each retry. Only used for :linear backoff. The default value is 1.

	:cap (pos_integer/0) - Caps the delay between retries to at most this many milliseconds.

	:expiry - Time budget for the retrying, in milliseconds. Delays that fit are used as-is; the delay that would overshoot the budget is trimmed instead, so the last attempt starts exactly at the deadline rather than past it. Defaults to no time budget; :infinity states that explicitly (see the note on unbounded retries below).

	:max_attempts - Maximum number of attempts, counting the initial attempt — so the default of 5 is one try plus four retries. Use :infinity to retry without a count bound (see the note on unbounded retries below). The default value is 5.

	:jitter - Random jitter applied to delays. true applies +/- 10%; a float (e.g. 0.25) applies that proportion. Helps avoid retrying in lockstep (thundering herd). The default value is false.

	:retry_on (function of arity 1) - A predicate run on the return value of the call. When it returns a truthy value the call is retried, exactly as if the function had returned :retry (the result itself is used as the retry reason, and the circuit breaker melts). Lets you drive retries from a function that was not written to return :retry/{:retry, reason}. Defaults to no predicate. An explicit :retry/{:retry, reason} return always takes precedence over the predicate. A predicate that fails — raising, throwing, or exiting rather than answering — is treated as no match, leaving the result untouched, and logs a warning.

	:retry_exceptions - Which raised exceptions should trigger a retry, as either a list of exception modules or a predicate run on the exception itself. A predicate can decide per instance rather than per type — useful when the same exception type is sometimes transient and sometimes not. Defaults to [], meaning raised exceptions are not retried; use :retry/{:retry, reason} return values, or the :retry_on predicate, to drive retries instead. An exception that is not matched also does not melt the circuit breaker, and once retries are spent the original exception is re-raised with its original stacktrace. A predicate that fails — raising, throwing, or exiting rather than answering — is treated as no match, so the exception it was asked to classify reaches the caller unchanged, and a warning is logged. The default value is [].


Bounds
:max_attempts defaults to 5, so retrying always stops on its own. With the
default :base of 10 and exponential backoff that is a bound of four retries
across roughly 150ms of waiting — deliberately a safety net rather than a tuned
policy. If your dependency needs a longer retry window, raise :base (100 is
the usual choice for an HTTP service) rather than the attempt count.
Since 3.0 this bound is independent of the circuit breaker's :tolerate, which
counts failing calls rather than failing attempts — so raising :max_attempts
no longer spends the breaker's budget faster. Services configured with
circuit_breaker: [melt: :per_attempt] keep the older coupling, where each
attempt melts and the two cannot be tuned separately.
:expiry adds a time budget alongside the count; whichever is reached first
stops the retrying. See Bounding retries.
Unbounded retries
Retrying without a count bound is available, but it has to be asked for:
ExternalService.start(:my_service, retry: [max_attempts: :infinity])
Be deliberate about it. A call that keeps returning :retry then keeps
retrying forever, and the circuit breaker is not a backstop: under the default
melt: :per_call a call charges the breaker when its retrying gives up, so one
that never gives up never melts. That combination is rejected rather than
allowed to hang — pair :max_attempts with an :expiry, which is the shape
meant for work that genuinely has nowhere else to go:
ExternalService.start(:my_service,
  retry: [max_attempts: :infinity, expiry: :timer.seconds(30)]
)
Truly unbounded retrying is still available under
circuit_breaker: [melt: :per_attempt], where each failing attempt melts and
the breaker does eventually halt the loop — though not reliably, since
exponential backoff widens the gap between attempts until failures no longer
accumulate fast enough to open it.
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        t()

      


    





  
    Functions
  


    
      
        merge(base, retry_options)

      


        Layers a keyword list of per-call overrides onto a base struct.



    


    
      
        new(retry_options)

      


        Builds a validated RetryOptions struct from a keyword list (or returns an
existing struct unchanged).



    


    
      
        window(retry_options)

      


        Total time a fully-failing call spends waiting between attempts, in
milliseconds.
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      t()



        
          
        

    

  


  

      

          @type t() :: %ExternalService.RetryOptions{
  backoff: :exponential | :linear,
  base: non_neg_integer(),
  cap: pos_integer() | nil,
  expiry: pos_integer() | :infinity | nil,
  factor: pos_integer(),
  jitter: boolean() | float(),
  max_attempts: pos_integer() | :infinity | nil,
  retry_exceptions: [module()] | (Exception.t() -> as_boolean(term())),
  retry_on: (term() -> as_boolean(term())) | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      merge(base, retry_options)



        
          
        

    

  


  

      

          @spec merge(t(), t() | keyword()) :: t()


      


Layers a keyword list of per-call overrides onto a base struct.
Only the keys actually present in opts are overridden; every other field is
taken from base. This is how per-call retry options tweak — rather than
reset — a service's configured defaults. A %RetryOptions{} given in place of
the keyword list replaces base wholesale, since a struct is already a
complete set of options.
Raises NimbleOptions.ValidationError if opts is invalid.

  



  
    
      
    
    
      new(retry_options)



        
          
        

    

  


  

      

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


      


Builds a validated RetryOptions struct from a keyword list (or returns an
existing struct unchanged).
Raises NimbleOptions.ValidationError if the options are invalid.

  



  
    
      
    
    
      window(retry_options)



        
          
        

    

  


  

      

          @spec window(t() | keyword()) :: non_neg_integer() | :infinity


      


Total time a fully-failing call spends waiting between attempts, in
milliseconds.
This is the number to compare against the latency budget of whoever is calling,
and the one the circuit breaker's :within window has to be at least as wide as.
Accepts a struct or the same keyword list new/1 does.
iex> RetryOptions.window(base: 100, max_attempts: 5)
1500

iex> RetryOptions.window(base: 100, max_attempts: 10)
51100

iex> RetryOptions.window(base: 100, max_attempts: 10, cap: 1_000)
6500
Note what it is not: the time the call takes. Nothing here bounds a single
attempt, so a call's real duration is this plus however long its attempts run
for — see Nothing here bounds a single
attempt.
Bounds
With :max_attempts set (it defaults to 5) the window is what the delays add
up to. Without it, an :expiry is the answer, because unbounded retrying spends
that budget exactly:
iex> RetryOptions.window(base: 500, max_attempts: :infinity, expiry: 30_000)
30000
With neither bound there is no window to report:
iex> RetryOptions.window(base: 500, max_attempts: :infinity)
:infinity
Jitter
The window is reported nominally: :jitter is deliberately not sampled, so that
the same configuration always reports the same window. A jittered call waits
within that option's proportion of this figure — true meaning +/- 10% — rather
than exactly it.
iex> RetryOptions.window(base: 100, max_attempts: 5, jitter: true)
1500

  


        

      


  

    
ExternalService.Simulation 
    



      
The result of ExternalService.simulate/3.
	:opens_after — how many failing calls it took to open the circuit breaker,
or :never if it stayed closed for the whole simulation.
	:worst_call — the longest call, in milliseconds.
	:attempts — how many attempts reached the dependency, in total. This is the
load a failing dependency takes before you stop calling it.
	:calls — how many calls were simulated.
	:elapsed — simulated time, in milliseconds.
	:scenario — the scenario that was run.
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          @type t() :: %ExternalService.Simulation{
  attempts: non_neg_integer(),
  calls: pos_integer(),
  elapsed: non_neg_integer(),
  opens_after: pos_integer() | :never,
  scenario: ExternalService.scenario(),
  worst_call: non_neg_integer()
}


      



  


        

      


  

    
ExternalService.Test 
    



      
ExUnit helpers for the setup and assertions the Testing guide
otherwise asks you to hand-write.
Each one replaces a passage of that guide where the work is repeated verbatim,
is arithmetic the library can do from your own configuration, or is easy to get
wrong in a way that fails silently:
	Helper	Replaces
	trip_breaker/1	melting :tolerate + 1 times, with the off-by-one written out
	exhaust_rate_limit/1	spending :limit calls' worth of budget by hand
	record_events/0 and the assertions	twelve lines of :telemetry.attach per test
	recording_sleep/1 and assert_slept/1	a hand-rolled :sleep_function shim

The guide still explains why each of these is the technique to use. These
replace the typing, not the model.
Usage
defmodule MyApp.StripeTest do
  use ExUnit.Case, async: true
  use ExternalService.Test

  setup :record_events

  setup do
    ExternalService.start(MyApp.Stripe,
      circuit_breaker: [tolerate: 2, within: :timer.seconds(10)],
      retry: [max_attempts: 3, base: 0]
    )

    on_exit(fn -> ExternalService.stop(MyApp.Stripe) end)
  end

  test "retries a 503, then gives up" do
    result = ExternalService.call(MyApp.Stripe, fn -> {:retry, :service_unavailable} end)

    assert {:error, %ExternalService.RetriesExhausted{}} = result
    assert_retried(MyApp.Stripe, reason: :service_unavailable)
  end

  test "fails fast once the breaker is open" do
    trip_breaker(MyApp.Stripe)

    assert {:error, %ExternalService.CircuitBreakerOpen{}} =
             ExternalService.call(MyApp.Stripe, fn -> flunk("should not run") end)

    assert_breaker_blown(MyApp.Stripe)
  end
end
use ExternalService.Test is exactly import ExternalService.Test.
Matching rules
The assertions take an optional keyword of expectations checked against the
event's telemetry metadata. An expectation is met when the metadata field is
equal to it, or — for a Regex — when the field's string form matches. A field
named in the expectations but absent from the metadata never matches.
Each assertion returns the metadata map it matched, so further assertions can
be made on it:
metadata = assert_retried(MyApp.Stripe)
assert metadata.reason == :service_unavailable
Service state is global
These helpers do not change that, and none of them isolates one test from
another. trip_breaker/1 and exhaust_rate_limit/1 in particular leave the
service tripped and spent for whatever runs next against the same service term
— see Isolating tests from each other.

      


      
        Summary


  
    Functions
  


    
      
        __using__(opts)

      


        Convenience: use ExternalService.Test is equivalent to import ExternalService.Test.



    


    
      
        assert_breaker_blown(service, expectations \\ [])

      


        Asserts that a call to service was rejected by an open circuit breaker.



    


    
      
        assert_retried(service, expectations \\ [])

      


        Asserts that service retried at least once.



    


    
      
        assert_slept(delays)

      


        Asserts that the delays recorded by recording_sleep/1 were exactly delays,
in order.



    


    
      
        assert_throttled(service, expectations \\ [])

      


        Asserts that a call to service was throttled and put to sleep.



    


    
      
        exhaust_rate_limit(service)

      


        Spends the whole rate-limit budget for service, without running anything.



    


    
      
        record_events()

      


        Records this library's telemetry events to the calling process for the rest of
the test.



    


    
      
        record_events(context)

      


        Same as record_events/0, ignoring the ExUnit context.



    


    
      
        recording_sleep(pid \\ self())

      


        Builds a :sleep_function that records each delay to pid instead of waiting.



    


    
      
        refute_retried(service, expectations \\ [])

      


        Asserts that service did not retry.



    


    
      
        trip_breaker(service)

      


        Opens the circuit breaker for service, without needing a failing call.



    





      


      
        Functions


        


  
    
      
    
    
      __using__(opts)


        (macro)


        
          
        

    

  


  

Convenience: use ExternalService.Test is equivalent to import ExternalService.Test.

  



    

  
    
      
    
    
      assert_breaker_blown(service, expectations \\ [])



        
          
        

    

  


  

      

          @spec assert_breaker_blown(
  ExternalService.service(),
  keyword()
) :: map()


      


Asserts that a call to service was rejected by an open circuit breaker.
assert_breaker_blown(service)
Requires record_events/0. Returns the metadata of the matching event.
Note that this asserts a call was rejected, which is not the same as the
breaker being open: use ExternalService.blown?/1 for the state itself.

  



    

  
    
      
    
    
      assert_retried(service, expectations \\ [])



        
          
        

    

  


  

      

          @spec assert_retried(
  ExternalService.service(),
  keyword()
) :: map()


      


Asserts that service retried at least once.
A retry is invisible in a call's return value — a call that failed twice and
then succeeded returns exactly what a call that succeeded first time returns —
so this is the only way to see one.
assert_retried(service)
assert_retried(service, reason: :service_unavailable)
Requires record_events/0. Returns the metadata of the matching event.

  



  
    
      
    
    
      assert_slept(delays)



        
          
        

    

  


  

      

          @spec assert_slept([non_neg_integer()]) :: [non_neg_integer()]


      


Asserts that the delays recorded by recording_sleep/1 were exactly delays,
in order.
assert_slept([100, 200, 400])
Asserts on the whole sequence rather than on each delay separately, because the
sequence is the thing a backoff configuration determines — a test that checks
only the first delay passes against the wrong :backoff. Pass [] to assert
that nothing slept at all.
Returns the delays.

  



    

  
    
      
    
    
      assert_throttled(service, expectations \\ [])



        
          
        

    

  


  

      

          @spec assert_throttled(
  ExternalService.service(),
  keyword()
) :: map()


      


Asserts that a call to service was throttled and put to sleep.
assert_throttled(service)
Requires record_events/0. Returns the metadata of the matching event.
Only fires when the call actually waits, so a service configured with
wait: false throttles by returning ExternalService.RateLimited and this
never matches. Assert on that error instead.

  



  
    
      
    
    
      exhaust_rate_limit(service)



        
          
        

    

  


  

      

          @spec exhaust_rate_limit(ExternalService.service()) :: ExternalService.service()


      


Spends the whole rate-limit budget for service, without running anything.
Reads :limit off the service and requests that many times, so the next call
is throttled. Returns the service.
exhaust_rate_limit(service)

assert {:error, %ExternalService.RateLimited{}} =
         ExternalService.call(service, fn -> flunk("should not run") end)
Pair it with wait: false, or the throttled call waits for the window rather
than failing — see
Rate limits.
Raises if the service was never started, or was started with no rate limit.

  



  
    
      
    
    
      record_events()



        
          
        

    

  


  

      

          @spec record_events() :: :ok


      


Records this library's telemetry events to the calling process for the rest of
the test.
Intended for a setup block, though it works anywhere before the code under
test runs:
setup :record_events
Handler IDs are global, so this generates one unique to the calling process and
detaches it with ExUnit.Callbacks.on_exit/2 — which is what makes the
assertions safe under async: true.
Returns :ok, so it satisfies setup's contract directly.

  



  
    
      
    
    
      record_events(context)



        
          
        

    

  


  

      

          @spec record_events(term()) :: :ok


      


Same as record_events/0, ignoring the ExUnit context.
This is the arity setup :record_events calls; record_events/0 is the one to
call from a test body or from a setup do block.

  



    

  
    
      
    
    
      recording_sleep(pid \\ self())



        
          
        

    

  


  

      

          @spec recording_sleep(pid()) :: (non_neg_integer() -> :ok)


      


Builds a :sleep_function that records each delay to pid instead of waiting.
ExternalService.start(service,
  retry: [max_attempts: 4, backoff: :exponential, base: 100],
  sleep_function: recording_sleep()
)

ExternalService.call(service, fn -> :retry end)

assert_slept([100, 200, 400])
This keeps the real backoff configuration under test while taking the waiting
off the clock, which a base: 0 override cannot do.
Retry backoff only
A :sleep_function that does not sleep is right for retry backoff, whose
delays are a fixed sequence, and wrong for rate limiting and concurrency,
which re-check a condition in a loop. There, not sleeping does not skip the
wait — the limiter is asked again immediately, still says wait, and the loop
spins until real time has passed. Measured at limit: 1, per: 2_000, the
throttled call still took 2000ms and invoked the function 2,075,418 times.
Use wait: false for those. See
Keeping tests off the clock.

  



    

  
    
      
    
    
      refute_retried(service, expectations \\ [])



        
          
        

    

  


  

      

          @spec refute_retried(
  ExternalService.service(),
  keyword()
) :: :ok


      


Asserts that service did not retry.
Unlike most refutations this is not reflexive symmetry: a retry that did not
happen leaves nothing in the return value to assert on instead.
refute_retried(service)
Requires record_events/0.

  



  
    
      
    
    
      trip_breaker(service)



        
          
        

    

  


  

      

          @spec trip_breaker(ExternalService.service()) :: ExternalService.service()


      


Opens the circuit breaker for service, without needing a failing call.
:fuse tolerates :tolerate melts and opens on the next, so this melts
:tolerate + 1 times — reading the number off the service rather than asking
the test to restate it. Melting is direct, so melt: :per_attempt makes no
difference to the count.
Returns the service, so it composes in a setup.
setup context do
  ExternalService.start(context.service, circuit_breaker: [tolerate: 2])
  trip_breaker(context.service)
  :ok
end
Raises if the service was never started, or if it was started with
tolerate: :infinity, which installs no breaker at all and therefore has
nothing to open.

  


        

      


  

    
ExternalService.Test.Coverage 
    



      
Which resilience paths your test suite actually exercised.
Testing ends on the point this module gives a mechanism to:
An inert service is not a tested one. Tests that run with the mechanisms
off are not exercising your :retry returns, your fallback paths, or your
error handling.

Nothing tells you whether you took that advice. A suite can make ten thousand
guarded calls, every one on the happy path, and look exactly like a suite that
exercises every failure path this library exists to provide. Coverage counts
the calls per service and how many of them went down each path:
external_service coverage

service             calls    retried     failed    breaker  throttled  saturated
MyApp.Geocoder         44         12          4          0          0          0
MyApp.Search          318          0          0          0          0          0  ⚠
MyApp.Stripe         1204        142         31          3          7          0

⚠ MyApp.Search was called 318 times and never once retried, failed, or was
  rejected. Its `:retry` returns, its fallback path and its error handling are
  not covered by this suite.
A row of zeros is a prompt, not a verdict
A dependency your tests stub at your own boundary is supposed to have
zeros — Testing recommends
exactly that for business-logic tests. What the report is for is the service
you believed you were testing. Either write a test that takes it down a
failure path, or know why you did not. This is an opt-in diagnostic you run
deliberately, never a threshold and never a build failure.
Enabling
# test/test_helper.exs
ExUnit.start()
ExternalService.Test.Coverage.install_reporter()
mix test then prints the table after the suite. Recording needs no reporter,
so entries/0 and report/0 can be read at any point — including mid-suite,
which makes "assert this test exercised the breaker" possible on its own:
attach()
on_exit(&detach/0)

ExternalService.call(service, fn -> {:retry, :nope} end)

assert [%{service: ^service, retried: 1}] = entries()
Install the reporter from test_helper.exs
Counts accumulate in an ETS table, and an ETS table dies with the process
that created it. install_reporter/0 creates it from test/test_helper.exs,
whose process outlives the suite. Creating it inside a test discards every
count when that test finishes.
What it costs
Nothing unless attached. Every event it reads is
already emitted, in production too, so there is no
instrumentation to enable and no build that differs — this is a handler and a
reporter. While attached it is one :ets.update_counter/4 per call, plus one
key in the calling process's dictionary for the duration of a call.
Coverage and simulate/3
ExternalService.simulate/3 answers whether a configuration would work.
This answers whether your suite ever found out. Neither substitutes for the
other, and a service with a good simulation and a row of zeros is exactly the
case worth knowing about.

      


      
        Summary


  
    Types
  


    
      
        entry()

      


        One service's accumulated coverage. Each count is a number of calls, not of
events, so they are all comparable with :calls — a call that retried four
times counts once.



    





  
    Functions
  


    
      
        attach()

      


        Starts recording, creating the counter table if it does not exist.



    


    
      
        detach()

      


        Stops recording. The counts already accumulated survive, and reset/0 clears
them.



    


    
      
        entries()

      


        The accumulated coverage, one entry/0 per service the suite called, ordered
by service.



    


    
      
        install_reporter()

      


        Starts recording and prints report/0 after the suite.



    


    
      
        report()

      


        entries/0 rendered as the report shown in the module documentation.



    


    
      
        reset()

      


        Discards every recorded count. Recording continues if it was attached.



    





      


      
        Types


        


  
    
      
    
    
      entry()



        
          
        

    

  


  

      

          @type entry() :: %{
  service: ExternalService.service(),
  calls: non_neg_integer(),
  retried: non_neg_integer(),
  failed: non_neg_integer(),
  rejected: non_neg_integer(),
  throttled: non_neg_integer(),
  saturated: non_neg_integer(),
  exercised?: boolean()
}


      


One service's accumulated coverage. Each count is a number of calls, not of
events, so they are all comparable with :calls — a call that retried four
times counts once.
:exercised? is false when a service was called but never once went down any
of the paths, which is the case the report flags.

  


        

      

      
        Functions


        


  
    
      
    
    
      attach()



        
          
        

    

  


  

      

          @spec attach() :: :ok


      


Starts recording, creating the counter table if it does not exist.
Called for you by install_reporter/0. Call it directly when you want the
counts without the end-of-suite report — but see the warning in the module
documentation about which process creates the table.

  



  
    
      
    
    
      detach()



        
          
        

    

  


  

      

          @spec detach() :: :ok


      


Stops recording. The counts already accumulated survive, and reset/0 clears
them.

  



  
    
      
    
    
      entries()



        
          
        

    

  


  

      

          @spec entries() :: [entry()]


      


The accumulated coverage, one entry/0 per service the suite called, ordered
by service.
A service that was never called does not appear — nothing was recorded for it.

  



  
    
      
    
    
      install_reporter()



        
          
        

    

  


  

      

          @spec install_reporter() :: :ok


      


Starts recording and prints report/0 after the suite.
Put it in test/test_helper.exs, after ExUnit.start/1.

  



  
    
      
    
    
      report()



        
          
        

    

  


  

      

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


      


entries/0 rendered as the report shown in the module documentation.
Returns a message saying so when nothing was recorded, rather than an empty
table.

  



  
    
      
    
    
      reset()



        
          
        

    

  


  

      

          @spec reset() :: :ok


      


Discards every recorded count. Recording continues if it was attached.

  


        

      


  

    
ExternalService.CircuitBreakerOpen exception
    



      
Raised or returned when a call is rejected because the service's circuit breaker
is open (the fuse is blown).
This is an Errata infrastructure error. The same
value is returned in an {:error, error} tuple by ExternalService.call/3 and
raised by ExternalService.call!/3. Its :context contains the :service
(the fuse name) whose circuit breaker is open.
This error is retryable: the wrapped function never ran, and the breaker resets
itself once its refresh window elapses.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        code(error)

      


        Returns the stable external code for this error, or nil if it has none.



    


    
      
        display_message(error)

      


        Returns the user-facing display message for this error (the :message field by default).



    


    
      
        http_status(error)

      


        Returns the HTTP status code associated with this error (503 by default).



    


    
      
        redact_context(error)

      


        Returns this error's :context with sensitive values redacted (no keys declared).



    


    
      
        retryable?(error)

      


        Returns whether this error is considered retryable (true by default).



    


    
      
        severity(error)

      


        Returns the severity of this error (:error by default).



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: Errata.infrastructure_error()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      code(error)



        
          
        

    

  


  

      

          @spec code(Errata.error()) :: String.t() | nil


      


Returns the stable external code for this error, or nil if it has none.
No code is set for this error type. Set one with the :code option, or
override this function to derive a code from the error's :reason or
:context. See also Errata.code/1.

  



  
    
      
    
    
      display_message(error)



        
          
        

    

  


  

      

          @spec display_message(Errata.error()) :: String.t() | nil


      


Returns the user-facing display message for this error (the :message field by default).
This is distinct from Exception.message/1, which also includes the error's :reason and is
aimed at developers. Override this function to compute a message from the error's :reason or
:context:
def display_message(%{context: %{order_id: id}}), do: "order #{id} does not exist"
def display_message(error), do: error.message
Errata.display_message/1 and Errata.to_map/1 both dispatch through this function, so an
override applies to the JSON encoding and to anything rendering the error for a user. See also
Errata.display_message/1.

  



  
    
      
    
    
      http_status(error)



        
          
        

    

  


  

      

          @spec http_status(Errata.error()) :: non_neg_integer()


      


Returns the HTTP status code associated with this error (503 by default).
The default is derived from the error's kind, or set via the :http_status
option. Override this function to compute a status from the error's :reason
or :context. See also Errata.http_status/1.

  



  
    
      
    
    
      redact_context(error)



        
          
        

    

  


  

      

          @spec redact_context(Errata.error()) :: map()


      


Returns this error's :context with sensitive values redacted (no keys declared).
Called wherever Errata serializes the context — to_map/1 and the JSON
encoding, Errata.log/2 metadata, and Errata.report/2 telemetry metadata.
The error struct itself is left alone, so the real values remain available
locally for debugging.
Declared keys are redacted recursively and match whether written as atoms or
binaries. Set them with the :redact option, add a global floor with
config :errata, redact: [...], or override this function for full control.
See Errata.Redaction.

  



  
    
      
    
    
      retryable?(error)



        
          
        

    

  


  

      

          @spec retryable?(Errata.error()) :: boolean()


      


Returns whether this error is considered retryable (true by default).
The default is derived from the error's kind — :infrastructure errors are
retryable, :domain and :general errors are not — or set via the
:retryable option. Override this function to decide from the error's
:reason or :context. See also Errata.retryable?/1.

  



  
    
      
    
    
      severity(error)



        
          
        

    

  


  

      

          @spec severity(Errata.error()) :: Logger.level()


      


Returns the severity of this error (:error by default).
The severity is a Logger.level/0 and is the level at which Errata.log/2
logs the error when no level is given explicitly. Set it with the :severity
option, or override this function to compute a severity from the error's
:reason or :context. See also Errata.severity/1.

  


        

      


  

    
ExternalService.RateLimited exception
    



      
Raised or returned when a call could not be made within the service's
configured rate limit :wait budget.
This is an Errata infrastructure error. The same
value is returned in an {:error, error} tuple by ExternalService.call/3 and
raised by ExternalService.call!/3.
Its :context contains:
	:service — the service the call was made against.
	:retry_after — milliseconds until the call would have been admitted, as
reported by the rate limiter backend.

Only services that bound the wait — rate_limit: [wait: false] or a millisecond
budget — can produce this error; wait: :infinity, and leaving :wait unset,
wait as long as it takes instead. Because the wrapped function never ran, this
does not melt the circuit breaker and is not retried — retrying immediately
would only be throttled again.
It is nevertheless retryable in Errata's sense: the call is worth making again
once the limiter has room, and :context.retry_after says when that is.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        code(error)

      


        Returns the stable external code for this error, or nil if it has none.



    


    
      
        display_message(error)

      


        Returns the user-facing display message for this error (the :message field by default).



    


    
      
        http_status(error)

      


        Returns the HTTP status code associated with this error (503 by default).



    


    
      
        redact_context(error)

      


        Returns this error's :context with sensitive values redacted (no keys declared).



    


    
      
        retryable?(error)

      


        Returns whether this error is considered retryable (true by default).



    


    
      
        severity(error)

      


        Returns the severity of this error (:error by default).



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: Errata.infrastructure_error()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      code(error)



        
          
        

    

  


  

      

          @spec code(Errata.error()) :: String.t() | nil


      


Returns the stable external code for this error, or nil if it has none.
No code is set for this error type. Set one with the :code option, or
override this function to derive a code from the error's :reason or
:context. See also Errata.code/1.

  



  
    
      
    
    
      display_message(error)



        
          
        

    

  


  

      

          @spec display_message(Errata.error()) :: String.t() | nil


      


Returns the user-facing display message for this error (the :message field by default).
This is distinct from Exception.message/1, which also includes the error's :reason and is
aimed at developers. Override this function to compute a message from the error's :reason or
:context:
def display_message(%{context: %{order_id: id}}), do: "order #{id} does not exist"
def display_message(error), do: error.message
Errata.display_message/1 and Errata.to_map/1 both dispatch through this function, so an
override applies to the JSON encoding and to anything rendering the error for a user. See also
Errata.display_message/1.

  



  
    
      
    
    
      http_status(error)



        
          
        

    

  


  

      

          @spec http_status(Errata.error()) :: non_neg_integer()


      


Returns the HTTP status code associated with this error (503 by default).
The default is derived from the error's kind, or set via the :http_status
option. Override this function to compute a status from the error's :reason
or :context. See also Errata.http_status/1.

  



  
    
      
    
    
      redact_context(error)



        
          
        

    

  


  

      

          @spec redact_context(Errata.error()) :: map()


      


Returns this error's :context with sensitive values redacted (no keys declared).
Called wherever Errata serializes the context — to_map/1 and the JSON
encoding, Errata.log/2 metadata, and Errata.report/2 telemetry metadata.
The error struct itself is left alone, so the real values remain available
locally for debugging.
Declared keys are redacted recursively and match whether written as atoms or
binaries. Set them with the :redact option, add a global floor with
config :errata, redact: [...], or override this function for full control.
See Errata.Redaction.

  



  
    
      
    
    
      retryable?(error)



        
          
        

    

  


  

      

          @spec retryable?(Errata.error()) :: boolean()


      


Returns whether this error is considered retryable (true by default).
The default is derived from the error's kind — :infrastructure errors are
retryable, :domain and :general errors are not — or set via the
:retryable option. Override this function to decide from the error's
:reason or :context. See also Errata.retryable?/1.

  



  
    
      
    
    
      severity(error)



        
          
        

    

  


  

      

          @spec severity(Errata.error()) :: Logger.level()


      


Returns the severity of this error (:error by default).
The severity is a Logger.level/0 and is the level at which Errata.log/2
logs the error when no level is given explicitly. Set it with the :severity
option, or override this function to compute a severity from the error's
:reason or :context. See also Errata.severity/1.

  


        

      


  

    
ExternalService.RetriesExhausted exception
    



      
Raised or returned when the allowable number of retries (or the retry time
budget) is exceeded while calling an external service.
This is an Errata infrastructure error. The same
value is returned in an {:error, error} tuple by ExternalService.call/3 and
raised by ExternalService.call!/3.
Its :context contains:
	:service — the fuse name the error relates to.
	:reason — the retry reason: the value from the function's {:retry, reason}
return, or :reason_unknown when the function returned a bare :retry.

When that reason is an exception — including any Errata error — it is also set
as this error's :cause, so Errata.root_cause/1 reaches the underlying
failure and Errata.format_chain/1 prints the chain.
Retryability
Unlike the other errors here, this one is not retryable: it exists to say
that retrying has already been tried and did not work. Note that Errata's
classification has no notion of when — "not retryable" here means "not worth
retrying now". Re-attempting the work at a coarser layer, such as a background
job re-enqueuing itself minutes later, is a perfectly reasonable response to
this error; it just isn't the question Errata.retryable?/1 is answering.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        code(error)

      


        Returns the stable external code for this error, or nil if it has none.



    


    
      
        display_message(error)

      


        Returns the user-facing display message for this error (the :message field by default).



    


    
      
        http_status(error)

      


        Returns the HTTP status code associated with this error (503 by default).



    


    
      
        redact_context(error)

      


        Returns this error's :context with sensitive values redacted (no keys declared).



    


    
      
        retryable?(error)

      


        Returns whether this error is considered retryable (false by default).



    


    
      
        severity(error)

      


        Returns the severity of this error (:error by default).
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          @spec code(Errata.error()) :: String.t() | nil


      


Returns the stable external code for this error, or nil if it has none.
No code is set for this error type. Set one with the :code option, or
override this function to derive a code from the error's :reason or
:context. See also Errata.code/1.
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          @spec display_message(Errata.error()) :: String.t() | nil


      


Returns the user-facing display message for this error (the :message field by default).
This is distinct from Exception.message/1, which also includes the error's :reason and is
aimed at developers. Override this function to compute a message from the error's :reason or
:context:
def display_message(%{context: %{order_id: id}}), do: "order #{id} does not exist"
def display_message(error), do: error.message
Errata.display_message/1 and Errata.to_map/1 both dispatch through this function, so an
override applies to the JSON encoding and to anything rendering the error for a user. See also
Errata.display_message/1.
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Returns the HTTP status code associated with this error (503 by default).
The default is derived from the error's kind, or set via the :http_status
option. Override this function to compute a status from the error's :reason
or :context. See also Errata.http_status/1.
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Returns this error's :context with sensitive values redacted (no keys declared).
Called wherever Errata serializes the context — to_map/1 and the JSON
encoding, Errata.log/2 metadata, and Errata.report/2 telemetry metadata.
The error struct itself is left alone, so the real values remain available
locally for debugging.
Declared keys are redacted recursively and match whether written as atoms or
binaries. Set them with the :redact option, add a global floor with
config :errata, redact: [...], or override this function for full control.
See Errata.Redaction.
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Returns whether this error is considered retryable (false by default).
The default is derived from the error's kind — :infrastructure errors are
retryable, :domain and :general errors are not — or set via the
:retryable option. Override this function to decide from the error's
:reason or :context. See also Errata.retryable?/1.
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Returns the severity of this error (:error by default).
The severity is a Logger.level/0 and is the level at which Errata.log/2
logs the error when no level is given explicitly. Set it with the :severity
option, or override this function to compute a severity from the error's
:reason or :context. See also Errata.severity/1.
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Raised or returned when a call is made to a service that has not been started
with ExternalService.start/2.
This is an Errata infrastructure error. The same
value is returned in an {:error, error} tuple by ExternalService.call/3 and
raised by ExternalService.call!/3. Its :context contains the :service
(the fuse name) that was not started.
Unlike the other errors, this one indicates a programming/configuration mistake
rather than a transient infrastructure failure, so its http_status/1 is 500
and it is not retryable. Retrying cannot help: nothing changes until the
service is started.
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Returns the stable external code for this error, or nil if it has none.
No code is set for this error type. Set one with the :code option, or
override this function to derive a code from the error's :reason or
:context. See also Errata.code/1.
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Returns the user-facing display message for this error (the :message field by default).
This is distinct from Exception.message/1, which also includes the error's :reason and is
aimed at developers. Override this function to compute a message from the error's :reason or
:context:
def display_message(%{context: %{order_id: id}}), do: "order #{id} does not exist"
def display_message(error), do: error.message
Errata.display_message/1 and Errata.to_map/1 both dispatch through this function, so an
override applies to the JSON encoding and to anything rendering the error for a user. See also
Errata.display_message/1.
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Returns the HTTP status code associated with this error (503 by default).
The default is derived from the error's kind, or set via the :http_status
option. Override this function to compute a status from the error's :reason
or :context. See also Errata.http_status/1.
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Returns this error's :context with sensitive values redacted (no keys declared).
Called wherever Errata serializes the context — to_map/1 and the JSON
encoding, Errata.log/2 metadata, and Errata.report/2 telemetry metadata.
The error struct itself is left alone, so the real values remain available
locally for debugging.
Declared keys are redacted recursively and match whether written as atoms or
binaries. Set them with the :redact option, add a global floor with
config :errata, redact: [...], or override this function for full control.
See Errata.Redaction.
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Returns whether this error is considered retryable (false by default).
The default is derived from the error's kind — :infrastructure errors are
retryable, :domain and :general errors are not — or set via the
:retryable option. Override this function to decide from the error's
:reason or :context. See also Errata.retryable?/1.
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Returns the severity of this error (:error by default).
The severity is a Logger.level/0 and is the level at which Errata.log/2
logs the error when no level is given explicitly. Set it with the :severity
option, or override this function to compute a severity from the error's
:reason or :context. See also Errata.severity/1.
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Raised or returned when a call could not be made because the service's
concurrency limit was already fully in use.
This is an Errata infrastructure error. The same
value is returned in an {:error, error} tuple by ExternalService.call/3 and
raised by ExternalService.call!/3.
Its :context contains:
	:service — the service the call was made against.
	:limit — the configured concurrency limit.
	:in_flight — how many slots were held when the call was rejected.

Only services configured with a :concurrency limit can produce this error.
Its http_status/1 is the default 503: unlike ExternalService.RateLimited,
this is not the external service refusing you, it is your own bulkhead shedding
load — a "Service Unavailable" from your application.
Because the wrapped function never ran, this does not melt the circuit
breaker and is not retried. Retrying immediately would only find the bulkhead
full again; shedding is the point. See ExternalService.Concurrency.
Like ExternalService.RateLimited, it is still retryable in Errata's sense —
the call is worth making again once in-flight calls drain — just not on the
spot.
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Returns the stable external code for this error, or nil if it has none.
No code is set for this error type. Set one with the :code option, or
override this function to derive a code from the error's :reason or
:context. See also Errata.code/1.
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Returns the user-facing display message for this error (the :message field by default).
This is distinct from Exception.message/1, which also includes the error's :reason and is
aimed at developers. Override this function to compute a message from the error's :reason or
:context:
def display_message(%{context: %{order_id: id}}), do: "order #{id} does not exist"
def display_message(error), do: error.message
Errata.display_message/1 and Errata.to_map/1 both dispatch through this function, so an
override applies to the JSON encoding and to anything rendering the error for a user. See also
Errata.display_message/1.
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Returns the HTTP status code associated with this error (503 by default).
The default is derived from the error's kind, or set via the :http_status
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Returns this error's :context with sensitive values redacted (no keys declared).
Called wherever Errata serializes the context — to_map/1 and the JSON
encoding, Errata.log/2 metadata, and Errata.report/2 telemetry metadata.
The error struct itself is left alone, so the real values remain available
locally for debugging.
Declared keys are redacted recursively and match whether written as atoms or
binaries. Set them with the :redact option, add a global floor with
config :errata, redact: [...], or override this function for full control.
See Errata.Redaction.
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Returns whether this error is considered retryable (true by default).
The default is derived from the error's kind — :infrastructure errors are
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:retryable option. Override this function to decide from the error's
:reason or :context. See also Errata.retryable?/1.
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Returns the severity of this error (:error by default).
The severity is a Logger.level/0 and is the level at which Errata.log/2
logs the error when no level is given explicitly. Set it with the :severity
option, or override this function to compute a severity from the error's
:reason or :context. See also Errata.severity/1.
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