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    NebulaAPI

Transparent, safe cluster-wide APIs for Elixir — compile-time verified,
zero-overhead distributed calls.
Define your functions once. The compiler decides what runs where. Calls
across nodes look and feel like local function calls.
The model in 30 seconds
A NebulaAPI cluster is a set of nodes (each one an Erlang VM, e.g.
db@db.example). Every node carries one or more tags — arbitrary atoms. No atom is
special; a tag can name a role (:db, :worker), a capability (:cache), or a whole
deployment (:mainframe_cluster, with the worker off in another cloud as
:cloud_worker_lambda). You declare the map once, in config:
# config/config.exs
config :nebula_api,
  nodes: [
    "api@api.example":       [:mainframe_cluster, :api, :cache],
    "db@db.example":         [:mainframe_cluster, :db, :cache],
    "worker@worker.example": [:cloud_worker_lambda, :worker]
  ]
In your code you pick where things run with two sigils — by capability, or by
name:
	&tag — any node carrying that tag (picking by capability). &db reads
as "wherever the :db tag lives"; the & turns the tag atom :db into a
selector. Tags are lowercase atoms — &db, &cache, &mainframe_cluster.
	@node — pick a node by name. @worker is the short name (everything
before @); when several nodes share it, @worker targets them all — that's a
feature, see short vs full names for pinning exactly one.

! negates either one: !&legacy is "every node without the :legacy tag",
!@backup is "every node except @backup". These are selectors — they tell
the compiler which nodes get the real code.
Now write functions and tag each with the selector for where its body belongs:
defmodule MyApp.Users do
  use NebulaAPI

  # `&db` → the body is compiled only on nodes carrying the :db tag.
  # On every other node, the same call becomes transparent RPC to a :db node.
  defapi &db, find(id) do
    Repo.get(User, id)        # %User{} or nil — returned verbatim, no wrapping
  end

  # A different capability, on different nodes: the cache lives on &cache nodes.
  defapi &cache, update_cache(id, user) do
    Cachex.put(:users, id, user)
  end
end
On a node tagged :db, find/1 is a direct Repo.get; on every other node the same call
dispatches over Erlang distribution to a :db node and hands back the identical value. The
caller never knows which node ran it — and never has to. The body's value comes back as-is,
so you branch on it like any local call:
# Same call on any node:
case MyApp.Users.find(42) do
  %User{} = user -> MyApp.Users.update_cache(user.id, user)
  nil            -> :not_found
end
That update_cache/2 call carries &cache, so by default it resolves on one node —
locally if the caller is a &cache node, otherwise a single &cache worker (the first
registered one; it's a unicast, not a broadcast and not a race). The other &cache nodes
still hold a stale copy. When you mean "reach more than one", say so explicitly:
# every &cache node serving the method
call_on_all_nodes do
  MyApp.Users.update_cache(user.id, user)
end

# one specific node
call_on_node @db do
  MyApp.Users.update_cache(user.id, user)
end

# every &cache node except @db — multicast, space-juxtaposed selector + negation
call_on_nodes &cache !@db do
  MyApp.Users.update_cache(user.id, user)
end
What you get from compile-time
NebulaAPI resolves all routing decisions at compile time. This is not a
runtime router — it's a code generator that produces different bytecode
for each node. That buys you four things:
No unnecessary deps. Wrap a use, an import, or a child spec in on_nebula_nodes so
it exists only where it belongs:
defmodule MyApp.Cache do
  use NebulaAPI

  on_nebula_nodes &cache do
    import Cachex, only: [put: 3]   # only &cache nodes even reference Cachex
  end

  defapi &cache, update_cache(id, user), do: put(:users, id, user)
end
The non-matching branch is absent from the bytecode, so a non-&cache node never loads
Cachex (gate the dependency itself the same way and it isn't even pulled in).
Smaller binaries. Code that doesn't belong on a node doesn't exist in its binary — a
defapi body is only emitted on matching nodes. Whole dependencies fall away the same way. The
runnable demo pins Cachex to its
db node (on_nebula_nodes @db plus a conditional dep), so only that build carries Cachex
and its dependency tree (~570 KB); every other node never compiles it and comes out
~38% smaller — ≈860 KB vs the db node's 1.4 MB (measured, per-node _build from
mix compile). Your web node doesn't carry FFmpeg bindings; your worker doesn't carry
Phoenix routes.
Compile-time safety. Reference a tag or node that isn't in your topology and the build
stops — no silent RPC into the void:
defapi @nope, f() do ... end
** (CompileError) Unknown nodes in defapi call :
	- @nope

Available nodes :
	- @api
	- @:"api@api.example"
	- @db
	- @:"db@db.example"
	- @worker
	- @:"worker@worker.example"
The :nebula compiler goes one further: an app with defapi modules but no
nebula_api_server() wired in fails to compile, instead of silently shipping workers that
never register:
Found 1 module(s) using NebulaAPI with local methods in app :my_app, but no
nebula_api_server() has been found in :my_app's supervisor — their RPC workers
will never start.

   App:         :my_app
   Application: MyApp.Application
                ^------ hint: add nebula_api_server() to its supervisor's children
   Modules using NebulaAPI (with local methods on this node):
         - MyApp.Users
Zero runtime overhead. A locally-resolved call is a direct function call — no routing
table, no RPC serialization, just a couple of process-dictionary reads to check for an
active routing context. Measured, that's ~60 ns versus ~8 ns for a plain call (see
Performance) — about 0.00005 ms of overhead, free in any practical
sense. The decision was made once, at compile time.
"Compile per release" — the one mental shift. NebulaAPI produces
different bytecode per node, so each release is its own build. For Elixir
devs used to a single runtime artifact, that's the surprising part. In
practice it's one extra elixir --name node@host -S mix compile per
release — a few seconds of CI, paid back many times over in smaller
binaries, fewer dependencies, and zero routing overhead.

How it works
Same source, different bytecode. Each release is compiled with its target node name (the
compiler reads node()), so a &db body is real code on a node that has :db and an
RPC stub everywhere else — the stub routes through :pg process groups to a node that
does have the body.
  defapi &db, find_user(id)
  ── compiled per node (--name) ──

  on a :db node
    → find_user/1 runs Repo.get locally

  on any other node
    → find_user/1 is an RPC stub
         │
         ▼  :pg groups
       a :db node's Worker runs Repo.get
Reshape your topology without touching code
This is why NebulaAPI exists: the flexibility of umbrella releases, without rewriting
code every time you split a node out or stand up a new release. The same source ships as
one node or many — you change config and which releases you build, nothing else.
# dev — one node wears every hat, a single release, every call local
nodes: ["dev@localhost": [:api, :db, :worker, :cache]]

# staging — pull the database onto its own node
nodes: [
  "app@app.staging": [:staging_cluster, :api, :worker, :cache],
  "db@db.staging":   [:staging_cluster, :db, :cache]
]

# prod — scale the workers out, keep one db; w3 lives in another cloud
nodes: [
  "app@app.prod":    [:mainframe_cluster, :api, :cache],
  "worker@w1.prod":  [:mainframe_cluster, :gpu],
  "worker@w2.prod":  [:alpha_cluster, :llm],
  "worker@w3.prod":  [:cloud_worker_lambda, :gpu, :storage],
  "db@db.prod":      [:mainframe_cluster, :db, :cache]
]
Moving :db off the app node, or fanning workers across three machines, is a config change
and a rebuild — never a code change. And the tags follow how you actually think about the
fleet: the three workers share the short name worker@ (so @worker hits all of them
without any :worker tag), the deployment tag varies by environment and even by node
(worker@w3.prod is :cloud_worker_lambda — off in another cloud), and the capability
tags (:gpu, :llm, :storage) carve out which worker you mean (@worker &gpu). A tag
is just a label; slice the cluster however suits you.
Installation
Add :nebula_api to your deps — from Hex:
def deps do
  [
    {:nebula_api, "~> 0.7"}
  ]
end
Or track the repo directly (e.g. for an unreleased fix):
def deps do
  [
    {:nebula_api, git: "git@github.com:podCloud/nebula_api.git", tag: "v0.7.1"}
  ]
end
Quick start
1. Define your cluster topology
# config/config.exs
config :nebula_api,
  nodes: [
    "api@api.example": [:mainframe_cluster, :api],
    "db@db.example": [:mainframe_cluster, :db],
    "worker@worker.example": [:alpha_cluster, :worker]
  ]
Each key is a full node name (short@host); each value is a list of capability
tags (see the model above). In selectors you can
use the short name: @db matches :"db@db.example", @worker matches
:"worker@worker.example" — when there's no ambiguity, short names are all you
need.
2. Define distributed functions
defmodule MyApp.Users do
  use NebulaAPI

  # Body compiles on &db nodes. Everywhere else: transparent RPC.
  defapi &db, find(id) do
    Repo.get!(User, id)
  end
end
3. Wire a server into each app's supervision tree
defmodule MyApp.Application do
  use Application
  use NebulaAPI.Server

  def start(_type, _args) do
    Supervisor.start_link([nebula_api_server()], strategy: :one_for_one, name: MyApp.Sup)
  end
end
use NebulaAPI.Server brings the nebula_api_server/0 macro into scope (plus the
on_nebula_nodes / call_on_* macros) — without the defapi bookkeeping, since the host
module defines none of its own. Use it on the module that wires the server; use
use NebulaAPI on the modules that actually define defapi endpoints.
nebula_api_server() discovers the app's own modules that use NebulaAPI and starts a
supervised GenServer worker for each one that has local methods on this node; each worker
registers in :pg process groups for discovery across nodes. No module list to maintain —
and because the server lives in the app's own tree, its workers die with the app (so :pg
never holds stale entries).
Optional: guard against forgetting it
Add the :nebula compiler to catch a missing nebula_api_server() at compile time:
def project do
  [
    # ...
    compilers: Mix.compilers() ++ [:nebula]
  ]
end
If an app has modules with local methods but no nebula_api_server() wired into its
supervisor, mix compile fails with an explanatory error — the same spirit as the
compile error raised for a defapi targeting an unknown node. It also warns (without
failing the build) when an app wires nebula_api_server() but defines no defapi at all —
a server with nothing to serve.
In an umbrella, add :nebula to each child app's compilers: — a placement in the
umbrella-root mix.exs does nothing (mix compile recurses into the children and only runs
their compilers). One compilers: Mix.compilers() ++ [:nebula] per app that uses NebulaAPI.
4. Compile with the target node name
With the code and server in place, compile each release as the node it will run as —
NebulaAPI keys its codegen on node() at compile time, which you set with the --name
flag on mix compile:
elixir --name api@api.example -S mix compile && mix release api

Forget --name and the build stops with a clear CompileError (node() would be
nonode@nohost — the name isn't unknown, it's unset, so allow_unknown_self_node
won't paper over it). Set allow_nonode_nohost: true if you really mean a nameless
generic build.
Build each release in its own stage, pinning the compile-time node name:
# api release — compiled as node api@api.example
RUN elixir --name api@api.example -S mix compile && mix release api

# worker release — separate stage, compiled as node worker@worker.example
RUN elixir --name worker@worker.example -S mix compile && mix release worker
Then each release must boot as that same node name. That's a separate, runtime
concern, handled by Mix release's own env vars
— RELEASE_NODE (the node name) and RELEASE_DISTRIBUTION (name for fully-qualified
names across hosts; the default is sname):
# at run time, in the api container
RELEASE_DISTRIBUTION=name RELEASE_NODE=api@api.example bin/api start

The compile-time --name and the runtime RELEASE_NODE must match — that's the whole
contract: the routing was decided for api@api.example at build, so the release has to
actually be api@api.example when it runs. NebulaAPI enforces it: if the running node
differs from the one the release was compiled as, the server crashes at boot with a
clear message rather than misrouting silently — unless you opt into running it as a
generic node. (RELEASE_NODE defaults to
<release_name>@… with short-name distribution, so set it explicitly to get the
fully-qualified name.)
In dev/test, you typically don't start the VM with --name. Use
default_opts to tell the compiler which node to pretend to be:
# config/dev.exs
config :nebula_api,
  default_opts: [self_node: :"api@api.example"]
5. Call it — local or remote, same API
# On @db (has &db) → local Repo.get!
MyApp.Users.find(42)
#=> %User{id: 42, ...}

# On @worker (no &db) → transparent RPC to a &db node
MyApp.Users.find(42)
#=> %User{id: 42, ...}
Selectors
Selectors tell the compiler which nodes get the real implementation. Every other node
gets a stub in its place — a generated function that forwards the call over RPC to a
node that does have the body.
	Syntax	Meaning
	&tag	Nodes with this tag
	!&tag	Nodes without this tag
	@node	Specific node (short or full name)
	!@node	All nodes except this one
	(no selector)	Every node — the body is local everywhere

Combine selectors by juxtaposing them with a space — no commas between them, no
brackets. This is the canonical NebulaAPI syntax, and it's what keeps the code readable
(&db !@backup reads as "a :db node, but not @backup"):
# Nodes with the :db tag, excluding @backup
defapi &db !@backup, run_migration(version) do
  Ecto.Migrator.run(Repo, :up, to: version)
end

# Specific node only
defapi @worker, transcode(input, opts) do
  FFmpex.new_command()
  |> FFmpex.add_input_file(input)
  |> FFmpex.add_output_file(opts[:output])
  |> FFmpex.execute()
end

# No selector → the body is local on every node, each returning its own data
defapi get_node_health() do
  %{node: node(), uptime: :erlang.statistics(:wall_clock) |> elem(0)}
end
Short vs full names
In config, node names are full Erlang names — short@host. In a selector you can use just
the short part (everything before @), which keeps call sites readable:
# Equivalent when only one node is named "db@…":
defapi @db, do_something() do ... end
defapi @:"db@db.example", do_something() do ... end   # full name as an atom
The full-name form is @:"name@host" (an atom, because of the @) — and !@:"name@host"
to negate it.
The short name is intentionally "many": that's a feature. A short name matches every
node that shares it, which is usually exactly what you want for a horizontally-scaled role.
Picture three nodes running the same worker release on three hosts (as the
runnable demo does), each kitted out
differently:
"worker@worker1.test": [:alpha_cluster, :gpu, :storage],
"worker@worker2.test": [:beta_server, :llm],
"worker@worker3.test": [:alpha_cluster, :vps]
@worker targets all three — every node whose release name is worker, across hosts,
whatever capability tags they happen to carry. To pin exactly one, reach for its full name:
@:"worker@worker2.test".
What gets generated
For each defapi, the macro generates:
	<name>/N — the public router callers actually invoke.
	__nbapi_remote_<name>/N — RPC dispatch via APIServer, on every node.
	__nbapi_local_<name>/N — the real body, on matching nodes only. Elsewhere
nothing is emitted: the router goes remote there, so there's no stub to keep.

The remote function is generated on every node, including nodes
that have the local implementation. This is what makes call_on_node
and call_on_nodes work from anywhere — even a &db node can call
other &db nodes remotely for quorum writes, load distribution, etc.
Router and priorities
The public router on each defapi decides where a call goes, from the default outward —
the more explicit you get, the more it wins. Take the same call, MyApp.Cache.get(key):
	Default — MyApp.Cache.get(key) runs locally if this node serves the method,
otherwise a single remote call (unicast).
	Wrapped in a block — the same call inside call_on_nodes &cache do … end routes per
the block instead.
	Its own trailing opts win over the block — MyApp.Cache.get(key, multicast: true)
routes itself, even inside a block; a routing key set to nil / false opts the call
back out to the default.

Default unicast goes to the first node on the :pg list that serves the method — never
the others. Concretely that's the first node serving the API that connected to NebulaAPI
(joined the method's :pg group); that's the only node that runs the call. No fan-out, no
load-balancing by default. Membership is live, though: if that node drops, :pg removes it,
so the next call simply lands on whoever is now first among the nodes still connected. (Want
several nodes at once, a specific one, a random one, or a load-aware pick? That's
runtime routing.)
on_nebula_nodes — conditional compilation
Include or exclude entire blocks of code based on the current node.
Unlike defapi, this works at any level — module body, use
directives, supervision trees:
defmodule MyApp.Repo do
  use NebulaAPI.AST

  # Only connect to the database on &db nodes.
  # Other nodes don't even load Ecto.
  on_nebula_nodes &db do
    use Ecto.Repo, otp_app: :my_app
  end
end

defmodule MyApp.Application do
  use NebulaAPI.AST

  # Start the FFmpeg pool only on worker nodes
  on_nebula_nodes &worker do
    def extra_children, do: [MyApp.TranscoderPool]
  else
    def extra_children, do: []
  end
end
The non-matching branch is completely absent from the compiled bytecode. A module that
does only this can use NebulaAPI.AST — the lightest entry point, no defapi bookkeeping.
Runtime routing
The selector on a defapi is the default route. Sometimes you need to override it at
runtime — send one call to a specific node, fan it out to several, or pick a node by load.
Three macros wrap a block to do that, named after how far the call goes:
	call_on_node — unicast: run on exactly one node.
	call_on_nodes — multicast: run on every node a selector matches.
	call_on_all_nodes — broadcast: run on every node that serves the method.

call_on_node — unicast
# Force execution on a specific node
call_on_node @worker do
  MyApp.Jobs.transcode(file, opts)
end

# Pick a node dynamically based on runtime info — least loaded
call_on_node fn nodes_info ->
  nodes_info
  |> Enum.filter(fn {_, info} -> info.connected && info.runtime end)
  |> Enum.min_by(fn {_, info} -> info.runtime.memory_percent end)
  |> elem(0)
end do
  MyApp.HeavyTask.run()
end

# Or just pick one at random
call_on_node fn nodes_info -> nodes_info |> Map.keys() |> Enum.random() end do
  MyApp.Jobs.transcode(file, opts)
end
call_on_nodes — multicast
# Call all &worker nodes, wait for all results
call_on_nodes &worker, strategy: :all, timeout: 30_000 do
  MyApp.Jobs.health_check()
end

# First to respond wins
call_on_nodes &worker, strategy: :first do
  MyApp.Jobs.transcode(file, opts)
end

# Quorum: a strict majority of the configured &db nodes must succeed (the default).
# A single live node out of three configured refuses — that's the point of a quorum.
call_on_nodes &db, strategy: :quorum do
  MyApp.Users.write_replica(user)
end

# A selector function over live node info — fan out only to nodes seen recently
call_on_nodes fn nodes_info ->
  cutoff = DateTime.add(DateTime.utc_now(), -30, :second)
  nodes_info
  |> Enum.filter(fn {_, i} -> i.last_seen_at && DateTime.compare(i.last_seen_at, cutoff) == :gt end)
  |> Enum.map(&elem(&1, 0))
end, strategy: :all do
  MyApp.Cache.invalidate(:all)
end
call_on_all_nodes — broadcast
call_on_all_nodes timeout: 5_000 do
  MyApp.Cache.invalidate(:all)
end
Multicast strategies
Results are always tagged per node — {node, value} on success,
{node, {:nebula_error, reason}} for a node whose call failed at the transport level.
	Strategy	Behavior
	:all	Wait for every node (or timeout). Returns a list of {node, value}.
	:first	Return the first response that counts as a success (then stop waiting on the rest — the pending tasks are brutal-killed); {:nebula_error, :no_success, results} if none.
	:quorum	Wait for a strict majority of the quorum set, or an exact at_least: count. The set is the configured nodes serving the method (quorum: :configured, the default — connected or not, so a single live node can't pass a 3-node quorum) or the connected workers (quorum: :available). The moment the quorum is reached it stops waiting on the rest (same brutal-kill as :first); fails fast (:quorum_unreachable) when the live set can't reach it.

"Stops waiting" is exactly that: once you have what you asked for (a first success, or
the quorum), the rest is just wasted waiting — so NebulaAPI kills the local tasks still
awaiting a reply and discards their late responses. Killing a straggler's local task
aborts its remote body too: the serving worker watches the caller and stops the body the
moment nobody awaits it.
That is the general rule — a remote body runs only while its caller waits, so a caller
timeout or crash kills it (write bodies safe to interrupt). A body that legitimately runs
long heartbeats with NebulaAPI.request_more_time/0
to keep its caller waiting instead of being timed out.

:first and :quorum let you define what counts as a success with a success: (or
failure:) predicate — by default, any node that responded counts:
# A write quorum that only accepts {:ok, _} replies
call_on_nodes &replica, strategy: :quorum, success: &match?({:ok, _}, &1) do
  MyApp.Store.write(key, value)
end
Node info and intelligent routing
call_on_node and call_on_nodes accept selector functions that
receive live runtime data about every node:
%{
  short_name: :db,
  long_name: :"db@db.example",
  host: "db.example",
  tags: [:mainframe_cluster, :db],
  connected: true,
  last_seen_at: ~U[2024-06-15 12:00:00Z],
  runtime: %{
    memory_used_mb: 256,
    memory_total_mb: 1024,
    memory_percent: 25.0,
    process_count: 1542,
    schedulers: 8,
    otp_release: "26",
    uptime_seconds: 86400
  }
}
A node whose worker just registered but isn't in the background snapshot yet still appears,
with runtime: nil / last_seen_at: nil until the next refresh — so filter on
info.runtime before reading through it.
# Route to the node with the most headroom
call_on_node fn nodes_info ->
  nodes_info
  |> Enum.filter(fn {_, info} -> info.connected && info.runtime end)
  |> Enum.min_by(fn {_, info} -> info.runtime.memory_percent end)
  |> elem(0)
end do
  MyApp.HeavyTask.run()
end

# Only call nodes seen in the last 30 seconds
call_on_nodes fn nodes_info ->
  cutoff = DateTime.add(DateTime.utc_now(), -30, :second)
  nodes_info
  |> Enum.filter(fn {_, info} ->
    info.last_seen_at && DateTime.compare(info.last_seen_at, cutoff) == :gt
  end)
  |> Enum.map(&elem(&1, 0))
end do
  MyApp.Cache.invalidate(:all)
end
Return values
NebulaAPI never wraps your return value. A defapi body returns exactly what it
computed — local or over RPC, the result is identical:
defapi &db, find(id) do
  Repo.get(User, id)      # returns %User{} or nil
end

find(1)        #=> %User{...}
find(999)      #=> nil

# Tuples you return yourself are passed through untouched, including your own
# {:ok, _} / {:error, _}:
defapi &db, create(attrs) do
  Repo.insert(User.changeset(attrs))  # {:ok, user} or {:error, changeset}
end

create(%{name: "Ada"})   #=> {:ok, %User{...}}
create(%{})              #=> {:error, %Ecto.Changeset{...}}
The one value the library does inject is a :nebula_error tuple — a library or
transport failure (a timeout, no worker available, a crashing body, a quorum that wasn't
reached), never a business outcome. So any :ok / :error you ever see is yours, and
you never have to guess whether an {:error, _} came from your code or the framework. An
exception, throw or exit escaping a body is reported the same way — identically whether the
body ran locally or remotely.
Its shape depends on the scope of the failure. A single-node failure (unicast, or one
node inside a multicast result) is the 2-tuple {:nebula_error, reason}. A whole-call
multicast failure carries an extra element with the partial results — {:nebula_error, :no_success, results}, {:nebula_error, :quorum_not_reached, results},
{:nebula_error, :quorum_unreachable, %{workers: n, required: m}} (see
Calling → multicast results). Match the 3-tuples when
you handle a :first / :quorum call's top-level outcome, not just {:nebula_error, _}.
Wrap any single-node library
Here's the pattern that tends to click: NebulaAPI turns any single-node
library into a cluster-wide one without touching the library. No fork, no
monkey-patch — just a few lines of defapi that delegate to it on a chosen
node.
If you've ever thought "I'd love to use Cachex / a counter / a cron here, but
its state is per-node, so now I need Redis / a shared DB / :global locks…" —
this is the escape hatch. The library stays exactly as it is. You pin it to one
node and wrap it.
# Cachex runs only on the @cache node; every node shares one cache through the wrapper.
defmodule MyApp.Cache do
  use NebulaAPI

  defapi @cache, get(key),        do: Cachex.get(:app_cache, key)
  defapi @cache, put(key, value), do: Cachex.put(:app_cache, key, value)
end
Any node calls MyApp.Cache.get/1; it resolves locally on @cache and routes
transparently everywhere else. One shared cache, no Redis. The same trick gives you
cluster-wide rate limiters, counters, run-once-per-cluster schedulers, singleton
coordinators, and feature-flag stores.
An honest caveat. This is great for values read often and invalidated rarely
(dynamic config, reference data). But for a hot path doing thousands of reads per second
per node, every read becomes an RPC round-trip — that's the wrong use, and a real
distributed cache (Redis, or :mnesia) stays better. NebulaAPI is the right tool when
the access pattern fits, not a universal replacement for a distributed cache.

Worked example: a 3-role cluster
Three nodes, three roles — an API front, a database node, and a worker:
config :nebula_api,
  nodes: [
    "api@api.example": [:mainframe_cluster, :api],
    "db@db.example": [:alpha_server, :db],
    "worker@worker.example": [:mainframe_cluster, :gpu]
  ]
Data access — &db nodes only
defmodule MyApp.Users do
  use NebulaAPI

  defapi &db, get(id) do
    Repo.get(User, id)
  end

  defapi &db, list(filters \\ []) do
    User |> where_filters(filters) |> Repo.all()
  end

  # A plain def — no defapi: keep utils and pure business logic local, on every release.
  def user_name(%User{nickname: name}), do: name

  # Helper only exists on &db nodes
  on_nebula_nodes &db do
    defp where_filters(query, filters) do
      Enum.reduce(filters, query, fn {k, v}, q -> where(q, [u], field(u, ^k) == ^v) end)
    end
  end
end
Background jobs — @worker only
defmodule MyApp.Jobs do
  use NebulaAPI

  # @worker targets the worker node by its (short) name — no :worker tag needed.
  defapi @worker, transcode(input, opts) do
    FFmpex.new_command()
    |> FFmpex.add_input_file(input)
    |> FFmpex.add_output_file(opts[:output])
    |> FFmpex.execute()
  end

  # @worker AND &gpu — a faster path that only the GPU-equipped workers carry.
  defapi @worker &gpu, quick_transcode(input, opts) do
    GpuTranscoder.run(input, opts)
  end
end
Conditional application setup
defmodule MyApp.Application do
  use Application
  use NebulaAPI.Server

  def start(_type, _args) do
    # Only the &db node starts the Repo; everyone runs the nebula server.
    children =
      [nebula_api_server()] ++
        on_nebula_nodes &db do
          [MyApp.Repo]
        else
          []
        end

    Supervisor.start_link(children, strategy: :one_for_one, name: MyApp.Sup)
  end
end
Cross-node calls from a web controller
defmodule MyAppWeb.UserController do
  def show(conn, %{"id" => id}) do
    # "Just works" on any node. Local on @db, RPC everywhere else.
    # get/1 returns the struct (or nil) directly — no wrapping.
    case MyApp.Users.get(id) do
      %MyApp.User{} = user -> render(conn, :show, user: user)
      nil -> send_resp(conn, 404, "Not found")
    end
  end

  def transcode(conn, %{"path" => path}) do
    # Explicitly route to a worker, even if we have the code locally
    call_on_node @worker do
      MyApp.Jobs.transcode(path, output: "/tmp/out.mp3")
    end
  end
end
When NOT to use NebulaAPI
Being honest about the edges:
	External clients. If the caller isn't a node in your Erlang cluster — a
public web client, a non-Elixir mobile app — gRPC or REST is still the right
boundary. NebulaAPI is for intra-cluster calls.
	Node names unknown at build time. NebulaAPI needs your node names and tags in
config when you compile. The nodes themselves can come up and go down freely at
runtime — workers register and drop through :pg, and selectors only ever route to
what's actually connected. What it can't handle is a node whose name wasn't known at
build time: an unbounded fleet of randomly-named pods has no compiled identity to route
to — though a fixed, generic caller node is easy (see
generic nodes). Scaling the count of known roles
is fine; minting brand-new node identities at
runtime is not.
	Topologies whose roles change at runtime. Adding a wholly new tag or node name to
the cluster means a recompile — NebulaAPI decided the routing at build time. Bringing
more instances of an existing role online needs nothing but starting them.

Performance
Measured by bench/routing.exs
on OTP 26 (run it yourself with
elixir --name bench@127.0.0.1 --cookie nebula_bench -S mix run bench/routing.exs):
	Call	Per call
	Plain local Elixir call (baseline)	~8 ns
	NebulaAPI, resolved local	~60–120 ns (machine-dependent)
	Cross-node round-trip, same host (loopback)	~50 µs

The point: a locally-resolved NebulaAPI call adds mere tens of nanoseconds over a
plain call — a couple of process-dictionary reads and a cond — so it's free in any
practical sense. A cross-node call is a standard Erlang-distribution round-trip; the ~50 µs
above is loopback (same host), and over a real network you pay link latency on top
(commonly ~0.2–2 ms). Either way the rule of thumb holds: resolve local whenever you can,
and a cross-node hop costs roughly what a distributed GenServer.call costs — no more.
Configuration reference
config :nebula_api,
  # Required: cluster topology — tags per node.
  # Used at compile time to decide what code goes where.
  nodes: [
    "api@api.example": [:mainframe_cluster, :api, :cache],
    "db@db.example": [:mainframe_cluster, :db, :cache],
    "worker@worker.example": [:cloud_worker_lambda, :worker]
  ],

  # Optional: override node identity for dev/test.
  # In production, compile with: elixir --name node@host -S mix compile.
  # default_opts also accepts inherited defaults for every `use NebulaAPI` module:
  # max_concurrent_calls: and default_timeout:.
  default_opts: [self_node: :"api@api.example"],

  # Optional: global default timeout (ms) for remote calls.
  # Per-call timeout: > per-module default_timeout: > this > 5000.
  default_timeout: 5_000,

  # Optional: how often (ms) each node's background NodesInfoCache rebuilds
  # the node-info snapshot served to selector functions.
  nodes_info_refresh_interval: 5_000
Generic nodes: serve nothing, call everything
A release is normally tied to one node: it must run as the node it was compiled for (see
the boot policy). A generic node is the
exception — a node that serves nothing (no workers, registers nothing in :pg) and routes
every defapi call remotely. To actually reach the cluster it must be distributed (a
real name@host); a nonode@nohost build can't join a cluster (Node.connect is a no-op
there), so it stays inert — safe, but it calls no one. Two ways to get one:
1. A dedicated server-less build (allow_nonode_nohost). Set the flag and compile
without --name, so node() is nonode@nohost and every defapi compiles as a pure
remote stub — no local bodies, no server, the smallest binary:
config :nebula_api, nodes: [ ...the real cluster nodes... ], allow_nonode_nohost: true
mix compile && mix release console   # no --name → a generic, server-less build

The flag registers nonode@nohost as an empty, tagless node so the build compiles cleanly
(you can't list it in :nodes yourself — it's reserved; the flag is the only way to admit
it). Run it as nonode@nohost and it's inert; launch it under a real name to make it a
connected, calls-everything client.
2. Any build, repurposed. No dedicated build on hand? Boot an existing release (a
worker, an api) under a node name that isn't the one it was compiled for. It serves
nothing and routes every call remote just the same — you only carry the extra local bodies
that build happens to contain.
Either way, launching under a name that isn't the compiled one is a node mismatch, so you opt
in with ALLOW_RUNTIME_NEBULA_NODE_MISMATCH=1 (keep allow_nonode_nohost in the build that
wants it, not the shared cluster config). The operational recipe — a prod console, a debug
shell — is in
Calling → spawning a generic node.
But wait — how do the nodes actually connect?
NebulaAPI decides what code goes where; it does not form the Erlang cluster. That's
deliberate — clustering is your call, and the library stays agnostic. All it needs is that
the nodes are connected Erlang nodes (so :pg syncs and distribution RPC flows); how they
find each other is entirely up to you. Anything that ends up calling Node.connect/1 works:
	libcluster — the usual answer. Pick a strategy
for your environment: Gossip on a flat network, Kubernetes / Kubernetes.DNS on k8s,
EpmdDNS behind a headless service, or a static Epmd list for a fixed fleet. Point its
topology at the same node names you put in config :nebula_api, :nodes. (The
runnable demo does exactly this
with libcluster's Epmd strategy over a Docker network.)
	Plain epmd + Node.connect/1 — for a handful of known hosts, a few Node.connect
calls at boot (or -kernel sync_nodes_mandatory ... in vm.args) are enough.
	Anything else — a custom strategy, a service-discovery hook, manual connects from a
release env.sh. NebulaAPI never looks; it only ever reads node() and :pg.

Two practical notes: share the same cookie across the cluster, and use long names
(name@host, RELEASE_DISTRIBUTION=name) so the running node names match what you compiled
for. Once the nodes are connected, NebulaAPI's workers register in :pg and routing just
works.
Architecture
Two halves: a compile-time code generator (AST.Parser / AST.Builder / Config,
which fail the build on an unknown tag or node) and a small runtime layer
(NebulaAPI.Server per app starting a Worker per locally-served module, APIServer
holding the :pg routing and the node-info ETS cache).
  COMPILE TIME
  · AST.Parser   selectors → tags/nodes
  · AST.Builder  emits the defapi funs
  · Config       resolves & validates
             (CompileError if unknown)
        │  per-node bytecode
        ▼
  RUNTIME
  · NebulaAPI.Server  one Worker per
       locally-served module, per app
  · APIServer  :pg routing + node cache
  · Worker     registers methods in :pg
Seeing where things route
mix nebula.routes prints a "git lola"-style map of where every defapi is served — one
continuous rail per node, a ● where each method is local, the rail (|) where it isn't:
mix nebula.routes               # static: ● local · | not local here (config-known)
mix nebula.routes --available   # live overlay from :pg + Node.list (∆ remote-ok · x worker down · X node down)
mix nebula.routes --follow      # refresh every 5s (implies --available)
mix nebula.routes --sort locality   # most-local-first (also: module [default], name)
The static view asserts only locality (compile-time) — it makes no claim that a method
actually runs remotely, so non-local cells are just the rail. From a running node, the same map
without leaving iex: NebulaAPI.Server.print_routes() (or print_routes(available: true)).
For a single method, NebulaAPI.APIServer.configured_nodes/2 (compile-time set) and
available_nodes/2 (live :pg). The map lists only what this build carries — see
Calling → Seeing the whole routing map.
Documentation
This README is the whole picture. The docs/ pages go deeper, in the order you
meet each theme:
	Configuration — nodes, tags, topology, compile-per-node, dev/test, validation
	Defining APIs — the three use macros, defapi, selectors, return values, on_nebula_nodes, wiring the server
	Calling across nodes — calling endpoints, call_on_*, multicast strategies, node-info routing, introspection, the routing map (mix nebula.routes / print_routes), wrapping single-node libraries, spawning a generic node
	Gotchas and troubleshooting — trailing opts, process scope, the nil-selector distinction, common errors

Deep dive:
	AST deep-dive — how the per-node code is generated

See also About LLMs — how (and how much) LLMs were used to build this library.
License
MIT


  

    NebulaAPI Documentation

NebulaAPI is a compile-time, cross-node RPC framework for Elixir: you declare where
functions run, and the compiler generates a local implementation or a transparent RPC stub
per node. Start with the project README for the overview and the canonical
syntax; these pages go deeper, in the order you meet each theme.
The four themes, in order
	Configuration — nodes, tags, the nodes topology,
compile-per-node, dev/test, and compile-time validation. Set this up first.
	Defining APIs — the three use macros, defapi (and the canonical
space-juxtaposed selector syntax), signatures, return values, on_nebula_nodes, and
wiring the per-app server.
	Calling across nodes — calling endpoints, overriding routing at
runtime (call_on_node / call_on_nodes / call_on_all_nodes), multicast strategies,
node-info routing, introspection and the routing map
(mix nebula.routes / NebulaAPI.Server.print_routes/0), wrapping single-node libraries, and
spawning a generic node
for a prod console or debug shell.
	Gotchas and troubleshooting — trailing routing options, per-process /
one-hop block scope, the nil-selector distinction, serialization, and the common
compile-time and runtime errors.

Deep dive
	AST Deep-Dive — how selectors are parsed and how the
functions behind each defapi are generated, with worked examples.

Canonical syntax, in one line
Selectors juxtapose with a space, never commas, never brackets:
defapi &db !@backup, get(id) do … end. The bracketed list form still compiles but is not
canonical — see Defining APIs.


  

    1. Configuration

The first thing to set up: which nodes exist, and what each one is for.
This is the foundation every other page builds on. Read it first; then move on to
Defining APIs.
The model: nodes and tags
A NebulaAPI cluster is a set of nodes — each one an Erlang VM with a unique name of the
form short@host:
api@api.example      # short name: api
db@db.example        # short name: db
worker@worker.example
Every node carries one or more tags — arbitrary atoms that describe what the node is
for: :db, :worker, :cache, :cluster, whatever fits your system. Tags are how you
route by capability instead of hard-coding machine names:
	multiple nodes can share a tag (:db on two machines = load distribution / replicas),
	a node can carry several tags (one box that's both :api and :worker).

You declare the whole map once, and the compiler reads it to decide what code goes where.
The nodes option (required)
# config/config.exs
config :nebula_api,
  nodes: [
    "api@api.example":       [:cluster, :api],
    "db@db.example":         [:cluster, :db],
    "worker@worker.example": [:cluster, :worker]
  ]
	Node name — an atom of the form short@host (quote it because of the @). In
selectors you may use either the full name or the short part before @.
	Tags — a list of atoms. These are what &tag selectors match.

Workers are not configured here — each app wires nebula_api_server() into its own
supervision tree, which discovers its defapi modules and starts the workers. See
Defining APIs → wiring the server.
Compile with the target node name
NebulaAPI decides routing at compile time, so the compiler has to know which node it is
building for — it reads node(). Compile each release with its own --name:
elixir --name api@api.example -S mix compile && mix release api

Forget --name and the build stops with a CompileError: node() would be
nonode@nohost, and a missing node name is distinct from an unknown one — so
allow_unknown_self_node does not cover it. (Opt into a nameless build with
allow_nonode_nohost.)
Build each release in its own stage:
# api release — compiled as node api@api.example
RUN elixir --name api@api.example -S mix compile && mix release api

# worker release — separate stage
RUN elixir --name worker@worker.example -S mix compile && mix release worker
dev/test: self_node instead of --name
In dev and test you usually don't start the VM with --name. Tell the compiler which node
to pretend to be:
# config/dev.exs
config :nebula_api,
  default_opts: [self_node: :"api@api.example"]
In production, prefer the real --name (then node() is authoritative).
Boot-time node policy
Compile-time and runtime node names must agree: a release bakes its routing for the node it
was compiled as, so it must run as that node. The runtime node name comes from Mix
release's RELEASE_NODE + RELEASE_DISTRIBUTION=name
(docs). At boot
NebulaAPI.Server enforces the match:
	Running as exactly the compiled node → serves normally — the only case that starts
workers.
	Running as anything else → refuses to boot, with an explicit message: a worker build
run as api@host, a build compiled without --name run under a real name, or a real build
run as nonode@nohost. The escape hatch ALLOW_RUNTIME_NEBULA_NODE_MISMATCH=1 boots it
instead as a generic node: no
server, serves nothing, every call routes remote.
	Compiled nameless and run as nonode@nohost → a generic, inert node — no escape hatch
needed (it's running exactly as built; see allow_nonode_nohost).

default_opts
Defaults applied by every use NebulaAPI:
	Key	Type	Meaning
	self_node	atom	The node to build for, when not starting the VM with --name (dev/test).
	max_concurrent_calls	positive integer or :infinity	Cap on how many calls a module's worker runs at once on this node; 1 gives strict serialization.
	default_timeout	positive integer (ms)	Inherited default remote-call timeout.
	max_time_extensions	non-negative integer	How many NebulaAPI.request_more_time/0 heartbeats a call may use before its deadline stops being extended. 0 forbids extension.

A module's own use NebulaAPI, ... options override these.
max_concurrent_calls is a server-side cap: it bounds how many calls the module's worker
executes concurrently on the node serving them, not how many a caller may have in flight.
Calls over the cap queue on the worker until a slot frees — but the queue entry is tied to
the caller's lifetime, so if a queued call times out (or the caller goes away) before a slot
opens, it is dropped and may never run. :infinity (the default) means no cap.
config :nebula_api,
  default_opts: [self_node: :"api@api.example", default_timeout: 10_000]
default_timeout
Global default timeout (ms) for remote calls. Resolution order, most specific first:
a call's own timeout:  >  the module's default_timeout:  >  this  >  5000
config :nebula_api, default_timeout: 15_000
max_time_extensions
How many NebulaAPI.request_more_time/0 heartbeats a single call may honor before its deadline
stops being extended (default 10). It bounds a body that would otherwise heartbeat forever and
never time out — the total wait stays under (max_time_extensions + 1) × timeout. Same
resolution order as the timeout:
a call's own max_time_extensions:  >  the module's max_time_extensions:  >  this  >  10
config :nebula_api, max_time_extensions: 20
0 forbids extension entirely (request_more_time/0 becomes a no-op for that call). :infinity
is rejected — a call must stay bounded.
nodes_info_refresh_interval
How often (ms, default 5000) each node's background NodesInfoCache rebuilds the
cluster node-info snapshot served to selector functions (see
Calling across nodes → node info). Raise it
on larger clusters or when selectors tolerate staler data; until the first refresh, nodes
not yet in the snapshot are still offered to selectors with runtime: nil.
config :nebula_api, nodes_info_refresh_interval: 10_000
allow_nonode_nohost
false by default. Set it to true and nonode@nohost is registered as an empty, tagless
node, so a release compiled without --name builds (its self_node is admitted). Such a
build runs as nonode@nohost: nebula_api_server() is a no-op (no workers, a boot warning),
it serves nothing, and every defapi call routes remote. nonode@nohost isn't distributed,
so it's inert — out of cluster. It's a generic node; see
the boot-time node policy and the README's
Generic nodes.
You may not list nonode@nohost in nodes yourself — it's the reserved generic identity
and can't carry tags (doing so raises). This flag is the only way to admit it, always empty.
config :nebula_api, allow_nonode_nohost: true
Adding a node or a tag
Just edit the nodes list — add a node, or add a tag to an existing one:
config :nebula_api,
  nodes: [
    "api@api.example":       [:cluster, :api],
    "db@db.example":         [:cluster, :db, :reporting],  # new :reporting tag
    "worker@worker.example": [:cluster, :worker],
    "cache@cache.example":   [:cluster, :cache]            # new node
  ]
Then use the new tag/node in a selector: defapi &reporting, ... or defapi @cache, ....
Because routing is decided at compile time, a brand-new tag or node name means a
recompile — but bringing more instances of an existing role online needs nothing but
starting them.
If you cluster with libcluster, remember to add the
node to your topology too — NebulaAPI only decides what code goes where; forming the
Erlang cluster (epmd, DNS, libcluster, …) is the consumer's concern.
Reading configuration
NebulaAPI.Config.nodes()         # => ["api@api.example": [:cluster, :api], ...]
NebulaAPI.Config.default_opts()
Application.get_env(:nebula_api, :nodes)
Compile-time validation
NebulaAPI catches topology mistakes when you build, not when you ship.
Unknown node
defapi @nope, f() do ... end
Unknown nodes in defapi call :
	- @nope

Available nodes :
	- @api
	- @:"api@api.example"
	- @db
	- @:"db@db.example"
	- @worker
	- @:"worker@worker.example"
Unknown tag
defapi &nope, f() do ... end
Unknown tags in defapi call :
	- &nope

Available tags :
	- &api
	- &cluster
	- &db
	- &worker
Unknown self_node
If you compile on a node not in nodes (and didn't set allow_unknown_self_node: true),
use NebulaAPI raises a CompileError telling you the self_node it saw and the
configured nodes.
allow_unknown_self_node is a per-module use option, not a config key — set it on the
module being compiled (use NebulaAPI, allow_unknown_self_node: true), for throwaway compiles
where the building node legitimately isn't part of the topology. It does not silence a
missing node name (nonode@nohost), which is a separate case — see
No node name and allow_nonode_nohost.
No node name
If you compile without --name (so node() is nonode@nohost) and haven't set
allow_nonode_nohost: true, use NebulaAPI raises a CompileError:
the name isn't unknown, it's unset, so allow_unknown_self_node does not silence it.
It's almost always a forgotten --name. See
Compile with the target node name.
Testing
Give your test node every tag, so all defapi bodies compile as local and your tests run
without a cluster:
# config/test.exs
config :nebula_api,
  nodes: ["test@localhost": [:cluster, :api, :db, :worker]],
  default_opts: [self_node: :"test@localhost"]
Next
	Defining APIs — write defapi endpoints and wire the server.
	Calling across nodes — call them, and override routing at runtime.



  

    2. Defining APIs

Now that the topology exists (Configuration), define the functions
that run on it.
This page covers defapi, the selector syntax, conditional compilation with
on_nebula_nodes, and wiring the per-app server so calls can actually reach a node.
Which use do I pick?
NebulaAPI has three entry points. Pick by what the module does:
	use ...	Use it on	Brings into scope	Side effects
	NebulaAPI	modules that define defapi endpoints	defapi, on_nebula_nodes, call_on_*	registers the per-module markers, validates self_node
	NebulaAPI.Server	the host module that wires the per-app server (usually the Application)	nebula_api_server/0, on_nebula_nodes, call_on_*	registers the :nebula_api_server_wired marker — no defapi bookkeeping
	NebulaAPI.AST	modules that only do conditional compilation or runtime calls	on_nebula_nodes, call_on_*	none

Rule of thumb: a module with defapi → use NebulaAPI; the module that wires
nebula_api_server() → use NebulaAPI.Server; a module that merely wraps a use/config
in on_nebula_nodes → use NebulaAPI.AST.
use NebulaAPI accepts the per-module overrides self_node, allow_unknown_self_node,
max_concurrent_calls, default_timeout, and max_time_extensions (the latter three
default from default_opts, see Configuration).
defapi
Defines a function whose body runs on the selected nodes; everywhere else it's a
transparent RPC stub.
defmodule MyApp.Users do
  use NebulaAPI

  # Runs on :db nodes; transparent RPC everywhere else
  defapi &db, get(id) do
    Repo.get(User, id)
  end
end
Selectors
Selectors decide which nodes execute the real body. Everything else gets a remote stub —
a generated function that forwards the call over RPC to a node that does have the body.
	Pattern	Meaning
	&tag	nodes with this tag
	!&tag	nodes without this tag
	@node	this node (short or full name)
	!@node	all nodes except this one
	(no selector)	every node — the body is local everywhere

Combine selectors by juxtaposing them with a space — no commas between them, no
brackets. This is the canonical NebulaAPI syntax, and it is what keeps call sites
readable:
# :db nodes, excluding @backup
defapi &db !@backup, run_migration(version) do
  Ecto.Migrator.run(Repo, :up, to: version)
end

# a specific node only
defapi @worker, transcode(input, opts) do
  FFmpex.new_command()
  |> FFmpex.add_input_file(input)
  |> FFmpex.add_output_file(opts[:output])
  |> FFmpex.execute()
end

# No selector → the body is local on every node, each returning its own data
defapi get_node_health() do
  %{node: node(), uptime: :erlang.statistics(:wall_clock) |> elem(0)}
end
Omitting the selector entirely is how you say "run on every node". The bracketed list form
(defapi [&db, !@backup], ...) still compiles, but it is not the canonical syntax —
prefer the space-juxtaposed form everywhere. A full
node name with special characters goes in as an atom: defapi @:"db@db.example", ....
Combining selectors
Juxtaposed selectors narrow — every combinator is an intersection:
	Form	Matches
	&a &b	nodes carrying both a and b
	@n &t	node n, and only if it carries t
	&t !&u	nodes with t, minus those with u
	!&a !&b	nodes with neither a nor b

# Only the GPU-equipped workers (carry both :worker and :gpu):
defapi &worker &gpu, quick_transcode(input, opts) do
  GpuTranscoder.run(input, opts)
end
To target nodes that have either of two capabilities, give both groups a shared tag in
config (:a_or_b) and select that — union is a topology fact, expressed once where the
topology lives, not at every call site.
Short names
In config, node names are full Erlang names (short@host); in selectors you can use just
the short part. These are equivalent when there's no ambiguity:
defapi @db, do_something() do ... end
defapi @:"db@db.example", do_something() do ... end
@db and @worker are clear enough — the host part is infrastructure detail.
Signatures
Signatures take simple variables and defaults only:
defapi &db, get(id), do: Repo.get(User, id)
defapi &db, list(filters \\ []), do: Repo.all(query(filters))
defapi get_node_health(), do: %{node: node()}
Pattern-matched arguments — atoms, maps, lists, tuples — are rejected with a
CompileError: a defapi is an RPC boundary, so every argument needs a name to travel
through the generated router and the remote call. Dispatch on values inside the body
instead.
Return values — no wrapping
A defapi body returns exactly what it computed. NebulaAPI never wraps it:
defapi &db, add(a, b), do: a + b           # add(3, 7) => 10, not {:ok, 10}
defapi &db, get(id),   do: Repo.get(User, id)   # %User{} or nil, untouched
defapi &db, create(a), do: Repo.insert(cs)      # {:ok, _} / {:error, _} preserved as-is
The only value the library itself injects is {:nebula_error, reason} — a library or
transport failure (a timeout, no worker available, a crashing body, a quorum not
reached), never a business outcome:
	Layer	Shape	Meaning
	Business	the body's own value (incl. :ok / :error / {:ok, _} / {:error, _})	returned untouched
	Library / transport	{:nebula_error, reason}	timeout, no worker, worker crash, body exception, quorum not reached

So :ok / :error always come from your code; :nebula_error always comes from
NebulaAPI. An exception, throw, or exit escaping the body is surfaced as
{:nebula_error, _} — identically whether the body ran locally or remotely.
The 2-tuple {:nebula_error, reason} is the single-node shape: a unicast call, or one
node inside a multicast result list. A whole-call multicast failure carries an extra
element — {:nebula_error, :no_success, results}, {:nebula_error, :quorum_not_reached, results}, {:nebula_error, :quorum_unreachable, %{workers: n, required: m}} — so match the
3-tuples when handling a :first / :quorum top-level outcome (see
Calling → multicast results).
The trailing routing-options argument (MyApp.Users.get(id, timeout: 100)) and its
positional pitfall live in Gotchas.

A remote body is tied to its caller's interest
When a body runs remotely, it runs for a caller — and only as long as that caller is
still waiting. If the caller gives up (its timeout elapses) or dies (it crashed, or a
:first/:quorum multicast already has its answer and abandons the stragglers), the body is
killed where it runs. There is no "finish anyway" — the moment nobody awaits the result,
the work stops.
So write bodies that are safe to interrupt at any point: idempotent, no half-updates that
a retry can't cope with. This is the same discipline a body already needs for the caller
seeing {:nebula_error, :timeout} — the difference is the body genuinely stops, it doesn't
keep running in the background.
For a body that is legitimately long (a big report, a slow external call) and shouldn't be
mistaken for a hung one, call NebulaAPI.request_more_time/0
from inside it. It resets the caller's timeout window — a heartbeat, like a long task pinging
its scheduler — so the caller keeps waiting instead of timing out and killing the body. The
number of heartbeats one call may use is capped by
max_time_extensions (default 10, configurable per
call/module/globally): past the cap, further heartbeats are ignored and the next window ends the
call — so a body can extend itself, but never forever.
defapi &db, export(scope) do
  Enum.each(chunks(scope), fn chunk ->
    process(chunk)
    NebulaAPI.request_more_time()   # "still alive, don't time me out"
  end)
end
Caveat: killing a body stops the process running it, not necessarily side effects it
already handed off. A Repo query in flight runs in the driver's own connection process; a
killed body abandons its wait for that query, it does not cancel the query in the database.
Interruption-safety is about your body's own steps, not about un-sending what already left.

What gets generated
For each defapi, the macro generates:
	<name>/N — the public router callers actually invoke.
	__nbapi_remote_<name>/N — RPC dispatch via APIServer, on every node.
	__nbapi_local_<name>/N — the real body, on matching nodes only. Elsewhere
nothing is emitted: the router goes remote there, so there's no stub to keep.

The remote function exists on every node, including nodes that have the local
implementation — that's what lets call_on_node / call_on_nodes work from anywhere (even
a &db node can call other &db nodes remotely, for quorum writes or load distribution).
The exact codegen is in the AST deep-dive.
on_nebula_nodes — conditional compilation
Conditionally compile a block based on the current node. Unlike defapi, it works at any
level (module body, use directives, supervision children) and generates no remote
stub — the non-matching branch is simply absent from the bytecode.
defmodule MyApp.Repo do
  use NebulaAPI.AST

  # Only :db nodes connect to (and even load) Ecto.
  on_nebula_nodes &db do
    use Ecto.Repo, otp_app: :my_app
  end
end

defmodule MyApp.Application do
  use NebulaAPI.AST

  on_nebula_nodes &worker do
    def extra_children, do: [MyApp.TranscoderPool]
  else
    def extra_children, do: []
  end
end
Selectors use the same space-juxtaposed syntax (on_nebula_nodes &db !@backup do). Blocks
nest like compile-time ifs: an inner block is kept only when both selectors match.
A defapi inside on_nebula_nodes disappears entirely on non-matching nodes — router
included. That means no transparent RPC from the other nodes: calling it there is an
UndefinedFunctionError, not a remote call. It spells "this API only exists on those
nodes". If you want "implemented here, callable from everywhere", that's a plain
defapi — its selector already does exactly that.
Wire the server into the supervision tree
Defining defapi is not enough — a worker has to run on the node where the methods are
local, so other nodes can route to it. Wire one server per app:
defmodule MyApp.Application do
  use Application
  use NebulaAPI.Server

  def start(_type, _args) do
    Supervisor.start_link([nebula_api_server()], strategy: :one_for_one, name: MyApp.Sup)
  end
end
At startup the server resolves the OTP app it belongs to, lists its modules, keeps the ones
that use NebulaAPI and have at least one method local on this node, and starts one
NebulaAPI.APIServer.Worker per such module. The set is discovered from the compiled
.beam metadata — no module list to maintain.
Each worker registers its local methods in the cluster-wide :pg group :pg_nebula_api,
keyed by {Module, {function, arity}}, so any node can route to it. On a remote call the
worker runs the body in a supervised task and replies asynchronously, so a slow body never
blocks the module's other calls.
Lifecycle is correct for free. Because the server lives in the app's own tree, if the
app stops or crashes its workers go down with it and :pg drops their entries — no stale
routing targets.
On a generic node (a nameless nonode@nohost build, or any release booted with
ALLOW_RUNTIME_NEBULA_NODE_MISMATCH=1), nebula_api_server() is a no-op: it logs a warning,
starts no workers, and serves nothing — every defapi call routes remote. See
Configuration → boot-time node policy.
Guard against forgetting it — the :nebula compiler
Forgetting nebula_api_server() in an app that has defapi modules means workers that
never start and calls that fail at runtime with {:nebula_error, {:no_worker, ...}}. The
optional :nebula Mix compiler turns that into a compile error:
def project do
  [
    # ...
    compilers: Mix.compilers() ++ [:nebula]
  ]
end
After :app compiles, it reads the persisted .beam attributes and fails the build if an
app has modules with local methods but no module wired nebula_api_server():
Found 1 module(s) using NebulaAPI with local methods in app :my_app, but no
nebula_api_server() has been found in :my_app's supervisor — their RPC workers
will never start.

   App:         :my_app
   Application: MyApp.Application
                ^------ hint: add nebula_api_server() to its supervisor's children
   Modules using NebulaAPI (with local methods on this node):
         - MyApp.Users
It also warns (without failing the build) if an app wires nebula_api_server() but
defines no defapi methods at all — a server with nothing to serve.
Per-app, in an umbrella. Add :nebula to the compilers: of each child app you want
guarded. mix compile recurses into the child apps and runs their compilers:, so the
check runs once per opted-in app — but adding :nebula to the umbrella root mix.exs
does nothing (a root apps_path project's custom compilers are not invoked). There is no
single root-level switch.
Inspecting what compiled where
NebulaAPI.APIServer.registered_local_methods(MyModule)
# => [{:get, 1}, ...] if local on this build, [] if this node only has the remote stub
NebulaAPI.APIServer.configured_nodes(MyModule, {:get, 1})  # nodes that serve it (compile-time)
NebulaAPI.APIServer.available_nodes(MyModule, {:get, 1})   # nodes with a live worker (runtime)

:pg.which_groups(:pg_nebula_api)
:pg.get_members(:pg_nebula_api, {MyApp.Users, {:get, 1}})
Process.whereis(MyApp.Users)   # the worker for that module, if local here
Next
	Calling across nodes — call your endpoints and override routing at runtime.
	Gotchas — the sharp edges (trailing opts, process scope, nesting).



  

    3. Calling across nodes

You've defined endpoints (Defining APIs). Now call them — and, when you
need to, override where they run.
Just call it
A defapi function is called like any other. Local on a matching node, transparent RPC
everywhere else — same call, same result:
# Local on a :db node, RPC elsewhere. get/2 returns the struct (or nil) directly.
user = MyApp.Users.get(42)
#=> %User{id: 42, ...}  (or nil)
The body's value comes back verbatim (no wrapping).
A transport failure — timeout, no worker, a crashing body — comes back as
{:nebula_error, reason}, never confused with a business result:
case MyApp.Users.get(42) do
  {:nebula_error, reason} -> handle_transport_failure(reason)
  user -> use(user)
end
That's the default routing the selector chose for you. The rest of this page is about
overriding it at runtime.
Overriding routing at runtime
Three macros wrap a block, named after how far the call goes:
	call_on_node — unicast: run on exactly one node.
	call_on_nodes — multicast: run on every node a selector matches.
	call_on_all_nodes — broadcast: run on every node that serves the method.

Only defapi-generated functions read this context — wrapping a plain function call in a
call_on_* block does nothing to it.
call_on_node — unicast
Force a call onto a specific node.
call_on_node @worker do
  MyApp.Jobs.transcode(file, opts)
end

# Or a selector function over live node info (see below)
call_on_node fn nodes_info ->
  nodes_info
  |> Enum.filter(fn {_, i} -> i.connected && i.runtime end)
  |> Enum.min_by(fn {_, i} -> i.runtime.memory_percent end)
  |> elem(0)
end, timeout: 10_000 do
  MyApp.HeavyTask.run()
end

# Or options only — no selector: any available worker, with these options.
# This options-only form is the antidote to the trailing-opts gotcha (see Gotchas).
call_on_node timeout: 30_000 do
  MyApp.HeavyTask.run()
end
	Option	Type	Default
	timeout	positive integer (ms) — :infinity rejected	5000
	max_time_extensions	non-negative integer — :infinity rejected	10

timeout: and max_time_extensions: are the only options call_on_node accepts; passing a
multicast-only option (strategy:, at_least:, success:/failure:), an unknown key, or an
:infinity for either is a CompileError at the call site. max_time_extensions: caps how many
NebulaAPI.request_more_time/0 heartbeats the body may use (see
Defining → a remote body is tied to its caller's interest).
Return value. On success, the body's value exactly as-is. On a transport failure
(timeout, no worker, crash), {:nebula_error, reason}.
call_on_nodes — multicast
call_on_nodes &worker, strategy: :all, timeout: 30_000 do
  MyApp.Jobs.health_check()
end

# First to respond wins
call_on_nodes &worker, strategy: :first do
  MyApp.Jobs.transcode(file, opts)
end

# Quorum: a strict majority of the configured &db nodes (the default — see below)
call_on_nodes &db, strategy: :quorum do
  MyApp.Users.write_replica(user)
end

# An exact count instead of a majority
call_on_nodes &db, strategy: :quorum, at_least: 2 do
  MyApp.Users.write_replica(user)
end
Selectors use the canonical space-juxtaposed syntax here too
(call_on_nodes &db !@backup, strategy: :all do).
	Option	Type	Default	
	timeout	positive integer (ms) — :infinity rejected	5000	
	max_time_extensions	non-negative integer — :infinity rejected	10	caps request_more_time/0 heartbeats (bounded by the fan-out deadline anyway)
	strategy	atom	:all	:all / :first / :quorum
	quorum	:configured / :available	:configured	for :quorum — which set the majority is taken over (see below)
	at_least	positive integer	—	for :quorum — exact successes required; mutually exclusive with quorum:
	success	fn value -> boolean	a worker that responded	what counts as success for :first / :quorum
	failure	fn value -> boolean	—	mirror of success; a matching value is a non-success

The options must be a literal keyword list, and strategy:/quorum: literal atoms (a dynamic
one is a compile error) — so every combination is statically visible and validated at compile
time (an unknown key, a malformed literal, an impossible combination like at_least: with a
non-:quorum strategy, or a predicate with strategy: :all). Other values may still be
dynamic (timeout: t, success: &pred/1); those defer to runtime, raising the same
ArgumentError.
What the default quorum is a majority of. A quorum needs a fixed set to take a majority
of — otherwise two sides of a network partition could each reach "their" quorum and split-brain.
So by default (quorum: :configured) the denominator is the configured nodes that serve the
method and match the selector — connected or not — not whoever happens to be up. The call
still only runs on the live workers, but the requirement is div(set, 2) + 1 of the configured
set, and if fewer workers than that are reachable it fails fast with :quorum_unreachable
instead of silently shrinking the quorum. So call_on_nodes &db, strategy: :quorum over three
configured &db nodes always needs 2 — a single live node refuses, which is the point.
Two ways out of the configured majority:
	quorum: :available — a majority of the connected workers (div(present, 2) + 1). This
is "most of whoever is up", not a durability quorum: under a partition each side can reach it.
	at_least: n — an exact count, no majority arithmetic. Mutually exclusive with quorum:.

A function selector chooses its set at runtime, so it has no static configured set. With
strategy: :quorum it must therefore say how to count explicitly — quorum: :available or
at_least: n; :configured (including the default) is a compile error, with no silent
downgrade. (The selector itself must be written literally at the call site — a &tag/@node
selector, a literal fn, or none. A variable or computed selector is a compile error too;
branch in Elixir and write a separate call_on_* per case.)
call_on_all_nodes — broadcast
The named alias of the selector-less call_on_nodes form: every node that serves the
method (has a registered worker for it), not necessarily every configured node.
call_on_all_nodes timeout: 5_000 do
  MyApp.Cache.invalidate(:all)
end
Multicast results
Per-node results are tagged — {node, value} on success, {node, {:nebula_error, reason}}
for a node whose call failed at the transport level.
	Strategy	Returns
	:all	a list of {node, value} — failed nodes appear as {node, {:nebula_error, reason}}
	:first	the first {node, value} that counts as a success; if none: {:nebula_error, :no_success, results} — never a bare list
	:quorum (reached)	the list of {node, value} collected — the quorum of successes plus any non-success responses seen along the way
	:quorum (not reached)	{:nebula_error, :quorum_not_reached, results}
	:quorum (timed out)	{:nebula_error, :quorum_timeout, results}
	:quorum (unreachable)	{:nebula_error, :quorum_unreachable, %{workers: n, required: m}} — returned before any call is made when the required count exceeds available workers

In every case value is the unwrapped body value.
Both :first and :quorum stop early: the moment the result is decided (a first success,
or the quorum reached) NebulaAPI stops waiting on the rest — the pending local tasks are
brutal-killed and their late replies discarded. A straggler's body already running on a
remote node is aborted too: the worker monitors every call's caller and kills the running
body when it dies (see
Defining → a remote body is tied to its caller's interest).
Defining "success": success: / failure:
By default, any worker that responded counts as a success for :first and :quorum —
a body returning {:error, :not_found} is still a successful response. To hinge on the
business outcome instead, narrow it:
# A write quorum that only accepts {:ok, _} replies.
call_on_nodes &replica, strategy: :quorum, success: &match?({:ok, _}, &1) do
  MyApp.Store.write(key, value)
end

# Equivalent framing via the mirror option.
call_on_nodes &replica, strategy: :first, failure: &match?({:error, _}, &1) do
  MyApp.Store.read(key)
end
success: is fn value -> boolean; failure: is its negation. A {:nebula_error, _}
result is never a success regardless of the predicate — the predicate only ever runs
against the body's own value, so library/transport failures can never be mistaken for a
healthy reply. A buggy predicate is contained like a buggy body (it becomes
{:nebula_error, _}, it never crashes the caller). Both options are meaningful only
with :first or :quorum; passing either elsewhere raises an ArgumentError up front.
Node info and intelligent routing
call_on_node / call_on_nodes accept a selector function that receives live runtime
data about every node and returns the target(s):
%{
  short_name: :db,
  long_name: :"db@db.example",
  host: "db.example",
  tags: [:cluster, :db],
  connected: true,
  last_seen_at: ~U[2024-06-15 12:00:00Z],
  runtime: %{
    memory_used_mb: 256, memory_total_mb: 1024, memory_percent: 25.0,
    process_count: 1542, schedulers: 8, otp_release: "26", uptime_seconds: 86400
  }
}
This is an ETS snapshot rebuilt in the background every nodes_info_refresh_interval ms
(see Configuration); reads never trigger a
rebuild. A node whose worker just registered but isn't in the snapshot yet still appears,
with runtime: nil / last_seen_at: nil until the next refresh — so filter on
info.runtime before reading through it.
# Route to the node with the most headroom
call_on_node fn nodes_info ->
  nodes_info
  |> Enum.filter(fn {_, info} -> info.connected && info.runtime end)
  |> Enum.min_by(fn {_, info} -> info.runtime.memory_percent end)
  |> elem(0)
end do
  MyApp.HeavyTask.run()
end

# Only call nodes seen in the last 30 seconds
call_on_nodes fn nodes_info ->
  cutoff = DateTime.add(DateTime.utc_now(), -30, :second)
  nodes_info
  |> Enum.filter(fn {_, info} ->
    info.last_seen_at && DateTime.compare(info.last_seen_at, cutoff) == :gt
  end)
  |> Enum.map(&elem(&1, 0))
end do
  MyApp.Cache.invalidate(:all)
end
A selector function that returns nil / [] means "nothing matched" — it never widens the
target (the full nil-selector vs selector-returning-nil distinction is in
Gotchas).
Introspecting where a method runs
Two functions answer "which nodes serve Mod.fun/arity?", keyed by {fn_name, arity} — handy
for ops, debugging, and assertions, without reaching into :pg:
# The compile-time serving set (the selector over the topology), connected or not.
# Answers on any node — the value is module metadata the stub carries everywhere.
NebulaAPI.APIServer.configured_nodes(MyApp.Users, {:get, 1})
#=> [:"db@db.example", :"db2@db.example"]

# The nodes that currently have a live worker for it (from :pg) — a subset of the above.
NebulaAPI.APIServer.available_nodes(MyApp.Users, {:get, 1})
#=> [:"db@db.example"]
configured_nodes/2 returns [] for a method the module doesn't define; available_nodes/2
returns [] when nobody serves it.
Seeing the whole routing map
For the cluster-wide picture rather than one method, print the routing map — a "git lola"-style
graph, one continuous rail per node, with a ● where each method is local:
mix nebula.routes               # static: ● local · | not local here (config-known)
mix nebula.routes --available   # live overlay from :pg + Node.list
mix nebula.routes --follow      # refresh every 5s (implies --available)
mix nebula.routes --sort locality   # most-local-first (also: module [default], name)
mix nebula.routes --no-color
The static view asserts only locality (compile-time, config-known) — it does not claim a
method actually runs remotely, so non-local cells are just the rail (|). The --available
view overlays live state: ● local · ∆ remote, reachable, live worker · x configured-local
but no worker · X node down · - not served here · | unknown (this node can't observe the
cluster, e.g. run offline).
From a running node, the same map without leaving iex:
iex> NebulaAPI.Server.print_routes()                    # static
iex> NebulaAPI.Server.print_routes(available: true)     # live
Scope: it lists only the modules — and their defapi — present in this build (the one
compiled for compiled_node()). A node whose release carries a subset of an umbrella's apps
won't show the other apps' methods, and modules not imported/used by this build are absent. Run
it from a node/release that carries every app for the full cluster-wide picture.
Wrap any single-node library
The pattern that tends to click: NebulaAPI turns any single-node library into a
cluster-wide one without touching the library. No fork, no monkey-patch — pin it to one
node and expose its API through defapi. The library stays exactly as it is.
# Cachex runs only on @cache; every node shares one cache through the wrapper.
defmodule MyApp.Cache do
  use NebulaAPI

  defapi @cache, get(key),        do: Cachex.get(:app_cache, key)
  defapi @cache, put(key, value), do: Cachex.put(:app_cache, key, value)
  defapi @cache, del(key),        do: Cachex.del(:app_cache, key)
end
Start the instance only where it lives, guarded by on_nebula_nodes so other nodes don't
even load it:
children =
  [nebula_api_server()] ++
    on_nebula_nodes @cache do
      [{Cachex, name: :app_cache}]
    else
      []
    end
The same trick gives you cluster-wide rate limiters (a :ets-backed Hammer), aggregated
counters/metrics, run-once-per-cluster schedulers (a Quantum on @scheduler), singleton
coordinators, and feature-flag stores — each pinned to a single tagged node, local there,
transparent RPC everywhere else.
An honest caveat. This is great for values read often and invalidated rarely (dynamic
config, reference data). For a hot path doing thousands of reads per second per node,
every read becomes an RPC round-trip — that's the wrong use, and a real distributed
cache (Redis, or :mnesia) stays better. NebulaAPI is the right tool when the access
pattern fits, not a universal replacement for a distributed cache.

If you'd rather replicate across several nodes (a quorum write, say), that's a
multicast call, not a single-node wrapper.
Spawning a generic node: debug, or call anything remotely
Sometimes you want a node that serves nothing but can call everything — a prod console,
a remote shell, a one-off maintenance script. That's a generic
node: no workers, registers
nothing in :pg, and every defapi call routes remote to whoever does serve it.
The one hard requirement: it must be distributed — a real name@host. A
nonode@nohost node is out of cluster (Node.connect is a no-op there), so it reaches no
one; it's inert, useless for calling. Give it a name and the same cookie as the cluster, and
it connects like any other node — it just never serves.
Best: a dedicated generic release. Build one for this — compile with
allow_nonode_nohost: true and no --name, so every defapi compiles as a pure remote
stub (no local bodies, no server, the smallest possible binary):
config :nebula_api, nodes: [ ...the real cluster... ], allow_nonode_nohost: true
mix compile && mix release console   # no --name → a generic, server-less build

Then launch it under a real name. Because a nameless build given a name is a node mismatch
(see the boot policy), you opt in with
ALLOW_RUNTIME_NEBULA_NODE_MISMATCH=1:
docker compose run --rm \
  -e RELEASE_NODE=console@10.0.0.9 -e RELEASE_DISTRIBUTION=name \
  -e ALLOW_RUNTIME_NEBULA_NODE_MISMATCH=1 \
  console bin/console remote

Backup: repurpose any release. No dedicated build on hand? Take whatever release you
have (a worker, an api) and boot it under a name that isn't its compiled one, with the
same env var. It still serves nothing and routes every call remote — you just carry the
extra local bodies the build happens to contain:
docker compose run --rm \
  -e RELEASE_NODE=console@10.0.0.9 -e RELEASE_DISTRIBUTION=name \
  -e ALLOW_RUNTIME_NEBULA_NODE_MISMATCH=1 \
  worker bin/worker remote

Either way, from the resulting shell every defapi call goes out over RPC:
iex(console@10.0.0.9)> MyApp.Users.get(42)      # served on a :db node, reached remotely
iex(console@10.0.0.9)> MyApp.Cache.invalidate(:all)
Next
	Gotchas — trailing opts, process scope, nesting, timeouts, common errors.
	AST deep-dive — how the generated routers work under the hood.



  

    4. Gotchas and troubleshooting

The sharp edges. Read this once before you ship; come back to it when something behaves
unexpectedly.
Trailing routing options are positional
Every generated function accepts the routing options as one extra trailing argument,
after all the business arguments:
defapi &db, list(filters \\ [])
# generates: def list(filters \\ [], nebula_routing_opts \\ [])

MyApp.Store.list([status: :active], multicast: true, strategy: :quorum, at_least: 2)
The dispatch is purely positional — and that's the trap. When your last business
argument has a default, an opts-looking call can bind to it instead:
# DANGER: list/1 is a one-argument call, so the keyword list binds to `filters`.
# Your "routing options" are served to the body as business data; no routing happens.
MyApp.Store.list(multicast: true)
Two ways to stay safe:
# 1. Fill the business arguments explicitly:
MyApp.Store.list([], multicast: true)

# 2. Better: use a call_on_* block, which carries routing through the call context and
#    sidesteps the positional ambiguity entirely. Its options-only form is the direct antidote:
call_on_nodes strategy: :quorum, at_least: 2 do
  MyApp.Store.list()
end
Routing opts are validated on every node, even when the call resolves locally and the
transport never runs: an invalid opt (timeout: :infinity, a strategy:/success:/
failure: without multicast:) raises an ArgumentError identically wherever the call
executes, and so does an unknown option key — the option set is closed, so a typo'd
timout: is never silently dropped. A valid-but-inapplicable opt (a timeout: on a
locally-resolved call) is a silent no-op.
A call_on_* block is per-process and one-hop
The call_on_* blocks set a routing context in the process dictionary that the
generated functions read. Four rules govern how far it reaches.
Nested blocks replace, then restore. An inner block replaces the whole context —
selector, mode, and options. There is no merge: an outer timeout: 30_000 does not
apply inside an inner block that doesn't repeat it. On exit (normal or via an exception) the
outer block's context takes back over; after the outermost block, no context remains.
A call's own routing opts win over the block. The innermost explicit routing wins: a
call inside a block that carries its own truthy node_selector:/multicast: trailing opts
routes itself, exactly as it would outside the block. A routing key explicitly set to nil
(or multicast: false) opts the call out of the block, back to default routing:
call_on_nodes &worker, strategy: :all do
  MyApp.Jobs.broadcast()                      # fans out per the block
  MyApp.Local.bookkeep(x, multicast: false)   # plain default call — escapes the block
end
The context does not follow a spawn. It lives in the process running the block, so a
Task.async/spawn started inside a block runs with no context — its defapi calls
route by default. Put the block inside the task when that's what you mean:
# The block does NOT reach the task's call:
call_on_node @db do
  Task.async(fn -> MyApp.Users.get(42) end) |> Task.await()   # routes by default!
end

# It does when the task owns the block:
Task.async(fn ->
  call_on_node @db do
    MyApp.Users.get(42)
  end
end)
|> Task.await()
A block applies to one hop. It never crosses the RPC boundary: a defapi body runs on
the target node in a fresh process, so calls inside the body route by their own defaults —
the caller's block doesn't leak into them.
No selector vs a selector function that returns nil
Two things that look alike mean opposite things:
	Omitting the selector (the options-only form, call_on_node timeout: 100 do …, or a
literal nil) means "no restriction": unicast routes to the first available worker;
multicast fans out to every node serving the method. The block's options still apply.
	A selector function that returns nil (or []) means "nothing matched": the call
fails ({:nebula_error, {:no_worker_on_node, nil}} for unicast; :all returns [],
:first returns {:nebula_error, :no_success, []}, :quorum fails
:quorum_unreachable). A no-match never widens the target.

A defapi inside on_nebula_nodes has no remote stub
Worth repeating from Defining APIs:
a defapi wrapped in on_nebula_nodes disappears entirely on non-matching nodes —
router included. Calling it there is an UndefinedFunctionError, not a transparent RPC.
For "implemented here, callable everywhere", use a plain defapi.
Return only serializable data
Remote results cross Erlang distribution, so don't return non-serializable terms (PIDs,
refs, functions, open connections). Return plain data; convert PIDs to strings if you must
surface them.

Troubleshooting
Compile-time errors
"Unknown node" / "Unknown tags" / "No nodes found for execution" — you referenced a
node or tag not in config :nebula_api, :nodes, or a selector that excludes every node
(e.g. &db !&db). Check spelling, add the node/tag, or fix the selector. See
Configuration.
"self_node is an unknown node" — you're compiling on a node not in the config:
config :nebula_api, nodes: ["dev@localhost": [:cluster, :db, :worker], ...]
# or, without --name (dev/test):
config :nebula_api, default_opts: [self_node: :"dev@localhost"]
# or, for throwaway compiles only:
use NebulaAPI, allow_unknown_self_node: true
"... has modules with local methods but no nebula_api_server()" — the :nebula
compiler caught an app whose defapi modules are local here but no module wired
nebula_api_server(). Add use NebulaAPI.Server + nebula_api_server() to the app's
supervisor (see Defining APIs).
Runtime errors
Refuses to boot — "node mismatch"
A release bakes its routing for the node it was compiled as, so it must run as that node.
If NebulaAPI.Server boots and node() doesn't match the compiled node, it raises and the
app won't start: a worker build launched as api@host, a real build launched as
nonode@nohost (forgot RELEASE_DISTRIBUTION=name / RELEASE_NODE), or a nameless build
given a real name. The runtime node comes from Mix release's RELEASE_NODE +
RELEASE_DISTRIBUTION=name — set both. For a deliberate generic console, boot with
ALLOW_RUNTIME_NEBULA_NODE_MISMATCH=1 (serves nothing, every call routes remote). See
Configuration → boot-time node policy.
{:nebula_error, {:no_worker, ...}}
No worker is reachable for a method. {:nebula_error, {:no_worker_on_node, node}} means a
selector targeted a node that has no worker for the method. Checks:
	The server wasn't wired (most common). Make sure the owning app does
use NebulaAPI.Server + nebula_api_server(). (The :nebula compiler catches this at
build time.)
	The target node isn't connected. Node.list() should include it.
	The method isn't local on any connected node:

Process.whereis(MyApp.Users)                              # the local worker, if any
NebulaAPI.APIServer.registered_local_methods(MyApp.Users) # should include {:get, 1}
:pg.get_members(:pg_nebula_api, {MyApp.Users, {:get, 1}}) # should have ≥ 1 pid
Or, for the whole cluster at a glance, mix nebula.routes --available (or
NebulaAPI.Server.print_routes(available: true) from iex): an x/X on the node that should
serve the method tells you immediately whether it's a missing worker or a down node. See
Calling → Seeing the whole routing map.
Timeout
The default RPC timeout is 5000 ms (override per call, per module, or globally — see
Configuration). A timeout does not crash the
caller: a unicast call returns {:nebula_error, :timeout}; in multicast, the failure for a
given node is reported per-node as {node, {:nebula_error, :timeout}}.
A timeout doesn't just unblock the caller — it kills the remote body. The body runs only
as long as someone awaits it; on timeout (or caller death) it stops where it runs, so bodies
must be safe to interrupt, and a legitimately-long body should heartbeat with
NebulaAPI.request_more_time/0 (see
Defining → a remote body is tied to its caller's interest).
If calls time out, check network latency (Node.ping/1), the target's load
(:erlang.statistics(:run_queue) on it), or make the operation faster. Other transport
faults follow the same shape: {:nebula_error, {:selector_failed, reason}} when a selector
function raises, {:nebula_error, exception} when the body raises.
Process groups not syncing
If two connected nodes disagree on :pg.get_members(:pg_nebula_api, ...):
Process.whereis(:pg_nebula_api)     # the :pg scope should be running
:net_kernel.monitor_nodes(true)     # watch {:nodeup, node} / {:nodedown, node}
:pg syncs across connected nodes automatically — a desync usually means the cluster isn't
actually fully connected. Forming the Erlang cluster (epmd, DNS, libcluster) is the
consumer's concern.
Tracing routing
Logger.configure(level: :debug)
# [debug]   Will do remote execution on MyApp.Users
#   with fn_call : {:get, "abc"}
#   opts: []
See also
	Configuration · Defining APIs · Calling across nodes
	AST deep-dive



  

    NebulaAPI AST Deep-Dive

This page explains how NebulaAPI processes Elixir AST (Abstract Syntax Tree) at
compile time to generate node-specific code.
Overview
The AST processing pipeline:
  defapi &db !@backup, get(id) do … end
        │
        ▼
  1. Elixir compiler — source → AST
        │
        ▼
  2. AST.Parser.parse_nebula_ast/1
     → tags: [:db], not_nodes: [:backup]
        │
        ▼
  3. Config.nodes_for_*/2
     filter the topology by the selector
        │
        ▼
  4. AST.Builder
     remote + router (+ local on match)
AST Parser
File: lib/nebula_api/ast/parser.ex
Input: Selector AST
The canonical syntax juxtaposes selectors with a space. When you write:
defapi &db !@backup, get(id) do ... end
the selector chain &db !@backup is one nested AST — each selector carries the next as
its sole argument (its "rest"):
{:&, [], [{:db, [], [
  {:!, [], [{:@, [], [{:backup, [], nil}]}]}
]}]}
The parser walks that chain via its rest clauses (a selector identifier with a single
continuation arg), terminating at the last one (nil args). The bracketed list form
[&db, !@backup] parses to the equivalent config through a separate is_list clause — it
is tolerated, but not the canonical syntax.
Parsing Process
The parser recursively extracts components:
def parse_nebula_ast(ast) do
  ast
  |> nebula_ast()             # Initialize empty config
  |> extract_nebula_config()  # Recursively extract
end

defp nebula_ast(ast) do
  %{tags: [], not_tags: [], nodes: [], not_nodes: [], __unparsed: ast}
end
Pattern Matching Rules
The parser matches AST patterns:
	Pattern	AST Structure	Extracted To
	@node	{:@, _, [{node, _, _}]}	nodes
	!@node	{:!, _, [{:@, _, [{node, _, _}]}]}	not_nodes
	&tag	{:&, _, [{tag, _, _}]}	tags
	!&tag	{:!, _, [{:&, _, [{tag, _, _}]}]}	not_tags
	a b … (space-juxtaposed)	a selector node whose args carry the next selector as its rest	process the chain
	[…]	list	process each element (tolerated, non-canonical)

Combine selectors by juxtaposing them with a space — defapi &db !@backup, .... The
bracketed list (defapi [&db, !@backup], ...) parses to the same thing but is not the
canonical form.
Lifting an absorbed trailing argument
A subtlety specific to defapi (and call_on_*): Elixir parses a space-juxtaposed chain
followed by a trailing comma argument — the defapi signature, or the call_on_* opts —
by folding that argument into the chain's deepest selector. &db !@backup, get(id) parses
as &db(!@backup, get(id)): the deepest selector identifier ends up with two args
(!@backup and the signature). Since a pure selector identifier only ever has nil or a
single continuation arg, that second arg is the unambiguous marker of an absorbed trailing
argument. The private peel_chain/1 walks the chain, lifts the trailing argument back
out, and hands the pure selector chain to the parser — which is why the canonical
multi-selector form compiles even though the macro is defapi/2 in that case.
Example Parsing
# Input AST — the canonical space-juxtaposed chain for `&db !@backup`:
# each selector carries the next as its single (rest) argument.
{:&, [], [
  {:db, [], [
    {:!, [], [{:@, [], [{:backup, [], nil}]}]}
  ]}
]}

# After parsing
%{
  tags: [:db],
  not_tags: [],
  nodes: [],
  not_nodes: [:backup]
}
Function Definition Parsing
def parse_fundef_ast({fn_name, _, fn_args}) do
  # Extracts function name and arguments
  %{
    name: fn_name,
    args: [...],
    args_count: length(args)
  }
end
Handles:
	Simple arguments: arg → arg
	Default arguments: arg \\ default → {arg, default}

Anything else — a pattern-matched argument (atom, map, list, tuple) — raises a
CompileError: a defapi argument needs a name to travel through the generated router
and the remote call tuple. Dispatch on values inside the body instead.
Config Filter Functions
File: lib/nebula_api/config.ex
These functions filter the configured nodes based on the parsed selector.
nodes_for_tags/2
Keep nodes that carry ALL of the specified tags (intersection — &a &b means a AND b):
nodes_for_tags(nodes, [:db])
# Keeps: nodes where :db is in their tag list
nodes_for_tags(nodes, [:db, :cache])
# Keeps: only nodes carrying BOTH :db and :cache
nodes_for_not_tags/2
Remove nodes that have ANY specified tags:
nodes_for_not_tags(nodes, [:backup])
# Removes: nodes where :backup is in their tag list
nodes_for_nodes_names/2
Keep only specified nodes:
nodes_for_nodes_names(nodes, [:db])
# Keeps: only nodes named "db" or "db@..."
nodes_for_not_nodes_names/2
Remove specified nodes:
nodes_for_not_nodes_names(nodes, [:backup])
# Removes: nodes named "backup" or "backup@..."
Filter Chain
Filters are applied in order:
nodes()
|> nodes_for_nodes_names(parsed.nodes)          # 1. Include by name
|> nodes_for_not_nodes_names(parsed.not_nodes)  # 2. Exclude by name
|> nodes_for_not_tags(parsed.not_tags)          # 3. Exclude by tag
|> nodes_for_tags(parsed.tags)                  # 4. Include by tag
AST Builder
File: lib/nebula_api/ast/builder.ex
For each defapi, the builder generates:
	__nbapi_local_<name> — private; the real implementation — matching nodes
only (on the other nodes the router never references it, so nothing is emitted)
	__nbapi_remote_<name> — private; dispatches via NebulaAPI.APIServer (every node)
	<name> — the public router that delegates to local or remote based on context

Return contract. None of these wrap the body's value. The value of the defapi
body is returned verbatim — 10, %User{}, {:ok, x}, {:error, y},
{:ok, a, b} are all passthrough. The {:nebula_error, reason} tuple is reserved for
library/transport failures: a timeout, no available worker, a worker crash, an
exception raised by the body, or a quorum that could not be reached. For a multicast
call the router returns a list of {node, value} entries, with a failing node yielding
{node, {:nebula_error, reason}}.
Local function
When the current node matches the selector, build_local_function/3 emits the real
body; on every other node it emits nothing — the router's default branch goes
remote there, so no code references a local implementation (a raising stub would
only exist to keep a dead reference compilable). The body's value is returned
as-is — there is no wrapping. Anything that escapes the body is translated: a
raised exception becomes {:nebula_error, exception}, a throw or exit becomes
{:nebula_error, {kind, reason}} — the same shapes the worker produces for a
remote call.
# is_local? = true
defp __nbapi_local_get(id) do
  Repo.get(User, id)   # value returned verbatim — no wrapping
rescue
  e ->
    require Logger
    Logger.error(Exception.format(:error, e, __STACKTRACE__))
    {:nebula_error, e}
catch
  kind, reason ->
    require Logger
    Logger.error("defapi body #{inspect(kind)}: #{inspect(reason)}")
    {:nebula_error, {kind, reason}}
end

# is_local? = false → no __nbapi_local_get at all
Note that only the public router carries the defaults — the private helpers are
always called with every argument, so they take plain parameters (a default there
would trigger an "is never used" compiler warning in every consumer module).
Remote function
build_remote_function/2 is generated on every node. It dispatches through the
APIServer and threads routing options. Whatever call_remote_method/3 returns is passed
straight back to the caller — no re-wrapping, no is_list branching. A programming error
(an invalid call option, validated up front) is re-raised so it crashes loud at the call
site; only a genuine runtime exception becomes {:nebula_error, exception}. It also injects
the method's configured serving set (the selector resolved over the topology at compile
time, identical on every build) as a hidden :__method_configured_nodes opt, so a
quorum: :configured call knows its denominator without any runtime lookup. The stub's
set is authoritative — Keyword.put (not put_new) overwrites any caller-supplied value,
so a quorum can't be silently shrunk from the call site:
defp __nbapi_remote_get(id, nebula_routing_opts) do
  NebulaAPI.APIServer.call_remote_method(
    __MODULE__,
    {:get, id},
    Keyword.put(nebula_routing_opts, :__method_configured_nodes, [:"db@db.example"])
  )
rescue
  e in ArgumentError -> reraise(e, __STACKTRACE__)
  e -> {:nebula_error, e}
end
Public router
build_public_function/2 is the function callers actually invoke. It reads the call
context (set by call_on_node/call_on_nodes) and decides where to go. is_local?
is known at codegen time, so the default branch is emitted as a direct call — local
on matching nodes, remote everywhere else — instead of a runtime check whose outcome
is predetermined:
def get(id, nebula_routing_opts \\ []) do
  context_selector = Process.get(:nebula_node_selector)
  context_mode = Process.get(:nebula_call_mode)
  context_opts = Process.get(:nebula_call_opts, [])
  merged_opts = Keyword.merge(context_opts, nebula_routing_opts)

  cond do
    # Truthy :node_selector / :multicast opts on the call → remote.
    # The innermost explicit routing wins, even inside a call_on_* block:
    # the call routes itself, the block's routing and opts are ignored.
    nebula_routing_opts[:node_selector] || nebula_routing_opts[:multicast] ->
      __nbapi_remote_get(id, nebula_routing_opts)

    # Inside a call_on_node / call_on_nodes block (the MODE is the signal —
    # a selector expression may evaluate to nil, meaning "no restriction"),
    # and the call carries no routing key of its own. A routing key present
    # but nil/false opts the call out of the block, down to the default.
    not is_nil(context_mode) and
      not Keyword.has_key?(nebula_routing_opts, :node_selector) and
        not Keyword.has_key?(nebula_routing_opts, :multicast) ->
      __nbapi_remote_get(id, Keyword.merge(merged_opts,
        node_selector: context_selector, multicast: context_mode == :multicast))

    # Default branch, chosen at codegen time:
    true ->
      # On a matching node — routing opts validated (when present), not consumed:
      if nebula_routing_opts != [] do
        NebulaAPI.APIServer.validate_call_opts!(__MODULE__, nebula_routing_opts)
      end

      __nbapi_local_get(id)
      # __nbapi_remote_get(id, nebula_routing_opts)  # everywhere else
  end
end
Routing opts are validated on every node: a call that resolves locally still
validates the opts it was given (then ignores them — there is no transport), so an
invalid opt (timeout: :infinity, strategy:/success: without multicast:)
raises identically wherever the call runs. A valid-but-inapplicable opt, like a
timeout: on a local call, is a silent no-op — the same source compiles on every
node. The != [] guard keeps the opt-less hot path free of validation cost.
Function signature building
defp build_function_signature(fn_name, fn_args) do
  Macro.var(fn_name, nil) |> put_elem(2, fn_args_to_defaulted_vars(fn_args))
end
Handles default arguments (public router only — see the note above):
# Input
[{:query, %{}}, {:opts, []}]

# Output signature (public)
get(query \\ %{}, opts \\ [])
Remote call tuple
Arguments are packed into a tuple:
defp build_remote_function_call(fn_name, fn_args) do
  quote do
    {unquote(fn_name), unquote_splicing(fn_args |> fn_args_to_vars)}
  end
end
# Function: get(id, opts)
# Becomes: {:get, id, opts}
Complete Example
Source
defmodule MyApp.Users do
  use NebulaAPI

  defapi &db, get(id, opts \\ []) do
    Repo.get(User, id, opts)
  end
end
Compiled on a :db node
# Single persisted source of truth: {{fn, arity}, configured_nodes}.
# self_node (this build) IS in the set ⇒ get/2 is local here.
@nebula_configured_nodes {{:get, 2}, [:"db@db.example"]}

# public router → local
def get(id, opts \\ [], nebula_routing_opts \\ []) do
  # ...routes to __nbapi_local_get by default
end

defp __nbapi_local_get(id, opts) do
  Repo.get(User, id, opts)   # body value returned as-is
rescue
  e -> {:nebula_error, e}
end
Compiled on a node without :db
# Identical persisted value on every build — the stub carries it everywhere.
# self_node (this build) is NOT in the set ⇒ get/2 is remote here.
@nebula_configured_nodes {{:get, 2}, [:"db@db.example"]}

# public router → remote (no __nbapi_local_get is generated on this node)
def get(id, opts \\ [], nebula_routing_opts \\ []) do
  # ...routes to __nbapi_remote_get
end

defp __nbapi_remote_get(id, opts, nebula_routing_opts) do
  NebulaAPI.APIServer.call_remote_method(MyApp.Users, {:get, id, opts}, nebula_routing_opts)
  # result returned verbatim
rescue
  e in ArgumentError -> reraise(e, __STACKTRACE__)
  e -> {:nebula_error, e}
end
The single persisted attribute @nebula_configured_nodes records each method's configured
serving set (identical on every build). local vs remote is derived per build by testing the
compiled self_node against that set (NebulaAPI.APIServer.registered_local_methods/1) —
that's how NebulaAPI.Server knows which workers to start.
Validation
Compile-time checks
def validate_with_nodes(config, nodes) do
  # Check all tags exist
  unknown_tags = config.tags -- all_nodes_tags
  if Enum.any?(unknown_tags), do: raise(CompileError, description: "Unknown tags...")

  # Check all nodes exist
  unknown_nodes = config.nodes -- all_nodes_names
  if Enum.any?(unknown_nodes), do: raise(CompileError, description: "Unknown nodes...")
end
Empty execution set
if Enum.empty?(execution_nodes) do
  raise CompileError, description: "No nodes found for execution of nebula macro ..."
end
Debugging AST
Inspect a parsed selector
NebulaAPI.AST.Parser.parse_nebula_ast(Code.string_to_quoted!("&db !@backup"))
# => %{nodes: [], tags: [:db], not_tags: [], not_nodes: [:backup]}
Parse the selector from source (Code.string_to_quoted!/1), not quote do: &db !@backup:
quote tags the identifiers with a macro context ({:backup, _, Elixir}), while the parser
matches bare source identifiers ({:backup, _, nil}) — the form defapi actually receives.
Check execution nodes
import NebulaAPI.Config

nodes()
|> nodes_for_tags([:db])
|> nodes_for_not_nodes_names([:backup])
# => ["db@db.example": [...]]
See Also
	Defining APIs — using defapi, on_nebula_nodes, wiring the server
	Calling across nodes — runtime routing and the worker/:pg layer
	Elixir Metaprogramming Guide



  

    About LLMs in this project

This page is here for transparency. NebulaAPI was built with help from large language
models, and I'd rather say exactly how than leave you guessing. The short version: the
architecture is human, the LLMs are tools held on a short leash, and nothing ships without
me reviewing it.
Provenance — the idea is human
I designed NebulaAPI and wrote its first version myself, without any LLM. The project was
first committed on 27 March 2024 (feat: scaffold project + initial defapi macro). The
core concept — declare a cluster topology of nodes and tags, let the compiler decide what
runs where, and emit either a real implementation or a transparent RPC stub per node — is
mine. It came out of running podCloud on a real cluster and wanting
the flexibility of umbrella releases without rewriting code every time the topology moved.
That idea, and the mental model the whole library is organized around, did not come from a
model. It came from the problem.
The LLM-assisted phase — hardening and reach
From late 2025 I started using LLMs to strengthen and extend the working library, always
against an architecture I had already decided. Multicast and unicast call routing landed on
21 December 2025 (feat(nebula-api): add multicast and unicast call support); most of
the resilience work — confined calls, the per-worker queue, the boot-time node policy, the
configured-set quorum — was done in this phase too.
In every case the what and the why were mine. The model worked on the how, and only
after I'd said where we were going.
What the LLMs actually do here
Their role is deliberately bounded:
	Code generation from a human design. I describe the behavior, the constraints, and the
shape I want; the model writes Elixir against that. I read it.
	Automated, adversarial review. I use models as a tireless reviewer — to read the diff
cold, treat every doc example as an assertion to execute, and surface substantive problems
(correctness bugs, doc-vs-code drift, missing edge cases). This catches real issues I'd
miss on a solo project. The reviews raise problems; they don't get to decide what's done
about them.
	Documentation drafting. Including this page — written by a model, to my instructions,
and edited by me.

What they do not do
	They do not make architectural decisions. Tradeoffs, the data model, the public API,
the breaking changes — those are mine.
	They do not get the final word on whether something is correct. A model's confidence is
not evidence; claims get verified (the test suite runs as a distributed node, and findings
are reproduced empirically before they count).
	They do not merge. No version reaches main without my review and explicit
validation. Every merge is a human decision, --no-ff, after I've read the work — the
git history reflects that.

The stance, in one line
LLMs made this library better and faster to harden than I could have alone. They did not
design it, they do not run unsupervised, and they do not get to ship. A human is responsible
for every line that ends up in a release — that human is me.
— Pof (Giovanni Olivera)
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Extends the deadline of the in-flight NebulaAPI call this process is serving.
Call it from inside a defapi body that legitimately runs long: it resets the
caller's timeout window (a heartbeat, like a long task pinging its scheduler),
so a slow-but-alive body is not mistaken for a hung one and killed.
Outside a remote call — the same body invoked locally, or any other process —
it is a no-op: the local path has no caller deadline to extend.
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Cluster-wide core: owns the :pg routing scope and the node-info ETS cache, and
implements remote method calls. (Per-module workers are not managed here — each
consumer app supervises its own through NebulaAPI.Server.)
Supports:
	Default unicast (first available worker)
	Unicast with node selector
	Multicast to multiple nodes

Multicast strategies
Every per-node response is a {node, value} pair, where value is the body's
return value, verbatim. A node whose call failed at the transport level yields
{node, {:nebula_error, reason}}.
	:all - Wait for every targeted node (or the timeout). Returns one {node, value}
per targeted node — nodes that did not answer in time are reported as
{node, {:nebula_error, :timeout}}, never silently dropped.
	:first - Return the first response that counts as a success (see the
:success/:failure options) as a single {node, value}. If no response
qualifies: {:nebula_error, :no_success, results} (never a bare list).
	:quorum - Wait for N successes. N is at_least: when given, otherwise a strict majority
of the quorum set chosen by quorum:: :configured (the default) = the configured nodes
serving the method that match the selector (connected or not); :available = the connected
workers. Reached: the list of collected {node, value} responses. Not reached:
{:nebula_error, :quorum_not_reached, results} or {:nebula_error, :quorum_timeout, results}.
Impossible quorum (required > available workers — including a :configured majority no live
set can reach): {:nebula_error, :quorum_unreachable, %{workers: n, required: m}} — returned
before any call is made.

Node Info Cache
Node information is cached in an ETS table (:nebula_nodes_cache) to avoid
expensive RPC calls on every request. Each node entry includes a last_seen_at
timestamp that indicates when the node was last successfully contacted.
This allows detection of stale nodes - a node may still be marked as connected: true
but if last_seen_at is old, it might be unresponsive.
Intelligent Node Selection Examples
# Select the node with lowest memory usage
call_on_node fn nodes_info ->
  nodes_info
  |> Enum.filter(fn {_, info} -> info.connected && info.runtime end)
  |> Enum.min_by(fn {_, info} -> info.runtime.memory_percent end)
  |> elem(0)
end do
  MyAPI.heavy_task()
end

# Select nodes seen in the last 30 seconds
call_on_nodes fn nodes_info ->
  thirty_seconds_ago = DateTime.add(DateTime.utc_now(), -30, :second)
  nodes_info
  |> Enum.filter(fn {_, info} ->
    info.last_seen_at && DateTime.compare(info.last_seen_at, thirty_seconds_ago) == :gt
  end)
  |> Enum.map(fn {node, _} -> node end)
end do
  MyAPI.broadcast_update()
end
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        available_nodes(module, arg)

      


        The nodes that currently have a live worker for module's {fn_name, arity} — the runtime
serving set, read from :pg. [] when nobody serves it. On correctly-booted nodes (each
running as the node it was compiled for) this is a subset of configured_nodes/2 — the
connected ones whose app wired nebula_api_server().



    


    
      
        build_nodes_info()

      


        Builds the nodes_info map with metadata about each node.
Results are cached in ETS and updated with last_seen_at timestamps.



    


    
      
        cache_node_info(node_name, info)

      


        Caches node info in ETS.



    


    
      
        call_remote_method(module, fn_call, opts \\ [])

      


        Calls a remote method with optional routing options.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        collect_node_health_data_local()

      


        Collects complete health data for the current node.
This is used by build_nodes_info/0 via direct RPC calls to avoid circular dependencies.



    


    
      
        collect_runtime_info()

      


        Collects runtime info for the current node.
This is a helper function used by collect_node_health_data_local/0.



    


    
      
        configured_nodes(module, arg)

      


        The CONFIGURED nodes that serve module's {fn_name, arity} — the method's selector
resolved over the topology at compile time (connected or not), [] for an unknown method.



    


    
      
        get_all_workers(module, fn_call)

      


        Gets all available workers for a method across all nodes.



    


    
      
        get_available_nodes_info(module, fn_call)

      


        Gets nodes_info for workers that are actually available for a method.
Only includes nodes that have registered workers.



    


    
      
        get_cached_node_info(node_name)

      


        Gets cached node info from ETS.
Returns empty map if not found.



    


    
      
        get_nodes_info()

      


        Returns the latest cluster node-info snapshot — a pure ETS read.



    


    
      
        refresh_nodes_cache()

      


        Refreshes the nodes cache by fetching fresh runtime info from all nodes.



    


    
      
        register_local_method_worker(module, method, worker_pid)

      


    


    
      
        registered_local_methods(module)

      


        The {fn_name, arity} methods whose body is LOCAL on this build — derived from the configured
set (the compiled self_node is in a method's configured nodes). This is what
nebula_api_server() starts a worker for.



    


    
      
        registered_remote_methods(module)

      


        The {fn_name, arity} methods served REMOTELY from this build — derived from the configured
set (the compiled self_node is NOT in a method's configured nodes).



    


    
      
        start_link(init_arg)

      


    





      


      
        Functions


        


  
    
      
    
    
      available_nodes(module, arg)



        
          
        

    

  


  

The nodes that currently have a live worker for module's {fn_name, arity} — the runtime
serving set, read from :pg. [] when nobody serves it. On correctly-booted nodes (each
running as the node it was compiled for) this is a subset of configured_nodes/2 — the
connected ones whose app wired nebula_api_server().

  



  
    
      
    
    
      build_nodes_info()



        
          
        

    

  


  

Builds the nodes_info map with metadata about each node.
Results are cached in ETS and updated with last_seen_at timestamps.
Returns a map like:
%{
  :"worker@host.example" => %{
    short_name: :worker,
    long_name: :"worker@host.example",
    host: "host.example",
    tags: [:worker, :video],
    connected: true,
    last_seen_at: ~U[2024-01-15 10:30:00Z],
    runtime: %{
      memory_used_mb: 256,
      memory_total_mb: 1024,
      memory_percent: 25.0,
      process_count: 1234,
      schedulers: 8,
      otp_release: "26",
      uptime_seconds: 3600
    }
  }
}
Runtime info and last_seen_at are only updated for connected/reachable nodes.
If a node becomes unreachable, last_seen_at keeps its last value, allowing
detection of stale nodes.

  



  
    
      
    
    
      cache_node_info(node_name, info)



        
          
        

    

  


  

Caches node info in ETS.

  



    

  
    
      
    
    
      call_remote_method(module, fn_call, opts \\ [])



        
          
        

    

  


  

Calls a remote method with optional routing options.
Options
For every option, nil means "not set": the call behaves as if the option
were absent (a computed strategy: maybe_strategy holding nil resolves to
the default). Any other malformed value raises ArgumentError up front, and
so does any unknown option key — the option set below is closed, a typo'd
key must not be silently dropped.
	:timeout - Timeout in milliseconds. Default: the module's default_timeout,
then config :nebula_api, default_timeout:, then 5000. nil means "not set"
(the default resolution applies); any other non-integer raises.
	:node_selector - 1-arity function that takes the nodes_info map and returns
node(s) to call. Anything else (besides nil, "not set") raises ArgumentError
up front, like every other malformed call opt.
	:multicast - If true, calls multiple nodes and returns a list of results
	:strategy - Multicast strategy: :all, :first, :quorum (default: :all)
	:quorum - (:quorum strategy only) which set the default majority is taken over:
:configured (the default) = the configured nodes serving the method that match the
selector, div(set, 2) + 1, connected or not; :available = the connected workers,
div(present, 2) + 1. A function selector has no static configured set, so with
strategy: :quorum it must declare quorum: :available or at_least: — the
:configured default is a compile error there, never silently downgraded. Mutually
exclusive with :at_least.
	:at_least - Positive integer: an exact number of successes required by the :quorum
strategy, overriding the quorum: majority. Mutually exclusive with :quorum.
	:success - (:first/:quorum only) predicate fn value -> boolean defining
what counts as a business success. Default: any worker that replied counts
(a {:nebula_error, _} never does). Mutually exclusive with :failure.
	:failure - mirror of :success: fn value -> boolean returning true for
values that must NOT count as successes. Mutually exclusive with :success.

Returns
	For unicast: the body's return value, verbatim. A library/transport failure
(timeout, no worker available, worker crash) yields {:nebula_error, reason}.
	For multicast: per-node {node, value} pairs — see "Multicast strategies"
in the moduledoc for the exact shape per strategy.


  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      collect_node_health_data_local()



        
          
        

    

  


  

Collects complete health data for the current node.
This is used by build_nodes_info/0 via direct RPC calls to avoid circular dependencies.

  



  
    
      
    
    
      collect_runtime_info()



        
          
        

    

  


  

Collects runtime info for the current node.
This is a helper function used by collect_node_health_data_local/0.
	memory_used: Total memory allocated by the Erlang VM (:erlang.memory(:total))
	memory_total: Total system RAM (from /proc/meminfo on Linux, falls back to VM total)
	memory_percent: VM memory usage as percentage of system RAM


  



  
    
      
    
    
      configured_nodes(module, arg)



        
          
        

    

  


  

The CONFIGURED nodes that serve module's {fn_name, arity} — the method's selector
resolved over the topology at compile time (connected or not), [] for an unknown method.
Compile-time and config-derived, so identical on every node: the value is read from the
module's persisted metadata, which the stub carries on every build. Use it to introspect
routing without reaching into :pg. See also available_nodes/2.

  



  
    
      
    
    
      get_all_workers(module, fn_call)



        
          
        

    

  


  

Gets all available workers for a method across all nodes.

  



  
    
      
    
    
      get_available_nodes_info(module, fn_call)



        
          
        

    

  


  

Gets nodes_info for workers that are actually available for a method.
Only includes nodes that have registered workers.
pg is the source of truth for WHO serves the method; the snapshot only
enriches HOW they're doing. A node whose worker just registered but is not
in the background snapshot yet gets a synthesized entry (runtime: nil,
last_seen_at: nil until the next refresh).

  



  
    
      
    
    
      get_cached_node_info(node_name)



        
          
        

    

  


  

Gets cached node info from ETS.
Returns empty map if not found.

  



  
    
      
    
    
      get_nodes_info()



        
          
        

    

  


  

Returns the latest cluster node-info snapshot — a pure ETS read.
The snapshot is written exclusively by NebulaAPI.APIServer.NodesInfoCache
on its background interval; readers NEVER build it themselves, so there is
no fan-out on the read path, ever. Before the first refresh completes (boot
window) this returns %{} — selectors still see every node with a
registered worker through synthesized entries (runtime: nil, see
get_available_nodes_info/2).

  



  
    
      
    
    
      refresh_nodes_cache()



        
          
        

    

  


  

Refreshes the nodes cache by fetching fresh runtime info from all nodes.

  



  
    
      
    
    
      register_local_method_worker(module, method, worker_pid)



        
          
        

    

  


  


  



  
    
      
    
    
      registered_local_methods(module)



        
          
        

    

  


  

The {fn_name, arity} methods whose body is LOCAL on this build — derived from the configured
set (the compiled self_node is in a method's configured nodes). This is what
nebula_api_server() starts a worker for.

  



  
    
      
    
    
      registered_remote_methods(module)



        
          
        

    

  


  

The {fn_name, arity} methods served REMOTELY from this build — derived from the configured
set (the compiled self_node is NOT in a method's configured nodes).

  



  
    
      
    
    
      start_link(init_arg)



        
          
        

    

  


  


  


        

      


  

    
NebulaAPI.Config 
    




      
        Summary


  
    Functions
  


    
      
        config()

      


    


    
      
        default_opts()

      


    


    
      
        default_timeout()

      


    


    
      
        max_time_extensions()

      


    


    
      
        nodes()

      


    


    
      
        nodes_for_nodes_names(nodes, node_name)

      


    


    
      
        nodes_for_not_nodes_names(nodes, node_name)

      


    


    
      
        nodes_for_not_tags(nodes, tag)

      


    


    
      
        nodes_for_tags(nodes, tag)

      


    


    
      
        nodes_info_refresh_interval()

      


    


    
      
        validate_with_nodes(config, nodes)

      


    





      


      
        Functions


        


  
    
      
    
    
      config()



        
          
        

    

  


  


  



  
    
      
    
    
      default_opts()



        
          
        

    

  


  


  



  
    
      
    
    
      default_timeout()



        
          
        

    

  


  


  



  
    
      
    
    
      max_time_extensions()



        
          
        

    

  


  


  



  
    
      
    
    
      nodes()



        
          
        

    

  


  


  



  
    
      
    
    
      nodes_for_nodes_names(nodes, node_name)



        
          
        

    

  


  


  



  
    
      
    
    
      nodes_for_not_nodes_names(nodes, node_name)



        
          
        

    

  


  


  



  
    
      
    
    
      nodes_for_not_tags(nodes, tag)



        
          
        

    

  


  


  



  
    
      
    
    
      nodes_for_tags(nodes, tag)



        
          
        

    

  


  


  



  
    
      
    
    
      nodes_info_refresh_interval()



        
          
        

    

  


  


  



  
    
      
    
    
      validate_with_nodes(config, nodes)



        
          
        

    

  


  


  


        

      


  

    
NebulaAPI.Routes 
    



      
The per-node routing map — where each defapi is served locally vs reached over RPC.
Built entirely from compile-time data (:nebula_configured_nodes, the single source of truth
also behind NebulaAPI.APIServer.configured_nodes/2): a method is local on the nodes in its
configured serving set. Nothing is recomputed; no cluster needed.
Rendered "git lola"-style — one continuous vertical rail per node, with a ● marking each node
that serves a method; the rail simply continues (|) where it isn't local. The static view
asserts only locality (config-known) — it does not claim a method actually runs elsewhere;
pass available: true for the live picture (∆/x/X from :pg + Node.list). Printed by
mix nebula.routes and NebulaAPI.Server.print_routes/0.
Scope
It lists only the modules — and their defapi — present in this build (the one compiled for
compiled_node()). A node whose release carries a subset of an umbrella's apps does not carry
the other apps' modules, so those modules and their methods are simply absent from the map;
modules not imported/used by this build are not shown either. Run it from a node/release that
carries every app for the full picture.

      


      
        Summary


  
    Functions
  


    
      
        build(module_methods, node_names)

      


        The routing rows for the given modules and topology.



    


    
      
        build_available(rows, connected, available_by_method, current_node)

      


        Overlay live cluster state onto static rows (the --available view). Per serving node, the
static :local becomes — relative to current_node and the runtime facts — :local (this
node), :remote_available (connected + a live worker), :worker_unavailable (connected, no
worker), or :node_unavailable (disconnected). A :remote cell (the node doesn't serve the
method) becomes :not_served.



    


    
      
        discover()

      


        [{module, [{{fun, arity}, configured_nodes}, ...]}] for every loaded module that persisted a
NebulaAPI configured set (i.e. has defapi endpoints).



    


    
      
        print(opts \\ [])

      


        Discover, build, sort, and print the routing map for the current node.



    


    
      
        render(rows, nodes, current_node, opts \\ [])

      


        Render the routing map as a "git lola"-style graph string.



    





      


      
        Functions


        


  
    
      
    
    
      build(module_methods, node_names)



        
          
        

    

  


  

The routing rows for the given modules and topology.
module_methods is [{module, [{{fun, arity}, configured_nodes}, ...]}, ...]; node_names
the topology's node names. Returns one row per method (sorted by module), shaped:
%{module: M, fun: f, arity: a, nodes: %{node => :local | :remote}}

  



  
    
      
    
    
      build_available(rows, connected, available_by_method, current_node)



        
          
        

    

  


  

Overlay live cluster state onto static rows (the --available view). Per serving node, the
static :local becomes — relative to current_node and the runtime facts — :local (this
node), :remote_available (connected + a live worker), :worker_unavailable (connected, no
worker), or :node_unavailable (disconnected). A :remote cell (the node doesn't serve the
method) becomes :not_served.
When current_node is not in connected we can't observe the cluster at all (e.g. the task
runs as nonode@nohost and current_node is only the config self_node fallback): every cell
becomes :unknown rather than asserting a (false) :node_unavailable.
connected is the list of reachable node names; available_by_method maps
{module, {fun, arity}} to the nodes with a live worker (from NebulaAPI.APIServer.available_nodes/2).

  



  
    
      
    
    
      discover()



        
          
        

    

  


  

[{module, [{{fun, arity}, configured_nodes}, ...]}] for every loaded module that persisted a
NebulaAPI configured set (i.e. has defapi endpoints).

  



    

  
    
      
    
    
      print(opts \\ [])



        
          
        

    

  


  

Discover, build, sort, and print the routing map for the current node.
Options:
	:available — overlay live :pg + Node.list state (∆/x/X; | when this node
can't observe the cluster). Default false.
	:follow — refresh every 5s (implies :available). Default false.
	:sort — :module (default), :name, or :locality (most-local-first).
	:color — ANSI color (default true).
	:nodes ([{name, tags}]), :current_node, :modules — override the discovered
topology / current node / module set (mainly for tests).


  



    

  
    
      
    
    
      render(rows, nodes, current_node, opts \\ [])



        
          
        

    

  


  

Render the routing map as a "git lola"-style graph string.
nodes is the topology as [{name, tags}] (the config :nebula_api, :nodes shape). Each node
gets a continuous vertical rail, introduced top-down with its name and selectors (@short &tag …);
then one row per method: ● where the method is local, the rail (|) where it isn't. The
current_node's rail label is bold. With available: true the per-cell glyphs reflect live
state (∆/x/X, | when this node can't observe the cluster). Options: :color (default
true), :available.

  


        

      


  

    
NebulaAPI.Server 
    



      
Per-application supervisor for NebulaAPI workers.
One NebulaAPI.Server lives in the supervision tree of each OTP application that
owns modules using NebulaAPI (wire it in with use NebulaAPI.Server +
nebula_api_server/0). It is given app_module: — a module belonging to that app — from
which it resolves the owning app, lists its modules, and keeps only those that:
	carry the persisted :nebula_api marker (i.e. they use NebulaAPI), and
	have at least one method compiled as local on this node,

and starts one NebulaAPI.APIServer.Worker per retained module. Each worker joins
the cluster-wide :pg group so remote nodes can route to it.
Living inside the app's own tree is what makes the lifecycle correct: when the app
stops or crashes, this supervisor (and its workers) go down with it and :pg drops
the entries. The serving set is discovered from the app's compiled modules.

      


      
        Summary


  
    Functions
  


    
      
        __using__(opts)

      


        Brings the nebula_api_server/0 macro into scope, plus the NebulaAPI.AST macros
(on_nebula_nodes, call_on_*). For the host module — typically the app's
Application — that wires the per-app server into its supervision tree.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        nebula_api_server()

      


        Expands to a child spec for NebulaAPI.Server, to be placed in the supervision tree of
an OTP application that owns modules using NebulaAPI.



    


    
      
        print_routes(opts \\ [])

      


        Print the per-node routing map (local vs remote per node) from a running node — e.g. in iex



    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      __using__(opts)


        (macro)


        
          
        

    

  


  

Brings the nebula_api_server/0 macro into scope, plus the NebulaAPI.AST macros
(on_nebula_nodes, call_on_*). For the host module — typically the app's
Application — that wires the per-app server into its supervision tree.
Unlike use NebulaAPI, this does not register the defapi bookkeeping
(:nebula_configured_nodes, the :nebula_api marker) nor validate self_node — the host
module has no defapi of its own, so none of that applies. Use use NebulaAPI only on
modules that actually define defapi endpoints.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      nebula_api_server()


        (macro)


        
          
        

    

  


  

Expands to a child spec for NebulaAPI.Server, to be placed in the supervision tree of
an OTP application that owns modules using NebulaAPI.
Brought into scope by use NebulaAPI.Server. It expands at the call site, so
__MODULE__ is the host module (typically the app's Application), which belongs to
the consumer's OTP app — all the server needs to resolve the app and, at runtime,
discover its modules, keep the ones with local methods on this node, and start a worker
for each. Because the server lives inside the app's own tree, the worker lifecycle is
correct for free: app stops or crashes → server and workers die with it, :pg drops
the entries.
defmodule MyApp.Application do
  use Application
  use NebulaAPI.Server

  def start(_type, _args) do
    Supervisor.start_link([nebula_api_server()], strategy: :one_for_one, name: MyApp.Sup)
  end
end

  



    

  
    
      
    
    
      print_routes(opts \\ [])



        
          
        

    

  


  

Print the per-node routing map (local vs remote per node) from a running node — e.g. in iex:
iex> NebulaAPI.Server.print_routes()
Delegates to NebulaAPI.Routes.print/1; see it for options (:color, :nodes, …).

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  


        

      


  

    
NebulaAPI.APIServer.NodesInfoCache 
    



      
Per-node background refresher for the cluster node-info snapshot.
One instance runs per node, as a child of NebulaAPI.APIServer (which owns the
ETS cache). It rebuilds the node-info snapshot on a fixed interval and writes it
to ETS, so readers (get_nodes_info/0, hence every function-selector route)
never trigger an RPC fan-out themselves — they just read the latest snapshot.
This is what kills the thundering herd: refreshing is a single, periodic,
per-node job rather than something each concurrent caller does on cache miss.
The flip side is a fixed background cost: every node refreshes on every interval,
whether or not anything reads the snapshot — i.e. one RPC fan-out per node per
interval, cluster-wide. With the 5s default this is negligible for the small
clusters NebulaAPI targets; raise nodes_info_refresh_interval if your cluster
is large or node selectors can tolerate staler info.
The interval is config :nebula_api, nodes_info_refresh_interval: <ms>
(default 5000), overridable per-instance with the :interval option (used in
tests).

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
NebulaAPI.APIServer.Worker 
    




      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        init(module)

      


        Callback implementation for GenServer.init/1.



    


    
      
        start_link(module)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      init(module)



        
          
        

    

  


  

Callback implementation for GenServer.init/1.

  



  
    
      
    
    
      start_link(module)



        
          
        

    

  


  


  


        

      


  

    
NebulaAPI.AST 
    



      
AST macros for NebulaAPI.
Provides:
	defapi - Define an API method with node targeting
	on_nebula_nodes - Conditional compilation based on node
	call_on_node - Unicast call with node selector
	call_on_nodes - Multicast call with node selector
	call_on_all_nodes - Multicast call on all nodes


      


      
        Summary


  
    Functions
  


    
      
        call_on_all_nodes(opts_or_block)

      


        Multicast call on all available nodes.



    


    
      
        call_on_all_nodes(opts, list)

      


    


    
      
        call_on_node(opts)

      


        Unicast call - execute API calls on a specific node.



    


    
      
        call_on_node(selector_or_nebula_ast, opts_or_block)

      


    


    
      
        call_on_node(selector_or_nebula_ast, opts, list)

      


    


    
      
        call_on_nodes(opts)

      


        Multicast call - execute API calls on multiple nodes.



    


    
      
        call_on_nodes(selector_or_nebula_ast, opts_or_block)

      


    


    
      
        call_on_nodes(selector_or_nebula_ast, opts, list)

      


    


    
      
        defapi(selectors_signature_and_do)

      


        Defines an API method with node targeting.



    


    
      
        defapi(selector_or_signature, list)

      


    


    
      
        defapi(nebula_ast, fn_ast, list)

      


    


    
      
        on_nebula_nodes(selectors_and_opts)

      


    


    
      
        on_nebula_nodes(nebula_ast, opts)

      


        Conditional compilation based on node.



    





      


      
        Functions


        


  
    
      
    
    
      call_on_all_nodes(opts_or_block)


        (macro)


        
          
        

    

  


  

Multicast call on all available nodes.
Named alias of the selector-less call_on_nodes form: it targets every node
serving the method (i.e. with a registered worker for it).
Examples
call_on_all_nodes do
  MyModule.api_method()
end

call_on_all_nodes timeout: 5000, strategy: :first do
  MyModule.api_method()
end

  



  
    
      
    
    
      call_on_all_nodes(opts, list)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      call_on_node(opts)


        (macro)


        
          
        

    

  


  

Unicast call - execute API calls on a specific node.
The selector must be written literally at the call site — one of:
	A Nebula AST expression (like @api, &db)
	A literal function that receives the nodes_info map and returns a single node atom
	Omitted (the options-only form, or a literal nil) — "no restriction": the call routes
to the first available worker, with the block's options still applying.

A variable or computed selector is a compile error (branch in Elixir and write a separate
call_on_* per case). Distinct from omitting it, a selector function that returns nil
means "nothing matched" — the call fails with {:nebula_error, {:no_worker_on_node, nil}},
it never widens the target.
Inside the block, the innermost explicit routing wins: a call carrying its
own truthy node_selector:/multicast: trailing opts routes itself (the
block's routing and options are ignored for that call), and a routing key
explicitly set to nil opts the call out of the block, back to default
routing.
Examples
# With Nebula expression
call_on_node @api do
  MyModule.api_method()
end

# With selector function
call_on_node fn nodes_info ->
  nodes_info
  |> Enum.filter(fn {_node, info} -> :worker in info.tags end)
  |> Enum.map(fn {node, _} -> node end)
  |> Enum.random()
end, timeout: 5000 do
  MyModule.api_method()
end

# Options only — no selector: any available worker, with these options.
# The semantic with_options, free of the trailing-opts positional gotcha.
call_on_node timeout: 30_000 do
  MyModule.api_method()
end

  



  
    
      
    
    
      call_on_node(selector_or_nebula_ast, opts_or_block)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      call_on_node(selector_or_nebula_ast, opts, list)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      call_on_nodes(opts)


        (macro)


        
          
        

    

  


  

Multicast call - execute API calls on multiple nodes.
The selector must be written literally at the call site — one of:
	A Nebula AST expression (like @api, &db) - all matching nodes
	A literal function that receives the nodes_info map and returns a list of node atoms
	Omitted (the options-only form, or a literal nil) — "no restriction": the call fans out
to every node serving the method (like call_on_all_nodes), with the block's options
still applying.

A variable or computed selector is a compile error (branch in Elixir and write a separate
call_on_* per case). Distinct from omitting it, a selector function that returns nil
or [] means "nothing matched" — zero calls are made (:all returns [], :first
returns {:nebula_error, :no_success, []}, :quorum fails :quorum_unreachable); it never
widens the target.
Inside the block, the innermost explicit routing wins: a call carrying its
own truthy node_selector:/multicast: trailing opts routes itself (the
block's routing and options are ignored for that call), and a routing key
explicitly set to nil or false opts the call out of the block, back to
default routing — MyMod.f(x, multicast: false) inside a multicast block
is a plain default call.
Examples
# With Nebula expression (calls all &db nodes)
call_on_nodes &db do
  MyModule.api_method()
end

# With selector function
call_on_nodes fn nodes_info ->
  nodes_info
  |> Enum.filter(fn {_node, info} -> :storage in info.tags end)
  |> Enum.map(fn {node, _} -> node end)
end, timeout: 5000, strategy: :all do
  MyModule.api_method()
end

# Options only — no selector: every node serving the method.
# `call_on_all_nodes` is the named alias of this form.
call_on_nodes strategy: :quorum, at_least: 2 do
  MyModule.api_method()
end

  



  
    
      
    
    
      call_on_nodes(selector_or_nebula_ast, opts_or_block)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      call_on_nodes(selector_or_nebula_ast, opts, list)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      defapi(selectors_signature_and_do)


        (macro)


        
          
        

    

  


  

Defines an API method with node targeting.
The method is compiled either as a local implementation or a remote stub
depending on whether the current node matches the target nodes.
Node Selectors
Selectors are juxtaposed by a space (never commas, never a [list]):
	@node - specific node (short or full name)
	&tag - nodes with the tag
	!@node / !&tag - negation
	@a &b - combine by juxtaposition (e.g. @worker &gpu)
	(no selector) - the body runs on every node (local everywhere)

Examples
defapi @api, get_user(id) do
  Repo.get(User, id)
end

defapi &db !@worker, find_podcast(slug) do
  MyApp.Repo.find_one(:db, "records", %{identifier: slug})
end

# No selector → available on every node, each returns its own data.
defapi get_node_health() do
  collect_runtime_info()
end

  



  
    
      
    
    
      defapi(selector_or_signature, list)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      defapi(nebula_ast, fn_ast, list)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      on_nebula_nodes(selectors_and_opts)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      on_nebula_nodes(nebula_ast, opts)


        (macro)


        
          
        

    

  


  

Conditional compilation based on node.
Just like if but for NebulaAPI. Only compiles the do block on matching nodes,
otherwise compiles the else block (if provided).
Examples
on_nebula_nodes &db do
  # This code only exists on &db nodes
  use MyApp.Repo, otp_app: :my_app
end

on_nebula_nodes @api do
  # Code for @api nodes
else
  # Code for other nodes
end

  


        

      


  

    
NebulaAPI.AST.Builder 
    



      
AST builder for NebulaAPI functions.
For each defapi, generates:
	__nbapi_local_<name> - Private function with the actual implementation —
only on nodes where the method is local (no stub on the others: the router
never references it there)
	__nbapi_remote_<name> - Private function that calls the remote method (every node)
	<name> - Public router function that delegates to local or remote based on context


      


      
        Summary


  
    Functions
  


    
      
        build_local_function(map, fn_do, is_local)

      


        Builds the local implementation function.
Only generated when is_local is true — on remote nodes the router's default
branch goes remote (see build_public_function/2), nothing references a local
implementation, so none is emitted.



    


    
      
        build_public_function(map, is_local)

      


        Builds the public router function.
This function decides whether to call the local or remote implementation
based on the call context (unicast/multicast selector or default behavior).



    


    
      
        build_remote_function(map, serving_nodes)

      


        Builds the remote call function.
This is always generated and calls the remote method via APIServer.



    





      


      
        Functions


        


  
    
      
    
    
      build_local_function(map, fn_do, is_local)



        
          
        

    

  


  

Builds the local implementation function.
Only generated when is_local is true — on remote nodes the router's default
branch goes remote (see build_public_function/2), nothing references a local
implementation, so none is emitted.

  



  
    
      
    
    
      build_public_function(map, is_local)



        
          
        

    

  


  

Builds the public router function.
This function decides whether to call the local or remote implementation
based on the call context (unicast/multicast selector or default behavior).

  



  
    
      
    
    
      build_remote_function(map, serving_nodes)



        
          
        

    

  


  

Builds the remote call function.
This is always generated and calls the remote method via APIServer.

  


        

      


  

    
NebulaAPI.AST.Parser 
    




      
        Summary


  
    Functions
  


    
      
        parse_fundef_ast(arg)

      


    


    
      
        parse_nebula_ast(ast)

      


    





      


      
        Functions


        


  
    
      
    
    
      parse_fundef_ast(arg)



        
          
        

    

  


  


  



  
    
      
    
    
      parse_nebula_ast(ast)



        
          
        

    

  


  


  


        

      


  

    
NebulaAPI.CompilerCheck 
    



      
Pure decision logic for the :nebula Mix compiler (Mix.Tasks.Compile.Nebula).
Kept separate from the compiler so it can be unit-tested without touching Mix or
.beam files: it works on already-extracted module attributes.

      


      
        Summary


  
    Functions
  


    
      
        verify(modules_attrs)

      


        Verifies an app's modules. modules_attrs is a list of {module, attributes} where
attributes is the persisted attribute keyword list (as returned by
module.__info__(:attributes) or the :attributes beam chunk).



    





      


      
        Functions


        


  
    
      
    
    
      verify(modules_attrs)



        
          
        

    

  


  

Verifies an app's modules. modules_attrs is a list of {module, attributes} where
attributes is the persisted attribute keyword list (as returned by
module.__info__(:attributes) or the :attributes beam chunk).
Returns one of:
	{:error, local_modules} — modules with local methods on this build exist, but no module
wired a server via nebula_api_server/0 (those RPC workers would never start).
	{:warn, :server_without_methods} — a server is wired but the app defines no defapi
methods at all, so it can never serve anything (likely a leftover nebula_api_server()).
Node-independent: an app whose methods are all remote on this build still has defapi,
so it does NOT warn.
	:ok — otherwise.

The caller formats the human message; this stays pure decision logic.

  


        

      


  

    
mix nebula.routes 
    



      
Prints where each defapi is served, "git lola"-style: one continuous vertical rail per node
(name + @short/&tag selectors), with a ● marking each node that serves a method and the
rail (|) continuing where it isn't local; current node in bold, serves-nothing nodes greyed.
mix nebula.routes                  # static map (config-known locality)
mix nebula.routes --available      # live overlay from :pg + Node.list
mix nebula.routes --follow         # refresh every 5s (implies --available)
mix nebula.routes --sort locality  # most-local first (also: module [default], name)
mix nebula.routes --no-color
Glyphs
Static view: ● local · | not local here (the rail just continues — it makes no claim about
whether the method runs remotely; use --available for that).
--available view (live, from :pg + Node.list): ● local · ∆ remote, reachable, live
worker · x configured-local but no worker · X node down · - not served here · | unknown
(this node can't observe the cluster, e.g. run offline).
Built from compile-time data (:nebula_configured_nodes) — the static view needs no running
cluster. Works in a single app or at an umbrella root (it loads the project's apps without
starting them, so the boot-time node policy doesn't fire). For the same map from a running node,
use NebulaAPI.Server.print_routes/0 in iex (accepts available:, follow:, sort:, color:).
Scope: lists only the modules — and their defapi — present in this build (compiled for
compiled_node()); modules from apps not in this release, or not imported/used, are absent.
See NebulaAPI.Routes.

      




  

    
mix compile.nebula 
    



      
Mix compiler that guards against forgetting nebula_api_server/0.
Opt in from each consuming app's mix.exs (per-app — see the umbrella note):
def project do
  [
    # ...
    compilers: Mix.compilers() ++ [:nebula]
  ]
end
It runs after :app, reads the persisted NebulaAPI attributes from the beams, and:
	fails when the app has local methods on this build but no nebula_api_server()
is wired (workers that would never start);
	warns when a server is wired but the app defines no defapi methods at all
(a server with nothing to serve — likely a leftover nebula_api_server()).

Umbrella note
Per-app: it must be in the compilers: of each child app. mix compile in an umbrella
recurses into the child apps and runs their compilers:; adding :nebula to the umbrella
root mix.exs does nothing (the root's custom compilers are not invoked for an
apps_path project). There is no single root-level switch — opt each app in.
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