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    Forecastle

Forecastle prepares Elixir releases for hot-code upgrades. It adds Castle's
release commands, places appups and relups, and generates relups during release
assembly.
Forecastle also provides:
	mix compile.appup, which compiles appup source into an application's ebin
directory.
	mix castle.appup, which checks whether an appup covers the modules that
changed.
	mix castle.appup.gen, which drafts missing appup entries.
	mix castle.relup, which generates and checks relups.
	Forecastle.UpgradeCase and Forecastle.Deployment for upgrade tests.

The tasks use the Castle name because applications depend on Castle. Forecastle
is its build-time dependency.
Installation
Applications should depend on
Castle, which brings in Forecastle.
Projects that only compile appups can exclude Castle from the runtime release:
def deps do
  [
    {:castle, "~> 1.0", runtime: false}
  ]
end
Projects that build Castle-managed releases need the runtime dependency:
def deps do
  [
    {:castle, "~> 1.0"}
  ]
end
Use Castle and Forecastle from the same release series. Forecastle 1.x leaves
Mix's sys.config in place; Castle 1.x resolves target configuration at install
time. Older Castle releases expect the removed build.config path and cannot
manage this release layout.
Integration
Define each release lazily and pass its options to Castle.customize/1:
defp releases do
  [
    myapp: fn ->
      [include_executables_for: [:unix]]
      |> Castle.customize()
    end
  ]
end
Castle.customize/1 calls Forecastle.steps/1, which adds pre-assembly and
post-assembly hooks around :assemble, places relup generation before :tar,
and adds a final check for late changes to upgrade_from:.
Custom release steps keep their order. Generate the relup after every step that
changes the release and immediately before the step that packages it. The
default [:assemble, :tar] satisfies this rule.
If a custom step packages the release without :tar, place
&Forecastle.generate_relup/1 immediately before that step. Forecastle keeps an
explicitly placed generator and does not add another. It rejects generation
after :tar when upgrade_from: is set.
Set or compute upgrade_from: in the release definition, or in a step before
:assemble. Forecastle resolves the option during pre-assembly and rejects
later changes.
Build-time changes
Before assembly, Forecastle:
	validates a project-root relup and rejects it when upgrade_from: is also
present;
	resolves the baselines named by upgrade_from:;
	validates appup sources under rel/appups;
	creates a preboot script containing :sasl, :compiler, :elixir and
:castle, which Castle uses to resolve target configuration.

After assembly, Forecastle:
	adds bin/castle and an inert bin/start used during emulator restarts;
	appends Castle's startup hook to env.sh without changing the standard Mix
launcher;
	copies the release's .rel file and any staged relup into the release;
	installs dependency appups under lib/<app>-<vsn>/ebin.

The startup hook creates releases/RELEASES on the first start when the file is
absent, using a short-lived helper VM. If the release root is read-only, the
start warns and continues; the node can run and restart but cannot unpack or
install upgrades until the error is fixed and the node restarted.
The hook also starts OTP heart with no restart command and selects a pending
restart target. Forecastle adds its own -heart only after the helper exits,
and never beside a -heart the deployment already supplies. A -heart in
rel/vm.args.eex reaches only the system VM. One in ELIXIR_ERL_OPTIONS or
ERL_*FLAGS also reaches the helper, which then prints heart's lifecycle
messages on the first start.
Projects may supply rel/env.sh.eex; its contents run first.
Forecastle does not alter runtime configuration. Mix retains control of
:runtime_config_path, :config_providers, sys.config, and normal boot-time
configuration expansion.
Managing releases
Use the standard Mix launcher to control the running node:
myapp/bin/myapp start
myapp/bin/myapp remote
myapp/bin/myapp rpc "..."
myapp/bin/myapp stop

Use bin/castle to manage versions:
# List known releases and their status.
myapp/bin/castle releases

# Check whether this node can be upgraded. Success prints nothing.
myapp/bin/castle upgradable

# Stage and install myapp-0.1.1.tar.gz from myapp/releases.
myapp/bin/castle unpack 0.1.1
myapp/bin/castle install 0.1.1

# Make the installed version permanent.
myapp/bin/castle commit

# Remove an unused version.
myapp/bin/castle remove 0.1.1

unpack and install refuse a node using the fallback release record created
by :release_handler. Fix the reported RELEASES problem and restart before
trying again. Replacing the file does not change the record already loaded by a
running node.
Emulator restarts
bin/castle install handles hot upgrades and one-stage restart_emulator
transitions. For a restart transition, it waits until the target release has
restarted and finished booting.
Run the release under an external supervisor such as systemd, Docker,
Kubernetes or runit. The release process exits during the upgrade; Castle's
bin/start and heart configuration do not restart it.
The installed version remains provisional until bin/castle commit. The
installation restart boots the target, but a later ordinary restart returns to
the previous permanent release until commit.
Forecastle does not generate or accept the two-stage restart_new_emulator
transition.
Appup compiler
Write the appup as an Elixir expression:
{
  ~c"0.1.1",
  [
    {~c"0.1.0", [{:update, MyApp.Server, {:advanced, []}}]}
  ],
  [
    {~c"0.1.0", [{:update, MyApp.Server, {:advanced, []}}]}
  ]
}
Configure the source and compiler in mix.exs:
def project do
  [
    appup: "appup.exs",
    compilers: Mix.compilers() ++ [:appup]
  ]
end
The compiler writes <app>.appup into ebin on every build. It removes stale
output when the source or :appup setting disappears. To disable an appup for
an environment, keep :appup in :compilers and set the project key to nil.
Checking and drafting appups
mix castle.appup compares two builds and reports changed modules that the
appup does not load or remove:
mix castle.appup --from tar:artifacts/myapp-1.0.0.tar.gz

--to defaults to the current build. Both switches accept the baseline specs
described below. Repeat --app to select applications; by default the task
checks owned applications and umbrella children.
The command exits non-zero when it finds a coverage error, including:
	a changed or added module that no instruction loads;
	a removed module that no instruction deletes;
	a module that an edge both loads and deletes;
	duplicate instructions for a module;
	a changed module missing from the application's .app file;
	an invalid instruction or a missing from-version entry;
	changed application code without an application version change.

An instruction for an unchanged module produces a warning. An emulator-restart
edge needs no module-level coverage.
The check verifies coverage, not full appup validity. Relup generation remains
the authority on whether :systools accepts the script. Module comparisons use
the BEAM md5 and persisted attributes, avoiding differences caused only by
stripping or documentation.
Use mix castle.appup.gen to draft missing entries:
mix castle.appup.gen --from tar:artifacts/myapp-1.0.0.tar.gz

Review the generated source before committing it. The task identifies changed
modules but cannot choose the correct state-transition instructions for an
application.
Appups for dependencies
Projects may supply appups for dependencies under rel/appups:
rel/appups/jason-1.4.0-1.4.2.exs
The file uses the same appup form:
{~c"1.4.2", [{~c"1.4.0", [{:load_module, Jason.Encoder}]}],
 [{~c"1.4.0", [{:load_module, Jason.Encoder}]}]}
Draft one with:
mix castle.appup.gen --app jason --from <spec>

Forecastle validates these sources before assembly and writes them to
lib/<app>-<vsn>/ebin/<app>.appup. It never changes deps/.
The build rejects stale filenames, owned applications, malformed appups,
missing entries, ambiguous version matches, unreadable appups supplied by the
dependency, and non-.exs files other than dotfiles. It also rejects overlays
that replace the assembled appup and applications with no target ebin
directory. Retry post-assembly failures with mix release --overwrite.
When a dependency ships its own appup, Forecastle merges the project entries
before the dependency's entries. Project entries therefore override matching
transitions while preserving the rest of the dependency appup.
To check the installed dependency appup, point mix castle.appup --app <dep> at
an assembled rel: or tar: target.
Relup generation
During assembly
Set upgrade_from: to a list of supported baselines:
defp releases do
  [
    myapp: fn ->
      [
        include_executables_for: [:unix],
        upgrade_from: ["tar:artifacts/myapp-1.0.0.tar.gz"]
      ]
      |> Castle.customize()
    end
  ]
end
Forecastle resolves the baselines before assembly, then generates both upgrade
and downgrade instructions immediately before :tar. The strategy is auto.
One mix release therefore produces a tarball containing its relup.
Omitting upgrade_from: skips generation. Forecastle rejects an empty or
malformed value, duplicate options, unresolved baselines, late changes, and a
project-root relup supplied at the same time.
A failure after assembly leaves the target directory in place. Retry with
mix release --overwrite.
A ref: baseline builds that revision. Set no upgrade_from: while
CASTLE_BASELINE is present, or Forecastle will reject the recursive baseline
build.
For an existing target
Generate a relup for an assembled target with mix castle.relup:
mix castle.relup \
  --target myapp/releases/0.1.1/myapp \
  --fromto myapp/releases/0.1.0/myapp

--target names the target .rel file without its extension. Supply at least
one of --fromto, --upfrom and --downto. The task writes relup to the
project root by default; --outdir selects an existing directory.
Baseline specs
Relup generation, appup tasks and the test harness share one baseline grammar:
	Spec	Source
	rel:path/to/release	An assembled release, named by its .rel path without the extension
	tar:path/to/release.tar.gz	A release tarball
	ref:git-ref	A git revision built in a temporary worktree

A path without a prefix means rel:. --target is always a path, not a
baseline spec.
Prefer tar: when the shipped artifact is available. Relups select a transition
by version string; a baseline rebuilt with different dependencies or tools may
not match the deployed code.
Forecastle caches resolved tar: and ref: baselines under
_build/castle/baselines. Tar entries use the artifact digest. Git entries use
the resolved commit, Mix environment and target, and the Elixir and ERTS
versions. Cache this directory in CI.
Writes are staged and renamed into place. A failed generation leaves an older
relup untouched, and assembly checks that a staged relup targets the release
being built.
Strategies
mix castle.relup supports three strategies:
# Use hot upgrades where possible.
mix castle.relup --target ... --fromto ...

# Require every transition to remain hot.
mix castle.relup --target ... --fromto ... --hot

# Restart the emulator for every transition.
mix castle.relup --target ... --fromto ... --restart

auto, the default, generates hot transitions unless the ERTS changes or an
unowned application changes version without a matching appup. It classifies
upgrade and downgrade directions separately. A missing appup for an owned
application remains an error.
--hot rejects any transition that requires a restart. --restart emits one
restart_emulator instruction per transition and does not read appups.
Forecastle prints every restart edge and its reason. It rejects
restart_new_emulator, including instructions inserted by an appup.
Dry runs
Add --dry-run to generate and validate the plan without writing the relup:
mix castle.relup --target ... --fromto ... --hot --dry-run

The exit status reports whether generation succeeded. A dry run cannot detect
write failures at the destination. It still resolves and caches baselines, so
tar: may unpack an artifact and ref: may build a revision.
Testing an upgrade
Test an upgrade by starting the shipped release, installing the next version,
and asserting that application state and code both moved as expected.
Forecastle.UpgradeCase provides a scratch path for each test module.
Forecastle.Deployment deploys baselines, controls the release, and runs Castle
commands.
defmodule MyApp.UpgradeTest do
  use Forecastle.UpgradeCase

  @moduletag :upgrade

  @shipped "tar:artifacts/myapp-1.0.0.tar.gz"
  @next "_build/prod/myapp-1.1.0.tar.gz"

  setup_all %{scratch: scratch} do
    deployment = Deployment.deploy!(@shipped, Path.join(scratch, "deploy"))
    on_exit(fn -> Deployment.stop(deployment) end)

    Deployment.start!(deployment)
    Deployment.rpc!(deployment, "IO.puts(MyApp.Counter.bump())")

    Deployment.stage!(deployment, @next)
    Deployment.castle!(deployment, ["unpack", "1.1.0"])
    Deployment.castle!(deployment, ["install", "1.1.0"])
    Deployment.castle!(deployment, ["commit"])

    {:ok, deployment: deployment}
  end

  test "moves to 1.1.0 without losing the count", %{deployment: deployment} do
    assert Deployment.rpc!(deployment, "IO.puts(inspect(MyApp.Counter.info()))") ==
             ~s({"1.1.0", 1})

    assert Deployment.version(deployment) == "1.1.0"
  end
end
Mark these tests so the ordinary suite can exclude them; each test starts a
release. Always stop a deployment in on_exit/1.
Assert the code version as well as retained state. A missing appup instruction
can leave old code serving calls while the release reports the new version.
Use Deployment.install_supervised!/3 for a restart_emulator transition. It
acts as the external supervisor while bin/castle install waits for the release
to return. Use Deployment.castle!/3 for hot installs.
deploy!/3 copies the baseline into a separate destination and refuses to
replace a running deployment. start!/2 and :boot_timeout bound launcher and
boot waits but do not stop a process that outlives a timeout. Increase
:boot_timeout for applications that perform slow startup work.
Deployment commands remove inherited release-launcher and emulator variables so
the test does not accidentally use the developer's shell configuration.


  

    Changelog

All notable changes to this project are documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
1.0.0 - 2026-09-28
Forecastle 1.0 stops intercepting runtime configuration and stops replacing the
Mix launcher. Release management moves to a separate bin/castle, relups can be
generated during mix release, and new tasks check and draft appups. It
requires Castle 1.x and Elixir 1.18 or later; an older Castle cannot install a
release built by this Forecastle. Read Upgrading an existing deployment below
before upgrading: the security fix in this release does not reach an existing
deployment through a hot upgrade.
Added
	bin/castle, a release management CLI installed alongside the standard
launcher, with releases, upgradable, unpack, install, commit and
remove.	upgradable reports whether the node can be upgraded, and exits non-zero
with the reason when it cannot.
	commit with no version commits the release awaiting commit, and exits
non-zero if there is none.
	install confirms that the installed version is running before it reports
success, waiting across an emulator restart. CASTLE_INSTALL_TIMEOUT
(default 300 seconds) bounds the wait. A wrong cookie or a node that is down
looks the same as a restart in progress, so install waits out the timeout
before failing. Interrupting install stops the wait, not the upgrade.
install refuses a RELEASE_TMP that is world-writable and not sticky.
(forecastle#13)


	One-stage restart_emulator upgrades under systemd, Docker, Kubernetes or
runit. The release starts OTP heart configured to do nothing, because
release_handler needs it to prepare a restart. After the restart the node
boots the installed version provisionally, until it is committed.
(forecastle#10,
castle#14)
	Upgrade strategies for mix castle.relup. auto, the default, keeps a
transition hot unless the ERTS changes or a dependency changes version without
a matching appup. --hot fails rather than restart. --restart makes every
transition an emulator restart.
(forecastle#4)
	Baseline specs for mix castle.relup: rel: an assembled release, tar: a
shipped tarball, and ref: a git ref built in a worktree. A bare path means
rel:. Resolved tar: and ref: baselines are cached under
_build/castle/baselines. Prefer tar:, because a rebuilt baseline may differ
from the release that was deployed.
(forecastle#26)
	mix castle.relup --dry-run, which reports whether a relup could be generated,
and which transitions would restart, without writing it.
(forecastle#31)
	mix castle.appup, which fails when a module changed between two builds and no
appup instruction mentions it.
(forecastle#27)
	mix castle.appup.gen, which drafts missing appup entries for review.
(forecastle#29)
	Appups for dependencies, supplied under rel/appups and placed into the
assembled release, never into deps/.
(forecastle#30)
	Relup generation during assembly. An upgrade_from: release option names the
baselines, and one mix release produces a tarball containing the relup.
(forecastle#28,
forecastle#40)
	Forecastle.UpgradeCase and Forecastle.Deployment, a harness for testing
upgrades of a project's own release.
(forecastle#32)

Changed
	Breaking: mix forecastle.relup is now mix castle.relup. There is no
compatibility alias, so rename the task in build pipelines. mix compile.appup
is unchanged.
(forecastle#24)
	Breaking: the standard Mix launcher, bin/<release>, is no longer
replaced. The release management commands move from bin/<release> to
bin/castle. Castle's integration is appended to env.sh, after any
rel/env.sh.eex the project supplies.
(forecastle#3)
	Breaking: Forecastle no longer intercepts runtime configuration. Mix
configures the release as it would without Forecastle, sys.config is no
longer renamed to build.config, and Castle resolves the target's
configuration when it installs. This requires Castle 1.x.
(forecastle#6,
castle#13)
	Breaking: the :appup compiler fails the build when the :appup key names
a missing file. Set the key to nil to turn an appup off, for example
appup: if(Mix.env() == :prod, do: "appup.exs").
	Starts no longer run a preboot VM to expand configuration. Only the first
start of a deployment runs one, to create releases/RELEASES; if it cannot,
the start warns and continues, but the node cannot be upgraded.
	bin/castle unpack and install refuse a node that started without an
accepted RELEASES file, because release_handler would upgrade it
incompletely. Restart the node to recover. If the file exists but cannot be
read, fix or remove it first.
	mix castle.relup with no strategy switch is auto, and two cases now
generate differently. An ERTS change becomes a one-stage restart_emulator
rather than the unsupported two-stage restart_new_emulator. An emulator
restart requested by an appup is announced if it is restart_emulator and
refused if it is restart_new_emulator.
	A failed mix castle.relup writes nothing, and a relup is published
atomically.
	mix castle.relup requires at least one of --fromto, --upfrom or
--downto.
	Windows releases now boot, but have no bin/castle and so cannot be upgraded.
Assembly warns about this.
	The minimum supported Elixir version is 1.18.

Security
	The launcher generated by Forecastle 0.1.x built its RPC expressions by
interpolating the version argument into Elixir source, so a version such as
1.2.3));System.stop(1)# ran arbitrary code on the node with the release
cookie's authority. bin/castle refuses versions containing sigil, escape or
interpolation characters, path separators or control characters, and shows
rejected values percent-encoded so they cannot inject lines into its output.
An existing deployment keeps the old launcher until its bin directory is
replaced; see Upgrading an existing deployment.

Fixed
	mix castle.relup failed in projects that do not depend on :sasl, because
Elixir prunes unused OTP applications from the code path.
	mix castle.relup exited 0 when :systools could not generate a relup, so a
build could go on to package a stale one. It now fails, and passes :systools
warnings on.
(forecastle#7)
	mix castle.relup --outdir was ignored, and the relup always went to the
current directory.
(forecastle#7)
	mix castle.relup ignored unrecognised arguments and raised KeyError without
--target. Both are now errors, as is a repeated --target or --outdir.
	mix castle.relup refuses a baseline with the same version as the target,
which produced an entry release_handler can never use.
	Assembly packaged any relup in the project root without checking it. The
relup's target version and structure are now checked before assembly begins.
	A :runtime_config_path other than config/runtime.exs was ignored, and config
providers declared with a non-keyword argument received a rewritten one. Mix
now handles both.
(forecastle#6)
	Concurrent start, daemon and eval invocations no longer overwrite each
other's sys.config.
	releases/RELEASES was created relative to the working directory, so a release
started from anywhere but its root could not manage its own releases. Such a
node could then upgrade incompletely, leaving applications running from the
superseded release's directory.
	The :appup compiler left a stale <app>.appup in ebin after its source or
the :appup key was removed, so incremental builds packaged obsolete upgrade
instructions.
(forecastle#8)
	The :appup key is resolved relative to the project file, not the working
directory.
	Mix discarded the :appup compiler's diagnostics, and the compiler reported a
failed write as success.
	An appup containing non-ASCII characters failed to write, or was written in a
form :systools cannot read. It is now encoded as UTF-8.
	The Hex package's GitHub link pointed at the Castle repository.

Upgrading an existing deployment
	A hot upgrade from a release built by Forecastle 0.1.x keeps the old
bin/<release>, because release_handler does not overwrite existing
top-level files. bin/castle appears, but the old launcher and its release
management commands remain, including the vulnerability fixed above. Replace
the contents of bin from the new release when migrating. Later changes to
bin/castle do not reach a deployment through a hot upgrade either.
	The first upgrade from a 0.1.x deployment cannot be a restart transition. The
running node has no heart process, so the install fails before rebooting.
Reach this release with a hot upgrade or a redeploy first; restart transitions
work after that.
	A deployment part way through the migration stays coherent. The running
version keeps its build.config and its own copy of Castle, and the new
version uses its sys.config, resolved by the new Castle. Nothing needs
converting in place.

Known limitations
	Emulator restarts need an external supervisor such as systemd, Docker,
Kubernetes or runit. The release does not restart itself, so a node started by
hand stays down after such an upgrade until it is started again, and then
boots the installed version.
	restart_new_emulator is not supported. An ERTS change is generated as a
one-stage restart_emulator instead, and a restart_new_emulator in an appup
is refused.
	A node that cannot write releases/RELEASES can run and restart but cannot be
upgraded. Fix the reported error and restart once before upgrading.
	Windows releases have no bin/castle.

0.1.3 - 2025-01-19
Fixed
	Elixir 1.18 compatibility fixes.

0.1.2 - 2023-06-10
Fixed
	Corrected the release name used in the generated bin script.

0.1.1 - 2023-05-27
Fixed
	Corrected the package URL.

0.1.0 - 2023-05-27
Added
	Initial release.
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Build-time integration for Castle-managed Elixir releases.
steps/1 adds Forecastle's hooks to a Mix release. Most projects call it
through Castle.customize/1.
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        generate_relup(release)

      


        Generates this release's relup, from the :upgrade_from release option.



    


    
      
        post_assemble(release)

      


    


    
      
        pre_assemble(release)

      


    


    
      
        refuse_late_upgrade_from(release)

      


        Refuses a build whose :upgrade_from is not the one pre_assemble/1 resolved.



    


    
      
        steps(tasks \\ [:assemble, :tar])
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          @spec generate_relup(Mix.Release.t()) :: Mix.Release.t()


      


Generates this release's relup, from the :upgrade_from release option.
steps/1 places generation after release customisation and immediately before
:tar. An explicitly placed generator keeps its position. A project with a
custom packaging step must place generation after all release changes and
immediately before packaging.
:upgrade_from is a list of rel:, tar: or ref: baseline specs. The
function generates both upgrade and downgrade directions for each baseline
with the auto strategy. See Forecastle.Baseline for the grammar.
Omitting :upgrade_from skips generation. An empty value, a project-root
relup supplied with the option, or a change after pre_assemble/1 is an
error. Use mix castle.relup for separate directions or the --hot and
--restart strategies.

  



  
    
      
    
    
      post_assemble(release)



        
          
        

    

  


  


  



  
    
      
    
    
      pre_assemble(release)



        
          
        

    

  


  


  



  
    
      
    
    
      refuse_late_upgrade_from(release)



        
          
        

    

  


  

      

          @spec refuse_late_upgrade_from(Mix.Release.t()) :: Mix.Release.t()


      


Refuses a build whose :upgrade_from is not the one pre_assemble/1 resolved.
steps/1 places this check after all project steps. generate_relup/1 also
checks before using the option. Define or compute baselines in mix.exs, or in
a step before :assemble, so pre_assemble/1 can resolve them.
The function also rejects a release that names baselines after losing the
record left by pre_assemble/1. A custom step should update the option list it
receives instead of replacing the list.
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          @spec steps(maybe_improper_list()) :: maybe_improper_list()


      



  


        

      


  

    
Forecastle.Appup 
    



      
Reads appups and applies OTP's entry-selection and instruction semantics.
mix castle.relup uses this module to decide whether an appup covers a
transition. mix castle.appup uses it to check what the selected entry loads
and removes.
From-version charlists match exactly. Binary keys are regular expressions,
selected through :systools_relup.appup_search_for_version/2.
script/2 expands short instructions and splices one level of list fragments
in the same order as :systools. Coverage credits only legal instructions:
	update, load_module, add_module and load load a module.
	delete_module and remove remove a module.
	add_application, remove_application and restart_application affect the
modules listed in the corresponding .app resources.

Dependency-order lists and apply instructions do not load code. An edge that
ends with restart_emulator needs no module coverage because the new VM loads
the release from disk. An upgrade using restart_new_emulator still runs the
remaining relup after the emulator restart and is rejected by Forecastle.
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    Types
  


    
      
        direction()

      


        The upgrade or downgrade list of an appup.



    


    
      
        effect()

      


        What an instruction does to a module.



    


    
      
        entry()

      


        A from-version and its script.



    


    
      
        resolution()

      


        The effect of a script on one module.



    


    
      
        t()

      


        An appup term: the application version and its upgrade and downgrade entries.



    





  
    Functions
  


    
      
        effects(script, app, load_inventory, removal_inventory)

      


        Returns the final load or removal effect for each module touched by a script.



    


    
      
        ensure_systools!()

      


        Makes :systools and :systools_relup available.



    


    
      
        entries(arg, atom)

      


        Returns the upgrade or downgrade entries from an appup.



    


    
      
        misplaced(script)

      


        Returns module instructions placed before point_of_no_return.



    


    
      
        multiply_defined(script, app, load_inventory)

      


        Returns modules defined by more than one dependency-ordered instruction.



    


    
      
        named(script, effect)

      


        Returns modules named directly by instructions with the requested effect.



    


    
      
        project_apps()

      


        Returns the applications whose appups the project owns.



    


    
      
        read(file)

      


        Reads an appup file.



    


    
      
        refused(script)

      


        Returns instructions in this module's vocabulary that OTP will reject.



    


    
      
        restarts_emulator?(script, direction)

      


        Returns whether an edge ends by restarting the emulator.



    


    
      
        script(entries, from_vsn)

      


        Selects and expands the script for a from-version using OTP semantics.



    


    
      
        self_removals(script, app)

      


        Returns remove_application instructions for the application owning the appup.



    


    
      
        two_stage_restart?(script, direction)

      


        Returns whether an upgrade requests unsupported restart_new_emulator.



    


    
      
        uncompilable_key(entries)

      


        Returns the first binary entry key that is not a valid regular expression.



    


    
      
        vsn(arg)

      


        Returns the version named by the appup.



    





      


      
        Types


        


  
    
      
    
    
      direction()



        
          
        

    

  


  

      

          @type direction() :: :up | :down


      


The upgrade or downgrade list of an appup.

  



  
    
      
    
    
      effect()



        
          
        

    

  


  

      

          @type effect() :: :load | :removal


      


What an instruction does to a module.
Changed and added modules need :load; removed modules need :removal. No
instruction does both.

  



  
    
      
    
    
      entry()



        
          
        

    

  


  

      

          @type entry() :: {charlist() | binary(), [term()]}


      


A from-version and its script.

  



  
    
      
    
    
      resolution()



        
          
        

    

  


  

      

          @type resolution() :: effect() | {:conflict, [term()]}


      


The effect of a script on one module.
{:conflict, instructions} means the instructions disagree and the outcome
depends on an order that effects/4 does not model.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: {charlist(), [entry()], [entry()]}


      


An appup term: the application version and its upgrade and downgrade entries.

  


        

      

      
        Functions


        


  
    
      
    
    
      effects(script, app, load_inventory, removal_inventory)



        
          
        

    

  


  

      

          @spec effects([term()], atom(), Enumerable.t(module()), Enumerable.t(module())) :: %{
  required(module()) => resolution()
}


      


Returns the final load or removal effect for each module touched by a script.
A result is :load, :removal, or {:conflict, instructions} when load and
removal effects disagree. The function does not guess the order after
:systools reorders dependency-connected instructions. Repeated effects that
agree retain that effect. A single restart_application leaves modules in
the target inventory loaded.
load_inventory and removal_inventory are the target and source module
lists from their .app resources. Application-level instructions use these
inventories rather than every BEAM file in ebin.

  



  
    
      
    
    
      ensure_systools!()



        
          
        

    

  


  

      

          @spec ensure_systools!() :: :ok


      


Makes :systools and :systools_relup available.
Elixir prunes unused OTP applications from the build's code path, so these
:sasl modules are missing in projects that do not depend on :sasl.

  



  
    
      
    
    
      entries(arg, atom)



        
          
        

    

  


  

      

          @spec entries(t(), direction()) :: [entry()]


      


Returns the upgrade or downgrade entries from an appup.
The two directions are independent.

  



  
    
      
    
    
      misplaced(script)



        
          
        

    

  


  

      

          @spec misplaced([term()]) :: [term()]


      


Returns module instructions placed before point_of_no_return.
OTP permits only load_object_code and apply before this marker. A script
without the marker returns an empty list.

  



  
    
      
    
    
      multiply_defined(script, app, load_inventory)



        
          
        

    

  


  

      

          @spec multiply_defined([term()], atom(), Enumerable.t(module())) :: [module()]


      


Returns modules defined by more than one dependency-ordered instruction.
OTP rejects these as muldef_module. Module-level load and delete instructions
contribute one definition. add_application and restart_application
contribute every module in the target inventory. Low-level load and
remove instructions do not contribute dependency-graph vertices.

  



  
    
      
    
    
      named(script, effect)



        
          
        

    

  


  

      

          @spec named([term()], effect()) :: MapSet.t(module())


      


Returns modules named directly by instructions with the requested effect.
Application-level instructions are not expanded. Use effects/4 when checking
coverage across a complete application.

  



  
    
      
    
    
      project_apps()



        
          
        

    

  


  

      

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


      


Returns the applications whose appups the project owns.
The list contains the current application and all umbrella children. Relup
generation uses it to distinguish owned applications from dependencies, and
mix castle.appup uses it as the default application set.

  



  
    
      
    
    
      read(file)



        
          
        

    

  


  

      

          @spec read(Path.t()) :: {:ok, t()} | {:error, binary()}


      


Reads an appup file.
Returns {:error, phrase} for a missing, unreadable or malformed file so the
caller can place the reason in its own diagnostic.

  



  
    
      
    
    
      refused(script)



        
          
        

    

  


  

      

          @spec refused([term()]) :: [term()]


      


Returns instructions in this module's vocabulary that OTP will reject.
Coverage functions ignore malformed instructions. This function returns them
for diagnostics. It also reports list fragments left after one expansion
level, which OTP treats as bad instructions.

  



  
    
      
    
    
      restarts_emulator?(script, direction)



        
          
        

    

  


  

      

          @spec restarts_emulator?([term()], direction()) :: boolean()


      


Returns whether an edge ends by restarting the emulator.
A downgrade containing restart_new_emulator becomes a trailing
restart_emulator; an upgrade remains a two-stage transition.

  



  
    
      
    
    
      script(entries, from_vsn)



        
          
        

    

  


  

      

          @spec script([entry()], binary()) :: {:ok, [term()]} | :error


      


Selects and expands the script for a from-version using OTP semantics.
Returns :error when no entry matches. Malformed scripts that are not lists
are returned unchanged for the caller to report.

  



  
    
      
    
    
      self_removals(script, app)



        
          
        

    

  


  

      

          @spec self_removals([term()], atom()) :: [term()]


      


Returns remove_application instructions for the application owning the appup.
OTP rejects such an instruction while the application remains in the target
release.

  



  
    
      
    
    
      two_stage_restart?(script, direction)



        
          
        

    

  


  

      

          @spec two_stage_restart?([term()], direction()) :: boolean()


      


Returns whether an upgrade requests unsupported restart_new_emulator.

  



  
    
      
    
    
      uncompilable_key(entries)



        
          
        

    

  


  

      

          @spec uncompilable_key([entry()]) :: binary() | nil


      


Returns the first binary entry key that is not a valid regular expression.
Binary from-version keys are regexes. OTP raises while selecting an entry when
one cannot be compiled, so callers should check before calling script/2.

  



  
    
      
    
    
      vsn(arg)



        
          
        

    

  


  

      

          @spec vsn(t()) :: charlist()


      


Returns the version named by the appup.
:systools_relup warns with bad_vsn when it differs from the application
version, but still uses matching entries.

  


        

      


  

    
Forecastle.Appup.Dep 
    



      
Manages appup sources supplied for dependencies.
Sources live at rel/appups/<app>-<from>-<to>.exs, relative to the project
file. Forecastle validates them before assembly and writes the merged appup to
lib/<app>-<vsn>/ebin/<app>.appup. It never modifies deps/.
Filenames are matched against the applications and target versions in the
release, so versions may contain dashes. The build rejects stale or ambiguous
names, owned applications, malformed appups, missing entries, invalid regex
keys, and competing project entries for the same version. Dotfiles are
ignored; other non-.exs files are errors.
After assembly, Forecastle verifies that the target ebin directory exists
and that no overlay replaced the appup destination. Retry these late failures
with mix release --overwrite.
Sources for one application are merged in filename order. Project entries
precede entries shipped by the dependency, allowing a project to replace a
matching transition while preserving the dependency's other entries.

      


      
        Summary


  
    Types
  


    
      
        placement()

      


        An application's merged appup, encoded and ready to write into the release.



    





  
    Functions
  


    
      
        dir()

      


        Returns the project's rel/appups directory.



    


    
      
        from_version(path, app, vsn)

      


        Extracts the from-version from a dependency appup filename.



    


    
      
        place!(release, placements)

      


        Writes staged dependency appups into an assembled release.



    


    
      
        stage!(release)

      


        Reads and validates dependency appup sources before release assembly.



    





      


      
        Types


        


  
    
      
    
    
      placement()



        
          
        

    

  


  

      

          @type placement() :: %{
  app: atom(),
  vsn: binary(),
  bytes: binary(),
  sources: [binary()],
  staged: binary() | nil,
  notes: [binary()]
}


      


An application's merged appup, encoded and ready to write into the release.

  


        

      

      
        Functions


        


  
    
      
    
    
      dir()



        
          
        

    

  


  

      

          @spec dir() :: binary()


      


Returns the project's rel/appups directory.

  



  
    
      
    
    
      from_version(path, app, vsn)



        
          
        

    

  


  

      

          @spec from_version(Path.t(), atom(), binary()) :: binary() | nil


      


Extracts the from-version from a dependency appup filename.
The application and target version are anchored at each end, allowing dashes
inside version strings.

  



  
    
      
    
    
      place!(release, placements)



        
          
        

    

  


  

      

          @spec place!(Mix.Release.t(), [placement()]) :: :ok


      


Writes staged dependency appups into an assembled release.
Refuses missing ebin directories and destinations changed by overlays.

  



  
    
      
    
    
      stage!(release)



        
          
        

    

  


  

      

          @spec stage!(Mix.Release.t()) :: [placement()]


      


Reads and validates dependency appup sources before release assembly.
Returns placements grouped by application, including entries shipped by the
dependency.

  


        

      


  

    
Forecastle.Appup.Draft 
    



      
Drafts appup instructions for modules that changed between two builds.
The draft uses BEAM behaviour attributes to choose an instruction:
	Module	Instruction
	Supervisor	{:update, module, :supervisor}
	GenServer, :gen_server, :gen_statem, :gen_event or :gen_fsm	{:update, module, {:advanced, []}}
	Other changed module	{:load_module, module}
	Added module	{:add_module, module}
	Removed module	{:delete_module, module}

Supervisor classification takes precedence when a module declares several
behaviours. The draft comments on decisions that require review, including
the Extra value, missing code_change callbacks, changed behaviour roles,
unsupervised processes, child upgrades, module ordering, and modules absent
from the application's .app resource.

      


      
        Summary


  
    Types
  


    
      
        annotated()

      


        An instruction and the comment lines rendered above it.



    


    
      
        entry()

      


        One from-version entry, ready to render.



    





  
    Functions
  


    
      
        entry(from_vsn, old, new)

      


        Drafts one from-version entry from two application builds.



    





      


      
        Types


        


  
    
      
    
    
      annotated()



        
          
        

    

  


  

      

          @type annotated() :: {tuple(), [binary()]}


      


An instruction and the comment lines rendered above it.

  



  
    
      
    
    
      entry()



        
          
        

    

  


  

      

          @type entry() :: %{
  from_vsn: binary(),
  preamble: [binary()],
  instructions: [annotated()]
}


      


One from-version entry, ready to render.
preamble holds comments about the entry as a whole.

  


        

      

      
        Functions


        


  
    
      
    
    
      entry(from_vsn, old, new)



        
          
        

    

  


  

      

          @spec entry(binary(), Forecastle.Build.side(), Forecastle.Build.side()) :: entry()


      


Drafts one from-version entry from two application builds.
The result has instructions in a stable order, with review comments, for
changed, added and removed modules.

  


        

      


  

    
Forecastle.Appup.Source 
    



      
Reads and rewrites the appup source named by the :appup project key.
Appup source is arbitrary Elixir evaluated for its value. This module rewrites
only a pure literal whose value is determined by its AST. Computed source,
structs, and bitstrings that require runtime truncation are refused. Literal
aliases, lists, maps, tuples, binaries and uninterpolated ~c/~C sigils are
accepted.
New entries are inserted as text so comments, formatting and existing entries
remain unchanged. The result is parsed again and must equal the intended
merged term before it can be written.

      


      
        Summary


  
    Types
  


    
      
        kind()

      


        The kind of appup source being written, which selects its header.



    


    
      
        read()

      


        The result of reading a source file.



    


    
      
        t()

      


        A pure-literal source file and what is needed to rewrite it.



    





  
    Functions
  


    
      
        create(path, text)

      


        Creates an appup source exclusively.



    


    
      
        diff(old, new)

      


        Returns a compact line diff suitable for terminal output.



    


    
      
        entry_text(entry)

      


        Renders one from-version entry with its generated comments.



    


    
      
        merge(literal, additions)

      


        Inserts entries into the upgrade and downgrade lists of a literal source.



    


    
      
        read(path)

      


        Reads an appup source file.



    


    
      
        render(tag, up, dn, kind)

      


        Renders a complete appup source for an application with no source file.



    


    
      
        replace(literal, text)

      


        Atomically replaces a literal source with merged text.



    


    
      
        to_term(list)

      


        Converts a literal AST to its term.



    





      


      
        Types


        


  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() :: :project | {:dependency, atom(), binary()}


      


The kind of appup source being written, which selects its header.
:project is the file named by the :appup key, compiled by the :appup
compiler. {:dependency, app, vsn} is rel/appups/<app>-<from>-<to>.exs,
which Forecastle.Appup.Dep places into an assembled release.

  



  
    
      
    
    
      read()



        
          
        

    

  


  

      

          @type read() ::
  :absent | {:literal, t()} | {:computed, binary()} | {:malformed, binary()}


      


The result of reading a source file.
:absent means no file exists and {:literal, t()} can be merged into. The
other two are refusals, carrying the reason to report.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{path: binary(), source: binary(), ast: Macro.t(), term: tuple()}


      


A pure-literal source file and what is needed to rewrite it.

  


        

      

      
        Functions


        


  
    
      
    
    
      create(path, text)



        
          
        

    

  


  

      

          @spec create(binary(), binary()) :: :ok | {:error, binary()}


      


Creates an appup source exclusively.
Returns an error if the path already exists or cannot be written, preventing a
concurrent edit from being replaced.

  



  
    
      
    
    
      diff(old, new)



        
          
        

    

  


  

      

          @spec diff(binary(), binary()) :: [binary()]


      


Returns a compact line diff suitable for terminal output.
Changed lines use + and - prefixes. Unchanged context uses two spaces,
with omitted regions marked by ....

  



  
    
      
    
    
      entry_text(entry)



        
          
        

    

  


  

      

          @spec entry_text(Forecastle.Appup.Draft.entry()) :: binary()


      


Renders one from-version entry with its generated comments.
The generator uses the same text for source updates and manual-merge output.

  



  
    
      
    
    
      merge(literal, additions)



        
          
        

    

  


  

      

          @spec merge(t(), [{:up | :down, Forecastle.Appup.Draft.entry()}]) ::
  {:ok, binary()} | {:error, binary()}


      


Inserts entries into the upgrade and downgrade lists of a literal source.
A direction may be omitted when it already has a matching entry. The function
preserves all other source text and verifies the merged term.

  



  
    
      
    
    
      read(path)



        
          
        

    

  


  

      

          @spec read(binary()) :: read()


      


Reads an appup source file.
Returns :absent, a literal source that can be merged, or a computed or
malformed source with a reason for refusing it.

  



  
    
      
    
    
      render(tag, up, dn, kind)



        
          
        

    

  


  

      

          @spec render(
  binary(),
  Forecastle.Appup.Draft.entry(),
  Forecastle.Appup.Draft.entry(),
  kind()
) ::
  {:ok, binary()} | {:error, binary()}


      


Renders a complete appup source for an application with no source file.
The header says whether the file is for the project or a dependency, and what
the draft cannot decide.

  



  
    
      
    
    
      replace(literal, text)



        
          
        

    

  


  

      

          @spec replace(t(), binary()) :: :ok | {:error, binary()}


      


Atomically replaces a literal source with merged text.
The function refuses a file that changed after it was read. It writes a
staging file beside the resolved target, preserves the file mode, and renames
the completed file into place. Symlink chains are followed to the source file.

  



  
    
      
    
    
      to_term(list)



        
          
        

    

  


  

      

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


      


Converts a literal AST to its term.
Returns :error when evaluating the AST requires computation.

  


        

      


  

    
Forecastle.Baseline 
    



      
Resolves the baseline used for relup generation and appup checks.
Baseline specs support three sources:
rel:_build/prod/rel/my_app/releases/1.0.0/my_app   # an assembled release
tar:artifacts/my_app-1.0.0.tar.gz                  # a release tarball
ref:v1.0.0                                         # a git ref, built in a worktree
A path without a prefix means rel:. Prefer tar: when the deployed artifact
is available. Relups select transitions by version string and cannot verify
that a rebuilt baseline matches the deployed code. Use ref: for development
or when no shipped artifact remains.
Generated baselines are cached under _build/castle/baselines. Tar entries
are keyed by the copied artifact's digest. Git entries are keyed by commit,
resolution level, MIX_ENV, MIX_TARGET, and the Elixir and ERTS versions.
Work is staged and renamed into place only when complete.
A ref: resolution checks out a linked worktree, builds into the staging
directory, then removes only that worktree registration. It sets
CASTLE_BASELINE and refuses recursive baseline builds.
:compile resolution builds only compiled modules. :release assembles the
complete release. The distinction affects only ref: sources.

      


      
        Summary


  
    Types
  


    
      
        level()

      


        How much of the baseline is needed.



    


    
      
        source()

      


        Where the baseline comes from.



    


    
      
        t()

      


        A resolved baseline.



    





  
    Functions
  


    
      
        parse!(spec)

      


        Parses a baseline spec into its source and value.



    


    
      
        resolve!(spec, level)

      


        Resolves a baseline spec at compile or release level.



    


    
      
        spec?(value)

      


        Returns whether a string begins with a recognised baseline scheme.



    





      


      
        Types


        


  
    
      
    
    
      level()



        
          
        

    

  


  

      

          @type level() :: :compile | :release


      


How much of the baseline is needed.
:compile yields compiled modules, :release an assembled release. Only
:release guarantees a :rel_path.

  



  
    
      
    
    
      source()



        
          
        

    

  


  

      

          @type source() :: :rel | :tar | :ref


      


Where the baseline comes from.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Forecastle.Baseline{
  level: level(),
  lib_dir: Path.t(),
  rebuilt?: boolean(),
  rel_path: Path.t() | nil,
  source: source(),
  spec: binary()
}


      


A resolved baseline.
	:spec - the spec exactly as it was given, for diagnostics
	:source - which of the three sources it named
	:level - the level it was resolved at
	:rel_path - the .rel file without its extension, which is how
:systools names a release. nil only for ref: at :compile level,
where no release was assembled
	:lib_dir - the directory holding one directory of compiled modules per
application, matched by <lib_dir>/*/ebin
	:rebuilt? - whether the baseline was rebuilt from source rather than
being the artefact that shipped


  


        

      

      
        Functions


        


  
    
      
    
    
      parse!(spec)



        
          
        

    

  


  

      

          @spec parse!(binary()) :: {source(), binary()}


      


Parses a baseline spec into its source and value.
A path without a prefix is treated as rel:. Empty values and unknown schemes
raise Mix.Error.

  



  
    
      
    
    
      resolve!(spec, level)



        
          
        

    

  


  

      

          @spec resolve!(binary(), level()) :: t()


      


Resolves a baseline spec at compile or release level.
rel: and tar: return an existing release. ref: builds the revision at
the requested level and caches the result.

  



  
    
      
    
    
      spec?(value)



        
          
        

    

  


  

      

          @spec spec?(binary()) :: boolean()


      


Returns whether a string begins with a recognised baseline scheme.

  


        

      


  

    
Forecastle.Build 
    



      
Reads application builds and compares their modules.
A build is the library directory from a compiled project or assembled release.
The module reads application versions, BEAM files, .app inventories,
behaviours and exports for mix castle.appup and mix castle.appup.gen.
Invalid library paths, incomplete application directories and broken entries
are errors. An application absent from one valid build remains a meaningful
add or remove result.
Module fingerprints combine :beam_lib.md5/1 with persisted attributes. This
ignores changes caused only by BEAM stripping or documentation while retaining
explicit @vsn and other persisted-attribute changes.

      


      
        Summary


  
    Types
  


    
      
        fingerprint()

      


        A module's BEAM md5 and persisted attributes, which the md5 does not cover.



    


    
      
        side()

      


        One application in one build.



    


    
      
        t()

      


        A build's library directory, read once.



    





  
    Functions
  


    
      
        app_resource!(file, app)

      


        Reads an application's version and module inventory from its .app file.



    


    
      
        behaviours(side, module)

      


        Returns OTP behaviours declared in a module's persisted attributes.



    


    
      
        build(describe, lib_dir)

      


        Reads a build library directory.



    


    
      
        current!()

      


        Compiles and reads the current project's library directory.



    


    
      
        ebin(build, app)

      


        Returns an application's ebin directory, or nil when it is absent.



    


    
      
        exports?(side, module, name, arity)

      


        Returns whether a module exports a function.



    


    
      
        moved(old, new)

      


        Returns sorted lists of changed, added and removed modules.



    


    
      
        resolve!(spec, level)

      


        Resolves a baseline and reads its library directory at the requested level.



    


    
      
        side!(ebin, app)

      


        Reads one application side of a comparison.



    





      


      
        Types


        


  
    
      
    
    
      fingerprint()



        
          
        

    

  


  

      

          @type fingerprint() :: {binary(), keyword()}


      


A module's BEAM md5 and persisted attributes, which the md5 does not cover.

  



  
    
      
    
    
      side()



        
          
        

    

  


  

      

          @type side() :: %{
  vsn: binary(),
  inventory: MapSet.t(module()),
  listed?: boolean(),
  modules: %{required(module()) => fingerprint()},
  exports: %{required(module()) => MapSet.t({atom(), arity()})},
  ebin: binary(),
  resource: binary()
}


      


One application in one build.
vsn and inventory come from the .app resource; modules comes from the
BEAM files in ebin. The BEAM files show what changed, and the inventory is
what :systools can resolve.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{describe: binary(), lib_dir: binary(), entries: [binary()]}


      


A build's library directory, read once.
describe names the build in diagnostics and entries lists lib_dir. See
build/2.

  


        

      

      
        Functions


        


  
    
      
    
    
      app_resource!(file, app)



        
          
        

    

  


  

      

          @spec app_resource!(binary(), atom()) :: {binary(), MapSet.t(module()), boolean()}


      


Reads an application's version and module inventory from its .app file.
The boolean result records whether the inventory is a valid list of atoms. A
missing or malformed inventory becomes empty so coverage checks fail safely;
relup generation remains responsible for full .app validation.

  



  
    
      
    
    
      behaviours(side, module)



        
          
        

    

  


  

      

          @spec behaviours(side(), module()) :: [atom()]


      


Returns OTP behaviours declared in a module's persisted attributes.
Both behaviour and behavior attribute spellings are recognised. Missing
modules or attributes return an empty list.

  



  
    
      
    
    
      build(describe, lib_dir)



        
          
        

    

  


  

      

          @spec build(binary(), binary()) :: t()


      


Reads a build library directory.
Raises unless the path contains at least one application directory with an
ebin subdirectory. describe is used in diagnostics.

  



  
    
      
    
    
      current!()



        
          
        

    

  


  

      

          @spec current!() :: t()


      


Compiles and reads the current project's library directory.

  



  
    
      
    
    
      ebin(build, app)



        
          
        

    

  


  

      

          @spec ebin(t(), atom()) :: binary() | nil


      


Returns an application's ebin directory, or nil when it is absent.
The function supports Mix and release layouts, verifies the .app resource,
and rejects ambiguous or incomplete application entries.

  



  
    
      
    
    
      exports?(side, module, name, arity)



        
          
        

    

  


  

      

          @spec exports?(side(), module(), atom(), arity()) :: boolean()


      


Returns whether a module exports a function.
This supports draft warnings about missing callbacks; behaviour attributes,
not exports, determine the drafted instruction.

  



  
    
      
    
    
      moved(old, new)



        
          
        

    

  


  

      

          @spec moved(%{required(module()) => fingerprint()}, %{
  required(module()) => fingerprint()
}) ::
  {[module()], [module()], [module()]}


      


Returns sorted lists of changed, added and removed modules.

  



  
    
      
    
    
      resolve!(spec, level)



        
          
        

    

  


  

      

          @spec resolve!(binary(), Forecastle.Baseline.level()) :: t()


      


Resolves a baseline and reads its library directory at the requested level.

  



  
    
      
    
    
      side!(ebin, app)



        
          
        

    

  


  

      

          @spec side!(binary(), atom()) :: side()


      


Reads one application side of a comparison.
The result includes the application version, .app module inventory, BEAM
fingerprints, exports, and source paths.

  


        

      


  

    
Forecastle.Deployment 
    



      
Controls a release during an upgrade test.
A deployment can use an existing release tree through new/3, or copy a
rel:, tar: or ref: baseline into an isolated destination through
deploy!/3. Copying protects the baseline cache from runtime changes.
The module starts and stops the stock Mix launcher, invokes bin/castle, runs
RPC expressions, and supervises one-stage emulator restarts. Tests define
their own success criteria; see Forecastle.UpgradeCase for an example.
Commands unset inherited emulator flags and release-launcher defaults before
applying the environment supplied by the caller. This keeps the deployment
independent of the shell or CI process running the test.

      


      
        Summary


  
    Types
  


    
      
        env()

      


        Command environment in System.cmd/3 form. A nil value unsets the variable.



    


    
      
        t()

      


        A release tree: its root, release name, command working directory, command
environment and boot timeout in milliseconds.



    





  
    Functions
  


    
      
        await_boot!(deployment, env \\ [])

      


        Waits until the release accepts an RPC call.



    


    
      
        await_exit!(pid, timeout \\ 30000)

      


        Waits for an operating-system process to exit.



    


    
      
        castle(deployment, args, env \\ [])

      


        Runs bin/castle, returning {output, status}.



    


    
      
        castle!(deployment, args, env \\ [])

      


        Runs bin/castle, raising on a non-zero exit.



    


    
      
        deploy!(spec, into, opts \\ [])

      


        Resolves a baseline and copies its release into an isolated destination.



    


    
      
        install_supervised(deployment, vsn, env \\ [])

      


        Installs a restart-based transition while acting as the external supervisor.



    


    
      
        install_supervised!(deployment, vsn, env \\ [])

      


        Runs install_supervised/3 and raises on a non-zero exit.



    


    
      
        launcher(deployment, args, env \\ [])

      


        Runs the stock Mix launcher, returning {output, status}.



    


    
      
        launcher!(deployment, args, env \\ [])

      


        Runs the stock Mix launcher, raising on a non-zero exit.



    


    
      
        new(root, name, opts \\ [])

      


        Describes an existing release tree.



    


    
      
        os_pid(deployment, env \\ [])

      


        Returns the operating-system pid reported by the running release.



    


    
      
        rpc!(deployment, expression, env \\ [])

      


        Evaluates an expression in the running release.



    


    
      
        scrubbed_env(extra \\ [])

      


        Returns the environment used for deployment commands.



    


    
      
        stage!(deployment, tarball)

      


        Copies a release tarball into the deployment's releases directory.



    


    
      
        start!(deployment, env \\ [])

      


        Starts the release as a daemon and waits for it to accept RPC calls.



    


    
      
        stop(deployment, env \\ [])

      


        Stops the release, returning {output, status}.



    


    
      
        version(deployment)

      


        Returns the deployed release version from releases/start_erl.data.



    





      


      
        Types


        


  
    
      
    
    
      env()



        
          
        

    

  


  

      

          @type env() :: [{binary(), binary() | nil}]


      


Command environment in System.cmd/3 form. A nil value unsets the variable.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Forecastle.Deployment{
  boot_timeout: pos_integer(),
  cd: Path.t(),
  env: env(),
  name: binary(),
  root: Path.t()
}


      


A release tree: its root, release name, command working directory, command
environment and boot timeout in milliseconds.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      await_boot!(deployment, env \\ [])



        
          
        

    

  


  

      

          @spec await_boot!(t(), env()) :: :ok


      


Waits until the release accepts an RPC call.
The deployment's :boot_timeout is a total budget. Pass the same environment
used to start a release with a custom node name or cookie.

  



    

  
    
      
    
    
      await_exit!(pid, timeout \\ 30000)



        
          
        

    

  


  

      

          @spec await_exit!(binary(), pos_integer()) :: :ok


      


Waits for an operating-system process to exit.
Raises an ExUnit failure when the process remains after the timeout.

  



    

  
    
      
    
    
      castle(deployment, args, env \\ [])



        
          
        

    

  


  

      

          @spec castle(t(), [binary()], env()) :: {binary(), non_neg_integer()}


      


Runs bin/castle, returning {output, status}.

  



    

  
    
      
    
    
      castle!(deployment, args, env \\ [])



        
          
        

    

  


  

      

          @spec castle!(t(), [binary()], env()) :: binary()


      


Runs bin/castle, raising on a non-zero exit.

  



    

  
    
      
    
    
      deploy!(spec, into, opts \\ [])



        
          
        

    

  


  

      

          @spec deploy!(binary(), Path.t(), keyword()) :: t()


      


Resolves a baseline and copies its release into an isolated destination.
Accepts rel:, tar: and ref: specs. The function validates the source and
destination before emptying into, and refuses overlapping paths or a release
already running there. Options are the same as new/3.

  



    

  
    
      
    
    
      install_supervised(deployment, vsn, env \\ [])



        
          
        

    

  


  

      

          @spec install_supervised(t(), binary(), env()) :: {binary(), non_neg_integer()}


      


Installs a restart-based transition while acting as the external supervisor.
Runs bin/castle install, waits for the old process to exit, starts the release
again, and returns {output, status} after Castle confirms the target. Use
castle/3 for hot installs, which do not exit their process.

  



    

  
    
      
    
    
      install_supervised!(deployment, vsn, env \\ [])



        
          
        

    

  


  

      

          @spec install_supervised!(t(), binary(), env()) :: binary()


      


Runs install_supervised/3 and raises on a non-zero exit.

  



    

  
    
      
    
    
      launcher(deployment, args, env \\ [])



        
          
        

    

  


  

      

          @spec launcher(t(), [binary()], env()) :: {binary(), non_neg_integer()}


      


Runs the stock Mix launcher, returning {output, status}.

  



    

  
    
      
    
    
      launcher!(deployment, args, env \\ [])



        
          
        

    

  


  

      

          @spec launcher!(t(), [binary()], env()) :: binary()


      


Runs the stock Mix launcher, raising on a non-zero exit.

  



    

  
    
      
    
    
      new(root, name, opts \\ [])



        
          
        

    

  


  

      

          @spec new(Path.t(), binary(), keyword()) :: t()


      


Describes an existing release tree.
root contains bin, lib and releases; name selects bin/<name>.
Options are :cd, :env, and :boot_timeout, which defaults to 20 seconds.

  



    

  
    
      
    
    
      os_pid(deployment, env \\ [])



        
          
        

    

  


  

      

          @spec os_pid(t(), env()) :: binary()


      


Returns the operating-system pid reported by the running release.
The RPC is bounded and the final output line must contain only the pid.

  



    

  
    
      
    
    
      rpc!(deployment, expression, env \\ [])



        
          
        

    

  


  

      

          @spec rpc!(t(), binary(), env()) :: binary()


      


Evaluates an expression in the running release.

  



    

  
    
      
    
    
      scrubbed_env(extra \\ [])



        
          
        

    

  


  

      

          @spec scrubbed_env(env()) :: env()


      


Returns the environment used for deployment commands.
It unsets inherited emulator flags and Mix launcher defaults, then applies the
caller's entries.

  



  
    
      
    
    
      stage!(deployment, tarball)



        
          
        

    

  


  

      

          @spec stage!(t(), Path.t()) :: Path.t()


      


Copies a release tarball into the deployment's releases directory.
Returns the copied path.

  



    

  
    
      
    
    
      start!(deployment, env \\ [])



        
          
        

    

  


  

      

          @spec start!(t(), env()) :: binary()


      


Starts the release as a daemon and waits for it to accept RPC calls.
Returns combined launcher output. The launcher and boot waits are bounded. A
timeout fails the test but may leave the operating-system process running, so
callers must still register stop/2 with on_exit/1.

  



    

  
    
      
    
    
      stop(deployment, env \\ [])



        
          
        

    

  


  

      

          @spec stop(t(), env()) :: {binary(), non_neg_integer()} | :timeout


      


Stops the release, returning {output, status}.
A stopped or unreachable release is tolerated for teardown. Returns :timeout
when the stop RPC does not answer within the probe deadline.

  



  
    
      
    
    
      version(deployment)



        
          
        

    

  


  

      

          @spec version(t()) :: binary()


      


Returns the deployed release version from releases/start_erl.data.

  


        

      


  

    
Forecastle.Relup 
    



      
Generates relups for mix castle.relup and Forecastle.generate_relup/1.
The module resolves baselines, classifies each transition, invokes :systools
for hot transitions, rejects conflicting baselines, reports restart edges and
publishes the finished relup atomically. See Mix.Tasks.Castle.Relup for the
auto, hot and restart strategies.

      


      
        Summary


  
    Types
  


    
      
        strategy()

      


        The upgrade strategy for every transition in the relup.



    





      


      
        Types


        


  
    
      
    
    
      strategy()



        
          
        

    

  


  

      

          @type strategy() :: :auto | :hot | :restart


      


The upgrade strategy for every transition in the relup.
See Mix.Tasks.Castle.Relup.

  


        

      


  

    
Forecastle.UpgradeCase 
    



      
Case template for tests that upgrade a real release from one version to the
next.
The template adds a per-module :scratch path and aliases
Forecastle.Deployment. The project supplies the releases and assertions.
Build the target release with a relup for the deployed baseline:
defp releases do
  [
    my_app: fn ->
      [upgrade_from: ["tar:artifacts/my_app-1.0.0.tar.gz"]]
      |> Castle.customize()
    end
  ]
end
Deploy the baseline, start it, then install and commit the target:
defmodule MyApp.UpgradeTest do
  use Forecastle.UpgradeCase

  @moduletag :upgrade

  @shipped "tar:artifacts/my_app-1.0.0.tar.gz"
  @next "_build/prod/my_app-1.1.0.tar.gz"

  setup_all %{scratch: scratch} do
    deployment = Deployment.deploy!(@shipped, Path.join(scratch, "deploy"))
    on_exit(fn -> Deployment.stop(deployment) end)

    Deployment.start!(deployment)
    Deployment.rpc!(deployment, "IO.puts(MyApp.Counter.bump())")

    Deployment.stage!(deployment, @next)
    Deployment.castle!(deployment, ["unpack", "1.1.0"])
    Deployment.castle!(deployment, ["install", "1.1.0"])
    Deployment.castle!(deployment, ["commit"])

    {:ok, deployment: deployment}
  end

  test "moved to 1.1.0 and took the count with it", %{deployment: deployment} do
    assert Deployment.rpc!(deployment, "IO.puts(inspect(MyApp.Counter.info()))") ==
             ~s({"1.1.0", 1})

    assert Deployment.version(deployment) == "1.1.0"
  end
end
castle!/3 raises on a non-zero exit. Assert both retained state and the code
version serving calls. A missing appup instruction can leave old code running
while the release reports the new version. Compile a version tag into the
module under test:
defmodule MyApp.Counter do
  use GenServer

  @vsn_tag Mix.Project.config()[:version]

  @doc "`{the version compiled into the code serving this call, count}`"
  def info, do: GenServer.call(__MODULE__, :info)

  def handle_call(:info, _from, state), do: {:reply, {@vsn_tag, state.count}, state}
end
Deployment.deploy!/3 accepts rel:, tar: and ref: baselines. Prefer the
shipped tar: artifact when available.
Use Deployment.install_supervised!/3 for restart_emulator transitions and
castle!/3 for hot installs. The supervised form restarts the release while
bin/castle install waits for it to return.
The scratch path lives under _build/castle/deployments. The template does
not create, clear or remove it. Register Deployment.stop/1 with on_exit/1
for every started deployment.
Mark the whole module with @moduletag :upgrade; these tests start named nodes
and should not run asynchronously or as part of the ordinary unit suite.

      




  

    
mix castle.appup 
    



      
Checks appup coverage against the modules that changed between two builds.
mix castle.appup --from <spec> [--to <spec>] [--app <app>]...
The task is read-only and exits non-zero when it finds a coverage error. Use it
as a release-pipeline check. mix castle.appup.gen accepts the same build and
application options and drafts missing entries.
Builds
--from is required. --to defaults to the current compiled build. Both
switches accept a baseline spec:
mix castle.appup --from rel:_build/prod/rel/my_app/releases/1.0.0/my_app
mix castle.appup --from tar:artifacts/my_app-1.0.0.tar.gz
mix castle.appup --from ref:1.0.0
A path without a prefix means rel:. Prefer tar: when the shipped artifact
is available. A rebuilt baseline may differ from the deployed release.
Repeat --app to select applications. The default is the current project and
its umbrella children. Name a dependency explicitly to check its appup.
Results
Upgrade and downgrade directions are checked separately. The task reports:
	a changed or added module that no instruction loads;
	a removed module that no instruction deletes;
	a module that an edge both loads and removes;
	duplicate instructions for one module;
	a module deleted while still present in the target;
	a changed module absent from the application's .app inventory;
	invalid instructions or a missing entry for the from-version;
	code changes without an application version change.

An instruction for an unchanged module is reported but does not fail the run.
An edge that restarts the emulator needs no module-level coverage.
This task checks coverage. Relup generation determines whether :systools
accepts the complete script. An invalid instruction is credited with no
coverage, but a successful check does not guarantee that a relup will build.
Module fingerprints combine the BEAM md5 with persisted attributes. This
ignores stripping and documentation changes while retaining explicit @vsn
changes.
The task requires a baseline, so it belongs in the release pipeline rather
than mix precommit.

      




  

    
mix castle.appup.gen 
    



      
Drafts appup entries for a transition and writes them to source.
mix castle.appup.gen --from <spec> [--to <spec>] [--app <app>]...
The build and application options match mix castle.appup. Review the
generated source and comments before committing it.
Drafts
Forecastle.Appup.Draft selects instructions from module changes and BEAM
behaviour attributes. The draft calls out decisions that require review,
including state migration data, missing code_change callbacks, supervisor
children, unsupervised processes, changed behaviour roles, and instruction
ordering.
Existing entries selected for the same from-version are not changed. Use
mix castle.appup after generation to verify coverage.
Writing
For an owned application, the task writes the file named by the :appup
project key. If the key is absent, it writes appup.exs beside mix.exs and
tells you to configure the key and compiler.
For a dependency, it writes
rel/appups/<app>-<from>-<to>.exs. Forecastle places this file in the assembled
release and never writes to deps/.
A missing source is created. A pure-literal appup source is updated without
changing its comments or formatting. Computed source is refused and the entry
is printed for manual merging.
The task also refuses applications present in only one build, unchanged
application versions, applications with no BEAM files, malformed appups,
ambiguous dependency entries, and files that change before replacement.
If the application version changed but no modules moved, the task writes an
empty entry. If both directions already have entries, it reports a no-op. A
dependency entry already covered by another source is also a no-op when both
directions are covered.
The default --to compiles the current project. If the :appup key names a
file that does not yet exist, provide an explicit --to baseline or leave the
key unset until the first source has been generated.

      




  

    
mix castle.relup 
    



      
Generates a relup for an existing target release.
mix castle.relup --target <path> --fromto <spec>
For a release being assembled now, prefer upgrade_from: with
Castle.customize/1; Forecastle then writes the relup immediately before
:tar. Use this task for an existing target, separate upgrade and downgrade
baselines, explicit strategies, or a dry run.
Options
	--target names the target .rel path without the extension.
	--fromto generates both directions from a baseline.
	--upfrom generates only an upgrade from a baseline.
	--downto generates only a downgrade to a baseline.
	--outdir selects an existing output directory. It defaults to the current
directory.
	--hot requires every transition to remain hot.
	--restart makes every transition restart the emulator.
	--dry-run validates and reports the plan without writing the relup.

Supply at least one baseline switch. --hot and --restart are mutually
exclusive.
Baselines
Baseline switches accept three sources:
rel:_build/prod/rel/my_app/releases/1.0.0/my_app
tar:artifacts/my_app-1.0.0.tar.gz
ref:v1.0.0
A path without a prefix means rel:. rel: names an assembled release,
tar: unpacks a release artifact, and ref: builds a git revision. Prefer
tar: when the shipped artifact is available because a rebuilt baseline may
differ from the deployed code.
--target is always a path, not a baseline spec.
The task writes a complete relup through a staging file. A failed generation
leaves any existing output untouched. Use the default output directory when a
later release build should package the project-root relup.
Strategies
auto, the default, keeps a transition hot unless the ERTS changes or an
unowned application changes version without a matching appup. Upgrade and
downgrade directions are classified separately. A missing appup for an owned
application remains an error. Added and removed applications remain hot.
--hot rejects a missing appup, ERTS change, or appup instruction that would
restart the emulator. Use it for pipelines that require hot deployment.
--restart emits a single restart_emulator instruction for each transition.
It does not read appups or call :systools.
Forecastle reports every restart edge and its reason. It supports only the
one-stage restart_emulator transition and rejects restart_new_emulator,
including instructions introduced by appups.
Dry runs
--dry-run resolves baselines and generates the complete plan without
publishing the relup. Its exit status reports whether generation succeeded.
It cannot detect a destination write failure.
Baseline resolution may still write to _build/castle/baselines: tar:
unpacks an artifact and ref: builds a revision. The relup and output
directory remain untouched.

      




  

    
mix compile.appup 
    



      
Compiles appup source into the application's ebin directory.
Configure the source with the :appup project key, relative to mix.exs:
def project do
  [
    appup: "appup.exs",
    compilers: Mix.compilers() ++ [:appup]
  ]
end
The source is evaluated for its value and must not introduce top-level
bindings. The compiler writes <app>.appup beside the application's BEAM
files on every build.
A configured but missing source is a compilation error. When the source or
project key is removed, the compiler deletes stale output. To disable appups
for one environment, keep the compiler registered and set :appup to nil.
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