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    Contributing to Ramal

Thanks for looking. Ramal is pre-alpha, so the most useful contributions right now are design review, tests that break the overlay, and reports of Ash features the hooks do not handle. Read docs/DESIGN.md first; the section "How reads are patched" is the one that decides whether a change is correct.
Setup
mise install                     # Erlang and Elixir pinned in mise.toml
docker compose up -d db          # Postgres 16 on port 5435
mix deps.get
mix ci                           # format, compile --warnings-as-errors, credo, tests

Ground rules
Everything in CLAUDE.md applies to humans too: small branches, one topic per PR, mix ci green, a changelog line for every user-facing change, docs in the same PR as the code.
Reporting a bug
Open an issue with the resource definition, the action, the call inside the branch, what you expected the branch to see, and what it saw. A failing test in test/ is the best report.
Proposing a design change
Open an issue first. If we agree, the PR adds an ADR under docs/adr/ and updates docs/DESIGN.md.
Releasing
A maintainer with a Hex account does this; CI has no Hex key.
	A PR bumps @version in mix.exs and in ramal_live/mix.exs (the two packages share a version) and turns Unreleased in CHANGELOG.md into the version with its date.
	After it merges, tag the merge commit vX.Y.Z (the docs link to source at that tag).
	Check mix hex.build and mix docs, read the file list and dependencies hex.build prints, then mix hex.publish. The package ships lib,
mix.exs, the README, the license, the changelog and the logo; nothing under priv/ or test/.
	Publish ramal_live after ramal, since it depends on it: Hex refuses a path dependency, so run it with RAMAL_LIVE_HEX=1 (RAMAL_LIVE_HEX=1 mix deps.get, mix hex.build, mix hex.publish, all inside ramal_live/). Do not commit the mix.lock change that makes.
	Replace "Not on Hex yet" in the README install section, and in ramal_live/README.md and RamalLive's module doc.

Code of conduct
Participation is governed by the Code of Conduct: be kind, be specific, assume good faith. Maintainers will remove anyone who is not. Security reports go through SECURITY.md, never a public issue.
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    Changelog

All notable changes to this project are documented here. The format follows Keep a Changelog, and the project follows Semantic Versioning once it reaches 0.1.
Unreleased
0.2.0 - 2026-10-23
Proposals, fast aggregates, many-to-many join resources, the ramal_live inspector, a benchmark, and a security pass. No breaking change to the public API of 0.1.0: a branch stored by 0.1.0 loads unchanged, and the public functions of 0.1.0 behave as before.
Added
	Ramal.propose/2, Ramal.approve/2 and Ramal.reject/2: a branch can be frozen as a proposal (status :proposed) that a decider approves, which merges it, or rejects. The proposer, the decider, the reasons, the replay count and the stale rows are recorded on the branch and stored with it; list(domain, status: :proposed) finds the pending ones. Telemetry [:ramal, :branch, :propose | :approve | :reject]. Branches stored by 0.1.0 load unchanged.

	Ramal.aggregate/4 and Ramal.aggregate!/4: count, exists, sum, min, max and avg over the rows a read returns inside a branch, so a branch's creates, updates and destroys are included. Outside a branch they call the matching Ash function. Ramal.Aggregate holds the pure computation. The database aggregates the rows the overlay does not touch and the branch reads only the overlaid ones, so the cost follows the overlay and not the table; a query with a limit, an offset or a distinct reads every matching row. The rows the database aggregates are not fingerprinted for the merge staleness check (ADR 0013).
	Many-to-many join resources inside a branch are tested and documented (DESIGN section 4.1 point 7, ADR 0014): the join resource gets overlay entries keyed by its primary key, and a branch diffs, merges and stores them. A many_to_many load and manage_relationship do not see links the branch changed; both are listed as known limits.
	ramal_live/: a separate Mix project with a LiveView inspector for branches. ramal_inspector "/ramal", domain: MyApp.Farm, pubsub: MyApp.PubSub mounts it inside the host's own live_session, so it uses the host's LiveView socket and JavaScript; there is no asset pipeline, the CSS is inline and has light and dark themes. Open and proposed branches are columns with their Ramal.diff/1 as before and after rows, and buttons to fork, merge, discard, approve and reject, each destructive one with an inline confirmation. RamalLive.Broadcaster turns Ramal's telemetry into PubSub messages so the columns update live. Core is unchanged. Decision in ADR 0015.
	ramal_live/examples/farm_demo.exs: a runnable demo of the inspector for a screen recording. One command starts a Phoenix Playground app on a seeded farm in the ramal_dev database; "Explore 4 alternatives" opens four branches that each move a herd to a different paddock while the columns fill in live, and merging one makes the others stale. How to run it is in ramal_live/README.md.
	bench/: a separate Mix project that measures fork, read, write, merge, fingerprinting and a tree search against two plain-Postgres baselines (a table copied per fork, and a shared delta table). mix bench runs it, mix bench --quick is a smoke run that CI compiles and executes. Results and their limits are in bench/README.md.
	bench/ results rerun after fast aggregates: the tree search takes 183 ms instead of 5,705 ms (1.07 times the delta baseline instead of 23 times), and every table in bench/README.md now comes from that one run. The earlier raw samples stay in bench/results/published/ next to the new ones.
	ramal_live is versioned with Ramal (0.2.0) and builds as a Hex package: RAMAL_LIVE_HEX=1 makes its mix.exs depend on the published ramal ~> 0.2.0 instead of the checkout next to it, and the package ships its LICENSE and builds its docs with ExDoc.
	Community files for the public launch: CODE_OF_CONDUCT.md (Contributor Covenant 2.1), SECURITY.md, bug and feature issue templates, a pull request template that mirrors the rules in CLAUDE.md, and Dependabot for the root Mix project, bench/ and GitHub Actions.
	A "Security model and defaults" section in SECURITY.md, and ADR 0016: what Ramal enforces and what it leaves to the host, how stored state is treated, and how to mount the inspector in production. CI runs mix hex.audit for the library, bench/ and ramal_live/.
	Ramal.Supervisor options :max_active_branches and :branch_rate: optional per-domain limits on the open and proposed branches, and on the branches and forks created per window. Ramal.branch/2 and Ramal.fork/2 return {:error, %Ramal.Error{reason: :limit_reached}} past either, with the limit in details, and emit [:ramal, :limit, :reached]. Both are off by default, so nothing changes until a host sets them (ADR 0016, SECURITY.md).
	Ramal.Storage.count/3, an optional callback that counts a domain's branches by status without loading them. Ramal.Storage.ETS and Ramal.Storage.Postgres define it; a backend without it is counted with list/3.

Security
	ramal_live: the :actor option of ramal_inspector/2 is required. A router without it fails to compile with a message that says what to pass, and a route whose actor function does not exist raises when the page opens. A page with no actor would merge every branch as the actors the writes were captured with and record no decider; a tool with no users passes a function that returns a constant (ADR 0016).
	ramal_live: attributes marked sensitive?: true show as [redacted] in a branch's diff. The page printed every value, so a password hash or token written in a branch was visible to everyone who could open the inspector.
	ramal_live: when the :actor function returns nil the page refuses fork, merge, discard, approve and reject. Before, a session without a user merged as the recorded actors with no decider.
	inspect/1 of a Ramal.Branch prints only its id, name, domain, status and creation time. The log holds the raw input of every captured write, which Ash does not redact, and a crash report prints the state of a branch process.
	Ramal.Storage.Codec.decode_state/2 returns {:error, %Ramal.Error{reason: :storage}} for a malformed stored state instead of raising, never echoes stored values in the error, rejects a module name that is not a name (Elixir.../../x) before it touches the code path, and rejects a stored struct whose module is not a struct.

Fixed
	Ramal.merge/2 and Ramal.approve/2 on resources backed by Ash.DataLayer.Ets returned a CaseClauseError instead of {:error, %Ramal.Error{}} when the staleness check or the replay failed. The error is now returned as with Postgres. ETS cannot roll back, so rows replayed before a failing entry stay written; the error message and details.not_rolled_back say so (ADR 0007).
	docs/ROADMAP.md and bench/README.md no longer say the DAPLab article was unreachable; they link it and state how the benchmark differs from theirs.
	An update that changes no attribute is now logged, so a merge replays it. Before, the rows its hooks or managed relationships wrote (the links of a manage_relationship, a record created in an after_action) were logged as nested under an update that was not logged, and the merge dropped them.
	A load of a many_to_many (or a limited has_many) inside a branch no longer loses a destination row the branch updated: the patched row keeps the source record Ash groups the load by.
	README: the DAPLab quotation now matches the article word for word, and the Neon and Dolt summary matches its findings.

0.1.0 - 2026-10-22
Added
	Project scaffold: design document, roadmap, conventions, CI, test database setup, logo.
	Ramal.Overlay: the pure overlay of a branch (put, slice, patch, diff, merge for forks), Ramal.Change and Ramal.Error.
	Branch processes: Ramal.Supervisor, Ramal.branch/2, run/2, run!/2, current/0, get/1, list/2 and discard/1, with idle unload, transparent rehydration, a heap limit, and telemetry for the branch lifecycle.
	Ramal.Storage behaviour and the Ramal.Storage.ETS backend.
	Ramal.Resource extension and Ramal.Preparation: reads inside a branch see rows created, updated and deleted in it, with limit, offset, sort, select and relationship loads applied to the patched rows. Telemetry for [:ramal, :read, :patch] and [:ramal, :read, :unpatched_aggregate].
	Ramal.Capture: creates, updates and destroys inside Ramal.run/2 land in the branch overlay and log instead of the data layer, with validations, policies and hooks still running. Notifications are dropped unless a resource sets notify_in_branch? true; bulk actions and upsert actions are refused; a failed action undoes its writes. Ramal.Error is now a Splode error with Ramal.Error.find/1. Telemetry for [:ramal, :write, :capture].
	Ramal.fork/2 and Ramal.diff/1: a fork starts with its parent's overlay, log and base and shares nothing afterwards; diff/1 returns Ramal.Change structs in log order without querying the database. Reads record a fingerprint of every base row they return, for the merge staleness check.
	Ramal.branch/2 returns :no_branchable_resources for a domain none of whose resources opted in.
	Ramal.merge/2: checks that the base rows the branch saw are unchanged (on_stale: :error | :ignore | fun), then replays the branch log through the real actions in one transaction, so validations and policies run again. Failures return :stale or :merge_failed and leave the base untouched; a merged branch cannot be merged again. Telemetry span [:ramal, :merge].

	Ramal.Storage.Postgres and mix ramal.gen.migration: branches persist in a ramal_branches table and load back equal in a fresh VM. Ramal.Storage.Codec serializes a branch through the Ash embedded types without creating atoms. Ramal.Storage.list/3 now returns {:ok, branches} | {:error, error}.

	Documentation pass for 0.1: the README example runs as a test (test/readme_test.exs), a test checks that every public module has an example and every public function a @doc and @spec, mix docs builds without warnings and includes the ADRs, and every [confirm] mark in the design is resolved.
	A multitenant resource used with a tenant inside a branch is refused with :multitenancy_unsupported (Ramal.Resource.ensure_untenanted/2), instead of mixing tenants in one overlay or failing at merge.
	Stored branches no longer hold the sensitive? attributes of an actor that is an Ash record (they are stored as nil); other actors are stored as before.
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    Ramal design

Status: describes Ramal 0.2. First written 2026-10-22. This document is the current state of the design; the history of
decisions lives in docs/adr/. Where this document and the code disagree, open an issue: one of them is wrong.
Marks: [confirm] flagged an Ash behaviour the implementer had to verify against the locked version before relying
on it. Every one in this document has been resolved for 0.1, into a module doc or an ADR (the decision log below links
them); a new mark means a new unverified assumption and should be resolved the same way. Locked versions: Ash 3.37,
AshPostgres 2.15, Spark 2.7.
1. Goal and non-goals
Goal. Give an Ash application many cheap, isolated, persistent alternate states of its data ("branches") that
ordinary Ash code can read and write without knowing it is inside one, plus the operations to fork, diff, merge and
discard them. A branch must cost roughly what a process and a map cost, so thousands can be alive at once.
Non-goals for 0.1.
	Schema changes inside a branch.
	Branch-local indexes, or any promise about query plans.
	Correct data-layer aggregates and calculations over a branch (they are computed on the base and documented as such).
	Multi-node branches. A branch lives on one node; persistence makes it movable, not distributed.
	A UI. The inspector is a separate package (ramal_live/, section 12).

2. Concepts
Branch. %Ramal.Branch{}: id (UUID string), name, domain (the Ash domain whose resources it covers; several
domains is a 0.2 question), status (:open | :proposed | :merged | :rejected | :discarded), base (fingerprints and snapshots, section 7), overlay,
log, inserted_at, metadata (a map the host uses freely), proposal (nil until proposed, section 7.1).
Overlay. A map from {resource_module, primary_key} to one of {:created, record}, {:updated, record} or
:deleted. The record is the full Ash struct as the action left it. The primary key is the value of the resource's
primary key attribute, or a tuple for composite keys. The overlay is the branch's only state that matters for reads.
Entries record the net effect on the base, so a row created and then deleted in the same branch leaves no entry, and
a row deleted and then created again becomes :updated (the base row is replaced). Ramal.Overlay documents the full
table of how an entry combines with the next write. The overlay is a plain map and does not remember write order; the
log does.
Log. A list of entries {action_type, resource, action_name, input, actor, opts, at} recording every
write the branch captured, newest first so recording one is O(1); readers reverse it. The log is what merge/2 replays. The overlay is derived from the log in
principle, but kept materialized because reads need it on every query.
Fingerprints and snapshots. base maps {resource, key} to %{fingerprint, snapshot} for every base row the branch
touched. The fingerprint is :erlang.phash2 of the row's attributes (Ramal.Resource.fingerprint/1) at the first read
or write; it is nil when the row was read with select, since a hash of part of a row cannot be compared with a
hash of the whole. The snapshot is the row as the first write found it, nil for rows only read. Section 7 uses
fingerprints to detect that the base moved under the branch; diff/1 uses snapshots.
Change. %Ramal.Change{resource, key, kind, changes} where kind is :created | :updated | :deleted and
changes maps attribute names to {before, after}. diff/1 returns a list of them in log order. (The Ash change
module that captures writes, section 4.2, is Ramal.Capture; the name Ramal.Change belongs to this public struct.)
3. Process model
	Ramal.Supervisor (a DynamicSupervisor plus a Registry keyed by branch id). The host adds it to its tree:
{Ramal.Supervisor, storage: Ramal.Storage.Postgres, repo: MyApp.Repo}.
	Ramal.Branch.Server is a GenServer per open branch. State is the %Ramal.Branch{}. It owns the overlay and the
log; every write inside the branch is a GenServer.call to it, every read asks it for the overlay slice of one
resource. Reads of the overlay are frequent and small; if they become a bottleneck, the server publishes the
overlay to an ETS table it owns. Not before the benchmark says so.
	Idle branches unload: after idle_timeout (default 5 minutes, a Ramal.Supervisor option) the server persists its
state through the storage backend and stops. A branch is also persisted when it is created, discarded, and when the
supervisor shuts down; writes in between live only in the process (ADR 0003). Ramal.branch/2, run/2, fork/1, diff/1, merge/2 and discard/1 all accept a branch id and
rehydrate the process on demand. The host never needs to know whether the process is alive.
	Limits: max_active_branches and branch_rate, Ramal.Supervisor options, both off by default. The internal module Ramal.Limits checks
them in branch/2 and fork/2 before anything is created, per domain: the first caps the open and proposed branches
(read from storage with the optional count/3 callback, so one query with Postgres), the second caps creations per
fixed window with an atomic counter in the supervisor's ETS table. A refusal is {:error, :limit_reached} plus a
[:ramal, :limit, :reached] event (ADR 0016).
	Memory: max_heap_size on the server process, a Ramal.Supervisor option, default 25 million words. A branch that
exceeds it is killed and its last persisted state remains; a watcher process notices the untrappable kill, emits
[:ramal, :branch, :too_large] and marks the branch, and the next use returns {:error, :branch_too_large} until
the branch is discarded (ADR 0003).
	"Current branch" is process-local. Ramal.run(branch, fun) stores the branch id in the process dictionary
(Ramal.Current) for the duration of fun, restoring the previous state afterwards even when fun raises. The
first hook that runs also copies the id into the query's or changeset's Ash shared context, because Ash runs some
loads in tasks that do not inherit the process dictionary. Tasks the host spawns inside fun do not inherit the
branch; Ramal.run/2 inside the task propagates it explicitly. Resolved in ADR 0002.

4. Interception: the Spark extension
Resources opt in with extensions: [Ramal.Resource]. The extension adds, through a transformer, one global
preparation to every read action and one global change to every create, update and destroy action. It also adds a
ramal do ... end section with branchable? true (default) so a resource can opt out (a ramal_branches table must
never be branchable, for example). Ramal.branch/2 refuses a domain with no branchable resource (:no_branchable_resources). That check runs when the
branch is created, not as a compile-time domain verifier: a verifier would need the domain to opt into an extension
of its own, which 0.1 does not ask of the host. The transformer is Ramal.Resource.Transformer (@moduledoc false);
Spark needs a module for it.
Both hooks are no-ops when no branch is current. A test per hook proves that: the same action, with and without the
extension, produces byte-identical results when no branch is active.
4.1 How reads are patched
This is the section that decides correctness. In a read action's preparation, when a branch is current:
	Before the data layer: in a before_action hook (it runs after every preparation and before the data-layer
query is built, lib/ash/actions/read/read.ex), remember the query's limit and offset and remove them from
the query that goes to the data layer. The base query keeps its filter, so Postgres still uses its indexes and
returns only candidate rows. For OLTP-sized working sets this is cheap; for a query that would return a large
result the host should not be in a branch. When the overlay has no entry for the resource, nothing is stripped and
the database pages as usual.
	After the data layer: take the base results and the overlay slice for this resource, then:	drop every base row whose key is :deleted in the overlay;
	replace every base row whose key is :updated with the overlay record;
	add every :created and :updated overlay record that is not already present and that matches the query's
filter, evaluated in Elixir with Ash.Filter.Runtime.filter_matches/4 (domain, records, filter, opts), once for the whole
slice. An updated row that no longer matches the filter is dropped;
	re-apply the sort in Elixir with Ash.Actions.Sort.runtime_sort/3 (it lives in Ash.Actions.Sort, not
Ash.Sort, and sorts a list, not pairs), then the remembered offset and limit. Ramal.Overlay.patch/4
does the merge as a pure function and supplies the filter predicate's rows; the preparation calls it without
:sort, :offset and :limit and applies those itself;
	trim overlay records to the query's select, since an overlay record is a whole struct and a base row carries
only the selected attributes (the primary key is always kept);
	record a fingerprint (section 7) for every base row the data layer returned, before patching (ADR 0006); a read
that selects some attributes records none.


	Loads and relationships: Ash loads relationships through further read actions on the related resource, so they
go through the same preparation. Confirmed in Ash 3.37 and covered by tests: the default and lazy?: true paths
of Ash.load, loads inside a read, and Ash.get/3 (the not-found check runs after the after_action hooks, so a
row created in the branch is found). Ash builds the first level of a load in the calling process, where the
process dictionary is set, and the levels below it inside the task that runs the first level, where it is not.
The preparation therefore copies the branch id into the query's shared context, which Ash passes to related
queries (ADR 0002); a test outside the SQL sandbox, where Ash really does run loads in tasks, fails without it.
	Aggregates and calculations: data-layer aggregates (count, sum, exists) and calculations with
expressions are computed on the base and do not see the overlay. 0.1 documents this and emits a
[:ramal, :read, :unpatched_aggregate] telemetry event when a query inside a branch selects one, so a host can
detect it in tests. Ramal.aggregate/4 (ADR 0011, ADR 0013) gives the exact answer for the common kinds: the database
aggregates the rows the overlay does not touch and the branch reads only the ones it does; aggregates and
calculations declared on resources stay unpatched.
	Pagination: Ash adds a page's limit and offset after the before_action hooks, so a paginated read is paged
by the database and patched afterwards. Deleted rows shorten a page, rows created in the branch can be missing
from or misplaced across pages, and count is the database's. 0.1 documents this. Patching the whole list and
paging it in Elixir is possible but means rebuilding Ash.Page values, and is left to a later version.
	Policies: the query's filter, including one a policy added, is applied to overlay records. Checks that act on
results (authorize_results) run before the after_action hooks and so do not see overlay records.
	Many-to-many: the join resource is a resource like any other and gets its own overlay entries, keyed by its
primary key (a tuple when the key is the pair of foreign keys). Covered by tests with a join resource that has such a
key (ADR 0014). A read of the join resource and a load of its
has_many join relationship see the branch's links, and a many_to_many load sees destination rows the branch
created, updated or destroyed. Two limits follow from how Ash and AshPostgres work, and 0.2 documents them:	AshPostgres loads a many_to_many with one SQL query that joins the join table in the database
(lateral_join?/4 in lib/ash/actions/read/relationships.ex), so a many_to_many load does not see links the
branch created or destroyed. Read the join resource, or load the join relationship, to see them.
	manage_relationship decides what to create and remove from that same load. So type: :append_and_remove is
refused with :bulk_unsupported when it has a link to remove (Ash unrelates with Ash.bulk_destroy/4,
bulk_delete_unused_unrelate/8 in lib/ash/actions/managed_relationships.ex), type: :remove cannot find a
link the branch created, and type: :append of a vet the branch already linked creates the link twice, which
fails the merge. Use it for links the branch has not changed, or write the join resource directly.



4.2 How writes are captured
Ramal.Capture is a global change for create, update and destroy actions. When a branch is current
(ADR 0005):
	around_action adds a last before_action that builds the record and calls Ash.Changeset.set_result/2, so the
data layer is skipped. around_action itself cannot return a result early, because the before-action hooks run
inside its callback.
	All of Ash's own work still happens: argument casting, validations, policies, other before_action and
after_action hooks, defaults, timestamps. Ramal only replaces "write this to Postgres" with "put this in the
overlay", so a branch is a faithful rehearsal of the real action.
	The record is Ash.Changeset.apply_attributes/2, which also applies defaults. Values the database would generate
(identity integer keys, database defaults) do not exist in a branch. 0.1 requires branch-created records to have
application-generated primary keys (UUIDs) and fails the action with :database_generated_key otherwise.
	Destroys mark the key :deleted. Updates of a :created row stay :created with the new record. The first write to
an existing row keeps the row as the action found it in base, which diff/1 compares against.
	Every write is appended to the log as {action_type, resource, action_name, params, actor, opts, at}; opts has
key, tenant and nested?. A write made by a hook of another captured action (or by a managed relationship) is
nested?: true, and merge skips it because replaying the outer action runs the hook again. An update that changes
no attribute is logged too, with the row left as it was and out of diff/1, because its hooks and managed
relationships can write other rows and only the outer action can replay them (ADR 0014).
	A failing action takes back its own writes and those of the actions its hooks ran.
	Notifications are dropped by default. Ramal.run/2 runs the function inside Ash.transaction([], ..., return_notifications?: true) and sends only the notifications of resources with notify_in_branch? true.
	Atomic updates: atomic/3 returns {:not_atomic, reason} while a branch is current, and the transformer sets
require_atomic? false on the resource's update and destroy actions so that Ash falls back to the path above.
	Bulk actions and upserts are refused: :bulk_unsupported for every Ash.bulk_*, :upsert_unsupported for an
action with upsert? true. The call-time option upsert?: true cannot be seen by a hook and acts as a create.
	Errors added by the hook are Ramal.Error structs (a Splode error), found in an Ash error with
Ramal.Error.find/1.
	Transactions: an action that opens a data-layer transaction inside a branch still opens one (cheap, empty). Nothing
is written, so nothing needs rolling back. 0.2 may skip it.

5. Public API (0.1)
@spec branch(domain :: module, keyword) :: {:ok, Ramal.Branch.t()} | {:error, Ramal.Error.t()}
# opts: name, metadata

@spec run(branch | id, (-> result)) :: {:ok, result} | {:error, Ramal.Error.t()}
@spec run!(branch | id, (-> result)) :: result

@spec current() :: Ramal.Branch.t() | nil

@spec fork(branch | id, keyword) :: {:ok, Ramal.Branch.t()} | {:error, Ramal.Error.t()}
# the fork is a new branch with a copy of overlay, log and fingerprints; metadata.forked_from = parent id

@spec diff(branch | id) :: {:ok, [Ramal.Change.t()]} | {:error, Ramal.Error.t()}

@spec merge(branch | id, keyword) :: {:ok, Ramal.Merge.Result.t()} | {:error, Ramal.Error.t()}
# opts: actor, authorize? (default true), on_stale (:error | :ignore | (stale_rows -> :continue | :abort)), mode (:replay)

@spec propose(branch | id, keyword) :: {:ok, Ramal.Branch.t()} | {:error, Ramal.Error.t()}
# opts: proposed_by, reason

@spec approve(branch | id, keyword) :: {:ok, Ramal.Merge.Result.t()} | {:error, Ramal.Error.t()}
# opts: decided_by, reason, and the options of merge/2

@spec reject(branch | id, keyword) :: {:ok, Ramal.Branch.t()} | {:error, Ramal.Error.t()}
# opts: decided_by, reason

@spec aggregate(query | resource, kind, field | nil, keyword) :: {:ok, term} | {:error, Ash.Error.t()}
# kind: :count | :exists | :sum | :min | :max | :avg, computed in Elixir over the rows a read returns in the branch

@spec discard(branch | id) :: :ok | {:error, Ramal.Error.t()}

@spec get(id) :: {:ok, Ramal.Branch.t()} | {:error, Ramal.Error.t()}
@spec list(domain, keyword) :: {:ok, [Ramal.Branch.t()]} | {:error, Ramal.Error.t()}
# status filter; from storage, not from the registry
Ramal.Error has reason (an atom from a documented list), message, and details (a map). Reasons in 0.1:
:not_found, :not_open, :stale, :database_generated_key, :bulk_unsupported, :upsert_unsupported, :branch_too_large,
:no_branchable_resources, :nested_branch, :missing_snapshot, :not_started, :storage, :merge_failed,
:multitenancy_unsupported.
6. Persistence
Ramal.Storage is a behaviour: put(branch, config), fetch(id, config), delete(id, config),
list(domain, filters, config) (which returns {:ok, branches} or {:error, error}) and the optional
count(domain, statuses, config) (how many branches have one of the statuses; without it the limits count with list), where config is the Ramal.Supervisor options that are not its own (the Postgres
backend reads :repo from it). Two implementations:
	Ramal.Storage.ETS: a named table owned by Ramal.Supervisor. Default in tests and development. Lost on restart.
	Ramal.Storage.Postgres: one table ramal_branches (id uuid pk, domain text, name text, status text, state jsonb, inserted_at, updated_at). mix ramal.gen.migration writes the migration into the host's repo. Requires AshPostgres
(or at least Ecto SQL); the module compiles only when it is present.

Serialization is Ramal.Storage.Codec, a pure module any text-based backend can use. The branch columns hold id,
domain, name and status; state holds the overlay (resource, key, op, record), the base (resource,
key, fingerprint, snapshot), the log, the metadata and inserted_at. A record is attrs (each attribute dumped
with Ash.Type.dump_to_embedded/3 and loaded with Ash.Type.cast_from_embedded/3, both confirmed in Ash 3.37), the
names of unloaded attributes, and the other struct fields when they differ from a fresh struct. Action input,
primary keys, options and actors are stored as tagged terms; actors are stored as the term itself, not through a
serializer (pass actor: to merge/2 to replace a stored one). Atoms are never created from stored data. See
ADR 0008.
7. Staleness and merge
Every base row a branch reads or writes gets a fingerprint: :erlang.phash2 of its attribute map at first touch,
keyed by {resource, key}. On merge/2:
	Refuse inside Ramal.run/2 (:nested_branch) and claim the branch: it must be :open and not already merging.
While claimed, the branch process refuses every other call, so nothing is written between check and replay.
	Inside one Ash.transact/3, re-read every fingerprinted row from the base (one query per resource, key filter,
FOR UPDATE where the data layer supports it). A row whose hash differs is :changed; one that no longer exists
is :deleted.
	Apply on_stale: :error (default) returns {:error, %Ramal.Error{reason: :stale, details: %{rows: [...]}}};
:ignore continues; a function receives the stale rows and returns :continue or :abort.
	In the same transaction, replay the log oldest first through the real actions with the real data layer (no branch
current), skipping entries logged by hooks of other captured actions (nested?: true). The actor is the actor
option if given, else the one recorded with each entry. A replayed create keeps the primary key it had in the
branch. Any failure rolls the transaction back and returns :merge_failed with the log entry's index. Validations
run again, so a branch that was valid against a base that has since moved can legitimately fail here; that is the
feature.
	Mark the branch :merged, persist, stop the process. Return a Ramal.Merge.Result with the records the replay
produced, keyed like the overlay. On failure the claim is released and the branch stays open.

Limits and the reasons for these choices are in ADR 0007.
7.1 Proposals (0.2)
A branch can be frozen as a proposal that someone decides on, with the decision recorded on the branch itself.
	propose(branch, proposed_by:, reason:) moves an :open branch to :proposed and stores proposal: %{proposer, reason, proposed_at, decision: nil}. The branch is persisted before the call returns. A proposed branch refuses run/2, fork/2,
merge/2 and a second proposal (:not_open); diff/1, get/1 and list(domain, status: :proposed) work, which is
what a reviewer needs. The proposer can still discard/1 it.
	approve(branch, decided_by:, reason:, ...merge options) is merge/2 on a :proposed branch, plus the decision:
%{status: :approved, by, reason, at, replayed, stale}, written in the same step that marks the branch :merged. A stale
base or a failing replay returns the errors of merge/2 and leaves the branch :proposed.
	reject(branch, decided_by:, reason:) records %{status: :rejected, ...}, sets the status to :rejected, persists, and stops
the process. Overlay and log are kept, so the rejected diff stays readable.
	Ramal does not decide who may approve. The host authorizes before calling; :decided_by is recorded, not checked.
	No new table: the proposal is a field of the stored branch state, and the status column gains two values. The diff at
decision time is diff/1 of the stored branch, which is frozen from the proposal on (ADR 0012).

mode: :replay is the only merge mode in 0.1. A future :apply mode would write the overlay's final state directly,
skipping action logic; it is faster and less safe, and needs its own ADR.
8. Fork and diff
	fork/2 copies overlay, log and base into a new open branch with its own process, a fresh id, the parent's name
and metadata unless given, and metadata.forked_from. Both branches share the database; neither sees the other's later
changes. Persistent data structures make the copy cheap; the log is a list and gets shared structurally. A fork of a
branch that is not open is :not_open. It emits [:ramal, :branch, :fork] with parent_id, then :load.
	diff/1 walks the overlay: for :updated, compare the overlay record with the base row as the branch first saw it
(kept alongside the fingerprint, so diff never queries the base) and keep only the attributes that differ; for
:created, every attribute is {nil, value}; for :deleted, {value, nil}. An updated row whose values ended equal
to the base is left out. Output order is the log order of first touch: Ramal.Overlay.diff/3 computes the changes
(sorted by ref, because the overlay map has no order) and diff/1 reorders them by the log (Ramal.Branch.diff/2, with the Ash-aware Ramal.Resource.attributes/1). An updated or deleted
entry with no base snapshot is {:error, %Ramal.Error{reason: :missing_snapshot}}: the write layer forgot to keep one.

9. Telemetry
Events, all with %{branch_id, domain} metadata:
[:ramal, :branch, :create], [:ramal, :branch, :fork], [:ramal, :branch, :unload], [:ramal, :branch, :load],
[:ramal, :branch, :discard], [:ramal, :branch, :propose], [:ramal, :branch, :approve], [:ramal, :branch, :reject], [:ramal, :branch, :too_large], [:ramal, :merge, :start | :stop | :exception] (span; stop adds result: :ok | :error and replayed or reason),
[:ramal, :read, :patch] with measurements %{base_rows, overlay_rows, result_rows, duration},
[:ramal, :read, :unpatched_aggregate], [:ramal, :write, :capture] with %{action_type, resource, action, nested?}.
[:ramal, :branch, :load] is emitted every time a branch process starts, including right after creation, so
create is followed by load. unload carries reason: :idle | :shutdown. discard is emitted once per discard
and is not followed by unload.
10. Test domain
test/support/farm/: domain Ramal.Test.Farm with five resources on Ramal.TestRepo (AshPostgres), all with
timestamps and, except the join resource, UUID primary keys:
	Paddock: name, hectares, capacity_head (integer).
	Herd: name, head (integer), belongs_to :paddock.
	Move: belongs_to :herd, from_paddock_id, to_paddock_id, moved_on (date).
	Vet and the join resource HerdVet (assigned_on, primary key {herd_id, vet_id}): Herd and Vet are
many_to_many through it. Herd has three update actions, add_vets, drop_vets and set_vets, that manage the
relationship with type: :append, :remove and :append_and_remove.

Actions: Herd.move(to_paddock_id) with a validation "destination capacity not exceeded" that reads the
destination's herds (so a branch must see its own earlier moves for the validation to be right), creating a Move
in an after_action. Paddock has an aggregate head_count (sum of herds' head) to document the unpatched-aggregate
behaviour with a test. One policy on Herd (only %{role: :admin} may move) to prove policies run inside a branch.
The domain mirrors the first real user of Ramal (an agricultural operations app) and stays in English.
11. Open questions
	Several domains per branch, or one branch per domain? 0.1: one domain. Revisit when a real host needs more.
	Should run/2 be reentrant (a branch inside a branch)? 0.1: no, {:error, %Ramal.Error{reason: :nested_branch}}; merge/2 refuses the same way.
	Where do many-to-many join resources sit in the overlay? Answered: they are resources, so they get overlay
entries like any other, keyed by the join resource's primary key (section 4.1 point 7, ADR 0014). A many_to_many
load and manage_relationship do not see links the branch changed; that is the open part, for a later version.
	Does the read preparation need to handle Ash.Query.select? Answered: Ash always selects the primary key, and
the preparation trims overlay records to the select (section 4.1).
	Should fingerprints cover rows read through relationship loads? 0.1: yes, because they are reads like any other
(ADR 0006). Measured by bench/ (20,000 rows, one 4-core machine): hashing costs about 1.1 microseconds per row, and
a read of 2,000 rows inside an empty branch takes about 67% longer than the same Ash read outside one, the hash and
the call that stores the fingerprints together. Kept for now; the numbers and their limits are in bench/README.md.
	Multitenancy Decided for 0.1: refused inside a branch with :multitenancy_unsupported (ADR 0009). Supporting it puts
the tenant in the overlay key and the base ref; revisit when a host needs it.
	Should Ramal.Storage.Postgres take a host callback for actors? No: actors are stored as the term, with the
attributes marked sensitive? dropped from resource records (ADR 0008, ADR 0010).

12. Inspector (ramal_live, 0.3)
A separate Mix project, ramal_live/, that depends on ramal by path. Core never depends on it. Public modules:
	RamalLive.Router: the macro ramal_inspector path, domain: ..., pubsub: ..., actor: ... (options :actor, required, and :debounce). It
expands to one live route, so the host puts it inside its own scope, pipeline and live_session and the page uses the
host's root layout, LiveView socket and JavaScript (ADR 0015).
	RamalLive.Broadcaster: a process the host starts. It attaches telemetry handlers (the branch lifecycle events,
[:ramal, :write, :capture], [:ramal, :merge, :stop]) and broadcasts {:ramal_live, branch_id, event} on the host's
PubSub, topic "ramal_live:" <> domain. No row data travels in the message.
	RamalLive: the setup guide.

Internal (@moduledoc false): RamalLive.InspectorLive (the page), RamalLive.BranchColumn (a LiveComponent per branch),
RamalLive.Column (the pure view model: facts and before/after rows as strings), RamalLive.Events (event names, topic,
the telemetry handler) and RamalLive.Style (the inline CSS).
The page. Open branches, then proposals, each oldest first, as columns. A column shows the name, status, short id, age,
overlay size (rows and writes), forked_from, the proposal's proposer and reason, and Ramal.diff/1 as before and after
rows (the first 100 changes; the rest are counted). Buttons: fork, merge and discard on an open branch; approve and reject
on a proposal. Merge, discard, approve and reject show an inline "are you sure?" first, and the server accepts the second
event only after the first. Merge and approve run in start_async.
What it reads. Ramal.list/2 for the ids, then Ramal.get/1 and Ramal.diff/1 per branch, so the page shows what
the public API shows, and loads the processes of the branches on screen. A telemetry event re-reads only the branch it
names, after a :debounce window (default 50 ms) that coalesces a burst of writes. Each read emits
[:ramal_live, :column, :read] with %{branch_id, domain} and a duration.
Identity. Slate #243044 for the base line, copper #D98324 only for branches; the dark theme uses the dark logo's
cream and light amber. Barlow Condensed for headings and IBM Plex Mono for data, with system fallbacks, because the page
does not load fonts. No Tailwind and no asset pipeline: the CSS is inline, scoped to .ramal, and follows
prefers-color-scheme unless the buttons in the header pick a theme.
Authorization is the host's: put the route behind its pipeline or on_mount. The :actor option is required and supplies
the actor recorded as decided_by and used to replay a merge; a function that returns nil makes the page refuse every
action (ADR 0016).
13. Decision log (summary; details in docs/adr/)
	#	Decision	Why
	1	Hooks (preparation + change) instead of a wrapping data layer	A wrapping data layer breaks every tool that checks data_layer(resource) == AshPostgres.DataLayer (migrations, codegen) and must mirror AshPostgres' DSL. Hooks leave the resource's data layer untouched.
	2	One process per branch	Isolation, lifecycle and limits come from the runtime for free.
	3	Overlay materialized, log authoritative for merge	Reads need the overlay on every query; merge needs the intent, not the state.
	4	Merge replays actions rather than writing state	Validations and policies run against the real base at merge time. Slower and right.
	5	Limit and offset applied after patching	The only way a branch-created row can appear in a limited query. Documented as the cost of correctness.
	6	No Phoenix in core; AshPostgres optional	Keeps the dependency surface small for the first users.
	7	Ramal.Change is the diff struct, Ramal.Capture the write hook; the overlay records net effect	One name for one thing, and diff can rely on :deleted meaning the base had the row. ADR 0001
	8	The current branch id lives in the process dictionary and in Ash's shared context	Ash has no ambient context, and it runs some loads in tasks that lose the process dictionary. ADR 0002
	9	Idle timeout and heap limit belong to the supervisor; discard keeps the record; storage takes config last	A per-branch value is lost on unload, and a kept record gives :not_open a meaning. ADR 0003
	10	Reads are patched in before_action/after_action hooks; nothing is stripped when the overlay has no entry for the resource; the preparation sorts and pages the list itself	The hooks are where Ash allows changing the data-layer query and seeing its rows; runtime_sort takes a list, not a comparator. ADR 0004
	11	Writes are captured by a last before_action that sets the result; atomic updates fall back through atomic/3 and require_atomic? false; every bulk action and upsert action is refused; notifications are dropped unless the resource opts in; a failed action undoes its writes; Ramal.Error is a Splode error	around_action cannot skip the data layer by itself, the atomic path never reaches a hook, and Ash flattens other exceptions to strings. ADR 0005
	12	base holds %{fingerprint, snapshot} per touched row; every read fingerprints the base rows it returns, except when it selects some attributes; a fork copies everything and records forked_from	Staleness needs the state at first read, diff needs the state at first write, and a partial row has no comparable hash. ADR 0006
	13	Merge claims the branch first, checks staleness inside the replay transaction with row locks where possible, and forces created rows to keep their branch primary keys; entries logged by hooks are not replayed	Writes between check and replay would be lost, a check outside the transaction races, and later log entries name rows by key. ADR 0007
	14	Branches are stored through Ramal.Storage.Codec: attributes through the Ash embedded dump and cast, everything else as tagged terms, atoms never created, actors stored as the term; list/3 can fail	A round trip must be ==, the Ash cast_stored is the data layer's form, not JSON's, and a database can fail. ADR 0008
	15	A multitenant resource used with a tenant inside a branch is refused (:multitenancy_unsupported)	The overlay is keyed by {resource, key} and merge's staleness read has no tenant; half support would mix tenants silently. ADR 0009
	16	A stored actor that is an Ash record loses its sensitive? attributes; other actors are stored as they are	The branch table should not hold password hashes or tokens, and Ash already has the flag. A serializer callback has one use. ADR 0010
	17	Ramal.aggregate/4 reads the patched rows and computes the aggregate in Elixir; Ramal.Aggregate holds the pure part Superseded by 19 for the common kinds; the read-every-row path stays for limit, offset and distinct	The data layer's aggregates cannot see the overlay, and Ash offers no hook to make them. Exact for the branch, as expensive as reading the matching rows. ADR 0011
	18	A proposal is a branch status (:proposed, :rejected) and a proposal field of the stored state; approving is merging	A second table and storage API for one record per branch would duplicate what the branch row already persists, and the decision must land in the same step as the merge. ADR 0012
	19	Ramal.aggregate/4 aggregates in the database the rows outside the overlay, reads the overlaid ones through the patched path and joins the two; limit, offset and distinct keep the read-every-row path; the database's part is not fingerprinted	Reading every row made scoring a state cost a table scan (measured in bench/). The delta is exact and its cost follows the overlay. ADR 0013
	20	A many_to_many join resource gets overlay entries like any resource; an update that changes no attribute is logged; a many_to_many load and manage_relationship do not see links the branch changed (documented limit)	Hooks and managed relationships write nested rows that only the outer action can replay; AshPostgres loads the relationship in SQL over the base join table. ADR 0014
	21	The inspector is a separate project whose router macro expands to one live route in the host's own live_session; options travel as route metadata; a supervised broadcaster turns telemetry into PubSub messages naming a branch, and the page re-reads only that branch	A live_session of its own would need its own root layout, socket and JavaScript, which is an asset pipeline; telemetry is node-local, so a handler attached on first page view would miss events. ADR 0015
	22	ramal_inspector requires :actor; Ramal.branch/2 and Ramal.fork/2 can be limited per domain by :max_active_branches and :branch_rate of Ramal.Supervisor, both off by default	A page that acts for nobody lets anyone who reaches the route merge as no one, and an unlimited fork is a process and a row per call. The limits stay off so no host changes behaviour by upgrading. ADR 0016
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    Roadmap

Milestones are GitHub milestones with the same names. Each one ships when its exit criteria hold, not on a date.
0.1 Core
The smallest Ramal that is useful and honest.
	Ramal.Resource extension with the read preparation and the write change, transparent when no branch is active.
	Ramal.Branch.Server, Ramal.Supervisor, registry, idle unload and rehydration.
	branch/2, run/2, current/0, fork/2, diff/1, merge/2 (replay mode, on_stale), discard/1, get/1, list/2.
	Ramal.Storage behaviour with ETS and Postgres backends, mix ramal.gen.migration.
	Telemetry events as listed in the design.
	The Farm test domain, unit tests for the pure modules, property tests for the overlay, integration tests on Postgres.
	Documentation: README with a working example, module docs, the design document kept in sync, an ADR per
[confirm] item resolved.

Exit criteria: mix ci green on CI; a host application can add the extension to its resources and the example in the
README runs as written; every [confirm] mark in docs/DESIGN.md is resolved into an ADR or a doc line.
0.2 Proposals and hardening
	Ramal.propose/2, approve/2, reject/2: a branch is frozen as a proposal that someone with the right to decide
approves (which merges) or rejects, with the decision, the stale rows and the replay count stored on the branch. Done:
a status and a field, not a ramal_proposals table (ADR 0012).
	Notifications policy inside branches (suppress by default, opt in per resource). Done in 0.1 (notify_in_branch?, ADR 0005).
	An explicit Ramal.aggregate/4. Done (ADR 0011): Ash exposes no hook to patch its own aggregates. It first computed on
the patched list; it now aggregates in the database the rows the overlay does not touch and reads only the overlaid
ones (ADR 0013), so scoring a state no longer costs a table scan.
	Many-to-many join resources inside a branch. Done: they get overlay entries like any resource; a many_to_many load and
manage_relationship do not see links the branch changed, which is a documented limit (ADR 0014).
	Several domains per branch if a real host needs it.
	Publish 0.2 to Hex. Prepared (versions, changelog, mix hex.build); the tag and the publish are the maintainer's, see "Releasing" in CONTRIBUTING.md.

0.3 Inspector
Done; ships with 0.2 in the ramal_live package.
	ramal_live, a separate package: a LiveView component showing open branches as columns, the diff per branch filling
in live from telemetry, buttons to fork, merge, discard. This is the demo GIF. The page is done in ramal_live/
(a router macro the host mounts in its own live_session, ADR 0015), with approve and reject for proposals. The demo
app to record the GIF from is ramal_live/examples/farm_demo.exs; the recording itself is not in the repository.

0.4 Benchmark
Done; ships with 0.2 (bench/ is not published to Hex).
	bench/: an agentic workload modelled on the one the
DAPLab article
focuses on, a Monte Carlo tree search that keeps forking promising partial states, mutates, queries and prunes. It
runs against Ramal and two plain-Postgres baselines, including the cases where Ramal loses. Implemented; see
bench/README.md. Ours is a fixed-shape tree search, not MCTS, and not a reproduction of their harness
(BranchBench); their reported figures are cited as theirs in bench/README.md and never placed beside ours. Nothing in
the README cites a number this project cannot reproduce.

1.0
	Six months without a breaking change to the public API.
	At least two host applications in production shape.
	The inspector and the benchmark both released.

Not planned
	Schema changes inside a branch.
	Distributed branches across nodes.
	A query language or DSL of its own.
	Any dependency on a specific LLM provider or agent framework. Ramal is below that layer.
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    0001. Ramal.Change is the diff struct; the write-side hook is Ramal.Capture

Status: accepted, 2026-10-22. Issue: #2.
Context
The documents used Ramal.Change for two things. docs/DESIGN.md sections 2, 5 and 8, the README and issues #2 and #6
use it for the struct that diff/1 returns. The CLAUDE.md layout and issue #5 use it for the Ash change module that
captures creates, updates and destroys into the overlay. One module cannot be both a public data struct and an
Ash.Resource.Change implementation without being confusing, and the struct is public API the README already shows.
The overlay also needed a rule for what happens when a branch writes the same row twice, which the design left open
("the record is the full Ash struct as the action left it", nothing about combining).
Decision
	Ramal.Change is the struct %Ramal.Change{resource, key, kind, changes}. The write-side Ash change is
Ramal.Capture, @moduledoc false. CLAUDE.md and the design are updated to say so.
	The overlay records the net effect on the base, not the history (the log is the history). Creating a row and then
deleting it leaves no entry. Deleting a base row and creating the same key again is an :updated entry. So a
:deleted entry always means the base had the row, and diff can rely on that.
	Ramal.Overlay.diff/3 is computed against base snapshots and returns changes sorted by ref, because a map has no
write order. Ramal.diff/1 reorders them by the log. A missing snapshot is {:error, %Ramal.Error{reason: :missing_snapshot}}, a new reason in the documented list.

Consequences
	Nothing public is renamed: the README example stays valid.
	Issue #5 builds Ramal.Capture, not Ramal.Change.
	The overlay never polices duplicate keys or updates of missing rows. The write layer must reject them first, as the
data layer would on the real base.
	A branch cannot tell "created then deleted" from "never touched" by looking at the overlay alone. The log still can.
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    0002. The current branch travels in the process dictionary and in Ash's shared context

Status: accepted, 2026-10-22. Issue: #3 (implemented in #3 and #4). Resolves the [confirm] in design section 3.
Context
Hooks must know which branch, if any, the running action belongs to. Design section 3 asked whether Ash's shared
context is a better carrier than the process dictionary. Read in Ash 3.37.0:
	Ash has no ambient context. There is no Ash.set_context; Ash.Context.to_opts/2 only copies options that the
caller passed explicitly. A plain Ash.update!(herd, ...) inside Ramal.run/2, or an Ash.read inside a
validation, passes none, so shared alone cannot reach it.
	Ash does leave the calling process. Relationship loads run in tasks through Ash.Actions.Read.AsyncLimiter and
Ash.ProcessHelpers.async/2 when the data layer supports :async_engine (AshPostgres does) outside a
transaction, and reads with a timeout run in Ash.ProcessHelpers.task_with_timeout/5.
Ash.ProcessHelpers.get_context_for_transfer/1 transfers only tracer state, so the process dictionary does not
follow into those tasks.
	Ash copies context[:shared] into the queries it builds for those loads
(lib/ash/actions/read/relationships.ex, Ash.Query.set_context(Map.take(query.context, [:shared]))).

Decision
Use both. Ramal.run/2 stores the branch id in the process dictionary (Ramal.Current), which reaches every hook
and every nested Ash call in the calling process. The first hook that runs (the read preparation or the write
change) copies the id into the query's or changeset's shared context, which Ash carries into the tasks it spawns.
A hook resolves the branch from shared first and from the process dictionary second. Only the id is carried, never
the struct, because the struct changes with every write and the branch server owns the truth.
Consequences
	Relationship loads that Ash runs in tasks still see the branch. Issue #4 tests this with a relationship load.
	Tasks the host starts itself do not inherit the branch; the host calls Ramal.run/2 inside the task. Unchanged.
	The shared bridge only exists once a hook has run, so code that spawns a task before the first Ash call inside
run/2 needs run/2 inside that task.
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    0003. Branch process lifecycle: supervisor-level limits, kept discards, config-last storage

Status: accepted, 2026-10-22. Issue: #3.
Context
Design sections 3, 5 and 6 left details open that the implementation had to settle.
Decision
	idle_timeout and max_heap_size are Ramal.Supervisor options, not per-branch options. A per-branch value
would be forgotten when the branch is unloaded and loaded again, since the Ramal.Branch struct does not carry it.
branch/2 takes name and metadata only; the per-branch storage override in design section 5 is dropped for
the same reason (a lookup by id would not know where to look).
	Storage callbacks take the storage config as their last argument (put(branch, config), fetch(id, config),
delete(id, config), list(domain, filters, config)), where the config is the supervisor options that are not
Ramal.Supervisor's own. The Postgres backend needs its repo from there.
	A branch is persisted on creation, on unload (idle or supervisor shutdown), and on discard. Writes between two of
those exist only in the process. Persisting on every write was rejected: it puts a storage round trip on every
captured write.
	discard/1 keeps the record with status :discarded and an emptied overlay, log and base. That gives
:not_open and list(domain, status: :discarded) a meaning and costs one small row.
	list/2 returns {:ok, [branch]} | {:error, error}, not a bare list, like every other function, and reads
storage without loading processes.

	Too-large detection: max_heap_size kills the process with the untrappable reason :killed, so an unlinked
watcher process monitors each branch server and records a mark in an ETS table owned by the supervisor. Until the
branch is discarded, use returns :branch_too_large and the last persisted state stays in storage. An external
Process.exit(pid, :kill) is indistinguishable and is reported the same way.
	The log is stored newest first, so recording a write is O(1); readers reverse it.
	A new error reason :not_started for a missing Ramal.Supervisor.

Consequences
	A crash loses writes since the last persist for the ETS backend, and for the Postgres backend too. Hosts that need
more call for it explicitly later; 0.1 does not promise it.
	Changing idle_timeout applies to branches loaded after the change, not to running ones.
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    0004. Read patching: where it hooks in and what it does differently from the first design

Status: accepted, 2026-10-22. Issue: #4.
Context
Design section 4.1 described the read patch in outline and left five Ash behaviours to confirm. They were checked
against Ash 3.37 (deps/ash).
Decision
	Where: Ramal.Preparation is a global read preparation that, when a branch is current, adds a before_action
and an after_action hook to the query. before_action hooks run after all preparations and before the
data-layer query is built, so they can still remove limit and offset. after_action hooks receive the base
rows before relationship loads, runtime calculations and the not-found check of Ash.get/3, so all of them see
the patched rows.
	Filter and sort: Ash.Filter.Runtime.filter_matches/4 evaluates the query's filter on the overlay records in
one call. Ash.Actions.Sort.runtime_sort/3 sorts a list and has no comparator form, so the preparation calls
Overlay.patch/4 without :sort, :offset and :limit, then sorts, drops and takes itself. The design's plan to
pass a comparator to patch/4 stays valid for callers that have one; the preparation is not one.
	No stripping without overlay entries: when the overlay has nothing for the resource, the query keeps its limit
and offset and Postgres pages. The design stripped them on every read in a branch; that made every read of an
untouched table fetch all its filtered rows for no gain.
	Select: overlay records are whole structs, so they are trimmed to the query's select to match base rows.
	Branch id in tasks: the id is also written to the query's shared context (ADR 0002). Ash builds the first
level of a load in the calling process but the levels below it in a task, so only the shared context reaches them.
	Domain check at runtime: Ramal.branch/2 returns :no_branchable_resources instead of a compile-time domain
verifier, which would require every host domain to add an extension.
	Fingerprints are not recorded here. They belong to issue 6 together with the diff that uses them.

Consequences
	Paginated reads are paged by the database and then patched, so pages can be short or miss branch-created rows.
Documented, not fixed, in 0.1.
	authorize_results checks do not run on overlay records; policy filters do, through the query's filter.
	Aggregates and database-computed calculations ignore the overlay and emit [:ramal, :read, :unpatched_aggregate].
	The hooks call the branch server once per read (Ramal.Branch.Server.slice/2), and only the slice of that
resource crosses the process boundary.
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    0005. Write capture: hook, atomic fallback, bulk, notifications and errors

Status: accepted, 2026-10-22. Issue: #5. Resolves the [confirm] items in design section 4.2.
Context
Design section 4.2 planned to capture writes in around_action, to fall back from atomic updates through
atomic/3, to refuse some bulk actions and to suppress notifications. It was checked against Ash 3.37.
Decision
	Hook: Ramal.Capture is a global change for create, update and destroy. around_action cannot return a result
without running the callback, and the before-action hooks run inside that callback. So the around hook appends one
last before_action that builds the record with Ash.Changeset.apply_attributes/2 (which applies defaults, so the
undocumented set_defaults/3 is not needed) and calls Ash.Changeset.set_result(changeset, {:ok, record}). Create,
update and destroy then skip the data layer but still run relationship management and the after-action hooks.
	Atomic updates: Ash tries fully_atomic_changeset first and updates in the database without calling any hook.
atomic/3 returns {:not_atomic, reason} while a branch is current and {:ok, changeset} otherwise, so outside a
branch the action stays atomic. Ash only falls back for require_atomic? false, so the transformer sets it on the
update and destroy actions of a branchable resource. A resource loses require_atomic? true as a guard, also
outside a branch.
	Bulk and upsert: bulk paths call the data layer without reading the result, so every Ash.bulk_* is refused with
:bulk_unsupported (the design only refused return_records?: false). An action with upsert? true is refused with
:upsert_unsupported. The call-time option upsert?: true is invisible to hooks (Ash sets it in the context of
every create when the action runs) and acts as a plain create.
	Notifications: Ramal.run/2 runs fun inside Ash.transaction([], fun, return_notifications?: true), which
opens no database transaction and hands back the queue instead of sending it. Only resources with
notify_in_branch? true get theirs sent afterwards. Default off.
	Failures: a captured action that fails or raises takes back the writes it and its hooks' actions made, using the
undo Ramal.Branch.put_write/6 returns. A database transaction would have rolled them back.
	Nested writes: an action called from a hook of a captured action is logged with nested?: true; replaying the
outer action runs the hook again, so merge skips nested entries.
	Log entry: {action_type, resource, action_name, params, actor, [key:, tenant:, nested?:], at} with
changeset.params; changes made with change_attribute/3 outside the action's inputs are not replayed.
	Errors: Ramal.Error implements Splode.Error (class :invalid), because Ash turns any other exception added
to a changeset into a string and the reason is lost. Ramal.Error.find/1 extracts it from an Ash error. :splode
is declared as a dependency; it was already in the tree through Ash.

Consequences
	An update that changes no attribute writes nothing to the overlay. It is logged since ADR 0014,
which explains why.
	A create with an explicit primary key that exists in the base is not detected, and updating a row the branch already
deleted resurrects it; a database would raise.
	An undo can overwrite another process's interleaved write to the same row; the branch process serialises writes but
does not isolate actions.
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    0006. Fingerprints, snapshots and fork

Status: accepted, 2026-10-22. Issue: #6.
Context
Design sections 3, 7 and 8 describe fingerprints (for the staleness check at merge) and snapshots (for diff/1) as
two things kept "alongside" each other without fixing a shape, and say a fork copies the fingerprints.
Decision
	Shape: branch.base is %{{resource, key} => %{fingerprint: integer | nil, snapshot: record | nil}}. One map,
one entry per touched base row, so a row is never described twice.

	When: the read preparation fingerprints every base row a read returns, before patching, in one call to the branch
process per read. The first write to a row adds its snapshot and keeps the fingerprint an earlier read took, because
staleness is measured from the first touch. A row is fingerprinted only when every attribute is loaded; a read with
select skips it, as its hash would never equal a full read's.
	What: :erlang.phash2 of the attribute map (Ramal.Resource.attributes/1, which leaves out relationships,
calculations, aggregates and unloaded attributes), not of the struct, whose metadata differs between reads.
	Cost: a read inside a branch hashes its rows and sends a map of {ref, hash} to the branch process. Not measured;
bench/ will, before the README says anything about it.
	Diff: Ramal.Branch.diff/2 is pure; Ramal.diff/1 passes the Ash-aware attributes function. Order is the log
order of first touch, and rows the log does not mention come last.
	Fork: Ramal.Branch.fork/2 keeps overlay, log and base and changes id, inserted_at, name (default: the
parent's) and metadata (default: the parent's, plus forked_from). It starts a process like branch/2 and emits
[:ramal, :branch, :fork] followed by :load.
	Write replies: Server.write/2 replies with %{id, domain} instead of the whole branch, so a captured write no
longer copies the overlay back to the caller. update/2 still does.

Consequences
	A partially selected read gives merge less to compare; rows only ever read that way are not checked for staleness.
	Reads that load many rows pay a hash per row. Relationship loads are reads too, so they are fingerprinted.
	Forking does not check that the parent's rows still match the database; merge does.
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    0007. Merge: claim, check, replay

Status: accepted, 2026-10-22. Issue: #7.
Context
Design section 7 sketches merge as "check fingerprints, replay the log in one transaction". Replay has to deal with
concurrent writers to the branch, rows created by hooks, actors, and the ids of created rows.
Decision
	Claim: Ramal.merge/2 first calls Server.begin_merge/1. The branch process monitors the caller and, until
finish_merge/2 or the caller's death, refuses every other call (write, slice, update, discard, a second merge)
with :not_open. Without this a write could land between the staleness check and the end of the replay and be
lost when the process stops. On any failure the claim is released and the branch stays open.
	Check inside the transaction: the base rows are re-read inside the same Ash.transact/3 as the replay, with
lock: :for_update where the data layer can (confirmed: AshPostgres.DataLayer.can?/2 accepts {:lock, :for_update}
in 2.15.1). A row that is missing is :deleted; one whose fingerprint differs is :changed. Rows fingerprinted
nil (read with select) are not checked.
	Replay: oldest first, with no branch current, skipping entries logged with nested?: true since replaying the
outer action runs its hook again. The actor is the merge :actor option when given (even nil), otherwise each
entry's recorded actor; authorize? defaults to true; the tenant is the one recorded in the entry.
	Keys: a replayed create forces the primary key the branch used (force_change_attribute), so later entries and
the branch's diff keep naming the same rows. Updates and destroys load the row by key first (authorize?: false,
as the capture did) and then run the action.
	Failure: the first failing entry stops the replay; Ash.transact/3 rolls everything back; the error is
:merge_failed with index, type, resource, action and the Ash error in details.
	Result: Ramal.Merge.Result holds branch (status :merged), records (an Ramal.Overlay built from what the
real actions returned), replayed and the stale rows that on_stale let through.
	Modes: only :replay; anything else raises ArgumentError.

Consequences
	A top-level entry that targets a row created by a hook of an earlier entry cannot be replayed: replay gives the hook's
row a new id. It fails as :merge_failed rather than writing the wrong row.
	The staleness read runs without a tenant, so a resource that requires one fails the merge with an Ash error; multitenancy is refused inside a branch since ADR 0009 and is
out of scope for 0.1.
	Rows read with select are not checked.
	A data layer that cannot run transactions (Ash.DataLayer.Ets) cannot roll a failed replay back. Ash.transact/3
runs the function as it is for such a data layer and returns its {:error, _} inside {:ok, _}; the merge unwraps it,
so the caller gets {:error, %Ramal.Error{}} as with Postgres. A stale base still writes nothing, since the check runs
before the first write. A replayed action that fails after earlier entries were written leaves those writes in place;
the error's message says so and details.not_rolled_back lists the resources. We chose to report and document this
over refusing such resources, because ETS-backed resources are legitimate in tests and prototypes, and over
compensating writes, which would run real actions a second time.
	If the process that called merge/2 dies mid-replay, the transaction rolls back with it and the monitor releases the
claim; the branch stays open.



  

  
    
    0008. Postgres storage and the codec - Ramal v0.2.0
    
    

    


  
  

    0008. Postgres storage and the codec

Status: accepted, 2026-10-22. Issue: #8.
Context
Design section 6 left two [confirm] marks (Ash.Type.dump_to_embedded/3, Ash.Type.cast_stored/3) and described
actors as stored through a host Ramal.Actor serializer. A branch also holds terms no Ash type covers: action input,
primary keys, metadata and log options.
Decision
	Confirmed (Ash 3.37, lib/ash/type/type.ex): the pair is dump_to_embedded/3 and cast_from_embedded/3, not
cast_stored/3. cast_stored reads the data layer's native form; the embedded pair is the JSON-safe one. Several
types dump to a non-JSON value (DateTime, Date, Decimal, Ash.Type.Term as a binary), so the result still goes
through the term encoder below.
	Codec: Ramal.Storage.Codec (pure, no database) turns a branch into a JSON-safe map and back; any backend that
stores text can use it. Attributes use the Ash type pair. Everything else is a tagged term ($a atom, $t tuple,
$m map as pairs, $s struct, $b base64). The rest of a record (__meta__, __metadata__, loaded relationships)
is kept only when it differs from a fresh struct(resource), so a round trip is ==.
	Atoms are never created from stored data. Atoms are read with String.to_existing_atom/1. A module name that is
not an atom yet is looked up on the code path and created only when a beam file exists for it; naming a module also
loads it so that the atoms it mentions exist. Ramal's own option names are matched explicitly. An atom nothing has
loaded fails the load with :storage and names the atom.
	Actors are stored as the term they are, not through a serializer. The design's host callback is a plugin point
with one use; Ramal.merge/2 already takes actor: for hosts that do not want an actor persisted. The consequence is
that an actor struct is stored whole, secrets included (ADR 0010 later drops the sensitive? attributes of resource records).
	Table: ramal_branches with id uuid, domain, name, status, state jsonb, inserted_at, updated_at,
an index on (domain, status). mix ramal.gen.migration writes it into the host repo; the module and the task exist
only when Ecto SQL is present. Ids must be UUIDs (what Ramal.Branch.new/2 makes).
	Ramal.Storage.list/3 returns {:ok, branches} | {:error, error}: a database can fail where an ETS table cannot,
and a row that no longer decodes must not be silently dropped.

	A state version number ("version": 1) is stored; a newer one is refused rather than guessed at.

Consequences
	A resource that loses an attribute makes stored branches that mention it unloadable (:storage, naming the
attribute) instead of dropping data.
	Relationships, calculations and aggregates loaded into a stored record are kept as terms; they can be large.
	Ash.Type.Term attributes and action input are stored as Erlang terms inside a base64 string or tagged structure,
so the table is readable for ordinary data and opaque for exotic data.
	Metadata and action-input keys that are atoms only a not-yet-loaded host module mentions fail to load in a VM that has
not loaded that module (development mode). String keys avoid this; releases load everything at boot.
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    0009. Multitenancy is refused inside a branch

Status: accepted, 2026-10-22. Follow-up to ADR 0007 (open question 6 in the design).
Context
The overlay is keyed by {resource, primary key}. Tenants break that in two ways. With the attribute strategy two
tenants can hold rows with the same key, and a read for tenant A must not see tenant B's overlay rows. With the context
strategy (one schema per tenant) the same table name means different tables. The merge staleness read, which
fingerprints base rows by {resource, key}, also runs without a tenant (ADR 0007), so a tenanted resource failed at
merge time with an Ash error far from the cause.
Supporting tenants means a tenant in every overlay key, in the base refs, in the codec and in the staleness read. That
is a change to the data model, not a patch, and no host needs it yet.
Decision
	0.1 refuses a tenant instead of half supporting it. Inside Ramal.run/2, a read or a write of a resource with a
multitenancy strategy that carries a tenant returns {:error, %Ramal.Error{reason: :multitenancy_unsupported}}
(Ramal.Resource.ensure_untenanted/2, called by Ramal.Preparation and Ramal.Capture). The message says to use
the resource without a tenant or outside the branch.
	A multitenant resource marked global? true still works without a tenant. Nothing changes outside a branch.
	The log still records tenant per entry, and merge still passes it to the replayed action; with the refusal the value
is always nil for new branches. It stays so that adding support later does not change the log format.

Consequences
	A host with tenanted resources can branch the other resources of its domain, and gets an early, named error on the
tenanted ones.
	Supporting tenants later is a new ADR and a storage version bump: the tenant joins the overlay key and the base ref.
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    0010. Stored actors drop sensitive attributes

Status: accepted, 2026-10-22. Follow-up to ADR 0008 (open question 7 in the design).
Context
A log entry keeps the actor it was recorded with, so that merge can replay it under the same policies. ADR 0008 stored
the actor as the term it is, which persists a whole user record, including a password hash or an API token, in the
ramal_branches.state column. The design's alternative, a host Ramal.Actor serializer, is a plugin point with one
use and a callback every host would have to write.
Decision
	When the actor is an Ash resource record, attributes marked sensitive? are stored as nil (Ramal.Storage.Codec).
Ash already has the flag for this purpose: it hides the value from inspect and logs. Ramal reuses it instead of
inventing a second list.
	Any other actor (a map, a tuple, an id) is stored as it is. It is the host's own shape, and Ramal cannot know which
of its fields are secret.
	No serializer callback and no option. A host that does not want any actor in its table passes actor: to
Ramal.merge/2, which replaces every recorded actor.

Consequences
	An actor loaded from storage has nil in its sensitive fields. A policy that reads one of them (checking a token,
say) sees nil when a stored branch is merged without actor:. The policies Ramal has seen read roles and ids.
	Only attributes are covered. A loaded relationship or calculation on the actor is stored as a term, so a host that
loads secrets that way should pass actor: at merge.
	A resource that has no sensitive? flags stores its actor whole, as before.
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    0011. Aggregates over a branch are computed from the patched rows

Status: accepted, 2026-10-22. Issue: #23. Partly superseded by ADR 0013: the answer is no longer computed from every matching row, and the aggregate no longer fingerprints the rows it did not read. Replaces the "0.2 revisits" note in design section 4.4.
Context
Ash.count/2, Ash.sum/3 and the aggregates declared on a resource are run by the data layer, as SQL, so they never
see the overlay: inside a branch they answer for the base. The read preparation can patch the rows a read returns
(before_action and after_action hooks), but Ash gives no hook between the aggregate request and the data layer.
Decision
	An explicit function: Ramal.aggregate(query, kind, field \\ nil, opts \\ []) for :count, :exists, :sum,
:min, :max, :avg. Inside Ramal.run/2 it reads the query through the patched path (so filter, sort, limit and
offset apply as the query says) and computes the value in Elixir (Ramal.Aggregate, pure). Outside a branch it calls
the matching Ash function, so one call site works in both places.
	SQL semantics for the edges: nil values are skipped, :sum, :min, :max and :avg of no values are nil,
:sum of decimals is a Decimal, :avg is a float (Ash types it :float), :min and :max order through
the runtime sort in Ash.Actions.Sort.
	Attributes only: field must be an attribute of the resource; anything else raises ArgumentError in and out of a
branch. Aggregates and calculations declared on the resource stay unpatched and keep emitting
[:ramal, :read, :unpatched_aggregate].
	Not a data-layer wrapper and not a query rewrite: that would reimplement Ash's aggregate engine and break on its next
release.

Consequences
	The answer is exact for the branch and costs a read of every matching row. It is not a replacement for the database's
aggregate on a large table; no speed claim is made (see bench/, issue #25).
	Reading through the patched path also fingerprints the base rows it returns, so an aggregate adds those rows to the
merge staleness check, like any read.
	first, list and custom aggregate kinds are not covered.
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    0012. Proposals are a branch status and a field

Status: accepted, 2026-10-22. Issue: #24.
Context
ROADMAP 0.2 sketched Ramal.propose/2 as "a branch becomes a proposal record (ramal_proposals) that someone approves
(which merges) or rejects (which discards), with the diff and the staleness check stored at decision time". A proposal
has exactly one branch, and a branch has at most one proposal. The decision has to be recorded in the same step that
marks the branch merged, or a crash between the two leaves an approved proposal whose branch is still open.
Decision
	No new table, no new storage callbacks. Ramal.Branch gets two statuses, :proposed and :rejected, and a
proposal field: %{proposer, reason, proposed_at, decision} with decision nil or %{status, by, reason, at, replayed, stale}. Ramal.Storage.Codec stores it in the existing state document (written field by field, no new
atoms, actors without their sensitive attributes as in ADR 0010); the status column gains two values. State version
stays 1: a branch stored by 0.1.0 has no "proposal" key and loads with nil.
	propose/2 freezes an open branch: Server.propose/2 applies the change and persists before replying. A proposed
branch is not open, so reads, writes, forks, merges and a second proposal return :not_open; diff/1, get/1 and
list/2 keep working.
	approve/2 is Ramal.Merge.run on a :proposed branch (the merge claim takes the status it expects). The
decision, with the replay count and the stale rows the merge let through, is added by the same server call that marks
the branch :merged, so the two cannot be separated. Failure leaves the branch :proposed.
	reject/2 records the decision, sets :rejected, persists and stops the process. Overlay and log stay, because the
rejected diff is the audit trail; discard/1 does not apply to it.
	Withdrawing is discard/1 on a proposed branch.
	Authorization is the host's. :decided_by is recorded, never checked. Ramal has no notion of a user, and a check
callback would be a plugin point with no second use.
	The diff is not copied. A proposed, merged or rejected branch is frozen, so diff/1 of the stored branch is the
diff at decision time. (After a merge, diff/1 compares against snapshots taken when the branch wrote, not against
the base as merged.)

Consequences
	Listing pending proposals is list(domain, status: :proposed); there is no separate query, filter by proposer or
pagination. A host that needs them reads the stored branches.
	A rejected branch keeps its overlay and log in storage until the host deletes the row; a discarded one does not.
	Two deciders racing: the merge claim and the process serialize them. The loser gets :not_open.
	"Several approvers" or "request changes" are not modelled. They would be a new ADR with a reason from a real host.
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    0013. Aggregates read only the overlaid rows

Status: accepted, 2026-10-22. Issue: #28. Supersedes the "computed from the patched rows" part of
ADR 0011, whose public function, kinds and edge-case semantics stand.
Context
ADR 0011 answered Ramal.aggregate/4 by reading every matching row through the patched path and aggregating in
Elixir. It is exact and costs a read of the table. The benchmark (issue #25) measured what that does to a search that
scores each state with a sum: 5.7 s for 20 forks of a 20,000-row table, against 0.25 s for a delta-table baseline.
Decision
Inside a branch whose overlay holds rows of the resource, with K the primary keys of those rows:
	The database aggregates the query with not (pk in K) added (Ash.count/2, Ash.sum/3 and the like; :avg asks
for a sum and a count of the non-nil values, so the parts can be joined).
	The branch reads the query restricted to pk in K through the patched path. That returns exactly the branch's
version of the overlaid rows that match the whole query, policy filters included, with destroyed rows gone and
created rows present.
	Ramal.Aggregate.combine/5 joins the two: counts and sums add, exists ors, :min and :max compare through the
runtime sort, :avg is (sum + sum) / (count + count). Composite keys are matched with one disjunct per key.

Without overlay entries for the resource the data layer's answer is exact, so Ash.count/2 and friends are called
directly. The read-every-row path of ADR 0011 stays for a query with a limit, an offset or a distinct, where the
aggregate depends on which rows come first, and for a composite key with more than 500 overlaid rows, where the key
filter would be larger than the read.
Confirmed in Ash 3.37 (lib/ash/actions/aggregate.ex): the aggregate builds its query with Ash.Query.for_read/4, so
the action's policies and preparations apply, but the before_action and after_action hooks that Ramal.Preparation
installs do not run for it. The database part is therefore never patched.
Consequences
	The cost follows the overlay, not the table. The tree-search case of the benchmark is the measurement: 5.7 s before,
0.18 s after, against 0.17 s for the delta baseline (bench/README.md, "Before and after fast aggregates").
	The database's part is not fingerprinted, so an aggregate no longer adds unread rows to the merge staleness check
(ADR 0011 said it did). A branch that only aggregated a row and never read or wrote it does not go stale when that
row changes; its aggregate was true when it was asked. The rows of the overlay are read, and are still checked.
	Two queries instead of one when the overlay is non-empty. For a tiny table and a large overlay the read path would
be cheaper; no switch was added, since nothing measured needs it.
	A property test compares the delta with the read-based answer for every kind over random branches and filters, and
fails if the two ever disagree.
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    0014. Many-to-many join resources

Context
DESIGN open question 3 asked where a many_to_many join resource sits in the overlay and said to test it. The Farm test
domain now has Vet and a join resource HerdVet whose primary key is the pair of foreign keys, so its overlay keys are
tuples. The tests in test/ramal/many_to_many_test.exs cover reads, loads, manage_relationship, diff, merge, forks and
storage, and checked against Ash 3.37 and AshPostgres 2.15.
Decision
A join resource is a resource like any other: it gets overlay entries, log entries, fingerprints and diff rows, with a
tuple key when its primary key has several fields. Nothing in the overlay changes for it. Two fixes came out of the
tests:
	An update that changes no attribute is logged (the overlay keeps the row as it was, and diff/1 leaves it out). Ash
runs managed relationships and hooks for it, and the rows they write are logged as nested?: true because they run
inside the update. Without the outer entry, merge skipped them and dropped the links. Replaying the update re-runs
them. This reverses the consequence recorded in ADR 0005.
	Ramal.Overlay.patch/4 takes a :replace function, and the read preparation uses it to keep the
__lateral_join_source__ of a base row on the overlay record that takes its place. Ash groups the rows of a
many_to_many load by it and drops a row without one, so a destination row updated in the branch used to vanish from
the load.

Two limits stay, documented in DESIGN section 4.1 point 7 and pinned by tests: a many_to_many load does not see links the
branch changed (AshPostgres joins the join table in SQL), and manage_relationship decides from that load, so
:append_and_remove with a link to remove is refused as a bulk action.
Consequences
	Merge replays more entries than before for hosts that run no-op updates; each is a read and an update Ash can skip.
	A host that changes links inside a branch reads them through the join resource, or the join relationship, and writes
them by creating and destroying the join resource directly.
	Making the many_to_many load see links is possible (patch the lateral join in the destination's preparation, or
load the relationship in Elixir) but needs its own design; it is left for a later version.
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    0015. The inspector is a separate project mounted by a router macro in the host's own live_session

Status: accepted, 2026-10-22. Issue: #32.
Context
The roadmap promises an inspector: open and proposed branches as columns, each branch's diff, buttons to fork, merge,
discard, approve and reject, and live updates. Core takes no Phoenix dependency (decision 6), so it lives in its own
package. Two questions shaped it: how a LiveView page gets into a host that already has a LiveView socket and
JavaScript, and how it learns that a branch changed.
Phoenix.LiveDashboard mounts with a router macro that opens a live_session of its own, with its own root layout and
its own compiled JavaScript. That makes it work anywhere, and costs an asset pipeline and a second socket setup.
Decision
	ramal_live/ is a separate Mix project in this repository. It depends on ramal by path and nothing depends on
it. It has its own CI job and its own mix.lock.
	ramal_inspector "/ramal", domain: ..., pubsub: ... expands to one live route and nothing else. It opens no
live_session, sets no root layout and ships no JavaScript or CSS file. The host places it inside its own scope,
pipeline and live_session, so the page uses the host's root layout, socket and JS, and its authentication hooks
apply. The CSS is inline in the page, scoped to a .ramal root.
	The options travel as route metadata. A live route cannot take a per-route session, and the session belongs to
the host's live_session. The page reads its options back with Phoenix.Router.route_info/4 for the URL it was
reached at. A route mounted with plain live fails with a message that names ramal_inspector.
	Live updates are telemetry to PubSub to a read of one branch. RamalLive.Broadcaster, a process the host starts,
attaches handlers for the branch events, [:ramal, :write, :capture] and [:ramal, :merge, :stop], and broadcasts
{:ramal_live, branch_id, event} on a topic per domain. The message carries no row data. The page re-reads only the
branch it names (Ramal.get/1 and Ramal.diff/1, so the page sees what the public API shows), and coalesces a burst
of writes into one read per :debounce window.
	The broadcaster is supervised, not attached by the first page view. Telemetry is node-local and a branch emits
its events whether or not anyone is looking, so a handler attached on first mount would miss every event before it.
A page without a broadcaster says so and works on actions and Reload.
	Authorization is the host's. The inspector can merge and discard. It checks nothing itself; an :actor
option, {module, function} called with the socket, supplies the actor recorded as decided_by and used to replay.
	Merge and approve run in start_async, since they replay a log in a transaction; the other actions are quick and
run in the LiveView. Every destructive action has a server-side confirmation: the second event is accepted only after
the first.

Consequences
	ramal_live needs LiveView 1.1 or later.
	Opening the page loads the process of every branch it shows (Ramal.get/1 does). They unload on idle_timeout.
There is no pagination: a column shows its first 100 changes and counts the rest.
	Several ramal_inspector mounts can share one PubSub and one broadcaster; two broadcasters for one PubSub are refused.
	A host with a strict content security policy must allow the inline <style>.
	Dropped from the first reading of the issue: a route per branch, a propose button, free-text reasons on approve and
reject. Each would be its own decision.
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    0016. Security defaults: fail closed, print nothing a branch holds, read storage defensively

Status: accepted, 2026-10-22. Follow-up to ADR 0010 (stored actors) and ADR 0015 (the inspector).
Context
A review of the library and the inspector found no injection (every SQL value is a bound parameter, the table name is a
constant) and no advisory in any lockfile. It found four places where a default was more permissive than it needed to
be: the inspector printed the values of sensitive? attributes in a diff; it acted with no decider when the host's
:actor function found nobody signed in; inspect/1 of a branch, and so a crash report of its process, printed the raw
input of every captured write; and a malformed state column crashed the caller instead of returning an error.
Decision
	The inspector redacts sensitive? attributes ([redacted] for before and after). The row stays so the reviewer
sees that it changed. Same flag as ADR 0010; no second list.
	A configured :actor that returns nil means nobody is signed in, and the page refuses every action. Without the
option nothing changes: the host has not said the page acts for anyone.
	Ramal.Branch derives Inspect with only: [:id, :name, :domain, :status, :inserted_at]. Ash redacts sensitive
attributes of records but not action input, which the log must keep to replay.
	Ramal.Storage.Codec.decode_state/2 never raises and never echoes stored values. It reports the kind of
exception, rejects a module name that is not shaped like one before it reaches :code.where_is_file/1, and rejects a
stored struct whose module has no __struct__/0.
	CI runs mix hex.audit in the three projects.
	Follow-up, 2026-10-23: the inspector's :actor is required (it was left optional above so that no host broke).
ramal_inspector raises ArgumentError at compile time without it, and the page raises when it opens if the function
does not exist (the module may not be compiled yet when the router is). There is no opt-out: a host with no users
passes a function that returns a constant.
	Follow-up, 2026-10-23: optional limits on creating branches. Ramal.Supervisor takes :max_active_branches (open
and proposed branches per domain) and :branch_rate ({count, milliseconds}: creations per domain per fixed
window); Ramal.branch/2 and Ramal.fork/2 return {:error, %Ramal.Error{reason: :limit_reached}} past either and
emit [:ramal, :limit, :reached]. Both are off by default. Counting uses a new optional Ramal.Storage.count/3
(one query with Postgres, list/3 for a backend without it). Limits are per domain, not per user, and the first is
soft under concurrency: user scoping stays with the host.
	Not changed: the ETS tables stay :public (every branch process writes to them) and branch ids stay the only
capability to a branch. Both are documented in SECURITY.md as the host's boundary.

Consequences
	A ramal_inspector call without :actor stops compiling until it names one. The inspector first ships in 0.2.0, so
no released version is affected.
	A host that turns on a limit must handle :limit_reached from Ramal.branch/2 and Ramal.fork/2; the inspector
already shows any error from a fork on the page.
	An :actor function that legitimately returns nil for a service account must return a value for it instead.
	Debugging a branch in IEx shows less; read branch.log and branch.overlay on purpose.
	The inspector cannot show a sensitive value to someone who needs to review it. They can read it from the record.
	A mount-per-live_session rule remains for inspectors with different audiences: the page reads its options from the
URL the browser joins with, which LiveView checks against the session's view and live_session name only.
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Data branches as BEAM processes.
A branch is a process holding an overlay over an Ash application's data. Inside run/2, reads see the base
data patched with the branch's changes, and writes land in the overlay instead of the data layer. A branch can
be forked, diffed, merged back through the application's own actions, or discarded.
Example
Add Ramal.Supervisor to the application's supervision tree first, then:
{:ok, branch} = Ramal.branch(MyApp.Farm, name: "move herd R7 to paddock L18")

{:ok, herds} = Ramal.run(branch, fn -> Ash.read!(MyApp.Farm.Herd) end)

:ok = Ramal.discard(branch)
Every function that takes a branch also takes its id, and starts the branch process from storage when it is
not running, so callers never need to know whether a branch is in memory.

      


      
        Summary


  
    Types
  


    
      
        branch_or_id()

      


    





  
    Functions
  


    
      
        aggregate(query, kind, field \\ nil, opts \\ [])

      


        Computes an aggregate over the rows a read of query returns. Inside run/2 those rows are the branch's: base rows
patched with the overlay, filtered, sorted and limited as the query says. Outside a branch it is Ash.count/2,
Ash.sum/3 and the like, so the same call works in both places.



    


    
      
        aggregate!(query, kind, field \\ nil, opts \\ [])

      


        Like aggregate/4 but returns the value or raises.



    


    
      
        approve(branch_or_id, opts \\ [])

      


        Approves a proposed branch: merges it exactly as merge/2 would (staleness check, replay through the real actions,
one transaction) and records the decision on the branch: who, why, when, how many entries were replayed and which
stale rows were let through.



    


    
      
        branch(domain, opts \\ [])

      


        Creates an open branch over domain and starts its process.



    


    
      
        current()

      


        The branch the calling process is running in, or nil outside run/2.



    


    
      
        diff(branch_or_id)

      


        The changes a branch holds, as Ramal.Change structs in the order the branch first touched each row.



    


    
      
        discard(branch_or_id)

      


        Discards an open or proposed branch (a proposer withdrawing a proposal): its process stops and its overlay and log are
dropped.



    


    
      
        fork(branch_or_id, opts \\ [])

      


        Forks a branch: a new open branch, with its own process, that starts with the parent's overlay, log and base.



    


    
      
        get(id)

      


        The branch with that id, with its overlay and log as they are now.



    


    
      
        list(domain, opts \\ [])

      


        The branches of domain as last persisted, oldest first.



    


    
      
        merge(branch_or_id, opts \\ [])

      


        Merges a branch into the database by replaying its log through the application's own actions, in one transaction.



    


    
      
        propose(branch_or_id, opts \\ [])

      


        Proposes an open branch for a decision: the branch is frozen (status :proposed, no more reads, writes or forks) and
persisted, with who proposed it and why. Someone with the right to decide then calls approve/2, which merges it, or
reject/2. The proposer can still discard/1 it to withdraw it.



    


    
      
        reject(branch_or_id, opts \\ [])

      


        Rejects a proposed branch: the decision is recorded and persisted, the branch becomes :rejected and its process
stops. The overlay and log are kept so the rejected diff can still be read with get/1 and diff/1; discard/1
does not apply to a rejected branch.



    


    
      
        run(branch_or_id, fun)

      


        Runs fun with the branch as the current branch of the calling process and returns {:ok, result}.



    


    
      
        run!(branch_or_id, fun)

      


        Like run/2 but returns the result and raises Ramal.Error instead of returning an error tuple.
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          @type branch_or_id() :: Ramal.Branch.t() | String.t()


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      aggregate(query, kind, field \\ nil, opts \\ [])



        
          
        

    

  


  

      

          @spec aggregate(
  Ash.Query.t() | module(),
  Ramal.Aggregate.kind(),
  atom() | nil,
  keyword()
) ::
  {:ok, term()} | {:error, Ash.Error.t()}


      


Computes an aggregate over the rows a read of query returns. Inside run/2 those rows are the branch's: base rows
patched with the overlay, filtered, sorted and limited as the query says. Outside a branch it is Ash.count/2,
Ash.sum/3 and the like, so the same call works in both places.
This exists because the aggregates Ash hands to the data layer (Ash.count/2, aggregates do ... end) never see the
overlay. The answer is exact and its cost follows the overlay, not the table: the database aggregates the rows the
overlay does not touch, and the branch reads only the rows it does. A query with a limit, an offset or a
distinct is answered by reading every matching row instead, because the aggregate then depends on which rows come
first. See Ramal.Aggregate.
The rows the database aggregates are not read, so they are not fingerprinted and do not join the merge staleness
check (ADR 0013): a branch that only aggregated a row and never read or wrote it does not go stale when that row
changes.
kind is :count, :exists, :sum, :min, :max or :avg; field is an attribute (not needed for :count and
:exists). opts go to the read: :actor, :authorize?, :tenant, :domain. Returns {:ok, value} or the error
Ash returned. Raises ArgumentError for an unknown kind or a field that is not an attribute, in a branch or not.
Confirmed against Ash 3.37 (lib/ash.ex): Ash.count/2 takes no field, and the others take (query, field, opts).
Example
{:ok, branch} = Ramal.branch(MyApp.Farm)

Ramal.run!(branch, fn ->
  Ash.create!(MyApp.Farm.Herd, %{name: "R10", head: 5})
  {:ok, total} = Ramal.aggregate(MyApp.Farm.Herd, :sum, :head)
  total
  #=> the base total plus 5
end)

  



    

    

  
    
      
    
    
      aggregate!(query, kind, field \\ nil, opts \\ [])



        
          
        

    

  


  

      

          @spec aggregate!(
  Ash.Query.t() | module(),
  Ramal.Aggregate.kind(),
  atom() | nil,
  keyword()
) :: term()


      


Like aggregate/4 but returns the value or raises.
Example
Ramal.run!(branch, fn -> Ramal.aggregate!(MyApp.Farm.Herd, :count) end)

  



    

  
    
      
    
    
      approve(branch_or_id, opts \\ [])



        
          
        

    

  


  

      

          @spec approve(branch_or_id(), keyword()) ::
  {:ok, Ramal.Merge.Result.t()} | {:error, Ramal.Error.t()}


      


Approves a proposed branch: merges it exactly as merge/2 would (staleness check, replay through the real actions,
one transaction) and records the decision on the branch: who, why, when, how many entries were replayed and which
stale rows were let through.
Takes the options of merge/2, so :actor is the actor the replayed actions run as, and two more:
	:decided_by - who approves it, default nil
	:reason - why, a string, default nil

A stale base or a failing replay returns the same errors as merge/2 and leaves the branch :proposed, so the
decider can retry with on_stale: :ignore or reject/2 it. Returns :not_open for a branch that is not proposed.
Example
{:ok, %Ramal.Merge.Result{branch: branch}} =
  Ramal.approve(proposed, decided_by: manager, actor: manager, reason: "checked on site")

branch.proposal.decision.status
#=> :approved

  



    

  
    
      
    
    
      branch(domain, opts \\ [])



        
          
        

    

  


  

      

          @spec branch(module(), keyword()) ::
  {:ok, Ramal.Branch.t()} | {:error, Ramal.Error.t()}


      


Creates an open branch over domain and starts its process.
Options
	:name - a label for people
	:metadata - a map the host uses freely

Returns {:error, %Ramal.Error{reason: :not_started}} when Ramal.Supervisor is not running, and
:no_branchable_resources when no resource of the domain uses Ramal.Resource (or all of them opted out), since
such a branch could never change what a read returns, and :limit_reached when the supervisor's
:max_active_branches or :branch_rate is reached (both off by default, see Ramal.Supervisor).
Example
{:ok, branch} = Ramal.branch(MyApp.Farm, name: "what if", metadata: %{ticket: 42})
branch.status
#=> :open

  



  
    
      
    
    
      current()



        
          
        

    

  


  

      

          @spec current() :: Ramal.Branch.t() | nil


      


The branch the calling process is running in, or nil outside run/2.
Example
Ramal.current()
#=> nil
Ramal.run!(branch, fn -> Ramal.current().id end)
#=> branch.id

  



  
    
      
    
    
      diff(branch_or_id)



        
          
        

    

  


  

      

          @spec diff(branch_or_id()) :: {:ok, [Ramal.Change.t()]} | {:error, Ramal.Error.t()}


      


The changes a branch holds, as Ramal.Change structs in the order the branch first touched each row.
Never queries the database: updated and deleted rows are compared with the copy the branch kept when it first wrote
them. A row the branch changed and then changed back is left out. A fork's diff includes what it inherited.
Example
{:ok, [change]} = Ramal.diff(branch)
change.kind
#=> :updated
change.changes
#=> %{head: {30, 31}}

  



  
    
      
    
    
      discard(branch_or_id)



        
          
        

    

  


  

      

          @spec discard(branch_or_id()) :: :ok | {:error, Ramal.Error.t()}


      


Discards an open or proposed branch (a proposer withdrawing a proposal): its process stops and its overlay and log are
dropped.
The record stays in storage with status :discarded, so list/2 can show it and later calls return
:not_open. Discarding an already discarded branch is a no-op. A merged branch cannot be discarded.
Example
{:ok, branch} = Ramal.branch(MyApp.Farm)
:ok = Ramal.discard(branch)
{:error, %Ramal.Error{reason: :not_open}} = Ramal.run(branch, fn -> :never end)

  



    

  
    
      
    
    
      fork(branch_or_id, opts \\ [])



        
          
        

    

  


  

      

          @spec fork(branch_or_id(), keyword()) ::
  {:ok, Ramal.Branch.t()} | {:error, Ramal.Error.t()}


      


Forks a branch: a new open branch, with its own process, that starts with the parent's overlay, log and base.
The fork sees the parent's changes as of the moment of the fork and nothing after; the parent never sees the fork's.
Both share the same database. metadata.forked_from holds the parent's id. A fork counts against the same limits
as branch/2 (:limit_reached), counted for the parent's domain.
Options
	:name - default: the parent's name
	:metadata - default: the parent's metadata

Example
{:ok, branch} = Ramal.branch(MyApp.Farm)
{:ok, fork} = Ramal.fork(branch, name: "variant")
fork.metadata.forked_from == branch.id
#=> true

  



  
    
      
    
    
      get(id)



        
          
        

    

  


  

      

          @spec get(String.t()) :: {:ok, Ramal.Branch.t()} | {:error, Ramal.Error.t()}


      


The branch with that id, with its overlay and log as they are now.
Example
{:ok, branch} = Ramal.branch(MyApp.Farm)
{:ok, ^branch} = Ramal.get(branch.id)

  



    

  
    
      
    
    
      list(domain, opts \\ [])



        
          
        

    

  


  

      

          @spec list(module(), keyword()) ::
  {:ok, [Ramal.Branch.t()]} | {:error, Ramal.Error.t()}


      


The branches of domain as last persisted, oldest first.
This reads storage and never loads a process, so a branch that is in memory shows the state of its last persist
(its creation, its last unload, or its status change). Use get/1 for the live state.
Options
	:status - only branches with that status (:open, :proposed, :merged, :rejected, :discarded)

Example
{:ok, open} = Ramal.list(MyApp.Farm, status: :open)

  



    

  
    
      
    
    
      merge(branch_or_id, opts \\ [])



        
          
        

    

  


  

      

          @spec merge(branch_or_id(), keyword()) ::
  {:ok, Ramal.Merge.Result.t()} | {:error, Ramal.Error.t()}


      


Merges a branch into the database by replaying its log through the application's own actions, in one transaction.
First every base row the branch read or wrote is compared with what the database holds now; if any changed, the
merge is refused unless on_stale allows it. Then the log is replayed oldest first with real validations and
policies. If anything fails, nothing is written and the branch stays open. On success the branch is :merged, its
process stops, and the result holds what the replay wrote. See Ramal.Merge for the details and the limits.
Options
	:actor - the actor for every replayed action. Default: the actor each write was captured with.
	:authorize? - default true
	:on_stale - :error (default), :ignore, or a function from the stale rows to :continue or :abort
	:mode - only :replay

Example
{:ok, branch} = Ramal.branch(MyApp.Farm)
Ramal.run!(branch, fn -> Ash.update!(herd, %{head: 31}, authorize?: false) end)
{:ok, %Ramal.Merge.Result{replayed: 1}} = Ramal.merge(branch, authorize?: false)

  



    

  
    
      
    
    
      propose(branch_or_id, opts \\ [])



        
          
        

    

  


  

      

          @spec propose(branch_or_id(), keyword()) ::
  {:ok, Ramal.Branch.t()} | {:error, Ramal.Error.t()}


      


Proposes an open branch for a decision: the branch is frozen (status :proposed, no more reads, writes or forks) and
persisted, with who proposed it and why. Someone with the right to decide then calls approve/2, which merges it, or
reject/2. The proposer can still discard/1 it to withdraw it.
Ramal does not decide who may approve: the host checks that before calling approve/2 or reject/2, in its own
policies. The people involved are whatever terms the host passes (a user struct, an id); a record loses its
sensitive? attributes when stored (ADR 0010).
Options
	:proposed_by - who proposes it, default nil
	:reason - why, a string, default nil

Returns {:error, %Ramal.Error{reason: :not_open}} for a branch that is not open, including one already proposed.
List the pending ones with list(domain, status: :proposed); the diff to review is diff/1.
Example
{:ok, branch} = Ramal.branch(MyApp.Farm)
Ramal.run!(branch, fn -> Ash.update!(herd, %{head: 31}, authorize?: false) end)
{:ok, proposed} = Ramal.propose(branch, proposed_by: user, reason: "R7 has 31 head after the count")
proposed.status
#=> :proposed

  



    

  
    
      
    
    
      reject(branch_or_id, opts \\ [])



        
          
        

    

  


  

      

          @spec reject(branch_or_id(), keyword()) ::
  {:ok, Ramal.Branch.t()} | {:error, Ramal.Error.t()}


      


Rejects a proposed branch: the decision is recorded and persisted, the branch becomes :rejected and its process
stops. The overlay and log are kept so the rejected diff can still be read with get/1 and diff/1; discard/1
does not apply to a rejected branch.
Options
	:decided_by - who rejects it, default nil
	:reason - why, a string, default nil

Returns :not_open for a branch that is not proposed.
Example
{:ok, rejected} = Ramal.reject(proposed, decided_by: manager, reason: "count it again")
rejected.status
#=> :rejected
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          @spec run(branch_or_id(), (-> result)) :: {:ok, result} | {:error, Ramal.Error.t()}
when result: term()


      


Runs fun with the branch as the current branch of the calling process and returns {:ok, result}.
The previous state is restored when fun returns and also when it raises, throws or exits. Branches do not nest:
calling run/2 inside another run/2 returns {:error, %Ramal.Error{reason: :nested_branch}} without running
fun. Tasks started inside fun do not inherit the branch; call run/2 inside the task with the same branch.
Returns :not_found for an unknown id and :not_open for a merged or discarded branch.
Creates, updates and destroys inside fun land in the branch instead of the data layer (Ramal.Capture), and the
notifications they produce are dropped unless the resource sets notify_in_branch? true.
Example
{:ok, branch} = Ramal.branch(MyApp.Farm)
{:ok, nil} = Ramal.run(branch, fn -> Ramal.current() && nil end)

  



  
    
      
    
    
      run!(branch_or_id, fun)



        
          
        

    

  


  

      

          @spec run!(branch_or_id(), (-> result)) :: result when result: term()


      


Like run/2 but returns the result and raises Ramal.Error instead of returning an error tuple.
Example
{:ok, branch} = Ramal.branch(MyApp.Farm)
Ramal.run!(branch, fn -> :done end)
#=> :done
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Aggregates for Ramal.aggregate/4: a pure computation over a list of records, and the delta path that uses it.
The aggregates Ash hands to the data layer never see a branch's overlay. Ramal.aggregate/4 therefore answers in
one of two ways:
	delta (the default). Let K be the primary keys in the branch's overlay for the resource. The database
aggregates every matching row except K (delta/5, which is Ash.count/2, Ash.sum/3 and the like with a
key filter added). The branch then reads only the K rows through the patched path, which gives exactly the
branch's version of them, filtered by the whole query. combine/5 joins the two. The cost grows with the size of
the overlay, not with the size of the table. It does not apply when the query has a limit, an offset or a
distinct, because the aggregate then depends on the order of rows the delta does not have.
	read (compute/4). Read every matching row through the patched path and aggregate in Elixir. Exact for any
query, and as expensive as the read.

The kinds follow Ash's: :count (rows), :exists, :sum, :min, :max and :avg. As in SQL, nil values are
skipped, and :sum, :min, :max and :avg of no values are nil. :sum of decimals is a Decimal, :avg is a
float (Ash types it as :float, lib/ash/query/aggregate.ex). :min and :max order values the way a runtime sort
does (the runtime sort in Ash.Actions.Sort), so dates, decimals and strings compare by their type.
Confirmed against Ash 3.37 for the delta path: the aggregate action (lib/ash/actions/aggregate.ex) builds its query with
Ash.Query.for_read/4, so the action's policies and preparations apply, but it does not run the before_action and
after_action hooks that Ramal.Preparation installs. The database part is therefore never patched, which is what
the delta needs. The rows it aggregates are not fingerprinted either, so they do not join the merge staleness check
(ADR 0013).
Example
iex> records = [%{head: 30}, %{head: nil}, %{head: 12}]
iex> Ramal.Aggregate.compute(:sum, :head, records, Ramal.Test.Farm.Herd)
42
iex> Ramal.Aggregate.compute(:count, nil, records, Ramal.Test.Farm.Herd)
3
iex> Ramal.Aggregate.combine(:sum, :head, Ramal.Test.Farm.Herd, 100, [%{head: 30}, %{head: nil}])
130

      


      
        Summary


  
    Types
  


    
      
        kind()

      


        An aggregate kind.



    





  
    Functions
  


    
      
        applies?(query, key_count)

      


        Whether the delta path is valid for query with key_count overlaid rows. A limit, an offset or a distinct make the
aggregate depend on which rows come first, which the delta does not know.



    


    
      
        combine(kind, field, resource, base, rows)

      


        Joins the database's answer for the rows outside the overlay with the branch's rows inside it. base is the
database's value for kind: an integer for :count, a boolean for :exists, the value or nil for :sum, :min
and :max, and {sum, non_nil_count} for :avg. rows are the branch's version of the overlaid rows that match the
query.



    


    
      
        compute(kind, field, records, resource)

      


        Computes kind over records, which are rows of resource. field is the attribute to aggregate; :count and
:exists ignore it. Raises ArgumentError for an unknown kind or a field that is not an attribute of resource.



    


    
      
        delta(query, kind, field, opts, keys)

      


        The delta path of Ramal.aggregate/4: kind over query for a branch whose overlay holds keys (the primary keys
of the overlaid rows of the resource). Returns {:ok, value} or the error Ash returned. opts are the read options
(:actor, :authorize?, :tenant, :domain).



    


    
      
        kinds()

      


        The kinds compute/4 knows.



    


    
      
        validate!(kind, field, resource)

      


        Raises ArgumentError unless kind is known and, for the kinds that read a value, field is an attribute of
resource. Ramal.aggregate/4 calls it before reading so that both of its paths refuse the same input.
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          @type kind() :: :count | :exists | :sum | :min | :max | :avg


      


An aggregate kind.
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          @spec applies?(Ash.Query.t(), non_neg_integer()) :: boolean()


      


Whether the delta path is valid for query with key_count overlaid rows. A limit, an offset or a distinct make the
aggregate depend on which rows come first, which the delta does not know.
Example
iex> Ramal.Aggregate.applies?(Ash.Query.new(Ramal.Test.Farm.Herd), 3)
true
iex> Ramal.Aggregate.applies?(Ash.Query.limit(Ramal.Test.Farm.Herd, 2), 3)
false

  



  
    
      
    
    
      combine(kind, field, resource, base, rows)



        
          
        

    

  


  

      

          @spec combine(kind(), atom() | nil, module(), term(), [map()]) :: term()


      


Joins the database's answer for the rows outside the overlay with the branch's rows inside it. base is the
database's value for kind: an integer for :count, a boolean for :exists, the value or nil for :sum, :min
and :max, and {sum, non_nil_count} for :avg. rows are the branch's version of the overlaid rows that match the
query.
Example
iex> Ramal.Aggregate.combine(:count, nil, Ramal.Test.Farm.Herd, 10, [%{}, %{}])
12
iex> Ramal.Aggregate.combine(:max, :head, Ramal.Test.Farm.Herd, 30, [%{head: 35}])
35
iex> Ramal.Aggregate.combine(:avg, :head, Ramal.Test.Farm.Herd, {60, 2}, [%{head: 30}])
30.0
iex> Ramal.Aggregate.combine(:sum, :head, Ramal.Test.Farm.Herd, nil, [])
nil

  



  
    
      
    
    
      compute(kind, field, records, resource)



        
          
        

    

  


  

      

          @spec compute(kind(), atom() | nil, [map()], module()) :: term()


      


Computes kind over records, which are rows of resource. field is the attribute to aggregate; :count and
:exists ignore it. Raises ArgumentError for an unknown kind or a field that is not an attribute of resource.
Example
iex> Ramal.Aggregate.compute(:max, :head, [%{head: 30}, %{head: 12}], Ramal.Test.Farm.Herd)
30
iex> Ramal.Aggregate.compute(:avg, :head, [%{head: 30}, %{head: 12}], Ramal.Test.Farm.Herd)
21.0
iex> Ramal.Aggregate.compute(:exists, nil, [], Ramal.Test.Farm.Herd)
false

  



  
    
      
    
    
      delta(query, kind, field, opts, keys)



        
          
        

    

  


  

      

          @spec delta(Ash.Query.t(), kind(), atom() | nil, keyword(), [term()]) ::
  {:ok, term()} | {:error, term()}


      


The delta path of Ramal.aggregate/4: kind over query for a branch whose overlay holds keys (the primary keys
of the overlaid rows of the resource). Returns {:ok, value} or the error Ash returned. opts are the read options
(:actor, :authorize?, :tenant, :domain).
Call it only inside Ramal.run/2, and only when applies?/2 is true.

  



  
    
      
    
    
      kinds()



        
          
        

    

  


  

      

          @spec kinds() :: [kind()]


      


The kinds compute/4 knows.
Example
iex> Ramal.Aggregate.kinds()
[:count, :exists, :sum, :min, :max, :avg]

  



  
    
      
    
    
      validate!(kind, field, resource)



        
          
        

    

  


  

      

          @spec validate!(kind(), atom() | nil, module()) :: :ok


      


Raises ArgumentError unless kind is known and, for the kinds that read a value, field is an attribute of
resource. Ramal.aggregate/4 calls it before reading so that both of its paths refuse the same input.
Example
iex> Ramal.Aggregate.validate!(:sum, :head, Ramal.Test.Farm.Herd)
:ok
iex> Ramal.Aggregate.validate!(:count, nil, Ramal.Test.Farm.Herd)
:ok
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Ramal.Branch 
    



      
A branch: the struct a branch process holds and storage persists, plus the pure functions over it.
	id - a UUID string
	name - free text for people
	domain - the Ash domain whose resources the branch covers
	status - :open, :proposed, :merged, :rejected or :discarded
		base - what the branch knows about the base rows it touched, by {resource, key}: `%{fingerprint: hash	nil,
	snapshot: record	nil}`. The fingerprint is taken when a row is first read or written, the snapshot when it is first

written, so diff/2 never queries the database
	overlay - see Ramal.Overlay
	log - the writes the branch captured, newest first so that recording one is O(1); readers use Enum.reverse/1
	inserted_at - when the branch was created
	metadata - a map the host uses freely; Ramal only adds forked_from to a fork
	proposal - nil until Ramal.propose/2; then proposal/0

Nothing here touches a process or storage, so it is tested with plain data.
inspect/1 prints id, name, domain, status and inserted_at only. The log keeps the raw input and the actor of
every captured write, which can hold passwords and tokens, and a crash report prints the state of a branch process.
Example
iex> branch = Ramal.Branch.new(MyApp.Farm, name: "move herd R7", metadata: %{ticket: 42})
iex> {branch.name, branch.status, branch.overlay, branch.metadata}
{"move herd R7", :open, %{}, %{ticket: 42}}
iex> Ramal.Branch.open?(branch)
true

      


      
        Summary


  
    Types
  


    
      
        base_row()

      


        What the branch knows about one base row.



    


    
      
        kind()

      


    


    
      
        log_entry()

      


        A captured write: {action_type, resource, action_name, input, actor, opts, at}. input is the params the action
was called with, opts carries :key (the primary key written), :tenant and :nested? (the write was made by
a hook of another captured action, so replaying that action reproduces it).



    


    
      
        proposal()

      


        A branch's proposal: who proposed it and why, and once decided, how. proposer and by are whatever the host passed
(:proposed_by, :decided_by); stale and replayed are what the approving merge saw.



    


    
      
        ref()

      


    


    
      
        status()

      


    


    
      
        t()

      


    


    
      
        undo()

      


        What put_write/6 replaced, so undo/2 can put it back.



    





  
    Functions
  


    
      
        decide(branch, status, at, details \\ [])

      


        The branch with the decision on its proposal recorded. status is :approved or :rejected; only a rejection
changes the branch's own status (to :rejected), because an approval is followed by the merge that marks it :merged.
details may carry :by, :reason, :replayed and :stale.



    


    
      
        diff(branch, opts \\ [])

      


        The branch's changes as Ramal.Change structs, in the order the log first touched each row.



    


    
      
        discard(branch)

      


        The branch after discard: status :discarded and no overlay, log or base, so a discarded branch costs nothing to keep.



    


    
      
        fork(parent, opts \\ [])

      


        A new open branch that starts as a copy of parent: same domain, overlay, log and base.



    


    
      
        new(domain, opts \\ [])

      


        A new open branch for domain with a fresh id.



    


    
      
        open?(branch)

      


        Whether the branch still accepts reads, writes and merges.



    


    
      
        propose(branch, proposer, reason, at)

      


        The branch after Ramal.propose/2: status :proposed, frozen until someone decides, with the proposal recorded.



    


    
      
        put_fingerprints(branch, fingerprints)

      


        The branch after reading base rows with these fingerprints.



    


    
      
        put_write(branch, kind, ref, record, base_row, entry)

      


        The branch after one captured write.



    


    
      
        undo(branch, undos)

      


        The branch with the writes described by undos taken back, newest write first.



    





      


      
        Types


        


  
    
      
    
    
      base_row()



        
          
        

    

  


  

      

          @type base_row() :: %{fingerprint: non_neg_integer() | nil, snapshot: map() | nil}


      


What the branch knows about one base row.

  



  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() :: :created | :updated | :deleted


      



  



  
    
      
    
    
      log_entry()



        
          
        

    

  


  

      

          @type log_entry() ::
  {Ash.Resource.Actions.action_type(), module(), atom(), map(), term(),
   keyword(), DateTime.t()}


      


A captured write: {action_type, resource, action_name, input, actor, opts, at}. input is the params the action
was called with, opts carries :key (the primary key written), :tenant and :nested? (the write was made by
a hook of another captured action, so replaying that action reproduces it).

  



  
    
      
    
    
      proposal()



        
          
        

    

  


  

      

          @type proposal() :: %{
  proposer: term(),
  reason: String.t() | nil,
  proposed_at: DateTime.t(),
  decision:
    nil
    | %{
        status: :approved | :rejected,
        by: term(),
        reason: String.t() | nil,
        at: DateTime.t(),
        replayed: non_neg_integer() | nil,
        stale: [Ramal.Merge.Result.stale_row()]
      }
}


      


A branch's proposal: who proposed it and why, and once decided, how. proposer and by are whatever the host passed
(:proposed_by, :decided_by); stale and replayed are what the approving merge saw.

  



  
    
      
    
    
      ref()



        
          
        

    

  


  

      

          @type ref() :: Ramal.Overlay.ref()


      



  



  
    
      
    
    
      status()



        
          
        

    

  


  

      

          @type status() :: :open | :proposed | :merged | :rejected | :discarded


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Ramal.Branch{
  base: map(),
  domain: module(),
  id: String.t(),
  inserted_at: DateTime.t(),
  log: list(),
  metadata: map(),
  name: String.t() | nil,
  overlay: Ramal.Overlay.t(),
  proposal: proposal() | nil,
  status: status()
}


      



  



  
    
      
    
    
      undo()



        
          
        

    

  


  

      

          @type undo() :: %{
  ref: ref(),
  overlay: Ramal.Overlay.entry() | :none,
  base: base_row() | :none,
  entry: log_entry()
}


      


What put_write/6 replaced, so undo/2 can put it back.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      decide(branch, status, at, details \\ [])



        
          
        

    

  


  

      

          @spec decide(t(), :approved | :rejected, DateTime.t(), keyword()) :: t()


      


The branch with the decision on its proposal recorded. status is :approved or :rejected; only a rejection
changes the branch's own status (to :rejected), because an approval is followed by the merge that marks it :merged.
details may carry :by, :reason, :replayed and :stale.
Example
iex> branch = Ramal.Branch.new(MyApp.Farm)
iex> branch = Ramal.Branch.propose(branch, nil, nil, ~U[2026-01-01 00:00:00Z])
iex> rejected = Ramal.Branch.decide(branch, :rejected, ~U[2026-01-02 00:00:00Z], by: %{id: 1}, reason: "not now")
iex> {rejected.status, rejected.proposal.decision.status, rejected.proposal.decision.reason}
{:rejected, :rejected, "not now"}

  



    

  
    
      
    
    
      diff(branch, opts \\ [])



        
          
        

    

  


  

      

          @spec diff(t(), keyword()) :: {:ok, [Ramal.Change.t()]} | {:error, Ramal.Error.t()}


      


The branch's changes as Ramal.Change structs, in the order the log first touched each row.
Never reads the database: updated and deleted rows are compared with the snapshot in base. See
Ramal.Overlay.diff/3 for the rules; the options are the same.
Example
iex> branch = Ramal.Branch.new(MyApp.Farm)
iex> entry = fn key -> {:create, MyApp.Herd, :create, %{}, nil, [key: key], ~U[2026-01-01 00:00:00Z]} end
iex> {branch, _} = Ramal.Branch.put_write(branch, :created, {MyApp.Herd, 2}, %{id: 2}, nil, entry.(2))
iex> {branch, _} = Ramal.Branch.put_write(branch, :created, {MyApp.Herd, 1}, %{id: 1}, nil, entry.(1))
iex> {:ok, changes} = Ramal.Branch.diff(branch)
iex> Enum.map(changes, & &1.key)
[2, 1]

  



  
    
      
    
    
      discard(branch)



        
          
        

    

  


  

      

          @spec discard(t()) :: t()


      


The branch after discard: status :discarded and no overlay, log or base, so a discarded branch costs nothing to keep.
Example
iex> branch = Ramal.Branch.new(MyApp.Farm)
iex> branch = %{branch | overlay: %{{MyApp.Herd, 1} => :deleted}}
iex> discarded = Ramal.Branch.discard(branch)
iex> {discarded.status, discarded.overlay}
{:discarded, %{}}

  



    

  
    
      
    
    
      fork(parent, opts \\ [])



        
          
        

    

  


  

      

          @spec fork(t(), keyword()) :: t()


      


A new open branch that starts as a copy of parent: same domain, overlay, log and base.
Overlays, logs and the base are immutable, so the copy shares structure with the parent and neither sees the
other's later changes. metadata gets forked_from: parent.id.
Options
	:name - default: the parent's name
	:metadata - default: the parent's metadata

Example
iex> parent = Ramal.Branch.new(MyApp.Farm, name: "what if")
iex> parent = %{parent | overlay: %{{MyApp.Herd, 1} => :deleted}}
iex> fork = Ramal.Branch.fork(parent, name: "variant")
iex> {fork.name, fork.overlay == parent.overlay, fork.metadata.forked_from == parent.id, fork.id != parent.id}
{"variant", true, true, true}

  



    

  
    
      
    
    
      new(domain, opts \\ [])



        
          
        

    

  


  

      

          @spec new(module(), keyword()) :: t()


      


A new open branch for domain with a fresh id.
Options
	:name - a label for people, default nil
	:metadata - a map for the host, default %{}

Example
iex> branch = Ramal.Branch.new(MyApp.Farm)
iex> {branch.domain, branch.name, branch.log}
{MyApp.Farm, nil, []}

  



  
    
      
    
    
      open?(branch)



        
          
        

    

  


  

      

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


      


Whether the branch still accepts reads, writes and merges.
Example
iex> Ramal.Branch.open?(%Ramal.Branch{id: "b", domain: MyApp.Farm, inserted_at: DateTime.utc_now(), status: :merged})
false

  



  
    
      
    
    
      propose(branch, proposer, reason, at)



        
          
        

    

  


  

      

          @spec propose(t(), term(), String.t() | nil, DateTime.t()) :: t()


      


The branch after Ramal.propose/2: status :proposed, frozen until someone decides, with the proposal recorded.
Example
iex> branch = Ramal.Branch.new(MyApp.Farm)
iex> proposed = Ramal.Branch.propose(branch, %{id: 7}, "move R7 before the rain", ~U[2026-01-01 00:00:00Z])
iex> {proposed.status, proposed.proposal.proposer, proposed.proposal.reason, proposed.proposal.decision}
{:proposed, %{id: 7}, "move R7 before the rain", nil}

  



  
    
      
    
    
      put_fingerprints(branch, fingerprints)



        
          
        

    

  


  

      

          @spec put_fingerprints(t(), %{optional(ref()) => non_neg_integer()}) :: t()


      


The branch after reading base rows with these fingerprints.
A row the branch already knows keeps its first fingerprint: staleness is measured from the first touch.
Example
iex> branch = Ramal.Branch.new(MyApp.Farm)
iex> branch = Ramal.Branch.put_fingerprints(branch, %{{MyApp.Herd, 1} => 7})
iex> branch = Ramal.Branch.put_fingerprints(branch, %{{MyApp.Herd, 1} => 8})
iex> branch.base
%{{MyApp.Herd, 1} => %{fingerprint: 7, snapshot: nil}}

  



  
    
      
    
    
      put_write(branch, kind, ref, record, base_row, entry)



        
          
        

    

  


  

      

          @spec put_write(t(), kind(), ref(), map(), base_row() | nil, log_entry()) ::
  {t(), undo()}


      


The branch after one captured write.
kind says what the write did to the row ref, record is the row as the action left it, and base_row is the
row as the action found it (nil for a created row). The first time the branch writes an existing row, its snapshot
goes into base, keeping a fingerprint taken by an earlier read if there is one. entry is prepended to the log.
Returns the new branch and an undo that undo/2 uses to take the write back when the action that made it fails.
Example
iex> branch = Ramal.Branch.new(MyApp.Farm)
iex> entry = {:update, MyApp.Herd, :update, %{name: "b"}, nil, [key: 1], ~U[2026-01-01 00:00:00Z]}
iex> before = %{fingerprint: 7, snapshot: %{id: 1, name: "a"}}
iex> {branch, _undo} = Ramal.Branch.put_write(branch, :updated, {MyApp.Herd, 1}, %{id: 1, name: "b"}, before, entry)
iex> {branch.overlay, branch.base, length(branch.log)}
{%{{MyApp.Herd, 1} => {:updated, %{id: 1, name: "b"}}}, %{{MyApp.Herd, 1} => %{fingerprint: 7, snapshot: %{id: 1, name: "a"}}}, 1}

  



  
    
      
    
    
      undo(branch, undos)



        
          
        

    

  


  

      

          @spec undo(t(), [undo()]) :: t()


      


The branch with the writes described by undos taken back, newest write first.
Only the refs and log entries the undos name are touched, so a write another process made in the meantime stays.
Example
iex> branch = Ramal.Branch.new(MyApp.Farm)
iex> entry = {:destroy, MyApp.Herd, :destroy, %{}, nil, [key: 1], ~U[2026-01-01 00:00:00Z]}
iex> {written, undo} = Ramal.Branch.put_write(branch, :deleted, {MyApp.Herd, 1}, %{id: 1}, %{id: 1}, entry)
iex> Ramal.Branch.undo(written, [undo]) == branch
true
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Ramal.Capture 
    



      
The change Ramal.Resource installs on every create, update and destroy action.
Inside Ramal.run/2 it replaces "write this row to the data layer" with "put this row in the branch's overlay".
Everything else about the action still happens: argument casting, validations, policies, defaults, timestamps and
the action's own before_action and after_action hooks. Outside a branch it does nothing.
What the action returns is what the action would have returned: a created or updated record, or the destroyed one.
The write is also appended to the branch log so that Ramal.merge/2 can replay the action later.
How it works, confirmed against Ash 3.37 (lib/ash/changeset/changeset.ex and lib/ash/actions/*):
	Ash.Changeset.around_action/3 wraps the before-action hooks, the data-layer call and the after-action hooks.
The around hook adds one more before_action, so that it is the last of them and sees the changeset as every
other hook left it.
	That hook builds the record with Ash.Changeset.apply_attributes/2, which also applies defaults, and calls
Ash.Changeset.set_result/2. The create, update and destroy actions skip the data layer when a result is set
and carry on with relationship management and the after-action hooks.
	An update runs fully_atomic_changeset first and, when it succeeds, updates the row in the database without
calling any hook. atomic/3 therefore reports {:not_atomic, reason} while a branch is current, and
the resource transformer sets require_atomic? false so Ash falls back to the path above.
	Bulk actions call the data layer directly and never look at the result, so they are refused. Upserts too:
the branch cannot know whether the row exists in the base.

A failed action leaves the branch as it found it: the writes of the action and of the actions its hooks ran are
taken back. A write made by a hook of another captured action is logged with nested?: true, because replaying the
outer action runs the hook again.
Example
{:ok, branch} = Ramal.branch(MyApp.Farm)

Ramal.run!(branch, fn ->
  herd = Ash.create!(MyApp.Farm.Herd, %{name: "R7", head: 40})
  Ash.destroy!(herd)
end)
# The database was not written; the branch log holds the create and the destroy.
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Ramal.Change 
    



      
One row-level difference between a branch and its base, as Ramal.diff/1 returns it.
kind says whether the branch created, updated or deleted the row. changes maps attribute names to
{before, after}: for a created row every before is nil, for a deleted row every after is nil, and for an
updated row only the attributes whose value differs appear.
Example
iex> %Ramal.Change{
...>   resource: MyApp.Herd,
...>   key: "R7",
...>   kind: :updated,
...>   changes: %{paddock_id: {"L07", "L18"}}
...> }.changes
%{paddock_id: {"L07", "L18"}}
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          @type kind() :: :created | :updated | :deleted


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Ramal.Change{
  changes: %{optional(atom()) => {before :: term(), after_value :: term()}},
  key: term(),
  kind: kind(),
  resource: module()
}
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Ramal.Merge 
    



      
Merges a branch into the base: checks that the base did not move under the branch, then replays the branch's log
through the application's real actions inside one transaction.
Ramal.merge/2 is the public entry point. The steps, in order:
	The branch process is claimed, which fails unless the branch is open and not already being merged. While it is
claimed the process refuses writes, reads of its slice, discards and a second merge.
	Every base row the branch fingerprinted is read again, locked (FOR UPDATE) where the data layer supports it,
and compared. A row that is gone or whose fingerprint differs is stale. on_stale decides what happens.
	The log is replayed oldest first with no branch current, so every action runs for real: validations and
policies see the base as it is now. Entries marked nested? are skipped, because replaying the action that
wrote them runs their hook again.
	On success the branch is marked :merged, persisted, and its process stops. On any failure the transaction is
rolled back and the branch stays open.

Rows a replayed create writes keep the primary key they had in the branch (the key is forced onto the changeset), so
later log entries and the branch's own diff still name the right rows.
Options
	:actor - the actor for every replayed action. Default: the actor each entry was recorded with.
	:authorize? - default true
	:on_stale - :error (default), :ignore, or a function from the stale rows to :continue or :abort
	:mode - only :replay

Data layers that cannot run transactions, such as Ash.DataLayer.Ets, cannot roll a failed replay back. The staleness
check still runs before the first write, so a stale base writes nothing. A replayed action that fails after earlier
entries were written leaves those writes in place, the branch stays open, and the :merge_failed error lists the
resources in details.not_rolled_back. Ash.transact/3 runs the function as it is for such a data layer and returns
its {:error, _} inside {:ok, _}, which the merge unwraps.
Known limits, documented in docs/adr/0007-merge.md: tenants are refused inside a branch (ADR 0009), so the staleness check has none, a top-level action
that targets a row created by a hook cannot be replayed, and changes made with Ash.Changeset.change_attribute/3
outside the action's own inputs are not in the log.
Example
{:ok, %Ramal.Merge.Result{replayed: 1}} = Ramal.merge(branch, actor: current_user)
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        run(id, opts \\ [])

      


        Merges the branch with id. See the module doc for the steps and the options.
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          @spec run(String.t(), keyword()) ::
  {:ok, Ramal.Merge.Result.t()} | {:error, Ramal.Error.t()}


      


Merges the branch with id. See the module doc for the steps and the options.
Returns {:error, %Ramal.Error{reason: :stale}} with the stale rows in details.rows, :merge_failed with the log
index, resource, action, Ash error and not_rolled_back resources in details when a replayed action fails,
:not_open for a merged, discarded or already-merging branch, and :nested_branch when called inside Ramal.run/2.
Example
{:error, %Ramal.Error{reason: :stale, details: %{rows: rows}}} = Ramal.merge(branch)
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Ramal.Merge.Result 
    



      
What Ramal.merge/2 returns on success.
	branch - the branch, now with status :merged
	records - what the replay wrote, keyed like an overlay (Ramal.Overlay): {:created, record},
{:updated, record} or :deleted per {resource, key}, with the records as the real actions returned them
	replayed - how many log entries were replayed; entries written by a hook of another action are not counted,
because replaying that action ran the hook again
	stale - the rows that had changed under the branch and that on_stale let through, each
%{resource: module, key: term, reason: :changed | :deleted}

Example
%Ramal.Merge.Result{replayed: 2, stale: []} = result
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          @type stale_row() :: %{resource: module(), key: term(), reason: :changed | :deleted}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Ramal.Merge.Result{
  branch: Ramal.Branch.t(),
  records: Ramal.Overlay.t(),
  replayed: non_neg_integer(),
  stale: [stale_row()]
}
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Ramal.Overlay 
    



      
The overlay: what a branch changed, as a plain map.
Keys are {resource, key} pairs, called refs here, where key is the row's primary key. Values are
{:created, record}, {:updated, record} or :deleted. The record is whatever the caller stores, normally the
full Ash struct as the action left it.
Everything in this module is a pure function over maps and lists. It never calls Ash, so it is tested with plain
maps. The pieces that need Ash (running the filter, sorting by Ash expressions, listing attributes) arrive as
functions from the caller.
How entries combine
The overlay only records the net effect on the base, so putting a second entry for a ref follows these rules:
	existing	put_created	put_updated	put_deleted
	none	:created	:updated	:deleted
	:created	:created (replaced)	:created (record replaced)	no entry: the base never had the row
	:updated	:updated	:updated	:deleted
	:deleted	:updated: the base row is replaced	:updated	:deleted

A :deleted entry therefore always means the base had the row. Rejecting a duplicate primary key or an update of
a missing row is the write layer's job (the data layer would do it on the real base); the overlay does not police it.
Example
iex> ref = {MyApp.Herd, "R7"}
iex> overlay = Ramal.Overlay.new() |> Ramal.Overlay.put_updated(ref, %{id: "R7", name: "R7b"})
iex> Ramal.Overlay.slice(overlay, MyApp.Herd)
%{"R7" => {:updated, %{id: "R7", name: "R7b"}}}
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        record()

      


    


    
      
        ref()

      


    


    
      
        resource()

      


    


    
      
        slice()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        diff(overlay, base, opts \\ [])

      


        The overlay as a list of Ramal.Change structs, computed against the base rows as the branch first saw them.



    


    
      
        merge_into(overlay, other)

      


        Applies other's entries on top of overlay, as if each had been put in turn.



    


    
      
        new()

      


        An empty overlay.



    


    
      
        patch(base_rows, slice, predicate, opts)

      


        Applies a resource's overlay slice to the rows the base returned for a query.



    


    
      
        put_created(overlay, ref, record)

      


        Records that the branch created the row ref with record.



    


    
      
        put_deleted(overlay, ref)

      


        Records that the branch deleted the row ref.



    


    
      
        put_updated(overlay, ref, record)

      


        Records that the branch updated the row ref; record is the row as the update left it.



    


    
      
        slice(overlay, resource)

      


        The entries for one resource, keyed by primary key.
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          @type entry() :: {:created, record()} | {:updated, record()} | :deleted
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          @type key() :: term()
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          @type record() :: map()
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          @type ref() :: {resource(), key()}
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          @type resource() :: module()
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          @type slice() :: %{optional(key()) => entry()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{optional(ref()) => entry()}
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      diff(overlay, base, opts \\ [])



        
          
        

    

  


  

      

          @spec diff(t(), %{optional(ref()) => record()}, keyword()) ::
  {:ok, [Ramal.Change.t()]} | {:error, Ramal.Error.t()}


      


The overlay as a list of Ramal.Change structs, computed against the base rows as the branch first saw them.
base maps each ref the branch touched on an existing row to that row's snapshot. It never queries anything: the
snapshot is what the branch kept at first touch. Created rows need no snapshot. Rows whose updates netted out to
no difference are left out.
The result is sorted by ref so it is deterministic. The overlay is a map and does not remember the order of writes;
Ramal.diff/1 orders changes by the branch log.
Returns {:error, %Ramal.Error{reason: :missing_snapshot}} when an updated or deleted entry has no snapshot, which
means the write layer forgot to record one.
Options
	:attributes - a function from a record to a %{atom => value} map. Defaults to the record's own keys without
the __meta__-style ones. The Ash-aware caller passes one built from the resource's attributes.

Example
iex> overlay = %{{MyApp.Herd, 1} => {:updated, %{id: 1, name: "b"}}}
iex> base = %{{MyApp.Herd, 1} => %{id: 1, name: "a"}}
iex> {:ok, [change]} = Ramal.Overlay.diff(overlay, base)
iex> {change.kind, change.changes}
{:updated, %{name: {"a", "b"}}}

  



  
    
      
    
    
      merge_into(overlay, other)



        
          
        

    

  


  

      

          @spec merge_into(t(), t()) :: t()


      


Applies other's entries on top of overlay, as if each had been put in turn.
Forking uses it: a fork starts as merge_into(new(), parent). Because overlays are immutable maps, the fork and
the parent never see each other's later changes. The combination rules are the ones in the module doc, so merging
a :deleted entry over a :created one removes the row from the result.
Example
iex> parent = %{{MyApp.Herd, 1} => {:created, %{id: 1}}}
iex> Ramal.Overlay.merge_into(Ramal.Overlay.new(), parent) == parent
true
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          @spec new() :: t()


      


An empty overlay.
Example
iex> Ramal.Overlay.new()
%{}

  



  
    
      
    
    
      patch(base_rows, slice, predicate, opts)



        
          
        

    

  


  

      

          @spec patch([record()], slice(), (record() -> as_boolean(term())), keyword()) :: [
  record()
]


      


Applies a resource's overlay slice to the rows the base returned for a query.
base_rows are the rows the data layer returned for the query's filter, without limit and offset. The result is
what the same query would return on a base that already held the branch's changes:
	a base row whose key is :deleted in the slice is dropped;
	a base row whose key is :updated is replaced by the overlay record, or dropped when that record no longer
satisfies predicate;
	an overlay record the base did not return is added when it satisfies predicate. This covers created rows and
updated rows that only match the filter after the update;
	the rows are sorted, then offset and limit are applied. Doing that last is what lets a row created in the
branch appear in a limited query.

predicate is called only on overlay records, since the base already applied the filter to its own rows. Callers
evaluate the query's filter in it, for example with Ash.Filter.Runtime.
Options
	:key (required) - a function returning the primary key of a row, the same keys the slice uses
	:sort - a comparator (a, b -> boolean) as Enum.sort/2 takes it; return true when a goes before or
equal to b, which keeps the sort stable. Without it, base order is kept and added rows follow in key order
	:offset - rows to skip after sorting, default 0
	:limit - the maximum number of rows, default no limit
	:replace - a function (base_row, overlay_record -> record) that builds the row that takes a base row's place,
for state the base row carries and the overlay record cannot, default the overlay record itself

Example
iex> base = [%{id: 1, n: 10}, %{id: 2, n: 20}]
iex> slice = %{2 => :deleted, 3 => {:created, %{id: 3, n: 30}}}
iex> Ramal.Overlay.patch(base, slice, fn _ -> true end, key: & &1.id, sort: &(&1.n >= &2.n), limit: 2)
[%{id: 3, n: 30}, %{id: 1, n: 10}]

  



  
    
      
    
    
      put_created(overlay, ref, record)



        
          
        

    

  


  

      

          @spec put_created(t(), ref(), record()) :: t()


      


Records that the branch created the row ref with record.
See the table in the module doc for how it combines with an existing entry.
Example
iex> Ramal.Overlay.put_created(%{}, {MyApp.Herd, 1}, %{id: 1})
%{{MyApp.Herd, 1} => {:created, %{id: 1}}}

  



  
    
      
    
    
      put_deleted(overlay, ref)



        
          
        

    

  


  

      

          @spec put_deleted(t(), ref()) :: t()


      


Records that the branch deleted the row ref.
Deleting a row the branch itself created removes the entry: the base never had that row, so there is nothing to hide.
Example
iex> overlay = Ramal.Overlay.put_deleted(%{}, {MyApp.Herd, 1})
iex> overlay
%{{MyApp.Herd, 1} => :deleted}
iex> overlay |> Ramal.Overlay.put_created({MyApp.Herd, 2}, %{id: 2}) |> Ramal.Overlay.put_deleted({MyApp.Herd, 2})
%{{MyApp.Herd, 1} => :deleted}

  



  
    
      
    
    
      put_updated(overlay, ref, record)



        
          
        

    

  


  

      

          @spec put_updated(t(), ref(), record()) :: t()


      


Records that the branch updated the row ref; record is the row as the update left it.
A row the branch created stays :created, with the new record.
Example
iex> overlay = Ramal.Overlay.put_created(%{}, {MyApp.Herd, 1}, %{id: 1, v: 1})
iex> Ramal.Overlay.put_updated(overlay, {MyApp.Herd, 1}, %{id: 1, v: 2})
%{{MyApp.Herd, 1} => {:created, %{id: 1, v: 2}}}

  



  
    
      
    
    
      slice(overlay, resource)



        
          
        

    

  


  

      

          @spec slice(t(), resource()) :: slice()


      


The entries for one resource, keyed by primary key.
Example
iex> overlay = %{{MyApp.Herd, 1} => :deleted, {MyApp.Paddock, 9} => {:created, %{id: 9}}}
iex> Ramal.Overlay.slice(overlay, MyApp.Herd)
%{1 => :deleted}
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The read preparation Ramal.Resource installs on every read action.
Inside Ramal.run/2 it makes a read see the base data patched with the branch's overlay. Outside a branch it
returns the query untouched, so the action behaves as if the extension were absent.
How it works, confirmed against Ash 3.37 (lib/ash/actions/read/read.ex):
	Ash.Query.before_action/2 hooks run after all preparations and before the data-layer query is built, so a hook
there can still remove limit and offset. The base query keeps its filter, so Postgres still narrows the rows.
	Ash.Query.after_action/2 hooks receive the base rows after the data layer and before relationship loads,
runtime calculations and the not-found check of Ash.get/3. Patching there means loads, calculations and
Ash.get/3 all see the patched rows.
	A relationship load runs a read on the related resource through its own preparation, in a task that does not
inherit the process dictionary. The branch id therefore also travels in the query's shared context, which
Ash copies into related queries (lib/ash/actions/read/relationships.ex).
	Filters are evaluated on overlay records with Ash.Filter.Runtime.filter_matches/4 and sorting uses
Ash.Actions.Sort.runtime_sort/3.

Every base row the read returns is also fingerprinted (Ramal.Resource.fingerprint/1) for the staleness check at
merge time, unless the query selected only some attributes.
Known limits in 0.1, documented rather than hidden:
	aggregates and calculations the data layer computes do not see the overlay; reading one emits
[:ramal, :read, :unpatched_aggregate]. Ramal.aggregate/4 is the exact alternative for the common kinds;
	overlay records are added without running the action's authorize_results checks, though the query's filter,
including any policy filter, is applied to them;
	paginated reads (page:) are paged by the database and patched afterwards, so pages can be short or miss rows
created in the branch, and count is the database's.

Example
# With a branch current, the same call returns rows created in the branch.
Ramal.run!(branch, fn -> Ash.read!(MyApp.Farm.Herd) end)
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        init(opts)

      


        Callback implementation for Ash.Resource.Preparation.init/1.



    


    
      
        supports(opts)

      


        Callback implementation for Ash.Resource.Preparation.supports/1.



    


    
      
        temporal_safe?(opts)

      


        Callback implementation for Ash.Resource.Preparation.temporal_safe?/1.
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Callback implementation for Ash.Resource.Preparation.init/1.
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Callback implementation for Ash.Resource.Preparation.supports/1.
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Callback implementation for Ash.Resource.Preparation.temporal_safe?/1.
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The Spark extension that makes an Ash resource branchable.
Add it to a resource and every read action of that resource is patched with the current branch's changes:
defmodule MyApp.Farm.Herd do
  use Ash.Resource,
    domain: MyApp.Farm,
    data_layer: AshPostgres.DataLayer,
    extensions: [Ramal.Resource]

  # ...
end
A resource opts out with a ramal section. A table that must never be branched, such as the one Ramal stores
branches in, should do so:
ramal do
  branchable? false
end
The extension only installs hooks. They do nothing unless the calling process is inside Ramal.run/2, so a
resource behaves exactly as before outside a branch.
What the transformer installs, confirmed against the locked Ash 3.37 source:
	a global preparation, appended with Ash.Resource.Builder.add_preparation/2, which Ash applies to every read
action of the resource;
	a global change, Ramal.Capture, appended with Ash.Resource.Builder.add_change/3 for create, update and
destroy actions;
	require_atomic? false on update and destroy actions, so that Ash can fall back from its atomic path (which
goes straight to the data layer) to the one Ramal.Capture hooks into when a branch is current. See
docs/adr/0005-write-capture.md.

Example
iex> Ramal.Resource.branchable?(Ramal.Test.Farm.Herd)
true
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    Functions
  


    
      
        attributes(record)

      


        The attribute values of an Ash record as a plain map, leaving out relationships, calculations, aggregates and any
attribute that was not loaded (a read with select leaves the others as %Ash.NotLoaded{}).



    


    
      
        branchable?(resource)

      


        Whether resource uses Ramal.Resource and has not opted out with branchable? false.



    


    
      
        branchable_resources(domain)

      


        The resources of domain that are branchable.



    


    
      
        ensure_untenanted(resource, tenant)

      


        Refuses a tenant: {:error, %Ramal.Error{reason: :multitenancy_unsupported}} when resource uses multitenancy and
tenant is set, :ok otherwise.



    


    
      
        fingerprint(record)

      


        The fingerprint of a record: :erlang.phash2/1 of its attributes, or nil when some attribute is not loaded,
because a hash of part of a row cannot be compared with a hash of the whole row.



    


    
      
        key(resource, record)

      


        The overlay key of record: the value of its primary key attribute, or a tuple of the values for a composite key.



    


    
      
        notify_in_branch?(resource)

      


        Whether notifications for writes to resource made inside a branch are sent when Ramal.run/2 returns.



    


    
      
        ramal(body)
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      attributes(record)



        
          
        

    

  


  

      

          @spec attributes(struct()) :: %{optional(atom()) => term()}


      


The attribute values of an Ash record as a plain map, leaving out relationships, calculations, aggregates and any
attribute that was not loaded (a read with select leaves the others as %Ash.NotLoaded{}).
Example
iex> herd = struct(Ramal.Test.Farm.Herd, id: "r7", name: "R7", head: 30)
iex> Ramal.Resource.attributes(herd) |> Map.take([:id, :name, :head])
%{id: "r7", name: "R7", head: 30}

  



  
    
      
    
    
      branchable?(resource)



        
          
        

    

  


  

      

          @spec branchable?(module()) :: boolean()


      


Whether resource uses Ramal.Resource and has not opted out with branchable? false.
Example
iex> Ramal.Resource.branchable?(Ramal.Test.Farm.Herd)
true

  



  
    
      
    
    
      branchable_resources(domain)



        
          
        

    

  


  

      

          @spec branchable_resources(module()) :: [module()]


      


The resources of domain that are branchable.
Example
iex> Ramal.Resource.branchable_resources(Ramal.Test.Farm) |> Enum.sort()
[
  Ramal.Test.Farm.Herd,
  Ramal.Test.Farm.HerdVet,
  Ramal.Test.Farm.Move,
  Ramal.Test.Farm.Paddock,
  Ramal.Test.Farm.Vet
]

  



  
    
      
    
    
      ensure_untenanted(resource, tenant)



        
          
        

    

  


  

      

          @spec ensure_untenanted(module(), term()) :: :ok | {:error, Ramal.Error.t()}


      


Refuses a tenant: {:error, %Ramal.Error{reason: :multitenancy_unsupported}} when resource uses multitenancy and
tenant is set, :ok otherwise.
The overlay is keyed by {resource, primary key}, so two tenants' rows would share one entry, and the staleness read
of Ramal.merge/2 has no tenant to read with (docs/adr/0009-multitenancy-refused.md). A resource that is
multitenant but global? true can still be used without a tenant.
Example
iex> Ramal.Resource.ensure_untenanted(Ramal.Test.Farm.Herd, "acme")
:ok
iex> {:error, error} = Ramal.Resource.ensure_untenanted(Ramal.Test.Tenanted.Task, "acme")
iex> error.reason
:multitenancy_unsupported

  



  
    
      
    
    
      fingerprint(record)



        
          
        

    

  


  

      

          @spec fingerprint(struct()) :: non_neg_integer() | nil


      


The fingerprint of a record: :erlang.phash2/1 of its attributes, or nil when some attribute is not loaded,
because a hash of part of a row cannot be compared with a hash of the whole row.
Example
iex> a = struct(Ramal.Test.Farm.Herd, id: "r7", name: "R7", head: 30)
iex> b = struct(Ramal.Test.Farm.Herd, id: "r7", name: "R7", head: 31)
iex> Ramal.Resource.fingerprint(a) == Ramal.Resource.fingerprint(a)
true
iex> Ramal.Resource.fingerprint(a) == Ramal.Resource.fingerprint(b)
false
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          @spec key(module(), map()) :: term()


      


The overlay key of record: the value of its primary key attribute, or a tuple of the values for a composite key.
Example
iex> Ramal.Resource.key(Ramal.Test.Farm.Herd, %{id: "r7"})
"r7"

  



  
    
      
    
    
      notify_in_branch?(resource)



        
          
        

    

  


  

      

          @spec notify_in_branch?(module()) :: boolean()


      


Whether notifications for writes to resource made inside a branch are sent when Ramal.run/2 returns.
Example
iex> Ramal.Resource.notify_in_branch?(Ramal.Test.Farm.Herd)
false

  



  
    
      
    
    
      ramal(body)


        (macro)


        
          
        

    

  


  


  


        

      


  

  
    
    Ramal.Storage - Ramal v0.2.0
    
    

    


  
  

    
Ramal.Storage behaviour
    



      
Where branches are kept while no process holds them.
A branch process persists its state here when it unloads (after idle_timeout), when the supervisor shuts down,
and when a branch is created, merged or discarded. Writes between two of those moments live only in the process.
The process loads from here on demand, so the host never needs to know whether a branch is in memory.
Every callback receives the storage config as its last argument: whatever options were given to Ramal.Supervisor
(the Postgres backend reads :repo from it). Implementations return {:error, %Ramal.Error{reason: :storage}} for
failures of the backend itself.
	backend	where	lifetime
	Ramal.Storage.ETS	an ETS table owned by Ramal.Supervisor	until the supervisor stops
	Ramal.Storage.Postgres	the ramal_branches table	durable

Example
iex> Ramal.Storage.ETS in [Ramal.Storage.ETS, Ramal.Storage.Postgres]
true
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        config()

      


    





  
    Callbacks
  


    
      
        count(domain, statuses, config)

      


        How many branches of a domain have one of the statuses, without loading them.



    


    
      
        delete(id, config)

      


        Removes the branch. Removing a missing id is not an error.



    


    
      
        fetch(id, config)

      


        The branch with that id, or {:error, %Ramal.Error{reason: :not_found}}.



    


    
      
        list(domain, filters, config)

      


        The branches of a domain, optionally filtered by status:, oldest first.



    


    
      
        put(t, config)

      


        Stores the branch, replacing any earlier copy with the same id.
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          @type config() :: keyword()
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      count(domain, statuses, config)


        (optional)


        
          
        

    

  


  

      

          @callback count(domain :: module(), statuses :: [Ramal.Branch.status()], config()) ::
  {:ok, non_neg_integer()} | {:error, Ramal.Error.t()}


      


How many branches of a domain have one of the statuses, without loading them.
Optional. Ramal.Supervisor's :max_active_branches limit calls it before every branch is created; a backend that
does not define it is counted with list/3, which reads every stored branch of the domain.

  



  
    
      
    
    
      delete(id, config)



        
          
        

    

  


  

      

          @callback delete(id :: String.t(), config()) :: :ok | {:error, Ramal.Error.t()}


      


Removes the branch. Removing a missing id is not an error.

  



  
    
      
    
    
      fetch(id, config)



        
          
        

    

  


  

      

          @callback fetch(id :: String.t(), config()) ::
  {:ok, Ramal.Branch.t()} | {:error, Ramal.Error.t()}


      


The branch with that id, or {:error, %Ramal.Error{reason: :not_found}}.

  



  
    
      
    
    
      list(domain, filters, config)



        
          
        

    

  


  

      

          @callback list(domain :: module(), filters :: keyword(), config()) ::
  {:ok, [Ramal.Branch.t()]} | {:error, Ramal.Error.t()}


      


The branches of a domain, optionally filtered by status:, oldest first.

  



  
    
      
    
    
      put(t, config)



        
          
        

    

  


  

      

          @callback put(Ramal.Branch.t(), config()) :: :ok | {:error, Ramal.Error.t()}


      


Stores the branch, replacing any earlier copy with the same id.
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Turns a branch into a JSON-safe map and back, for storage backends that keep text (Ramal.Storage.Postgres keeps it
in a jsonb column).
encode_state/1 covers what the table has no column for: overlay, base (fingerprints and snapshots), log, metadata
and the proposal. decode_state/2 takes that map and the columns and gives the branch back, equal to the one encoded.
How values are written, confirmed against Ash 3.37 (lib/ash/type/type.ex):
	An attribute value goes through Ash.Type.dump_to_embedded/3 and comes back through
Ash.Type.cast_from_embedded/3, so types with a custom stored form (atoms, embedded resources, Ash.Type.Term)
round-trip as their type defines. Unloaded attributes (a select read) are listed under "unloaded".
	The other fields of a record (__meta__, __metadata__, loaded relationships, calculations, aggregates) are
kept only when they differ from a fresh struct(resource), as plain terms.
	Everything else (primary keys, action input, actors, metadata, options) is a plain term: strings, numbers,
booleans and nil are themselves; a list is a list; a map with only string keys that do not start with $ is an
object; and everything else is a one-key object that says what it is: $a atom, $t tuple, $m map as pairs,
$s struct, $b base64 of a binary that is not valid UTF-8.
	Atoms are read back with String.to_existing_atom/1, never created. Module names are found through the code
path when the atom does not exist yet (a fresh VM has not loaded the host's modules), so a module that is not on
the path is an error, not a new atom. Modules are loaded as they are named, before the values that follow them
are read, which brings in the atoms they mention. An atom that no loaded module mentions (a metadata key that
only a host controller uses, say, in a VM that has not loaded that controller) fails the load with
:storage and names the atom; string keys never have this problem.

Pids, references, ports and functions cannot be stored: encoding returns {:error, %Ramal.Error{reason: :storage}}
naming the path of the offending value. The actor is stored as the term it is, with one exception: when it is an Ash
resource record, the attributes marked sensitive? (password hashes, tokens) are stored as nil, so a stored branch
never holds them (docs/adr/0010-stored-actors.md). The actor read back from storage therefore has those fields
empty; pass actor: to Ramal.merge/2 to replace the whole actor. Fields that are not attributes, such as a loaded
relationship, are stored as they are.
Example
iex> branch = Ramal.Branch.new(Ramal.Test.Farm, name: "move R7")
iex> {:ok, state} = Ramal.Storage.Codec.encode_state(branch)
iex> columns = %{id: branch.id, domain: "Elixir.Ramal.Test.Farm", name: "move R7", status: "open"}
iex> {:ok, ^branch} = Ramal.Storage.Codec.decode_state(columns, state)
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    Functions
  


    
      
        decode_state(columns, state)

      


        The branch for the stored columns (id, domain and status as stored, name) and the state map.



    


    
      
        encode_state(branch)

      


        The JSON-safe state of branch: overlay, base, log, metadata and inserted_at.
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          @spec decode_state(map(), map()) ::
  {:ok, Ramal.Branch.t()} | {:error, Ramal.Error.t()}


      


The branch for the stored columns (id, domain and status as stored, name) and the state map.
Returns {:error, %Ramal.Error{reason: :storage}} when the state was written by a newer version, names a module or
atom that is not available, or no longer matches a resource's attributes.
Example
iex> columns = %{id: "b1", domain: "Elixir.Ramal.Test.Farm", name: nil, status: "open"}
iex> {:error, error} = Ramal.Storage.Codec.decode_state(columns, %{"version" => 99})
iex> error.reason
:storage

  



  
    
      
    
    
      encode_state(branch)



        
          
        

    

  


  

      

          @spec encode_state(Ramal.Branch.t()) :: {:ok, map()} | {:error, Ramal.Error.t()}


      


The JSON-safe state of branch: overlay, base, log, metadata and inserted_at.
Example
iex> {:ok, state} = Ramal.Storage.Codec.encode_state(Ramal.Branch.new(Ramal.Test.Farm))
iex> {state["version"], state["overlay"], state["log"]}
{1, [], []}
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Ramal.Storage.ETS 
    



      
Keeps branches in an ETS table owned by Ramal.Supervisor. The default backend in tests and development.
Everything is lost when the supervisor stops. Reads and writes go straight to the table from the calling process,
so the backend adds no bottleneck.
Example
iex> Ramal.Storage.ETS.table()
Ramal.Storage.ETS

      


      
        Summary


  
    Functions
  


    
      
        table()

      


        The name of the table. Ramal.Supervisor creates it.



    





      


      
        Functions


        


  
    
      
    
    
      table()



        
          
        

    

  


  

      

          @spec table() :: atom()


      


The name of the table. Ramal.Supervisor creates it.
Example
iex> Ramal.Storage.ETS.table()
Ramal.Storage.ETS
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Ramal.Storage.Postgres 
    



      
Keeps branches in the ramal_branches table of the host's Postgres, so they survive a restart.
Add the table with mix ramal.gen.migration, give the supervisor the repo, and nothing else changes:
{Ramal.Supervisor, storage: Ramal.Storage.Postgres, repo: MyApp.Repo}
One row per branch: id (uuid), domain, name, status, inserted_at and updated_at as columns, and the rest
in state (jsonb) as Ramal.Storage.Codec writes it. Branch ids are UUIDs, as Ramal.Branch.new/2 makes them.
The branch process calls this module from its own process, so the repo's pool serves it like any other
caller. The module exists only when Ecto SQL is a dependency of the host.
Example
iex> Ramal.Storage.Postgres.table()
"ramal_branches"

      


      
        Summary


  
    Functions
  


    
      
        table()

      


        The name of the table mix ramal.gen.migration creates.



    





      


      
        Functions


        


  
    
      
    
    
      table()



        
          
        

    

  


  

      

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


      


The name of the table mix ramal.gen.migration creates.
Example
iex> Ramal.Storage.Postgres.table()
"ramal_branches"
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Ramal.Supervisor 
    



      
The supervision tree of Ramal. Add it to the host application's tree:
children = [
  MyApp.Repo,
  {Ramal.Supervisor, storage: Ramal.Storage.Postgres, repo: MyApp.Repo}
]
It starts a Registry keyed by branch id, a DynamicSupervisor for the branch processes, and owns the ETS
tables the library needs. There is one instance per node; its configuration lives in :persistent_term.
Options
	:storage - a Ramal.Storage module, default Ramal.Storage.ETS
	:idle_timeout - milliseconds without a call before a branch persists and unloads, default five minutes
	:max_active_branches - the most open and proposed branches one domain may have, default nil (no limit).
Ramal.branch/2 and Ramal.fork/2 return {:error, %Ramal.Error{reason: :limit_reached}} at the limit. A soft
limit: callers that create at the same moment can pass it by their own number. Counting asks the storage
for a count (Ramal.Storage.count/3), so it costs one query with Ramal.Storage.Postgres.
	:branch_rate - {count, milliseconds}: the most branches (created or forked) one domain may get in a window,
default nil. Fixed windows, counted in memory on this node, and shared by branch/2 and fork/2. Nodes do not
add up: a cluster allows the rate on each node.
	:max_heap_size - the heap limit of each branch process in words, default 25 million (200 MB on a 64-bit
machine). A branch exceeding it is killed and its last persisted state remains.
	any other option is the storage config, for example :repo for the Postgres backend

Both limits are off by default, so adding them is the only change; see ADR 0016 for why they exist (a client that can
reach Ramal.fork/2, such as the inspector, can otherwise start a process and a stored row per call).
idle_timeout and max_heap_size belong to the supervisor, not to a branch, because a per-branch value would be
forgotten when the branch is unloaded and loaded again.
Example
iex> opts = [storage: Ramal.Storage.ETS, idle_timeout: 1_000, repo: MyApp.Repo]
iex> config = Ramal.Supervisor.build_config(opts)
iex> {config.storage, config.idle_timeout, config.storage_config}
{Ramal.Storage.ETS, 1000, [repo: MyApp.Repo]}

      


      
        Summary


  
    Types
  


    
      
        config()

      


    





  
    Functions
  


    
      
        build_config(opts)

      


        Builds the runtime config from the supervisor options.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    





      


      
        Types


        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: %{
  storage: module(),
  storage_config: keyword(),
  idle_timeout: timeout(),
  max_heap_size: pos_integer(),
  limits: %{
    max_active: pos_integer() | nil,
    rate: {pos_integer(), pos_integer()} | nil
  }
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      build_config(opts)



        
          
        

    

  


  

      

          @spec build_config(keyword()) :: config()


      


Builds the runtime config from the supervisor options.
Example
iex> Ramal.Supervisor.build_config([]).idle_timeout
300000

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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



      
The telemetry events Ramal emits, in one place.
Every branch event carries %{branch_id: id, domain: module} in its metadata, plus whatever the event adds.
The library never logs above :debug; observability goes through these events.
	event	when
	[:ramal, :branch, :create]	a branch was created
	[:ramal, :branch, :fork]	a branch was forked from another (extra metadata: parent_id)
	[:ramal, :branch, :load]	a branch process started from storage, or right after creation
	[:ramal, :branch, :unload]	a branch process stopped after persisting (reason: :idle or :shutdown)
	[:ramal, :branch, :discard]	a branch was discarded
	[:ramal, :branch, :propose]	a branch was proposed for a decision
	[:ramal, :branch, :approve]	a proposed branch was approved and merged (after the [:ramal, :merge] span)
	[:ramal, :branch, :reject]	a proposed branch was rejected
	[:ramal, :branch, :too_large]	a branch process was killed for exceeding max_heap_size
	[:ramal, :limit, :reached]	branch/2 or fork/2 was refused by a limit of Ramal.Supervisor (metadata: domain, operation, limit)

| [:ramal, :merge, :start | :stop | :exception] | a span around Ramal.merge/2; stop adds result (:ok or :error) and replayed, or reason |
| [:ramal, :read, :patch] | a read inside a branch was patched with the overlay (measurements: base_rows, overlay_rows, result_rows, duration) |
| [:ramal, :read, :unpatched_aggregate] | a read inside a branch selected an aggregate, which the database computes without the overlay |
| [:ramal, :write, :capture] | a create, update or destroy inside a branch was put in the overlay instead of the data layer (metadata: action_type, resource, action, nested?) |
Example
iex> :telemetry.attach("doc-example", [:ramal, :branch, :create], fn _, _, meta, pid -> send(pid, meta) end, self())
iex> Ramal.Telemetry.branch(:create, %{id: "b1", domain: MyApp.Farm})
iex> receive do: (%{branch_id: id} -> id)
"b1"
iex> :telemetry.detach("doc-example")

      


      
        Summary


  
    Functions
  


    
      
        branch(step, map, extra \\ %{})

      


        Emits a branch lifecycle event for branch (anything with :id and :domain), merging extra into the metadata.



    


    
      
        branch_events()

      


        The branch lifecycle event names, for attaching handlers.



    


    
      
        limit(step, metadata)

      


        Emits [:ramal, :limit, :reached] with metadata (domain, operation, limit).



    


    
      
        read(step, measurements, metadata)

      


        Emits a read event (:patch or :unpatched_aggregate) with the given measurements and metadata.



    


    
      
        write(step, map, extra \\ %{})

      


        Emits [:ramal, :write, :capture] for a write captured by branch, merging extra into the metadata.



    





      


      
        Functions


        


    

  
    
      
    
    
      branch(step, map, extra \\ %{})



        
          
        

    

  


  

      

          @spec branch(atom(), %{id: String.t(), domain: module()}, map()) :: :ok


      


Emits a branch lifecycle event for branch (anything with :id and :domain), merging extra into the metadata.
Example
iex> Ramal.Telemetry.branch(:discard, %{id: "b1", domain: MyApp.Farm}, %{reason: :requested})
:ok

  



  
    
      
    
    
      branch_events()



        
          
        

    

  


  

      

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


      


The branch lifecycle event names, for attaching handlers.
Example
iex> [:ramal, :branch, :create] in Ramal.Telemetry.branch_events()
true

  



  
    
      
    
    
      limit(step, metadata)



        
          
        

    

  


  

      

          @spec limit(atom(), map()) :: :ok


      


Emits [:ramal, :limit, :reached] with metadata (domain, operation, limit).
Example
iex> Ramal.Telemetry.limit(:reached, %{domain: MyApp.Farm, operation: :fork, limit: :branch_rate})
:ok

  



  
    
      
    
    
      read(step, measurements, metadata)



        
          
        

    

  


  

      

          @spec read(atom(), map(), map()) :: :ok


      


Emits a read event (:patch or :unpatched_aggregate) with the given measurements and metadata.
Example
iex> Ramal.Telemetry.read(:patch, %{base_rows: 3}, %{branch_id: "b1", resource: MyApp.Herd})
:ok

  



    

  
    
      
    
    
      write(step, map, extra \\ %{})



        
          
        

    

  


  

      

          @spec write(atom(), %{id: String.t(), domain: module()}, map()) :: :ok


      


Emits [:ramal, :write, :capture] for a write captured by branch, merging extra into the metadata.
Example
iex> Ramal.Telemetry.write(:capture, %{id: "b1", domain: MyApp.Farm}, %{action_type: :update})
:ok
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Ramal.Error exception
    



      
The error every Ramal function returns as {:error, %Ramal.Error{}}.
When a Ramal error is raised inside an Ash action (for example a bulk action inside a branch), Ash returns it in
the errors of an Ash.Error.Invalid; find/2 pulls it out.
reason is an atom from the closed list below, so a host can match on it. message says what happened in words
a developer can act on. details carries the data behind the message, for example the stale rows.
	reason	meaning
	:not_found	no branch with that id, in memory or in storage
	:not_open	the branch is not in the status the call needs: open for run/2, fork/2, merge/2 and propose/2, proposed for approve/2 and reject/2
	:stale	the base moved under rows the branch read (details.rows)
	:merge_failed	a replayed action failed; details has index, type, resource, action and the Ash error
	:database_generated_key	a branch cannot create a row whose primary key the database generates
	:bulk_unsupported	a bulk create, update or destroy inside a branch
	:upsert_unsupported	an upsert inside a branch
	:multitenancy_unsupported	a multitenant resource used with a tenant inside a branch
	:branch_too_large	the branch process exceeded max_heap_size and was stopped
	:no_branchable_resources	the domain has no resource that opted in with Ramal.Resource
	:nested_branch	Ramal.run/2 was called inside another Ramal.run/2, or Ramal.merge/2 inside one
	:missing_snapshot	an overlay entry that needs the base row as first seen has none recorded
	:limit_reached	Ramal.branch/2 or Ramal.fork/2 was refused by :max_active_branches or :branch_rate of Ramal.Supervisor (details.limit, max, and active or window)
	:storage	the storage backend failed

Example
iex> error = Ramal.Error.new(:not_open, "branch b1 is already merged", %{status: :merged})
iex> {error.reason, error.message, error.details}
{:not_open, "branch b1 is already merged", %{status: :merged}}
iex> Exception.message(error)
"branch b1 is already merged"
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        reason()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        exception(msg)

      


        Create an Elixir.Ramal.Error without raising it.



    


    
      
        find(error)

      


        The first Ramal.Error in an error Ash returned, or nil.



    


    
      
        new(reason, message, details \\ %{})

      


        Builds an error.
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      reason()



        
          
        

    

  


  

      

          @type reason() ::
  :not_found
  | :not_open
  | :stale
  | :merge_failed
  | :database_generated_key
  | :bulk_unsupported
  | :upsert_unsupported
  | :multitenancy_unsupported
  | :branch_too_large
  | :no_branchable_resources
  | :nested_branch
  | :missing_snapshot
  | :limit_reached
  | :storage


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Ramal.Error{
  __exception__: true,
  bread_crumbs: term(),
  class: term(),
  details: map(),
  message: String.t(),
  path: term(),
  reason: reason(),
  splode: term(),
  stacktrace: term(),
  vars: term()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      exception(msg)



        
          
        

    

  


  

      

          @spec exception(opts :: Keyword.t()) :: %Ramal.Error{
  __exception__: true,
  bread_crumbs: term(),
  class: term(),
  details: term(),
  message: term(),
  path: term(),
  reason: term(),
  splode: term(),
  stacktrace: term(),
  vars: term()
}


      


Create an Elixir.Ramal.Error without raising it.
Keys
	:reason
	:message
	:details


  



  
    
      
    
    
      find(error)



        
          
        

    

  


  

      

          @spec find(term()) :: t() | nil


      


The first Ramal.Error in an error Ash returned, or nil.
Ash wraps the errors of an action in an error class (Ash.Error.Invalid and friends) whose errors list holds
them. This looks through that list, so a host can match on the reason without knowing how Ash nested it.
Example
iex> error = Ramal.Error.new(:bulk_unsupported, "no bulk inside a branch")
iex> Ramal.Error.find(Ash.Error.to_error_class(error)).reason
:bulk_unsupported
iex> Ramal.Error.find(Ash.Error.to_error_class("something else"))
nil

  



    

  
    
      
    
    
      new(reason, message, details \\ %{})



        
          
        

    

  


  

      

          @spec new(reason(), String.t(), map()) :: t()


      


Builds an error.
Example
iex> Ramal.Error.new(:not_found, "no branch with id \"b1\"").reason
:not_found
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mix ramal.gen.migration 
    



      
Writes a migration that creates the ramal_branches table Ramal.Storage.Postgres uses.
$ mix ramal.gen.migration
$ mix ramal.gen.migration -r MyApp.Repo

The file goes where mix ecto.gen.migration would put it: priv/<repo>/migrations, or the directory given with
--migrations-path. Run it once; a second run refuses when the migration already exists.
Options
	-r, --repo - the repo to generate the migration for, default: the first of :ecto_repos
	--migrations-path - the directory to write into
	--no-compile, --no-deps-check - as for the Ecto tasks

Example
$ mix ramal.gen.migration -r MyApp.Repo
* creating priv/repo/migrations/20261022120000_create_ramal_branches.exs
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