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    Capture a pane and read it through both transports

From a source checkout, run one complete example against an isolated tmux
server:
$ MIX_ENV=test mix run scripts/check_package.exs --examples

Use the development toolchain and Linux prerequisites in
Contributing, plus Python 3 and tmux 3.3 or
newer on PATH. Set LIBTMUX_TMUX to an absolute executable when checking a
particular tmux build. Hex must already be installed; the check downloads
nothing.
The check builds and extracts a real package, compiles its core in a fresh
directory, and executes the packaged example outside the checkout. An owned
fixture supplies a unique socket, empty configuration and existing session.
It clears inherited TMUX and TMUX_PANE and verifies its server, pane,
clients and helper exit afterward. It never uses the default server.
The complete program
Executable source receives the absolute
tmux executable, socket and existing session ID from that fixture. All its
library calls use the public core. The embedded program is checked against
that source file.
alias LibTmux.{Codec, Command, Control, Format, Operation, Ref, Selection, Server, Snapshot}
alias LibTmux.Control.Request

[executable, socket, session_id] = System.argv()
{:ok, _} = Application.ensure_all_started(:libtmux)

server =
  Server.new(
    executable: executable,
    socket: socket,
    cwd: "/",
    env: Map.drop(System.get_env(), ["TMUX", "TMUX_PANE"])
  )

{:ok, snapshot} = Server.snapshot(server)
session = snapshot |> Snapshot.sessions() |> Selection.one!(id: session_id)
window = Snapshot.related(snapshot, :session, session.id, :active_window)

pane =
  snapshot
  |> Snapshot.panes()
  |> Selection.where(window_id: window.id)
  |> Selection.filter(& &1.active)
  |> Selection.one!()

{:ok, target} = Ref.new(:pane, pane.id, snapshot.server_instance)
command = Command.new("display-message", ["-p", "-t", pane.id, Format.field("pane_id")])
{:ok, %{stdout: stdout, cleanup: :retired}} = Server.run(server, command)
{:ok, one_shot_id} = Codec.decode_field(stdout, :string, encoding: :escaped_v1)
true = one_shot_id == pane.id

{:ok, root, control} =
  Control.start_link(
    server: server,
    session: {:existing, session.id},
    lane: :host_qualified,
    timeout: 800
  )

root_monitor = Process.monitor(root)

control_id =
  try do
    {:ok, operation} = Control.submit(control, Request.field("pane_id", target), timeout: 800)

    {:ok,
     %{
       outcome: :completed,
       certainty: :acknowledged,
       evidence: :command_reply,
       lines: [line]
     }} = Operation.await(operation, timeout: 800)

    {:ok, id} = Codec.decode_field(line <> "\n", :string, encoding: :escaped_v1)
    true = id == pane.id
    id
  after
    try do
      :ok = Control.close(control, timeout: 800)
    after
      :ok = Supervisor.stop(root, :normal, 800)

      receive do
        {:DOWN, ^root_monitor, :process, ^root, :normal} -> :ok
      after
        800 -> raise "connection supervisor did not exit"
      end
    end
  end

IO.puts(
  JSON.encode!(%{
    "session" => session.id,
    "window" => window.id,
    "pane" => pane.id,
    "oneShot" => one_shot_id,
    "control" => control_id,
    "connectionRetired" => true
  })
)
The result contains the observed session, window and pane IDs. Both replies
must identify the selected pane, and connectionRetired is true only after
connection close and supervisor exit succeed. The harness checks that the
borrowed server and pane survived the program, then tears down its own fixture.
What each step establishes
LibTmux.Server.snapshot/2 observes a capture interval. LibTmux.Selection
then runs where, a native predicate and checked cardinality locally, without
another tmux command. Relationships resolve against the same graph. Keep
using that snapshot when several decisions need the same captured values.
The one-shot read uses an exact pane ID and the escaped field codec. Its
check/use race remains: a captured pane is not reserved. The control request
also carries a LibTmux.Ref bound to the observed server incarnation.
Control startup explicitly attaches a client and can change session state
and attachment counts. The fixture's empty, controlled configuration is why
this example can declare lane: :host_qualified. A caller using another
server must qualify its effective hooks, aliases and stream writers before
using that lane; the option does not perform that qualification.
LibTmux.Control.submit/3 returns an admitted operation. The example checks
the result of LibTmux.Operation.await/2 for both :completed and
:acknowledged. A reply acknowledges this tmux command; it does not prove
that an arbitrary program started by another command has exited.
Failure behavior and cleanup
The program uses assertions so unexpected results make the example fail.
Capture and transport errors return {:error, %LibTmux.Error{}}, with kind,
phase and certainty describing the failure. A control field read whose
target disappeared returns an acknowledged :failed operation; a present
empty field remains :completed. Raw one-shot commands retain tmux's native
semantics, so the example also checks the returned pane ID. Neither path
retries with a positional target.
LibTmux.Selection.one!/2 raises :no_match or :multiple_matches rather
than selecting arbitrarily.
An await API timeout ends only that waiter. Canonical failed, skipped and
unknown operation outcomes are values, including from bang methods. Inspect
the retained operation instead of replaying an uncertain command. This
example deliberately accepts only an acknowledged completed read.
The after block closes the connection and stops its enclosing supervisor.
The separate fixture harness runs owned teardown even when the example
fails. See the mental model and
ownership for the different lifetimes and remaining runtime
qualification limits.
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    Read values, execute explicitly

Capture once when several decisions should use the same observed graph.
Keep that snapshot while selecting and filtering. Execute a new command
explicitly when you need another observation or an effect.
Capture records an interval; fields can change during it. The resulting
value stays fixed while live objects continue changing.
The values you hold
	Value	What it represents	I/O boundary
	LibTmux.Server	Executable, socket and environment for an existing server	Pure descriptor construction
	LibTmux.Snapshot	An indexed graph captured over one interval	LibTmux.Server.snapshot/2 captures a new value
	LibTmux.Selection	Ordered items and their originating snapshot	Filtering and enumeration use captured values
	LibTmux.Ref	An observed exact ID and server instance	Pure identity data; it reserves nothing
	LibTmux.Control	A handle pinned to one connection epoch	Status reads are local; startup explicitly attaches a client
	LibTmux.Operation	Access to one retained operation record	Result/status reads are local; awaiting registers a separate waiter

Windows are physical objects. LibTmux.WindowLink supplies their membership
in a session, index and active state. A linked window can appear more than
once while its panes remain the same physical panes. Choose window links
when membership matters; choose panes when an action should address each
physical pane once. See captured state.
Coverage tells you which questions the graph can answer
A loaded field may contain a value, an empty string or a documented nil.
:unloaded means this snapshot does not contain the observation.
:unavailable means the capability is absent. Neither means known absence.
Relationship predicates need complete captured join domains. A missing pane
relation cannot satisfy “no pane matches.” Validation raises a structured
coverage error before filtering, including an empty selection. Obtain a new
snapshot explicitly when more coverage is needed. Existing selections retain
their original graph. See filtering.
Server identity and connection epochs have different lifetimes
A server instance identifies one tmux process incarnation. Native object IDs
can be reused after that process exits. References retain the observed
instance so qualified control requests can reject known stale targets.
One-shot commands retain a check/use race; an observed ID reserves nothing.
An epoch identifies one control connection and its owned transport actors.
LibTmux.Control.reconnect/2 obtains the ready epoch and returns it unchanged
when it is already ready. Close first to require a replacement. Replacement
waits for retirement and returns a new pinned handle. The server instance
can stay the same while the epoch changes. Old connection handles cannot
submit into the replacement. Reconnect never replays work.
Waiting, command outcomes and retirement are separate
	Result	What the caller can conclude
	LibTmux.Control.submit/3 returns {:ok, operation}	Admission succeeded; inspect or await the retained operation
	LibTmux.Operation.await/2 returns an API timeout	This waiter ended; the operation may still advance
	A canonical outcome is :completed or :failed with :acknowledged certainty	tmux supplied a command reply; arbitrary programs started by that command have their own lifetimes
	A canonical outcome is :skipped with :no_write certainty	The operation was classified before dispatch
	A canonical outcome is :unknown	Available evidence cannot determine its effects
	Operation status reports wire: :retired	Reply attribution has retired; the retained record may still occupy capacity
	LibTmux.Control.close/2 returns :ok	The pinned connection epoch retired; its enclosing supervisor remains running

Each await call has its own budget. Timeout or caller death ends that waiter
without cancelling the operation. For wire-active work,
LibTmux.Operation.stop/1 requests closure of the entire pinned epoch and can
affect siblings. An already retired operation returns :ok without closing
its connection. Use LibTmux.Control.close/2 to wait for connection retirement.
Inspect retained results instead of replaying an uncertain mutation.
Once a canonical outcome exists, it stays unchanged. Bang operation APIs
raise API/context errors and still return canonical failed, skipped and
unknown outcomes as values. Wire retirement, record expiry and native process
cleanup each have their own evidence. See ownership for
deadlines, bounds and the remaining qualification limits.
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    Captured tmux state

LibTmux.Server.new/1 constructs a descriptor with an explicit executable
and socket. It performs no I/O. LibTmux.Server.snapshot/2 observes that
existing server and returns an immutable LibTmux.Snapshot. Neither call
attaches a control client or starts a missing server. Configured tmux hooks
remain environmental effects of commands, including list commands.
Read one captured graph
Snapshot.items/2 returns a plain list for an entity atom or module.
Snapshot.fetch/3 looks up an exact ID. Snapshot.related/4 follows captured
indexes and raises a structured coverage error when a relation is incomplete.
These functions perform no I/O. Snapshot.sessions/1, windows/1, panes/1,
window_links/1 and clients/1 return materialized Enumerable selections.
See filtering for local predicates and portable criteria.
Sessions, physical windows, panes and clients have separate maps. A pane
belongs to one physical window. WindowLink records session membership,
window index and active state. Its key includes session ID, index and window
ID; it does not prove a unique lifetime after unlink and relink.
A window can appear at multiple indexes in the same session and in other
sessions. Server-wide physical maps deduplicate identical rows and reject
conflicting rows. Session pane traversal returns each physical pane once;
window-link traversal preserves memberships. Session/window/pane lists sort
by numeric native ID. Links sort by numeric session ID and index; clients
sort bytewise by their validated observed names.
Session.attached_count preserves tmux's raw client count. attached is
derived from that count. Explicit control clients remain counted even with
no-output and ignore-size. A control client's height is known nil when
tmux reports no started tty; it is not an unavailable field.
Coverage and construction
Snapshot.new/2 validates fixture or adapter observations without I/O.
fields declares loaded fields over the supplied entity IDs. complete
declares complete server entity sets; omissions remain partial. unavailable
declares absent capabilities separately. Declared names and values validate
before indexes or relations become observable.
Known empty strings, known nullable values, :unloaded and :unavailable
remain distinct. Required coverage checks run even for empty entity sets.
Derived attachment coverage follows its source count. A relation to many
objects needs a complete join domain, so missing children never become an
empty relation. Complete target sets reject dangling references. A partial
target set can retain unresolved foreign IDs, but traversal fails explicitly.
The generated schema owns field types, explicit wire names,
tmux variables and relation cardinalities. Physical windows carry no single
session, session index or active membership flag.
Capture consistency and bounds
Capture reads topology, then named fields, then topology again. It checks
the tmux PID against Linux boot identity and process start ticks before and
after those reads. Replacement or changing references trigger finite read
retries. A disappearing read target can retry; invalid encoding and other
decoding errors remain visible. Two attempts are the default; one to three
may be requested. All attempts share one deadline and the original budgets.
Defaults are 1024 contextual entity rows, 512 commands, 8 MiB total response
bytes, 64 KiB per response and 5000 ms. Both stdout and stderr, including
failed-command output, consume the byte budget. Overload returns an error
instead of a truncated success. Topology checks and retries also consume
work. One-shot retirement has the separate allowance documented in
ownership.
Free-form fields use the qualified versioned encoder. Numeric/ID topology
columns validate their complete representation. Client rows combine one
encoded identity with restricted scalar columns; tabs and newlines cannot
escape the encoded identity. This is a fixed capture schema, not a general
raw-format row parser.
The capture interval records observation, not a transaction. Attributes can
change within it; matching topology before and after does not prove nothing
changed in between. Holding a snapshot reserves no objects. Its server
instance is distinct from a future connection epoch, and one-shot checks
retain a check/use race. Sending snapshots between BEAM processes can copy
terms; retaining one can retain its graph.
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    Filter captured values

Obtain one snapshot, then select its observed panes:
alias LibTmux.{Selection, Snapshot}

editors =
  snapshot
  |> Snapshot.panes()
  |> Selection.where(active: true, current_command: [in: ["nvim", "vim"]])

Enum.map(editors, & &1.id)
Selections retain their immutable graph and order. Enumerable delegates to
the materialized list, including suspension and early halt. size/1 uses
the cached count; ordinary Enum.member?/2 compares elements. Use
Selection.member_id?/2 for native ID membership. Enumeration performs no I/O.
Selection.filter/2 accepts only unary functions and uses Enum truthiness.
Predicate exceptions propagate. where/2 accepts validated data: keywords
are shorthand for maps, with duplicate keys rejected at every nesting level.
Both validate before scanning, including when no items remain.
one/2 returns {:ok, item} or a structured :no_match / :multiple_matches
error. one_or_nil/2 permits zero matches. Their bang variants raise the
same error; both stop at the second match. exists?/2 stops at its first
match. count/2 counts matching items; size/1 returns the cached total.
Predicate grammar
A bare scalar means equality. Explicit %{equals: value} is equivalent.
The generated schema lists each field's type and operators.
Numbers compare numerically, strings compare case-sensitively without
normalization, and nullable numeric ordering against known nil is false.
not negates equality; not_in negates membership, including known nil.
Portable regex is not supported. Native predicates may use Regex directly.
Fields in one object conjoin. Boolean and and or accept lists of
criteria; not accepts one criteria object. Empty and is true and empty
or is false. Normalization never combines separate relation quantifiers:
Selection.where(Snapshot.sessions(snapshot), %{
  panes: %{some: %{active: true, current_command: "nvim"}}
})
That predicate requires one pane to satisfy both conditions. Two separate
some clauses can match different panes. every and none are true for
a known-empty relation; some is false. count counts that relation's
identities: physical windows/panes deduplicate, window links retain memberships.
To-one is: criteria is false for known absence and is_not negates it.
is: nil means absent; is_not: nil means present. Session active_window
is derived from a complete link domain and loaded active flags. Zero active
links means known absence; multiple active links raise :ambiguous_relation.
An unresolved active target remains unloaded. Coverage checks run before
evaluation, including fields behind a Boolean branch that cannot match.
External filters
Filter.new/3 returns a validated portable value, and new!/3 raises its
structured error. Applying that value retains its constructor validation;
explicit new limits validate the normalized tree without generating extra
criteria objects. Prepared predicates may contain
sets and closures; portable filters contain data only.
Filter.from_json/3 uses built-in JSON and rejects duplicate keys before
map conversion, trailing data and unknown names. from_wire/3 accepts an
already decoded map; that map cannot reveal discarded duplicate keys.
Neither decoder creates atoms from external keys. Encode through
Filter.to_wire/1, then JSON.encode!/1.
{"version":1,"entity":"pane","where":{"active":true,"currentCommand":{"in":["nvim","vim"]}}}
Default ceilings are 65,536 bytes, depth 16, 1024 value nodes, 256 array
elements and 8192 bytes per string. Wire depth starts at root zero and
counts every member/element; the ceiling is inclusive. Positive integer
options max_bytes, max_depth, max_nodes, max_list and
max_string_bytes can narrow or widen the constructor budget. JSON object
members have a fixed ceiling of 256. Native input depth counts criteria
objects and also bounds the normalized tree. A normalized conjunction does
not add relation/Boolean nesting; disjunctions, negations and relation
children do. Wire budgets additionally cover the full versioned envelope.
Errors carry the affected path, including Boolean and membership indexes;
early parser-limit errors can identify the root before a path is available.
Selections and filters operate on captured values. Server query planning
and pushdown remain under implementation.
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    Observation and filter schema

Generated from LibTmux.Schema; regenerate with mix run scripts/generate_schema.exs.
All current fields use the tmux 3.3 capture baseline. Coverage must still be loaded.
Only nullable_integer admits nil; other unavailable or unloaded fields raise.
Link IDs are {session_id, index, window_id} locally and three-element arrays on the wire.
See filtering for Boolean, relation and error semantics.
session
	Elixir field	Wire field	Value category	tmux format	Operators
	attached	attached	:boolean	Derived	equals, not, in, not_in
	attached_count	attachedCount	:integer	session_attached	equals, not, in, not_in, lt, lte, gt, gte
	id	id	{:id, :session}	session_id	equals, not, in, not_in
	name	name	:string	session_name	equals, not, in, not_in, contains, starts_with, ends_with

	Relation	Wire relation	Cardinality	Target	Operators
	active_window	activeWindow	one	window	is, is_not
	clients	clients	many	client	some, every, none, count
	panes	panes	many	pane	some, every, none, count
	window_links	windowLinks	many	window_link	some, every, none, count
	windows	windows	many	window	some, every, none, count

window
	Elixir field	Wire field	Value category	tmux format	Operators
	height	height	:integer	window_height	equals, not, in, not_in, lt, lte, gt, gte
	id	id	{:id, :window}	window_id	equals, not, in, not_in
	layout	layout	:string	window_layout	equals, not, in, not_in, contains, starts_with, ends_with
	name	name	:string	window_name	equals, not, in, not_in, contains, starts_with, ends_with
	width	width	:integer	window_width	equals, not, in, not_in, lt, lte, gt, gte
	zoomed	zoomed	:boolean	window_zoomed_flag	equals, not, in, not_in

	Relation	Wire relation	Cardinality	Target	Operators
	panes	panes	many	pane	some, every, none, count
	sessions	sessions	many	session	some, every, none, count
	window_links	windowLinks	many	window_link	some, every, none, count

window_link
	Elixir field	Wire field	Value category	tmux format	Operators
	active	active	:boolean	window_active	equals, not, in, not_in
	id	id	{:id, :window_link}	Derived	equals, not, in, not_in
	index	index	:integer	window_index	equals, not, in, not_in, lt, lte, gt, gte
	session_id	sessionId	{:id, :session}	session_id	equals, not, in, not_in
	window_id	windowId	{:id, :window}	window_id	equals, not, in, not_in

	Relation	Wire relation	Cardinality	Target	Operators
	session	session	one	session	is, is_not
	window	window	one	window	is, is_not

pane
	Elixir field	Wire field	Value category	tmux format	Operators
	active	active	:boolean	pane_active	equals, not, in, not_in
	current_command	currentCommand	:string	pane_current_command	equals, not, in, not_in, contains, starts_with, ends_with
	current_path	currentPath	:string	pane_current_path	equals, not, in, not_in, contains, starts_with, ends_with
	dead	dead	:boolean	pane_dead	equals, not, in, not_in
	exit_status	exitStatus	:nullable_integer	pane_dead_status	equals, not, in, not_in, lt, lte, gt, gte
	height	height	:integer	pane_height	equals, not, in, not_in, lt, lte, gt, gte
	id	id	{:id, :pane}	pane_id	equals, not, in, not_in
	index	index	:integer	pane_index	equals, not, in, not_in, lt, lte, gt, gte
	pid	pid	:integer	pane_pid	equals, not, in, not_in, lt, lte, gt, gte
	title	title	:string	pane_title	equals, not, in, not_in, contains, starts_with, ends_with
	width	width	:integer	pane_width	equals, not, in, not_in, lt, lte, gt, gte
	window_id	windowId	{:id, :window}	window_id	equals, not, in, not_in

	Relation	Wire relation	Cardinality	Target	Operators
	window	window	one	window	is, is_not

client
	Elixir field	Wire field	Value category	tmux format	Operators
	control_mode	controlMode	:boolean	client_control_mode	equals, not, in, not_in
	height	height	:nullable_integer	client_height	equals, not, in, not_in, lt, lte, gt, gte
	id	id	{:id, :client}	client_name	equals, not, in, not_in
	pid	pid	:integer	client_pid	equals, not, in, not_in, lt, lte, gt, gte
	session_id	sessionId	{:id, :session}	session_id	equals, not, in, not_in
	width	width	:integer	client_width	equals, not, in, not_in, lt, lte, gt, gte

	Relation	Wire relation	Cardinality	Target	Operators
	session	session	one	session	is, is_not
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    One-shot process ownership

LibTmux.Transport.OneShot.run/3 runs an absolute executable and argv on
Linux without a shell. It returns bytes, process exit status and cleanup
evidence separately. A nonzero process exit is still a completed transport
result; the tmux command layer must interpret that status. The domain
client and public persistent transport remain under implementation.
The native helper supplies receive credits that an ordinary OTP Port
lacks. It reads each stdout/stderr pipe only against one bounded credit;
its control pipe stays responsive while output or stdin is blocked. A
capture limit after delivery cannot bound an upstream mailbox while its
owner is descheduled.
Limits and results
Default ceilings are 1 MiB stdout, 64 KiB stderr and 4096 retained chunks.
Byte limits may be 0–16 MiB per stream; chunk limits may be 1–65,536.
max_total_bytes limits both streams together to 0–32 MiB; its default is
the sum of the stream limits. The retained prefix obeys both ceilings.
Encoded cwd, argv and environment together fit a 32 KiB initialization
payload. Argv and environment each have at most 256 entries, including
argv's executable. Target environment values preserve empty strings and
non-NUL bytes; inherited tmux context is removed. Requested variables apply
to child execve; the helper inherits the trusted host environment.
The timeout defaults to 5000 ms and is at most 600,000 ms. A caller can
pass an existing LibTmux.Deadline instead. Admission, startup and capture
share that budget. Cleanup has a separate allowance up to 750 ms. Expiry
never turns partial output into success.
Overload stops the owned producer and returns a structured error with a
bounded prefix. cleanup: :retired requires private child-retirement evidence
and helper exit. Missing proof stays :unknown. An exit status or retryable
error never authorizes replay.
The worker acknowledges terminal child-retirement proof before the helper
exits. The helper keeps its input open while earlier cancellation or read
credits drain; after acknowledgement the worker writes nothing further.
This preserves the helper's separate exit-status evidence. Missing
acknowledgement uses the existing 750 ms delivery allowance.
The worker monitors its caller. Caller death initiates cleanup; worker/VM
death closes the helper's parent pipe. Caller settlement and retirement
remain separate. Closing the reply alias also removes an already-delivered
result, releasing captured bytes from the caller's mailbox.
Accounting and scope
Per-call bounds cover output bytes, chunk metadata, encoded input and
private frames. Captured chunks can coexist with an assembled result;
account for both copies. The helper has fixed input, queue and write
buffers and bounded initialization allocations. It requests 8 KiB child
pipes and a 4 KiB signal pipe. Kernel page rounding can increase the actual
capacities; a resize failure rejects startup. Parent pipes and Port delivery add
buffers outside the capture byte count. Aggregate accounting must measure
actual pipe capacities. See the protocol.
This primitive has one request per worker and no shared request queue.
Applications creating many independent callers need admission limits at
their host/server boundary. A per-call ceiling is not a global memory
ceiling. Ordinary finite descendants are killed and reaped. Uninterruptible
tasks, helper SIGKILL, hostile escape and host compromise are outside that
guarantee; incomplete cleanup retains uncertainty and ownership.
Use explicit sockets and -N for borrowed tmux servers. Retiring a client
must not stop a borrowed server. Intentional server creation and server-owned
jobs need their own ownership boundaries.
Building and distribution
Mix builds the shipped C source with a C11 compiler and Linux headers.
CC may name one compiler executable. Generated binaries are excluded from
Hex archives and rebuilt during dependency compilation. No third-party
runtime package or NIF is added.
Packed-core checks must compile and execute outside the checkout.
Workspace/MCP escript extraction and helper discovery still need their
installed-consumer checks; the current path expects an unpacked application
priv directory. Other platforms remain unqualified.
Persistent connection components
The internal Guardian owns one native helper and monitors its Manager and
router independently. Startup grants one stdout credit after router demand.
After activation it keeps one native read in flight and buffers at most
64 KiB or 128 stdout chunks while Router consumes its previous chunk. Each
native read and delivered chunk fits 8 KiB. Exceeding either queue ceiling
closes the epoch with resource_limit; it does not indefinitely stop reading
from a still-attached client. These limits do not cap the borrowed tmux
server's allocations or total process memory.
Guardian caps stderr at 8 KiB and 64 chunks, and acknowledges one write
fragment at a time. A fragment fits 8 KiB; a complete rendered command fits
64 KiB. The writer rechecks the consumed publication lease, original deadline
and epoch. A partial line keeps its writer until the newline is acknowledged
or the epoch closes. Completed slots retain their generation to reject replay.
After orderly EOF or native exit, Guardian blocks further writes and drains
already-received stdout through the existing Router credits. An end token
follows pending native write acknowledgements; Router acknowledges it after
processing earlier data and write messages. Only then does ordinary closure
finalize remaining operations. Explicit closure, owner loss or protocol failure
can abort that drain. Established results survive; unfinished effects remain
uncertain. Drain and closure share the original 750 ms Guardian and 800 ms
Manager cleanup allowances. Neither clock restarts after data delivery.
Helper terminal acknowledgement remains independent of Router progress.
Deadline accounting uses one 25 ms timer, rescheduled only after consumption.
Busy delivery closes the epoch instead of suspending the owner or retrying.
Retirement needs native terminal proof, its acknowledgement and actual helper
exit; missing proof or Manager loss leaves the shared lifetime unclean.
Supervisor shutdown without those proofs also leaves it unclean.
Reserved closure revokes the exact lifetime generation without consuming a
command or metadata slot. Guardian observes that word on its accounting
timer even when Manager or Router makes no progress. A concurrent
starting-to-ready transition cannot escape revocation; retries follow only
the same generation. Revocation requests closure and blocks later checks.
It does not prove cleanup or prevent a write that already passed its final
check. Native and actor retirement remain separate required evidence.
Startup uses attach-session -E to preserve the borrowed session environment.
Attachment still changes client counts and session activity. After reading
the server PID and Linux process identity, a fresh same-connection challenge
must return the exact nonce/PID and receive a complete native write
acknowledgement before activation. It shares the original startup deadline.
The server and inspected /proc must share a PID namespace.
This requires host authority for completed, clean configuration throughout
the epoch: no aliases overriding admitted command names, no executable
effective hooks, and no unqualified messages or subscriptions that can write
to the control stream. Other clients can inject multiline text through
client-directed messages; parser limits cannot authenticate such output.
Absence of a configuration-error notification cannot certify configuration.
The library never silently disables hooks or changes configuration.
The internal epoch router registers operation identity and FIFO position
before sending fragments. A qualified reply after final-fragment dispatch
can establish an immutable logical result before the native acknowledgement
arrives. The writer still waits for native acknowledgement before advancing;
wire retirement also requires it. Completed reply events survive a later
parser error in the same chunk. Expired unsent work removes its exact queued
token before capacity reuse. A retained reply observation and its logical
result are separate copies in the eventual connection byte accounting.
The initial lane admits encoded field reads and literal server user-option
writes, with bounded ASCII option names and no value expansion. It rejects
arbitrary command lines. Literal send-keys still needs domain qualification:
pane-mode key bindings can enqueue additional commands even with -l.
Reply numbers must increase when observed; gaps are normal because other
clients and callbacks use the same server counter. This does not detect
every possible counter wrap or authenticate an unqualified stream.
Metadata requests use a separate fixed ETS inbox before any wake message.
Its context binds the real table owner, capacity, allowed request kinds and
atomics references. Publication creates the caller's reply alias and token;
only a small ready notification enters its mailbox. Owner completion and
caller receipt remain separate: a finished row stays occupied until alias
closure and receipt acknowledgement, or caller death. A monotone receipt
word cannot regress when a delayed old close meets a replacement generation.
Wake hints also coalesce across slot reuse; accounting sweeps never clear a
hint that a paused publisher still owns.
Inbox outcomes copy every binary leaf, including map keys. Copying charges
bytes and nodes before allocation, caps depth at64 and nodes at8192, and
rejects functions, ports and unqualified references. Known context references
come from explicitly identified, separately bounded resources. Metadata keeps
the default64 KiB outcome allowance; an independently configured Inbox may
reserve1–128 KiB so a64 KiB reply plus its envelope fits. The1 KiB minimum
covers fixed fallback errors. Copying shares the original deadline, checked
again before result publication. These limits do
not yet establish complete connection-wide heap/work accounting.
The selected waiter design retains bounded outcome copies in receipt-controlled
Inbox rows, superseding the earlier record-reference-only proposal. This avoids
cross-table pin/reclamation races at the cost of separately charged copies.
The internal waiter owner settles accepted requests from the exact immutable
terminal record before releasing it. A prior pending read cannot justify
forgetting a later completed record. Closed or expired waiters affect no
operation state; pre-acceptance await failures retain unknown effect certainty.
Manager services its separate waiter Inbox before reconnect admission and
startup continuations, and again after actor events. Both explicit forget
and automatic record expiry use the exact-record release barrier. A finished
waiter copy survives record reclamation and epoch replacement until receipt.
Lost waiter storage closes an active epoch and blocks this Manager's reuse.
If native retirement was already proved, that lifetime remains retired;
the Manager's fault does not erase cleanup knowledge or preserve lost tables
across its replacement.
Accounting finalizes retained records for all observed dead destinations in
one lease scan, matching each epoch and PID together. It preserves acknowledged
results and dispatched uncertainty, and releases no live destination's record.
LibTmux.Operation pins its original record, lease and Inboxes. Retained
status and result reads are local. Each await claims a bounded independent
slot and releases its exact alias and monitor on return; timeout does not
stop the operation. Metadata admission errors cannot label existing effects
as unwritten. Canonical failed, skipped and unknown outcomes remain values,
including in bang functions. Forget uses the original lease epoch after
reconnect. Stop validates the authoritative Births owner, epoch and Router
before revoking its generation through reserved capacity; an already-retired
record needs no surviving Births table. Stop closes the whole epoch and may
affect siblings. It is a request, never rollback or native retirement proof.
The retained-record registry finalizes an epoch only after its exact Router
PID has exited. It scans current admission leases, including a consumed
lease whose Router died before storing its first record. Router stores its
record and writing phase before sending, so an absent matching record proves
no write under that ordering. Existing acknowledged results remain intact;
dispatched work without evidence remains unknown. These outcomes retain
their slots until explicit release. Clearing a released record uses its
exact old value, preserving any replacement already published in that slot.
Logical finalization does not prove Guardian/helper cleanup or authorize a
new epoch; Manager must separately establish complete resource retirement.
Startup registration uses one fixed row for three epoch actor roles and its gate.
Each actor records its own PID before side effects. Closing the gate captures
all accepted PIDs in the same CAS; a queued late startup cannot be omitted
between a separate read and close. Router and Guardian bind the supplied
registration to their manager, epoch and original deadline. Guardian also
rechecks actor aliveness and its starting lifetime before opening the driver.
An accepted PID remains owned through actual exit: registration or a pre-open
check can race later closure. Gate closure alone is not native retirement.
Manager keeps one asynchronous request to an ordinary Supervisor outstanding
while it accounts for deadlines and metadata. A suspended Supervisor cannot
park that accounting. Closing the reply alias does not cancel a queued
Supervisor action; an abandoned unresolved start leaves cleanup unknown and
blocks replacement. Captured actors remain monitored independently of the
request alias. A Router born without a Guardian exits after the startup gate
closes. A captured pair binds even during closure, including buffered native
retirement events.
Explicit reconnect carries its original deadline through old retirement and
new bootstrap. Replacement requires native proof, actual Guardian and Router
exit, the host's child-finalization acknowledgment and EpochSupervisor exit.
Manager restarts preserve the external lifetime latch and do not reconnect
automatically. The internal qualified cases retain outcomes across reconnect,
forget exact completed leases, and expire retained records. Accepted metadata
work remains owned after caller timeout or alias closure; neither cancels it.
The internal connection Supervisor owns the view and starts EpochHost before
Manager. Its external child-spec factory pins the lifetime across root
restarts. Manager replacement invalidates its old tables; root replacement
also invalidates the view. A surviving view never recovers old operation
evidence. Finite Supervisor shutdown can leave descendants alive; only the
shared unknown/unretired lifetime prevents a replacement helper in that case.
An unsuccessful descriptor handoff after root startup kills the known root
and reports cleanup uncertainty, even after observing root exit.
The internal startup adapter passes the remaining initialization budget to
OTP's generic server entry with its source-qualified Supervisor init shape.
OTP stores the adapter as its callback; the adapter delegates the original
module and arguments. A private alias captures the exact Root PID before
delegation so cleanup drains only that Root's racing startup ACK or NACK.
Descriptor publication rechecks the original deadline, and failed handoff
cleanup uses only its remaining budget. OTP still waits for actual Root DOWN
after an initialization timeout; this primitive alone does not prove a strict
caller-return deadline or complete descendant retirement.
Both startup wrappers close their private reply aliases through local BIFs
and zero-time receives. Timeout cleanup does not demand-load the shared reply
helper after Root exit. Isolated loader-gate checks qualify this dependency;
they do not bound OTP's actual-DOWN wait or explain earlier timing failures.
Failed initial startup fences the fresh lifetime even before its first epoch
reservation. If that reservation wins the CAS race, the fence closes only the
first generation. Proven retirement remains intact, and later generations
cannot be revoked by an old failure. Root cleanup uses its generation captured
at startup entry. Manager can remain inert at generation zero with unknown
cleanup through normal shutdown or Host loss, without creating epoch actors.
This fence handles observed startup failures; it does not establish recovery
from untrappable caller or VM death. One lifetime belongs to one connection
Root; concurrent starts sharing that lifetime intentionally fail closed.
Control.start_link/1 requires an explicit Server, exact existing session ID
and host-qualified lane. It returns {:ok, root, control} only after fresh
bootstrap and a bounded ready exchange. Its 1..600000ms timeout includes
preparation, Root startup and handoff; every successful handoff rechecks the
original deadline. The provisional handle stays internal. Accepted ready
replies bind their exact endpoint without a later Births or latest-view lookup.
If startup failed before ready registration, the error retains the original
failure kind. Cleanup fences the lifetime, requests exact-Root termination,
and reports actual Root exit only when observed. Native cleanup can remain
unknown. Ordinary linked-process exits retain their OTP semantics.
Control.child_spec/1 prepares detached bounded process bytes without I/O.
One lifetime survives its permanent factory's invocations. Each invocation
starts a new startup budget, but a nonfresh lifetime returns inert instead of
automatically attaching. Explicit reconnect requires proven retirement;
unknown cleanup, including generation zero, returns a structured error.
Supervisor.start_child/2 and Supervisor.restart_child/2 return fresh handle
info. After automatic restart, terminate and restart that exact child to obtain
the new info; this recovery does not clear unknown cleanup. Retain a distinct
child spec/lifetime per Root, and never use an old handle as a locator.
Control.submit/3 pins a ready Root view, Manager and epoch. It detaches the
request's binary leaves under a separate 20,000-byte owned-term limit before
claiming a fixed operation slot. One deadline includes validation, admission,
queueing, writing and replies. After claim, pure Operation binding preserves
the handle even if context disappears. A final local gate check can suppress
publication; the reserved lease stays owned. Its original deadline requests
epoch closure; capacity still follows native/destination retirement and
record retention or explicit forget rules. Router and Guardian independently
validate before writing.
Control.request_close/1 requests whole-epoch closure without claiming a
slot, including when operation and metadata capacity are full. It does not
acknowledge native retirement or roll back siblings. Repeated requests for
the same closing or proven-retired generation succeed; old handles cannot
follow replacement Managers or epochs. Status errors report unknown
certainty about existing work; a rejected new, unadmitted submission reports
no write.
Control.close/2 waits for native and epoch-actor retirement plus the Host's
epoch-child finalization acknowledgement under its original budget. An
admitted metadata watcher retains its fixed Inbox cell
through settlement, including after caller closure. Metadata settlement
failure blocks replacement. Ready watches never start a failed or closed
epoch. Accepted retirement watches settle before reconnect in the same batch,
independent of slot order. Epoch reservation rechecks metadata and waiter
storage; lost storage cannot authorize replacement.
Control.reconnect/2 returns the acknowledged endpoint directly. A delayed
caller receives that epoch even if a newer one already exists; its handle
then reports stale. It does not reread the latest view or replay operations.
The Root and retained records outlive ordinary epoch closure. Public lifecycle
errors preserve unknown certainty about existing effects; direct retirement
proof must still be observed within the original close budget.
Strict caller-return startup bounds, connection-wide accounting and
authoritative subscriptions remain unqualified. These component checks do
not qualify those contracts.
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    Command and field encoding

LibTmux.Command is a value. Constructing it or rendering its bytes performs
no I/O. The one-shot and control transports remain under implementation.
Separate parsers
Command.argv/2 returns process arguments and protects terminal semicolons
from tmux's argument-vector parser. It does not invoke a shell.
Command.render/2 produces one tmux command line with every argument byte
octal-escaped inside double quotes. The result contains no raw newline or
carriage return. It excludes the framing newline a future writer must add.
Both renderers validate the encoded byte budget before dispatch.
Command quoting does not protect a value that a command interprets as a
tmux format. LibTmux.Format.literal/1 constructs a literal format operand
without evaluating embedded #{...}, shell jobs or shorthand variables.
It accepts non-NUL bytes. The command still needs its own appropriate
format flags; arbitrary commands have different expansion behavior.
One field per response
Format.field/1 encodes a named field with a v1: marker. It replaces
backslashes first, then dollars and ASCII control bytes, using fixed tmux
substitutions. LibTmux.Codec.decode_field/3 with encoding: :escaped_v1
requires that marker, removes one framing newline and decodes escapes once.
The conservative format performs several substitutions; it makes no
zero-copy or optimized multi-field claim.
This encoding avoids an ambiguity in tmux 3.4: its command print path
escapes some bytes while preserving literal backslashes. Removing arbitrary
backslashes from that output would corrupt legitimate values. A versioned
field encoding protects those values before printing. A separator byte
alone cannot do that, because titles and paths may contain it.
The default raw decoder removes only the final framing newline. Its source
must independently guarantee unmodified bytes. It must not be applied to
an unqualified tmux print path. Text decoding requires UTF-8; :bytes
retains arbitrary bytes. Integer parsing consumes the whole value and can
enforce a range; Boolean parsing accepts only 0 or 1.
Bounded framing
LibTmux.Protocol is a pure control-mode parser with separate chunk, line,
frame, line-count and emitted-event ceilings. It retains reply guard IDs;
notification-looking lines inside a reply remain output. A rejected suffix
preserves completed prefix events in the structured error. Retire a lane
after a parse error.
Lexical parsing cannot authenticate output that forges a matching guard.
Commands, aliases, hooks and subscriptions require separate admission
rules before sharing a persistent lane. Parser ceilings also do not bound
upstream Port delivery or a connection owner's mailbox. Those transport
contracts require independent qualification.
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These are implementation constraints for the unpublished scaffold. Module
names describe proposed responsibilities; no tmux API exists yet.
The implementation contracts map those responsibilities
to package boundaries and qualification gates.
Values and explicit observation
Use Elixir 1.20.x (at least 1.20.4) and OTP 29.x as the development
toolchain, and tmux 3.3 as the proposed compatibility floor. Keep the core
free of third-party runtime dependencies. Use
standard-library JSON and OTP processes where their contracts
fit; development dependencies are separate.
The initial declared OTP support minimum is 29.1.2; the floating
development selector does not establish support for older OTP 29 releases.
	Responsibility	Planned contract
	Snapshot	Immutable graph, capture interval, server identity, and coverage
	Selection	Ordered materialized values implementing Enumerable; no hidden I/O
	Filter	Validated portable criteria; native Elixir predicates remain local code
	Query	Explicit source plan; execution occurs at fetch, not enumeration
	Tracker	Optional supervised owner of retained snapshots with visible status and bounded refresh

Model physical windows separately from session window links. Pane identity
belongs to a physical window; session-relative index and active state belong
to the link. Preserve attached-client counts. Distinguish absent values,
unloaded relations, and unavailable fields before evaluating a filter.
Native callers use pattern matching, Enum, comprehensions, and functions.
Portable criteria serve saved queries and external callers; payload keys use
an explicit whitelist and bounded decoding. Query optimizations must retain
every possible match and apply the full filter locally against required
coverage. Keeping observations immutable does not make capture atomic.
Connections and operations
Processes own connections and operation lifetimes, not individual model
objects. Keep protocol framing and command encoding pure and separate from
transport. A one-shot transport and a persistent control transport have
different attachment and cleanup costs; make their selection explicit.
Control clients are visible to tmux and
affect attachment accounting. Do not create a session
or attach merely to read a local value. Bind strong target
identity to a qualified server connection; disconnects and cancellation can
leave a mutation's result uncertain. Never silently replay such a mutation
or fall back to a positional target.
An independent batch preserves separate command results. A semicolon group
stops at a runtime error, leaving an applied prefix and
skipping its suffix.
A dependency plan uses prior results, including created IDs. None of these
implies rollback or ACID transactions.
Command acknowledgement, operation completion, and
observation of the result are separate events.
Retained state and output
The optional Tracker reuses Snapshot rather than defining another graph.
Retained reads perform no tmux command and report loading, ready, stale, or
disconnected status. Refresh is explicit and bounded. Updates carry their
connection epoch so late results cannot modify a replacement connection.
Notifications cover only some changes;
format subscriptions sample values.
Only qualified, line-safe subscriptions may update
authoritative state; free-form values require a proven encoding or explicit
capture. Reconcile missing coverage within finite work and buffer budgets.
Bound output retention and delivery, report gaps, and register observation
before the action it must cover. tmux flow control does not
provide automatic backpressure for Erlang subscriber mailboxes. A timeout
does not prove that an already-dispatched command had no effect.
Package and validation boundaries
Workspace loading and MCP are separate packages that depend on the core.
The core does not depend on their parsers, hosting, or configuration. The
implementation contracts select
the package names and layout; adapter dependency choices still require
qualification.
Implementation must establish parser and quoting behavior, real-tmux
compatibility, completion and cancellation semantics, bounded resource
ownership, and package consumption outside the checkout. Documentation must
use examples that execute those contracts. Current scaffold checks establish
none of these runtime properties; see the
contribution guide for validation scope.
The tmux links point to the 3.3 source commit, matching the proposed floor.
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This page records the selected implementation boundaries. Features remain
planned until their public contracts and checks exist. See design
for the observation and execution model.
Packages and support
The root project owns the libtmux Hex package and LibTmux namespace.
packages/workspace owns libtmux_workspace and LibTmux.Workspace;
packages/mcp owns libtmux_mcp and LibTmux.MCP. Each is an ordinary Mix
project. Published consumer metadata uses a real core version requirement.
Explicit development wiring may select the local core, but installed checks
must use packed artifacts outside this repository. Core has no third-party
runtime dependencies and never imports a consumer package.
MCP also consumes the workspace package for workspace tools; it must not
duplicate the loader, planner or apply journal.
Workspace and MCP initially distribute escripts with Elixir embedded by
Mix. Running an escript requires the supported OTP runtime, while building
it requires the supported Elixir toolchain. ERTS is not bundled. A later
Mix release is an additional choice, subject to installed-consumer checks.
The implementation targets Elixir 1.20.4 or newer patches in the 1.20 line,
OTP releases at or above 29.1.2 and below 30, and tmux 3.3 or newer. These are
intended support contracts; current scaffold checks do not establish them.
The development selectors remain elixir 1.20 and erlang 29. Resolve the
selected Elixir build for OTP 29 and record its compiled/runtime identity.
The selectors do not expand the tested support range to OTP 29.0.
The support manifest records exact reference
cells and tmux source revisions. Required Linux cells are tmux 3.3, 3.3a,
3.4 and 3.8 on Elixir 1.20.4/OTP 29.1.2, plus the resolved development
pair. Add versions when an introduced feature or regression needs its own
evidence. macOS remains optional. Missing required prerequisites fail a
required cell; they cannot become successful skips.
Public responsibilities
	Surface	Contract and critical proof
	Server	Explicit executable/socket/environment and transport. Connect does not create a server. Close releases owned clients without killing borrowed sessions.
	Session, Window, WindowLink, Pane, Client	Typed immutable observations with exact IDs. Link context belongs to WindowLink. Preserve counts and reject conflicting repeated physical rows.
	Snapshot	Indexed graph, incarnation, capture interval and scoped coverage. Differentiate unloaded, unavailable, known nil, empty and invalid data. Capture validates references with bounded retry.
	Selection	Ordered materialized Enumerable, cached size, ordinary element equality, no I/O. Data filtering and native predicates have separate entrypoints. Checked cardinality stops at the second match.
	Filter	Validated portable data, keyword/map normalization, correlated relations, explicit wire names and path errors. No atom creation or implicit regex dialect.
	Query	Non-enumerable plan with explicit fetch. Explain coverage, identity, order, attachment effects and error-equivalence status.
	Command and Format	Distinct argv, tmux syntax and format encoding. Raw syntax is a trusted escape hatch and cannot silently enter a reusable qualified lane.
	Batch, Group, Plan	One command representation with stable node IDs. Independent continue-on-error, ordered fail-fast and output dependencies remain distinct.
	Operation	Bounded admission and retained inspection, one caller settlement, one final node classification and separate wire retirement.
	Observation	Explicit registration before action, bounded retention/demand and cursor/gap semantics. Capture is separate screen state.
	Tracker	Optional owner of the same Snapshot graph. Retained reads expose status and never refresh or wait for readiness.
	Owned runner	Explicit argv/cwd/environment, gated execution and private completion channel; no inferred program exit from interactive pane text.
	Workspace	Versioned JSON loader and real CLI, read-only planning, exact preconditions, explicit apply and partial journal.
	MCP	STDIO discovery and bounded retained operations under host authority. Models choose allowlisted server IDs and exact returned references.

Server/session/window/pane/client operations also cover options, hooks and
formats. Preserve server/session/window scope and local/inherited/effective
option distinctions. Literal text and named keys are different operations.
Configured hooks and aliases are part of lane qualification; never disable
them silently to make attribution easier.
Ownership and failure
Use supervised OTP processes around connection epochs and operation
lifetimes. One epoch owns its writer/parser/router subtree; the final writer
checks epoch and operation identity immediately before sending. A dead
epoch cannot admit more work or lend its writer to a replacement. Reconnect
does not replay queued or uncertain mutations.
A caller can settle while the operation continues gathering evidence.
Routing capacity is reusable only after wire retirement. Finish a partially
written line under its original owner or close the epoch before writing
anything else. A group error can remove suffix commands without reply
blocks; use a separately attributable fence or retire the lane. Preserve
aggregate output and unknown attribution when individual results are unproved.
Strong incarnation-bound mutation requires an existing qualified live
connection. Never fall back to one-shot or replacement-connection execution.
One-shot identity checks expose their remaining check/use race. Exact IDs
never fall back to positions when an object disappears.
Convert each positive millisecond timeout once into a monotonic budget for
queueing, writes, replies and required proof. One error envelope carries
kind, phase, certainty, retryable, path and bounded details/partial results.
Bang APIs raise that same error. Retryable never authorizes mutation replay.
Command acknowledgement does not prove external process completion.
Bound parser carry, frames, queues, Port delivery, BEAM mailboxes, captures,
stderr, pending calls and retained results together. A later bounded queue
does not fix an upstream unbounded mailbox. The Linux one-shot transport
uses an owned C helper with explicit read credits and process-tree
retirement; ordinary Port busy limits do not bound inbound delivery.
Mix builds the helper from shipped source, requiring a C11 compiler but no
third-party runtime package or NIF. See ownership for
per-call memory accounting, cleanup limits and pending escript distribution
checks. Persistent connection admission and epoch ownership remain planned.
A third-party runtime dependency remains outside the core contract unless
the user separately approves a measured critical exception.
Capture, filtering and observation
The conservative codec uses one free-form field per response,
with explicit versioned encoding before printing and one framing newline.
Raw mode requires a separately qualified raw source. Restricted ID/numeric
fields may share a validated format. US/RS with tmux q is not a safe
delimiter scheme. More efficient encodings must first pass hostile-byte
round trips at every required release. Never decode quoting by shell evaluation.
Selection validation checks fields, types and required coverage before
iteration, including empty selections. Local callbacks keep Enum truthiness
and ordinary exceptions. Filter data preserves Boolean identities,
some/every/none correlation, optional to-one semantics and relation counts.
Reject duplicate keyword keys recursively. External JSON has whitelisted
names and finite byte/depth/node/list budgets, rejects trailing data, and
rejects duplicate keys before map conversion loses them.
Query reference execution captures required coverage and evaluates locally.
Pushdown is enabled only where both necessary-condition implication and
observable decode/validation/coverage error equivalence are qualified.
Capture complete relations independently from candidate root filtering.
Apply residual predicates before contextual deduplication, order and limit.
Unsupported optimizations retain reference behavior.
Authoritative subscriptions require complete expansions proven line-safe
or losslessly encoded for the connected release. Unsafe required fields
fail registration. Only explicitly optional fields may remain untracked.
Opaque raw streams cannot update authoritative state or share command-reply
correlation. Observer scope follows the attached session and attachment
effects require explicit policy.
Do not treat pause-after as end-to-end subscriber demand. Keep bounded
retention and explicit gaps on overload, scope loss or reconnect. Tracker
bootstrap/reconciliation has finite time/work/byte budgets. Unknown event
ordering invalidates coverage; stale buffered events cannot overwrite a
newer baseline. Prior-epoch refreshes cannot publish into a new epoch.
Qualification sequence
The saved implementation epic owns task identity and progress. Its research
approvals do not pass implementation gates. Qualify package/fixture and pure
codec boundaries first, then bounded one-shot capture, local query semantics,
persistent control and domain operations. Batch/planner, observation/runner
and consumer tasks build on those contracts.
The final gates include all required Linux cells, three packed consumers,
executed examples and teardown, rendered ExDoc/reference links, and a complete
shared-site build tied to separate library/exporter identities. Benchmark
the same semantic workload across selected modes only after results/effects
and attribution agree. Record independent architecture and final adoption
reviews with exact inputs and findings.
Shared-site publication stays pending until separately authorized and
externally verified. Package releases require separate authorization.
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The library uses the tiled libtmux logo with its cog. The workspace package
uses the same tiles without an overlay, and the MCP package uses the MCP
symbol. Elixir's primary tile is #8847B9, from the pinned
GitHub Linguist palette.
The lighter upper tile and darker lower tile follow the libtmux family's
OKLab shade adjustments. The source geometry is unchanged.
	Package	Artwork	Local directory
	libtmux	Cog	assets/
	libtmux_workspace	Plain tiles	packages/workspace/assets/
	libtmux_mcp	MCP overlay	packages/mcp/assets/

Each directory contains an SVG, transparent 32px and 512px PNGs, a favicon,
and light/dark Apple touch, Open Graph and Twitter images. Package READMEs
use their local SVG, and each package's file list includes its own artwork.
The adapters remain under implementation; artwork does not establish an
available CLI or MCP server.
Sources and updates
The vendored files come from the private libtmux/assets repository.
Each artwork directory includes a source.json with its revision and
SHA-256 digests; the core's record is assets/source.json.
The original libtmux and tmuxp paths were
supplied by the project owner. The MCP overlay uses the symbol from its
upstream artwork.
Regenerate artwork in the asset kit, then copy the selected exports here
and update the source record. The kit also owns the two flat pane styles,
the CSS-controlled SVG, the Astro component, and the full browser/mobile
exports. Keep those generators in the kit.
Documentation and previews
Use logo.svg for a documentation logo and favicon.ico for its favicon.
ExDoc uses the local SVG logo and includes the artwork in its output.
Crawler metadata needs absolute public URLs to the
1200 × 630 opengraph-light.png and 1200 × 600 twitter-light.png images.
The private source repository is not an image host for previews.
The shared docs repository vendors the full Elixir library, workspace and
MCP sets under site/public/brand/elixir/. It owns browser manifests and
page metadata when Elixir documentation is integrated.
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This is the Elixir libtmux implementation. Read mix.exs, the
current tree and implementation contracts before
editing. Target/deadline, command/codec, parser and bounded Linux one-shot
foundations and indexed graph capture exist. The domain client, persistent
control and consumer packages are still under implementation.
Which policy applies
	Setup, checks, and pull requests:
.github/CONTRIBUTING.md.
	Documentation, user-facing text, comments, and commits:
.github/WRITING.md.
	Planned contracts and package boundaries: docs/design.md.

Each guide is the single home for its subject. CLAUDE.md links here.
Change discipline
	Check the branch and working tree. Preserve unrelated changes.
	Use rg, ag, or fd for searches and jq for JSON.
	Reuse existing helpers before adding abstractions. Follow native Elixir
conventions; sibling ports supply behavioral references, not syntax.
	Keep core runtime dependencies at zero. Workspace and MCP packages depend
on the core; the core must not depend on them.
	Keep observed values immutable and I/O explicit. Distinguish command
acknowledgement, operation completion, and cancellation certainty.
	Run the relevant checks and report their scope, whole-command duration,
and failures or skips. A passing subset does not establish support.

Shared resources
Future tmux tests and probes must use unique, owned sockets and temporary
directories, with inherited TMUX and TMUX_PANE cleared. Never use or
stop the default server. Clean up only resources owned by the run and
verify that owned processes exit.
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This unpublished Elixir package is under implementation. Pure foundation
tests, packed-core import checks and owned real-tmux checks are available.
WRITING.md governs prose, comments, and commits.
Setup
Use mise with the ranges in .tool-versions: Erlang/OTP
29.x and Elixir 1.20.x. The Mix project requires at least Elixir 1.20.4.
Linux builds also require a C11 compiler and Linux headers for the owned
I/O helper. No NIF or third-party runtime package is required. CC may name
one compiler executable. Install prerequisites before timing checks:
$ mise install

To install newer releases within those ranges without editing the file:
$ mise upgrade erlang elixir

With mise active in your shell, verify that Elixir runs on OTP 29 and was
compiled for OTP 29:
$ elixir --version

Mise selects the newest OTP build for an Elixir prefix; the prefix does not
lock the OTP suffix. If a future 1.20 patch adds a newer OTP build, select
its exact 1.20.x-otp-29 version. asdf requires exact versions and cannot
consume these floating ranges directly.
CI reads both ranges from .tool-versions and passes them to setup-beam
in loose mode, which selects the Elixir build for the installed OTP major.
The action's direct version-file mode requires exact versions.
The native Linux matrix reads exact tmux source revisions and the reference
Elixir/OTP pair from priv/tmux/support.json. It also tests the resolved
.tool-versions pair with the newest listed tmux release. Every cell checks
the actual OTP patch, Elixir version and compiled OTP major before testing.
Missing prerequisites fail the cell. Required Linux checks succeeds only
when the core checks and every native cell succeed; no macOS job is required.
Hex is required only for package archive checks. Install it separately from
the check loops if it is missing:
$ mix local.hex --force

The core has no third-party runtime dependencies. ExDoc is a development-only
dependency; install it before timing documentation checks:
$ mix deps.get

tmux is not needed for pure unit or packed-core checks. The
implementation floor is tmux 3.3, and support must be proved against that
version rather than inferred from a newer local binary.
Current checks
Check that the active runtime matches the development selectors, minimum
versions and compiled OTP major:
$ time elixir scripts/check_runtime.exs tracking

Use reference instead of tracking to require the exact reference pair.
Check formatting after an edit:
$ time mix format --check-formatted

Before handing off a change, validate the Mix project with warnings treated
as errors:
$ time mix compile --warnings-as-errors

Check public function specs and type documentation against the compiled API:
$ time mix run scripts/check_public_contracts.exs

Compile the consumer fixtures and check the expected Elixir 1.20 diagnostics:
$ time mix run scripts/check_consumer_types.exs

Typespecs document contracts; the compiler infers types from implementation
patterns and guards. These fixtures verify selected valid and invalid uses,
not arbitrary criteria or every value-dependent return type. The codec fixture
records a case inference does not currently reject; runtime validation remains
required. Neither a declaration count nor a silent compiler proves every
contract.
With dependencies already installed, render the public reference and guides:
$ time mix docs --warnings-as-errors

Check rendered local files and HTML fragments without network requests:
$ time python3 scripts/check_docs_links.py

The link check reports ExDoc's optional host-provided version catalogue
separately. It does not verify external websites or publication.
Set DOCS_SOURCE_REF to the reviewed commit, branch or release tag when building
documentation for that revision. ExDoc uses main by default. Rendered copies
resolve source-file and artwork-directory links without changing the originals.
With Hex already installed, build the local archive:
$ time mix hex.build

Run critical pure tests in the inner loop, or all unit tests in the mid loop:
$ time mix test

Check generated field, operator and relation documentation after schema changes:
$ time mix run scripts/generate_schema.exs --check

Regenerate it with mix run scripts/generate_schema.exs before the check.
The default suite excludes the integration tag. Linux integration fixtures
require Python 3.9+ with pidfd support and an explicit tmux executable or tmux
on PATH. Python is a development fixture tool, not a core runtime dependency.
The helper owns a foreground tmux server, observes socket readiness through
inotify and verifies server/pane exit through process handles. It uses no
fixed readiness sleeps and never starts the default server.
Run the real fixture checks in the outer loop with the exact tmux binary
being qualified:
$ LIBTMUX_TMUX=/path/to/tmux mix test --include integration

CI runs the complete existing suite with two ExUnit cases at once and two
BEAM schedulers to fit the Linux runner. The native tests still exercise
their explicit concurrent fault schedules. Source download, prerequisites
and tmux compilation run before the timed test step. These cells qualify
implemented cases; they do not establish unimplemented API support.
Check packed-core consumption and metadata outside the checkout:
$ time mix run scripts/check_package.exs

Real checks round-trip command and format syntax with hostile bytes. The
field encoder protects backslashes and control bytes before tmux prints
them; the decoder handles one free-form field per response. It does not
assume separator bytes cannot occur in values. The pure control
parser enforces byte/event limits, but transport receive bounds and shared
lane safety need separate qualification.
The ownership guide describes the one-shot helper,
resource ceilings and remaining distribution gates.
These gates prove current foundations and fixture ownership. They do not
establish a complete client API, installed adapter graphs or compatibility
for unexercised operations. Do not add empty source or tests to make a
command appear useful. Complete runnable examples and adapter consumer checks
arrive with those components.
Check budgets
Time the entire command, including startup and setup. Record duration and
scope in the pull request. Tool installation happens before a timed loop.
	Loop	Budget	Stretch	Scope
	Inner	Under 5 seconds	Under 2 seconds	Formatting or critical tests for the edited code
	Mid	Under 30 seconds	Under 10 seconds	Unit suites, lint, and generated-file checks
	Outer	Under 5 minutes	Under 60 seconds	Compilation, packaging, docs, and integration matrices

Formatting and changed pure tests belong in the inner loop; the complete
unit suite belongs in the mid loop. Compilation, packaging and real tmux
fixtures and documentation rendering belong in the outer loop. Dependency
installation stays outside all check loops.
Do not run network operations, installs, builds, browsers, sleeps, or broad
corpus scans in the inner or mid loop.
Investigate waits longer than one second; use events and subscriptions for
readiness instead of fixed sleeps. Slow tests need an outer-loop tag and a
one-line reason. Fix redundant setup, polling, and slow paths before adding
tests to an over-budget loop. Benchmarks are separate: each run stays under
10 minutes, and a full sweep stays under one hour.
Package boundaries
mix.exs owns the core package. The workspace loader and
MCP server have separate Mix projects that consume the core. Do not add
adapter dependencies or adapter configuration to the core. The
design note records the planned behavioral boundaries.
Adding implementation
Add tests for critical behavior and regressions, not copies of the
implementation. A regression test must fail for the intended reason before
its passing result becomes evidence. Prefer pure ExUnit tests for parsing,
encoding, and selection; exercise protocol and resource ownership against
real tmux as well.
Every tmux fixture uses a unique, owned socket and temporary directory.
Clear inherited TMUX and TMUX_PANE. Never connect tests to the default
server, and only stop servers or remove files owned by that run. Use
bounded, event-based readiness and verify cleanup on success and failure.
Use ExUnit supervision for BEAM children and explicit teardown for owned OS
processes. A successful teardown call is not proof that a child exited.
Enable asynchronous tests only when sockets, state, and cleanup are isolated.
Distinguish protocol acknowledgement from operation completion in assertions.
Each support claim needs its own required CI cell. The tmux floor must run
against tmux 3.3 itself; 3.3a is a separate compatibility case. Platform
and transport coverage remain unverified until implementation exercises
them. Missing prerequisites in a required cell fail that cell; report
optional skips explicitly.
Pull requests
Keep changes on a topic branch in a separate worktree. Preserve unrelated
edits and keep each PR focused on one reviewable change. Follow the commit
format in WRITING.md.
Describe the problem, resulting behavior, and relevant validation. Report
passing, failing, skipped, and unverified checks separately. Scope claims to
what the checks actually exercise; scaffold validation cannot establish
runtime compatibility, performance, or release readiness.
Publication
Pushing a v<version> tag runs the required Linux checks at that revision,
then publishes the core package and its documentation to public Hex. The
tag must match the root Mix version. The publishing job uses HEX_API_KEY
from the GitHub environment named hex, then verifies the public release
and an installation outside the checkout. Merges and local archive builds
do not publish. Creating a release tag requires separate authorization.
Workspace and MCP have no publication jobs. Their eventual releases must
use real dependency versions and pass their own installed-consumer checks.
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    Writing

This guide governs documentation, user-facing text, comments, and commit
messages. CONTRIBUTING.md owns the development workflow.
Voice
Lead with the result or the reader's task. Use active voice, present tense,
concrete nouns, and short sentences. Assume no shared conversation history:
explain what a referenced issue or decision means, not just its identifier.
Describe observable behavior. Name the handled failure instead of calling
code robust. Give measurements instead of calling it fast. Remove filler,
marketing claims, emojis, and tool signatures. Planned capabilities remain
explicitly planned until implementation and checks establish them.
README and guides
Teach the task before the API. Keep the README ordered around purpose,
status and prerequisites, installation, the smallest tested task, defaults
and failure behavior, package boundaries, and contributor links. Omit an
installation or usage example when no usable package exists.
Keep API contracts next to their definitions and conceptual explanations in
one guide. Link to each instead of maintaining duplicate descriptions.
Use tables for comparisons and lists for steps or parallel facts. Preserve
relative repository links; change a packaged copy only when an installed
consumer check demonstrates that a target breaks.
Markdown and examples
Use CommonMark with blank lines around headings and lists. Wrap repository
prose at about 80 columns, except tables and long links. Do not hard-wrap
GitHub issue or pull request paragraphs. Exclude personal information and
local absolute paths from published text.
Code blocks are paste-and-run units:
	Use console fences and a $ prefix for shell commands.
	Put one command in each block. An explicit &&, ;, or \ chain counts
as one command.
	Put prerequisites and explanations outside the fence.
	Split long commands with \, using one flag per continuation line.
	Run complete Elixir examples and check their stated results. Keep API
proposals in design prose or tables until executable examples exist.

Examples that touch tmux own their socket and cleanup. When examples become
part of public documentation, extract snippets from checked source files
or add a drift check. A compile-only example does not prove tmux behavior.
Elixir API documentation
Write @moduledoc, @doc, and @typedoc beside their definitions. The
first paragraph states the result and stands on its own. Use native ExDoc
references such as Module.function/arity, c:Module.callback/arity, and
t:Module.type/arity; verify that rendered links resolve once ExDoc is
configured.
Document the contract a caller needs: accepted inputs, defaults, tagged
results and exceptions, ownership, ordering, deadlines, cancellation, output
bounds, and cleanup. State whether a value is observed data and whether a
function performs I/O. Explain required coverage and the tmux feature floor
where they affect the call.
Use ## Examples for worked use and doctests for pure examples that can run
without tmux. Add truthful :since metadata when a feature ships. Typespecs
document contracts; do not present them as runtime validation.
Source comments explain an invariant, constraint, failure mode, or
non-obvious intent. Prefer one or two lines. Delete comments that narrate
the next expression or repeat names, types, and control flow. Preserve
tooling directives and explanations of protocol or platform workarounds.
Commits and pull requests
Use scope(type[detail]) Concise description. The detail is optional. Use
a lowercase scope unless it names a proper product or class. Follow the
subject with a why: paragraph and focused what: bullets explaining the
durable reason and changes. Keep each commit about one topic.
Review descriptions lead with the concrete problem and resulting behavior.
Explain the final change for someone who has not read the conversation.
Include relevant verification, failures, and skipped checks in the review;
temporary validation results do not belong in commit prose.
Future release notes
Once releases exist, each changelog bullet names one observable change and
links the relevant API or issue. Put migration advice beside the change.
Release notes state the upgrade benefit, compatibility change, and required
action. Support claims refer to that release's completed checks. Avoid
feature totals and narratives of internal cleanup.
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    LICENSE


MIT License

Copyright (c) 2026 libtmux

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.
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LibTmux.Capture 
    



      
Builds a bounded one-shot observation of one existing Linux tmux server.
Capture checks topology and OS server identity before and after field
reads. At most two attempts share the original deadline and work budgets;
attempts accepts 1–3. Only inconsistent topology or disappearing read
targets retry. Decoding and coverage errors remain visible.
Defaults: 1024 contextual entity rows, 512 commands, 8 MiB total response
bytes, 64 KiB per response and 5000 ms. Exceeding a ceiling returns an
error, never a partial success. Linked rows count against the work limit.
Capture adds no control attachment. Hooks configured on list commands can
still have effects; retries do not replay application mutations.

      


      
        Summary


  
    Types
  


    
      
        option()

      


        Capture-wide budgets shared by all attempts and reads.



    





  
    Functions
  


    
      
        fetch(server, options \\ [])

      


        Performs bounded capture through an explicit server descriptor.



    





      


      
        Types


        


  
    
      
    
    
      option()



        
          
        

    

  


  

      

          @type option() ::
  {:timeout, pos_integer()}
  | {:deadline, LibTmux.Deadline.t()}
  | {:attempts, 1..3}
  | {:max_entities | :max_commands | :max_bytes | :max_response_bytes,
     pos_integer()}


      


Capture-wide budgets shared by all attempts and reads.
Each read uses the smaller of remaining max_bytes and max_response_bytes.
That effective ceiling must fit OneShot's 16 MiB stdout limit. The shared
deadline must have at most 600,000 ms remaining when OneShot validates a read.
Invalid combinations raise ArgumentError before that command executes.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      fetch(server, options \\ [])



        
          
        

    

  


  

      

          @spec fetch(LibTmux.Server.t(), [option()]) ::
  {:ok, LibTmux.Snapshot.t()} | {:error, LibTmux.Error.t()}


      


Performs bounded capture through an explicit server descriptor.
See option/0 for the composed work, response and remaining-deadline
constraints inherited from LibTmux.Transport.OneShot.run/3.

  


        

      


  

  
    
    LibTmux.Client - libtmux v0.0.1-alpha.1
    
    

    


  
  

    
LibTmux.Client 
    



      
An immutable attached-client observation, keyed by validated client name.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        An attached client; a known absent height is distinct from unloaded or unavailable coverage.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %LibTmux.Client{
  control_mode: LibTmux.Schema.observed(boolean()),
  height: LibTmux.Schema.observed(non_neg_integer() | nil),
  id: String.t(),
  pid: LibTmux.Schema.observed(non_neg_integer()),
  server_instance: String.t(),
  session_id: LibTmux.Schema.observed(String.t()),
  width: LibTmux.Schema.observed(non_neg_integer())
}


      


An attached client; a known absent height is distinct from unloaded or unavailable coverage.
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LibTmux.Codec 
    



      
Decodes bounded field responses and control-output bytes.
A field response contains one free-form field and one framing newline.
The default raw mode removes only its framing newline and requires a
separately qualified raw source. Use encoding: :escaped_v1 for output
produced by LibTmux.Format.field/1, including tmux 3.4's print path.
This is a conservative response codec, not a multi-field row codec.

      


      
        Summary


  
    Types
  


    
      
        field_option()

      


        Field framing and value validation options; min and max apply only to integer fields.



    


    
      
        field_type()

      


        The required decoded field category; string additionally requires valid UTF-8.



    





  
    Functions
  


    
      
        decode_field(response, type, options \\ [])

      


        Removes one framing newline and validates the complete field value.



    


    
      
        decode_output(value, options \\ [])

      


        Decodes tmux's three-digit octal output escapes as bytes.



    





      


      
        Types


        


  
    
      
    
    
      field_option()



        
          
        

    

  


  

      

          @type field_option() ::
  {:encoding, :raw | :escaped_v1}
  | {:max_bytes, pos_integer()}
  | {:min | :max, integer() | nil}


      


Field framing and value validation options; min and max apply only to integer fields.

  



  
    
      
    
    
      field_type()



        
          
        

    

  


  

      

          @type field_type() :: :bytes | :string | :integer | :boolean


      


The required decoded field category; string additionally requires valid UTF-8.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      decode_field(response, type, options \\ [])



        
          
        

    

  


  

      

          @spec decode_field(binary(), :bytes | :string, [field_option()]) ::
  {:ok, binary()} | {:error, LibTmux.Error.t()}


          @spec decode_field(binary(), :integer, [field_option()]) ::
  {:ok, integer()} | {:error, LibTmux.Error.t()}


          @spec decode_field(binary(), :boolean, [field_option()]) ::
  {:ok, boolean()} | {:error, LibTmux.Error.t()}


      


Removes one framing newline and validates the complete field value.

  



    

  
    
      
    
    
      decode_output(value, options \\ [])



        
          
        

    

  


  

      

          @spec decode_output(binary(), [{:max_bytes, pos_integer()}]) ::
  {:ok, binary()} | {:error, LibTmux.Error.t()}


      


Decodes tmux's three-digit octal output escapes as bytes.
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LibTmux.Command 
    



      
A command value with separate argv and tmux-text renderers.
Construction performs no I/O. Arguments are bytes without NUL. Rendering
protects command syntax; arguments interpreted as formats still require
LibTmux.Format. A command value does not authorize a shared control lane
or establish completion behavior, including configured hooks and aliases.

      


      
        Summary


  
    Types
  


    
      
        option()

      


        A positive byte ceiling for the selected argv or text rendering; encoded output is charged separately.



    


    
      
        t()

      


        Trusted command data without I/O. Format operands need separate encoding before execution.



    





  
    Functions
  


    
      
        argv(command, options \\ [])

      


        Returns process arguments, preserving terminal semicolons in tmux's argv parser.



    


    
      
        new(name, args, options \\ [])

      


        Constructs a trusted command, rejecting invalid arguments and input size.



    


    
      
        render(command, options \\ [])

      


        Renders one newline-free tmux command line within its encoded byte budget.



    





      


      
        Types


        


  
    
      
    
    
      option()



        
          
        

    

  


  

      

          @type option() :: {:max_bytes, pos_integer()}


      


A positive byte ceiling for the selected argv or text rendering; encoded output is charged separately.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      


Trusted command data without I/O. Format operands need separate encoding before execution.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      argv(command, options \\ [])



        
          
        

    

  


  

      

          @spec argv(t(), [option()]) :: [binary()]


      


Returns process arguments, preserving terminal semicolons in tmux's argv parser.

  



    

  
    
      
    
    
      new(name, args, options \\ [])



        
          
        

    

  


  

      

          @spec new(String.t(), [binary()], [option()]) :: t()


      


Constructs a trusted command, rejecting invalid arguments and input size.

  



    

  
    
      
    
    
      render(command, options \\ [])



        
          
        

    

  


  

      

          @spec render(t(), [option()]) :: binary()


      


Renders one newline-free tmux command line within its encoded byte budget.
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LibTmux.Control 
    



      
A connection handle pinned to one qualified control epoch.
submit/3 returns a retained LibTmux.Operation after bounded admission.
It never retries, refreshes, attaches, creates sessions or changes transport.
request_close/1 closes write authority for the entire pinned epoch through
reserved capacity; it does not prove retirement or roll back effects.
start_link/1 explicitly attaches to an existing session. Its host must qualify
the server's effective hooks, aliases and stream writers for the whole lane;
a pinned handle is not authentication against unqualified command output or
arbitrary writes to internal tables. Reads and local selections never attach.

      


      
        Summary


  
    Types
  


    
      
        call_option()

      


        A positive millisecond budget shared by all stages of one lifecycle or submission call.



    


    
      
        connection_status()

      


        A pinned epoch's current phase and identity; retirement and unknown cleanup are distinct.



    


    
      
        start_option()

      


        Explicit attachment policy and bounded startup settings; capacities count slots and timeouts use milliseconds.



    


    
      
        t()

      


        A handle pinned to one owner and connection epoch; it never follows a replacement.



    





  
    Functions
  


    
      
        child_spec(options)

      


        Builds a permanent supervisor child spec without attaching.



    


    
      
        close(control, options \\ [])

      


        Requests closure and waits for proven retirement of the pinned epoch.



    


    
      
        close!(control, options \\ [])

      


        Waits for retirement or raises the same structured error.



    


    
      
        reconnect(control, options \\ [])

      


        Explicitly obtains the ready epoch, starting a replacement only after retirement.



    


    
      
        reconnect!(control, options \\ [])

      


        Obtains the ready epoch or raises the same structured error.



    


    
      
        request_close(control)

      


        Requests whole-epoch closure without claiming an operation or metadata slot.



    


    
      
        request_close!(control)

      


        Requests epoch closure or raises the same structured error.



    


    
      
        start_link(options)

      


        Starts a linked connection and returns {:ok, root, control}.



    


    
      
        status(control)

      


        Reads the pinned epoch's current phase and identity without contacting tmux.



    


    
      
        status!(control)

      


        Reads pinned connection status or raises the same structured error.



    


    
      
        submit(control, request, options \\ [])

      


        Admits one request and returns its retained operation handle.



    


    
      
        submit!(control, request, options \\ [])

      


        Admits a request or raises the same structured error.



    





      


      
        Types


        


  
    
      
    
    
      call_option()



        
          
        

    

  


  

      

          @type call_option() :: {:timeout, pos_integer()}


      


A positive millisecond budget shared by all stages of one lifecycle or submission call.

  



  
    
      
    
    
      connection_status()



        
          
        

    

  


  

      

          @type connection_status() :: %{
  epoch: reference() | nil,
  generation: non_neg_integer(),
  phase: :starting | :ready | :closing | :retired | :unknown,
  instance: String.t() | nil
}


      


A pinned epoch's current phase and identity; retirement and unknown cleanup are distinct.

  



  
    
      
    
    
      start_option()



        
          
        

    

  


  

      

          @type start_option() ::
  {:server, LibTmux.Server.t()}
  | {:session, {:existing, String.t()}}
  | {:lane, :host_qualified}
  | {:timeout, 1..600_000}
  | {:capacity | :metadata_capacity | :waiter_capacity, 1..256}
  | {:retention_ms, 1..600_000}


      


Explicit attachment policy and bounded startup settings; capacities count slots and timeouts use milliseconds.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      


A handle pinned to one owner and connection epoch; it never follows a replacement.

  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(options)



        
          
        

    

  


  

      

          @spec child_spec([start_option()]) :: Supervisor.child_spec()


      


Builds a permanent supervisor child spec without attaching.
Prepares bounded detached inputs and one lifetime shared by all factory
invocations. Each invocation starts its own configured startup budget.
A restarted nonfresh lifetime returns an inert handle and never attaches
automatically. Proven retirement permits explicit reconnect/2; unknown
cleanup refuses it. Old handles never follow a replacement Root or Manager.
Supervisor.start_child/2 and Supervisor.restart_child/2 return the new
handle as their third info element. After an automatic restart, use
Supervisor.terminate_child/2 followed by Supervisor.restart_child/2 for
fresh info. This does not clear unknown cleanup or authorize replay.

  



    

  
    
      
    
    
      close(control, options \\ [])



        
          
        

    

  


  

      

          @spec close(t(), [call_option()]) :: :ok | {:error, LibTmux.Error.t()}


      


Requests closure and waits for proven retirement of the pinned epoch.
timeout defaults to 5000ms. The original budget includes validation and
retirement waiting. Closure still happens if the bounded metadata wait cannot
be admitted. Timeout, overload or lost ownership reports unknown certainty;
it never proves cleanup. :ok requires known native and actor retirement.
The connection supervisor and retained records remain available for explicit
reconnect and inspection. This does not stop the supervisor or roll back
sibling effects.

  



    

  
    
      
    
    
      close!(control, options \\ [])



        
          
        

    

  


  

      

          @spec close!(t(), [call_option()]) :: :ok


      


Waits for retirement or raises the same structured error.

  



    

  
    
      
    
    
      reconnect(control, options \\ [])



        
          
        

    

  


  

      

          @spec reconnect(t(), [call_option()]) :: {:ok, t()} | {:error, LibTmux.Error.t()}


      


Explicitly obtains the ready epoch, starting a replacement only after retirement.
A ready epoch returns itself. Call close/2 first to require replacement.
The default 5000ms budget covers metadata admission, retirement and startup.
A successful reply pins the acknowledged endpoint even if it becomes stale
before this caller resumes. It never follows a later view or replays work.
Errors report unknown certainty about existing effects. Attachment counts
include the control client; reconnect can attach one replacement client.

  



    

  
    
      
    
    
      reconnect!(control, options \\ [])



        
          
        

    

  


  

      

          @spec reconnect!(t(), [call_option()]) :: t()


      


Obtains the ready epoch or raises the same structured error.

  



  
    
      
    
    
      request_close(control)



        
          
        

    

  


  

      

          @spec request_close(t()) :: :ok | {:error, LibTmux.Error.t()}


      


Requests whole-epoch closure without claiming an operation or metadata slot.
Repeated requests for the same closing or proven-retired generation return
:ok. Success is a request or previously known retirement, not a cleanup
acknowledgement. A replacement Manager or epoch is never followed.

  



  
    
      
    
    
      request_close!(control)



        
          
        

    

  


  

      

          @spec request_close!(t()) :: :ok


      


Requests epoch closure or raises the same structured error.

  



  
    
      
    
    
      start_link(options)



        
          
        

    

  


  

      

          @spec start_link([start_option()]) :: {:ok, pid(), t()} | {:error, LibTmux.Error.t()}


      


Starts a linked connection and returns {:ok, root, control}.
Require server: %LibTmux.Server{}, session: {:existing, "$id"} and
lane: :host_qualified. No session is created. The attachment is visible in
tmux's client counts and can update session state. no-output,ignore-size
suppresses pane output and excludes this client from window sizing.
timeout defaults to 5000ms and accepts 1..600000ms. One budget covers input
preparation, Root startup, bootstrap, ready waiting and handoff. A fresh
factory returns a ready handle. Runtime failures return a structured error;
invalid trusted options raise ArgumentError. Ordinary OTP links remain:
an asynchronous fatal Root exit can terminate a non-trapping caller.
Failed startup fences its lifetime and requests exact-Root cleanup. Error
details distinguish observed Root exit from a kill request; unknown native
cleanup is never success. OTP can await Root exit after its initialization
timer expires, so a strict wall-clock caller-return bound remains unqualified.
Optional capacity, metadata_capacity and waiter_capacity default to 32
and accept 1..256. retention_ms defaults to 60000 and accepts 1..600000.
Ready connections buffer at most 64 KiB or 128 stdout chunks behind the
reader. Overflow closes the whole epoch with resource_limit; it never
replays commands. These receive limits do not cap borrowed-server memory.

  



  
    
      
    
    
      status(control)



        
          
        

    

  


  

      

          @spec status(t()) :: {:ok, connection_status()} | {:error, LibTmux.Error.t()}


      


Reads the pinned epoch's current phase and identity without contacting tmux.

  



  
    
      
    
    
      status!(control)



        
          
        

    

  


  

      

          @spec status!(t()) :: connection_status()


      


Reads pinned connection status or raises the same structured error.

  



    

  
    
      
    
    
      submit(control, request, options \\ [])



        
          
        

    

  


  

      

          @spec submit(t(), LibTmux.Control.Request.t(), [call_option()]) ::
  {:ok, LibTmux.Operation.t()} | {:error, LibTmux.Error.t()}


      


Admits one request and returns its retained operation handle.
timeout defaults to 5000ms and covers validation, admission, queueing,
writes and replies under one monotonic deadline. Request binaries are
detached before publication. Invalid input, overload or stale context before
admission returns a no-write error. Every successful admission returns its
Operation, even if its context disappears before publication. Inspect that
handle for the eventual canonical result or an explicit lost-context error.
Closing the connection can affect sibling operations. Command replies do
not prove external program exit. Caller timeout does not authorize replay.

  



    

  
    
      
    
    
      submit!(control, request, options \\ [])



        
          
        

    

  


  

      

          @spec submit!(t(), LibTmux.Control.Request.t(), [call_option()]) ::
  LibTmux.Operation.t()


      


Admits a request or raises the same structured error.

  


        

      


  

  
    
    LibTmux.Control.Request - libtmux v0.0.1-alpha.1
    
    

    


  
  

    
LibTmux.Control.Request 
    



      
Data for the qualified control lane's supported commands.
Field reads encode one named variable losslessly. Server user options accept
literal binary values. Constructing a request performs no I/O; submit it with
LibTmux.Control.submit/3. Arbitrary commands, formats and raw control lines
require separate qualification and are not accepted by this lane.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        Command data for the qualified lane; construction does not validate admission or perform I/O.



    





  
    Functions
  


    
      
        field(variable, target \\ nil)

      


        Reads a named format variable, optionally from an exact instance-bound target.



    


    
      
        set_user_option(name, value)

      


        Sets a server user option with an @name and a literal binary value.



    


    
      
        verify_reply(request, status, lines)

      


        Checks a qualified request's reply shape; a tmux error reply remains a command outcome.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      


Command data for the qualified lane; construction does not validate admission or perform I/O.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      field(variable, target \\ nil)



        
          
        

    

  


  

      

          @spec field(String.t(), LibTmux.Ref.t() | nil) :: t()


      


Reads a named format variable, optionally from an exact instance-bound target.
Existing empty fields succeed. A target that disappears before the read
produces an acknowledged failed operation and leaves the connection usable.
A reference does not reserve the object's lifetime.

  



  
    
      
    
    
      set_user_option(name, value)



        
          
        

    

  


  

      

          @spec set_user_option(String.t(), binary()) :: t()


      


Sets a server user option with an @name and a literal binary value.

  



  
    
      
    
    
      verify_reply(request, status, lines)



        
          
        

    

  


  

      

          @spec verify_reply(t(), :ok | :error, [binary()]) :: :ok | {:error, LibTmux.Error.t()}


      


Checks a qualified request's reply shape; a tmux error reply remains a command outcome.

  


        

      


  

  
    
    LibTmux.Deadline - libtmux v0.0.1-alpha.1
    
    

    


  
  

    
LibTmux.Deadline 
    



      
A node-local monotonic deadline shared by every stage of an operation.
Construct it once at admission. Passing it between stages preserves the
original budget; it is not a portable timestamp or a wire value.

      


      
        Summary


  
    Types
  


    
      
        option()

      


        An optional node-local monotonic clock sample in milliseconds, used instead of sampling the current clock.



    


    
      
        t()

      


        A node-local monotonic millisecond cutoff. Share it between stages; never serialize it as a portable deadline.



    





  
    Functions
  


    
      
        new(milliseconds, options \\ [])

      


        Creates a deadline from a positive millisecond budget.



    


    
      
        remaining(deadline, options \\ [])

      


        Returns the remaining milliseconds, clamped to zero after expiry.



    





      


      
        Types


        


  
    
      
    
    
      option()



        
          
        

    

  


  

      

          @type option() :: {:now, integer()}


      


An optional node-local monotonic clock sample in milliseconds, used instead of sampling the current clock.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      


A node-local monotonic millisecond cutoff. Share it between stages; never serialize it as a portable deadline.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(milliseconds, options \\ [])



        
          
        

    

  


  

      

          @spec new(pos_integer(), [option()]) :: t()


      


Creates a deadline from a positive millisecond budget.

  



    

  
    
      
    
    
      remaining(deadline, options \\ [])



        
          
        

    

  


  

      

          @spec remaining(t(), [option()]) :: non_neg_integer()


      


Returns the remaining milliseconds, clamped to zero after expiry.

  


        

      


  

  
    
    LibTmux.Filter - libtmux v0.0.1-alpha.1
    
    

    


  
  

    
LibTmux.Filter 
    



      
A validated portable predicate over one observed entity type.
Keywords are trusted shorthand for maps. Fields in one object conjoin;
duplicate keyword keys are rejected recursively. not at a field negates
equality, while Boolean not takes one criteria object. Lists require an
explicit operator. Native callbacks belong to LibTmux.Selection.filter/2.
This value contains data; executable preparation remains separate.

      


      
        Summary


  
    Types
  


    
      
        criteria()

      


        Local map criteria or keyword shorthand; field and operand domains are validated at construction.



    


    
      
        input()

      


        Trusted criteria data or a previously validated filter for the same entity.



    


    
      
        limit_option()

      


        A positive resource ceiling; byte, depth, node, list and string budgets validate independently.



    


    
      
        limits()

      


        Resolved constructor budgets; wire limits also cover the versioned envelope.



    


    
      
        t()

      


        Validated portable predicate data; executable predicates are prepared separately.



    





  
    Functions
  


    
      
        from_json(entity, json, options \\ [])

      


        Decodes bounded JSON, rejecting duplicate object keys and trailing data.



    


    
      
        from_wire(entity, payload, options \\ [])

      


        Decodes a whitelisted versioned map; raw JSON must use from_json to retain duplicate keys.



    


    
      
        new(entity, criteria, options \\ [])

      


        Normalizes criteria and validates field/operator/value domains before evaluation.



    


    
      
        new!(entity, criteria, options \\ [])

      


        Constructs a filter or raises its structured validation error.



    


    
      
        to_predicate(filter, options)

      


        Prepares a local unary predicate after validating captured coverage, including empty domains.



    


    
      
        to_wire(filter)

      


        Returns the explicit versioned string-keyed wire representation.



    





      


      
        Types


        


  
    
      
    
    
      criteria()



        
          
        

    

  


  

      

          @type criteria() :: %{optional(atom()) => term()} | keyword(term())


      


Local map criteria or keyword shorthand; field and operand domains are validated at construction.

  



  
    
      
    
    
      input()



        
          
        

    

  


  

      

          @type input() :: criteria() | t()


      


Trusted criteria data or a previously validated filter for the same entity.

  



  
    
      
    
    
      limit_option()



        
          
        

    

  


  

      

          @type limit_option() ::
  {:max_bytes, pos_integer()}
  | {:max_depth, pos_integer()}
  | {:max_nodes, pos_integer()}
  | {:max_list, pos_integer()}
  | {:max_string_bytes, pos_integer()}


      


A positive resource ceiling; byte, depth, node, list and string budgets validate independently.

  



  
    
      
    
    
      limits()



        
          
        

    

  


  

      

          @type limits() :: %{
  max_bytes: pos_integer(),
  max_depth: pos_integer(),
  max_nodes: pos_integer(),
  max_list: pos_integer(),
  max_string_bytes: pos_integer()
}


      


Resolved constructor budgets; wire limits also cover the versioned envelope.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      


Validated portable predicate data; executable predicates are prepared separately.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      from_json(entity, json, options \\ [])



        
          
        

    

  


  

      

          @spec from_json(LibTmux.Schema.entity_selector(), binary(), [limit_option()]) ::
  {:ok, t()} | {:error, LibTmux.Error.t()}


      


Decodes bounded JSON, rejecting duplicate object keys and trailing data.

  



    

  
    
      
    
    
      from_wire(entity, payload, options \\ [])



        
          
        

    

  


  

      

          @spec from_wire(LibTmux.Schema.entity_selector(), term(), [limit_option()]) ::
  {:ok, t()} | {:error, LibTmux.Error.t()}


      


Decodes a whitelisted versioned map; raw JSON must use from_json to retain duplicate keys.

  



    

  
    
      
    
    
      new(entity, criteria, options \\ [])



        
          
        

    

  


  

      

          @spec new(LibTmux.Schema.entity_selector(), input(), [limit_option()]) ::
  {:ok, t()} | {:error, LibTmux.Error.t()}


      


Normalizes criteria and validates field/operator/value domains before evaluation.
An existing filter retains its constructor's validation when no new limits
are supplied. Explicit limits check the normalized tree directly, without
expanding it into synthetic input syntax.

  



    

  
    
      
    
    
      new!(entity, criteria, options \\ [])



        
          
        

    

  


  

      

          @spec new!(LibTmux.Schema.entity_selector(), input(), [limit_option()]) :: t()


      


Constructs a filter or raises its structured validation error.

  



  
    
      
    
    
      to_predicate(filter, options)



        
          
        

    

  


  

      

          @spec to_predicate(t(), [{:snapshot, LibTmux.Snapshot.t()}]) ::
  (LibTmux.Schema.observation() ->
     boolean())


      


Prepares a local unary predicate after validating captured coverage, including empty domains.

  



  
    
      
    
    
      to_wire(filter)



        
          
        

    

  


  

      

          @spec to_wire(t()) :: LibTmux.Wire.object()


      


Returns the explicit versioned string-keyed wire representation.

  


        

      


  

  
    
    LibTmux.Format - libtmux v0.0.1-alpha.1
    
    

    


  
  

    
LibTmux.Format 
    



      
Constructs literal operands for tmux formats without evaluating their text.
Command quoting and format quoting are separate. A literal may contain
newlines or arbitrary non-NUL bytes; this does not qualify its output for
a shared line-oriented control lane.

      


      
        Summary


  
    Functions
  


    
      
        field(name)

      


        Encodes one named field for LibTmux.Codec.decode_field/3 with encoding: :escaped_v1.



    


    
      
        literal(value)

      


        Returns a format expression that expands to exactly the supplied non-NUL bytes.



    





      


      
        Functions


        


  
    
      
    
    
      field(name)



        
          
        

    

  


  

      

          @spec field(String.t()) :: binary()


      


Encodes one named field for LibTmux.Codec.decode_field/3 with encoding: :escaped_v1.
Backslashes are replaced first, then dollars and ASCII control bytes.
This protects values from tmux 3.4's ambiguous print escaping. The v1:
prefix and encoded newlines prevent field text from becoming reply guards.
This is one field per response, not a delimiter-framed row or arbitrary
format wrapper. The caller must still bound the response and validate the
field against its schema and the connected server's capabilities.

  



  
    
      
    
    
      literal(value)



        
          
        

    

  


  

      

          @spec literal(binary()) :: binary()


      


Returns a format expression that expands to exactly the supplied non-NUL bytes.

  


        

      


  

  
    
    LibTmux.Operation - libtmux v0.0.1-alpha.1
    
    

    


  
  

    
LibTmux.Operation 
    



      
A retained operation handle pinned to its original owner, tables and epoch.
result/1 and status/1 read local retained values. await/2 owns a separate
bounded waiter; its timeout never stops the operation. stop/1 requests
closure of the operation's entire connection epoch, including siblings.
It does not roll back effects or prove native cleanup.
Canonical results carry outcome, certainty and evidence. Completed,
failed, skipped and unknown outcomes remain values, including in bang APIs.
Bang functions raise only API or metadata errors. A command reply is distinct
from wire retirement and arbitrary program exit.
Normal reconnect preserves retained records until forget or expiry. Owner
replacement loses those tables; a handle never follows a replacement view.

      


      
        Summary


  
    Types
  


    
      
        command_result()

      


        A qualified command reply, independently of wire retirement or program completion.



    


    
      
        option()

      


        A positive millisecond budget for one waiter or record-reclamation call.



    


    
      
        result()

      


        The immutable canonical outcome; failed, skipped and unknown outcomes remain values.



    


    
      
        skipped_result()

      


        A canonical no-write outcome, with the reason it was skipped before dispatch.



    


    
      
        status()

      


        Retained wire progress and the canonical result, or nil while no outcome is established.



    


    
      
        t()

      


        A retained owner-bound operation handle; it is not a command result or a reservation.



    


    
      
        unknown_result()

      


        An epoch closed without enough evidence to classify the operation's effects.



    


    
      
        wire()

      


        Wire progress for this operation; retired wire does not prove connection cleanup.



    





  
    Functions
  


    
      
        await(operation, options \\ [])

      


        Waits for a canonical result under one positive millisecond timeout.



    


    
      
        await!(operation, options \\ [])

      


        Waits or raises API errors; canonical failed, skipped and unknown outcomes remain values.



    


    
      
        forget(operation, options \\ [])

      


        Requests exact-record reclamation with a default 5000ms timeout.



    


    
      
        forget!(operation, options \\ [])

      


        Forgets the retained record or raises the same structured error.



    


    
      
        result(operation)

      


        Returns a canonical result, :pending, or a retained-context error.



    


    
      
        result!(operation)

      


        Reads a result or :pending; raises API errors, preserving all canonical outcomes.



    


    
      
        status(operation)

      


        Reads retained wire state and canonical result without contacting tmux.



    


    
      
        status!(operation)

      


        Reads retained status or raises the same structured error.



    


    
      
        stop(operation)

      


        Requests closure of the pinned epoch through reserved capacity.



    


    
      
        stop!(operation)

      


        Requests epoch closure or raises the same structured error.



    





      


      
        Types


        


  
    
      
    
    
      command_result()



        
          
        

    

  


  

      

          @type command_result() :: %{
  outcome: :completed | :failed,
  certainty: :acknowledged,
  evidence: :command_reply,
  guard: LibTmux.Protocol.guard_id(),
  lines: [binary()]
}


      


A qualified command reply, independently of wire retirement or program completion.

  



  
    
      
    
    
      option()



        
          
        

    

  


  

      

          @type option() :: {:timeout, pos_integer()}


      


A positive millisecond budget for one waiter or record-reclamation call.

  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() :: command_result() | skipped_result() | unknown_result()


      


The immutable canonical outcome; failed, skipped and unknown outcomes remain values.

  



  
    
      
    
    
      skipped_result()



        
          
        

    

  


  

      

          @type skipped_result() :: %{
  outcome: :skipped,
  certainty: :no_write,
  evidence: :cancelled | :timeout | :epoch_closed
}


      


A canonical no-write outcome, with the reason it was skipped before dispatch.

  



  
    
      
    
    
      status()



        
          
        

    

  


  

      

          @type status() :: %{wire: wire(), result: result() | nil}


      


Retained wire progress and the canonical result, or nil while no outcome is established.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      


A retained owner-bound operation handle; it is not a command result or a reservation.

  



  
    
      
    
    
      unknown_result()



        
          
        

    

  


  

      

          @type unknown_result() :: %{
  outcome: :unknown,
  certainty: :unknown,
  evidence: :epoch_closed
}


      


An epoch closed without enough evidence to classify the operation's effects.

  



  
    
      
    
    
      wire()



        
          
        

    

  


  

      

          @type wire() :: :unpublished | :unsent | :writing | :awaiting | :closing | :retired


      


Wire progress for this operation; retired wire does not prove connection cleanup.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      await(operation, options \\ [])



        
          
        

    

  


  

      

          @spec await(t(), [option()]) :: {:ok, result()} | {:error, LibTmux.Error.t()}


      


Waits for a canonical result under one positive millisecond timeout.
The default is 5000ms. Every call claims an independent bounded waiter slot,
including terminal operations; use result/1 for immediate inspection.
Completed waiter copies survive record reclamation until this caller reads
them. Timeout, overload and caller death affect only this waiter.

  



    

  
    
      
    
    
      await!(operation, options \\ [])



        
          
        

    

  


  

      

          @spec await!(t(), [option()]) :: result()


      


Waits or raises API errors; canonical failed, skipped and unknown outcomes remain values.

  



    

  
    
      
    
    
      forget(operation, options \\ [])



        
          
        

    

  


  

      

          @spec forget(t(), [option()]) :: :ok | {:error, LibTmux.Error.t()}


      


Requests exact-record reclamation with a default 5000ms timeout.
Wire-active records cannot be forgotten. An owner-accepted request remains
owned after caller timeout. Successful reclamation invalidates this record
handle while preserving already-accepted waiter copies.

  



    

  
    
      
    
    
      forget!(operation, options \\ [])



        
          
        

    

  


  

      

          @spec forget!(t(), [option()]) :: :ok


      


Forgets the retained record or raises the same structured error.

  



  
    
      
    
    
      result(operation)



        
          
        

    

  


  

      

          @spec result(t()) :: :pending | {:ok, result()} | {:error, LibTmux.Error.t()}


      


Returns a canonical result, :pending, or a retained-context error.

  



  
    
      
    
    
      result!(operation)



        
          
        

    

  


  

      

          @spec result!(t()) :: :pending | result()


      


Reads a result or :pending; raises API errors, preserving all canonical outcomes.

  



  
    
      
    
    
      status(operation)



        
          
        

    

  


  

      

          @spec status(t()) :: {:ok, status()} | {:error, LibTmux.Error.t()}


      


Reads retained wire state and canonical result without contacting tmux.

  



  
    
      
    
    
      status!(operation)



        
          
        

    

  


  

      

          @spec status!(t()) :: status()


      


Reads retained status or raises the same structured error.

  



  
    
      
    
    
      stop(operation)



        
          
        

    

  


  

      

          @spec stop(t()) :: :ok | {:error, LibTmux.Error.t()}


      


Requests closure of the pinned epoch through reserved capacity.
Returns :ok for an already wire-retired operation or an accepted closure
request, and {:error, error} otherwise. Closure can affect sibling work;
success does not prove retirement or change the canonical result. A stale
handle cannot revoke a replacement epoch.

  



  
    
      
    
    
      stop!(operation)



        
          
        

    

  


  

      

          @spec stop!(t()) :: :ok


      


Requests epoch closure or raises the same structured error.

  


        

      


  

  
    
    LibTmux.Pane - libtmux v0.0.1-alpha.1
    
    

    


  
  

    
LibTmux.Pane 
    



      
An immutable physical pane. It belongs to a window; text may be empty.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A physical pane; exit status can be known absent, while other missing fields retain coverage sentinels.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %LibTmux.Pane{
  active: LibTmux.Schema.observed(boolean()),
  current_command: LibTmux.Schema.observed(String.t()),
  current_path: LibTmux.Schema.observed(String.t()),
  dead: LibTmux.Schema.observed(boolean()),
  exit_status: LibTmux.Schema.observed(non_neg_integer() | nil),
  height: LibTmux.Schema.observed(non_neg_integer()),
  id: String.t(),
  index: LibTmux.Schema.observed(non_neg_integer()),
  pid: LibTmux.Schema.observed(non_neg_integer()),
  server_instance: String.t(),
  title: LibTmux.Schema.observed(String.t()),
  width: LibTmux.Schema.observed(non_neg_integer()),
  window_id: LibTmux.Schema.observed(String.t())
}


      


A physical pane; exit status can be known absent, while other missing fields retain coverage sentinels.

  


        

      


  

  
    
    LibTmux.Protocol - libtmux v0.0.1-alpha.1
    
    

    


  
  

    
LibTmux.Protocol 
    



      
Assembles bounded control-mode replies and lexical notifications from bytes.
Reply guards retain timestamp, command number and flags. Inside a block,
notification-looking output stays data. The parser cannot authenticate
injected matching guards: shared lanes must separately qualify commands,
hooks and subscription expansion. Notification payloads need semantic
validation before they can update a graph.
A parse error retains already completed events in error.details.events.
Its owner must retire the lane rather than reuse the rejected state.

      


      
        Summary


  
    Types
  


    
      
        event()

      


        A framed reply or lexical notification. Payloads still require semantic validation before graph updates.



    


    
      
        guard_id()

      


        A complete tmux reply guard: timestamp, command number and flags, retained for correlation.



    


    
      
        option()

      


        A positive parser ceiling, measured in bytes, lines or emitted events as named.



    


    
      
        t()

      


        Immutable parser carry and bounded in-flight frame state; discard it after any parse error.



    





  
    Functions
  


    
      
        feed(state, chunk)

      


        Consumes one byte chunk without performing I/O.



    


    
      
        finish(protocol)

      


        Rejects a stream ending inside a line or reply block.



    


    
      
        new(options \\ [])

      


        Constructs a parser with positive byte, line and event limits.



    





      


      
        Types


        


  
    
      
    
    
      event()



        
          
        

    

  


  

      

          @type event() ::
  {:reply, :ok | :error, guard_id(), [binary()]}
  | {:notification, atom(), binary()}
  | {:unknown, binary()}


      


A framed reply or lexical notification. Payloads still require semantic validation before graph updates.

  



  
    
      
    
    
      guard_id()



        
          
        

    

  


  

      

          @type guard_id() :: {non_neg_integer(), non_neg_integer(), non_neg_integer()}


      


A complete tmux reply guard: timestamp, command number and flags, retained for correlation.

  



  
    
      
    
    
      option()



        
          
        

    

  


  

      

          @type option() ::
  {:max_chunk_bytes
   | :max_line_bytes
   | :max_frame_bytes
   | :max_frame_lines
   | :max_events, pos_integer()}


      


A positive parser ceiling, measured in bytes, lines or emitted events as named.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      


Immutable parser carry and bounded in-flight frame state; discard it after any parse error.

  


        

      

      
        Functions


        


  
    
      
    
    
      feed(state, chunk)



        
          
        

    

  


  

      

          @spec feed(t(), binary()) :: {:ok, [event()], t()} | {:error, LibTmux.Error.t()}


      


Consumes one byte chunk without performing I/O.

  



  
    
      
    
    
      finish(protocol)



        
          
        

    

  


  

      

          @spec finish(t()) :: :ok | {:error, LibTmux.Error.t()}


      


Rejects a stream ending inside a line or reply block.

  



    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new([option()]) :: t()


      


Constructs a parser with positive byte, line and event limits.
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LibTmux.Ref 
    



      
An exact observed target bound to one server instance.
A window-link ID is its observed {session_id, index, window_id} binding,
not a unique lifetime identifier. Validation detects known stale instances;
it does not reserve an object or close a one-shot check/use race.

      


      
        Summary


  
    Types
  


    
      
        entity()

      


        The target kind; physical windows and session-relative links have different identities.



    


    
      
        id()

      


        A native ID or observed session/index/window link binding; neither reserves an object's lifetime.



    


    
      
        t()

      


        An exact observed identity bound to a tmux server incarnation, separate from a connection epoch.



    





  
    Functions
  


    
      
        new(entity, id, instance)

      


        Validates a native identity and binds it to a nonempty instance token.



    


    
      
        validate(ref, instance)

      


        Rejects malformed references and known server-instance mismatches.



    





      


      
        Types


        


  
    
      
    
    
      entity()



        
          
        

    

  


  

      

          @type entity() :: :session | :window | :pane | :window_link | :client


      


The target kind; physical windows and session-relative links have different identities.

  



  
    
      
    
    
      id()



        
          
        

    

  


  

      

          @type id() :: String.t() | {String.t(), non_neg_integer(), String.t()}


      


A native ID or observed session/index/window link binding; neither reserves an object's lifetime.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %LibTmux.Ref{entity: entity(), id: id(), server_instance: String.t()}


      


An exact observed identity bound to a tmux server incarnation, separate from a connection epoch.

  


        

      

      
        Functions


        


  
    
      
    
    
      new(entity, id, instance)



        
          
        

    

  


  

      

          @spec new(entity(), id(), String.t()) :: {:ok, t()} | {:error, LibTmux.Error.t()}


      


Validates a native identity and binds it to a nonempty instance token.

  



  
    
      
    
    
      validate(ref, instance)



        
          
        

    

  


  

      

          @spec validate(t(), String.t()) :: :ok | {:error, LibTmux.Error.t()}


      


Rejects malformed references and known server-instance mismatches.

  


        

      


  

  
    
    LibTmux.Schema - libtmux v0.0.1-alpha.1
    
    

    


  
  

    
LibTmux.Schema 
    



      
Defines observed fields, wire names and graph relations.
The table is a semantic overlay on tmux 3.3 format variables. It drives
observation validation, portable filtering and reference generation. Empty text
remains text; only explicitly nullable fields admit nil.

      


      
        Summary


  
    Types
  


    
      
        entity()

      


        An entity's canonical local name. Physical windows and membership links are distinct.



    


    
      
        entity_module()

      


        The observation struct modules accepted alongside canonical entity names.



    


    
      
        entity_selector()

      


        A canonical entity atom or its corresponding observation module.



    


    
      
        field()

      


        Field metadata shared by validation and documentation; nil format identifies a derived field.



    


    
      
        observation()

      


        One physical or contextual observation from a captured graph.



    


    
      
        observed(value)

      


        A known value, unloaded coverage, or an unavailable capability; nil belongs to the value type.



    


    
      
        operator()

      


        A scalar filter operator; each field category permits only its applicable subset.



    


    
      
        relation()

      


        The cardinality and target entity of one indexed graph relation.



    


    
      
        value_type()

      


        A field's validation category; integer fields use the schema's nonnegative 32-bit range.



    





  
    Functions
  


    
      
        entities()

      


        Returns supported entity names in a stable order.



    


    
      
        entity(entity)

      


        Resolves an entity atom or its observation module.



    


    
      
        field(entity, name)

      


        Returns field metadata, or nil for a field outside the schema.



    


    
      
        fields(entity)

      


        Returns the whitelisted field metadata for an entity.



    


    
      
        module(entity)

      


        Returns the ordinary observation struct module for an entity.



    


    
      
        operators(map)

      


        Returns the portable operators allowed by a scalar field's value category.



    


    
      
        relation_wire(name)

      


        Returns a relation's explicit stable wire name.



    


    
      
        relations(entity)

      


        Returns each relation's cardinality and target entity.



    





      


      
        Types


        


  
    
      
    
    
      entity()



        
          
        

    

  


  

      

          @type entity() :: :session | :window | :window_link | :pane | :client


      


An entity's canonical local name. Physical windows and membership links are distinct.

  



  
    
      
    
    
      entity_module()



        
          
        

    

  


  

      

          @type entity_module() ::
  LibTmux.Session
  | LibTmux.Window
  | LibTmux.WindowLink
  | LibTmux.Pane
  | LibTmux.Client


      


The observation struct modules accepted alongside canonical entity names.

  



  
    
      
    
    
      entity_selector()



        
          
        

    

  


  

      

          @type entity_selector() :: entity() | entity_module()


      


A canonical entity atom or its corresponding observation module.

  



  
    
      
    
    
      field()



        
          
        

    

  


  

      

          @type field() :: %{
  name: atom(),
  wire: String.t(),
  format: String.t() | nil,
  type: value_type(),
  since: String.t(),
  nullable: boolean()
}


      


Field metadata shared by validation and documentation; nil format identifies a derived field.

  



  
    
      
    
    
      observation()



        
          
        

    

  


  

      

          @type observation() ::
  LibTmux.Session.t()
  | LibTmux.Window.t()
  | LibTmux.WindowLink.t()
  | LibTmux.Pane.t()
  | LibTmux.Client.t()


      


One physical or contextual observation from a captured graph.

  



  
    
      
    
    
      observed(value)



        
          
        

    

  


  

      

          @type observed(value) :: value | :unloaded | :unavailable


      


A known value, unloaded coverage, or an unavailable capability; nil belongs to the value type.

  



  
    
      
    
    
      operator()



        
          
        

    

  


  

      

          @type operator() ::
  :equals
  | :not
  | :in
  | :not_in
  | :lt
  | :lte
  | :gt
  | :gte
  | :contains
  | :starts_with
  | :ends_with


      


A scalar filter operator; each field category permits only its applicable subset.

  



  
    
      
    
    
      relation()



        
          
        

    

  


  

      

          @type relation() :: {:one | :many, entity()}


      


The cardinality and target entity of one indexed graph relation.

  



  
    
      
    
    
      value_type()



        
          
        

    

  


  

      

          @type value_type() ::
  :string | :integer | :nullable_integer | :boolean | {:id, entity()}


      


A field's validation category; integer fields use the schema's nonnegative 32-bit range.

  


        

      

      
        Functions


        


  
    
      
    
    
      entities()



        
          
        

    

  


  

      

          @spec entities() :: [entity()]


      


Returns supported entity names in a stable order.

  



  
    
      
    
    
      entity(entity)



        
          
        

    

  


  

      

          @spec entity(entity_selector()) :: entity()


      


Resolves an entity atom or its observation module.

  



  
    
      
    
    
      field(entity, name)



        
          
        

    

  


  

      

          @spec field(entity_selector(), atom()) :: field() | nil


      


Returns field metadata, or nil for a field outside the schema.

  



  
    
      
    
    
      fields(entity)



        
          
        

    

  


  

      

          @spec fields(entity_selector()) :: %{required(atom()) => field()}


      


Returns the whitelisted field metadata for an entity.

  



  
    
      
    
    
      module(entity)



        
          
        

    

  


  

      

          @spec module(entity()) :: entity_module()


      


Returns the ordinary observation struct module for an entity.

  



  
    
      
    
    
      operators(map)



        
          
        

    

  


  

      

          @spec operators(field()) :: [operator()]


      


Returns the portable operators allowed by a scalar field's value category.

  



  
    
      
    
    
      relation_wire(name)



        
          
        

    

  


  

      

          @spec relation_wire(atom()) :: String.t()


      


Returns a relation's explicit stable wire name.

  



  
    
      
    
    
      relations(entity)



        
          
        

    

  


  

      

          @spec relations(entity_selector()) :: %{required(atom()) => relation()}


      


Returns each relation's cardinality and target entity.

  


        

      


  

  
    
    LibTmux.Selection - libtmux v0.0.1-alpha.1
    
    

    


  
  

    
LibTmux.Selection 
    



      
An ordered, materialized Enumerable over one captured entity type.
Enumeration never refreshes or performs I/O. where/2 accepts predicate
data; filter/2 accepts unary Elixir functions with Enum truthiness.
Holding a selection retains its snapshot graph. Enum.to_list/1 projects
ordinary values when graph context is no longer needed.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A selection without a concrete observation type; use t/1 to preserve item types.



    


    
      
        t(item)

      


        An ordered selection retaining items of one observation type and their originating snapshot.



    





  
    Functions
  


    
      
        count(selection, criteria \\ [])

      


        Counts observed matching items; use size/1 for cached unfiltered size.



    


    
      
        exists?(selection, criteria \\ [])

      


        Returns true on the first matching observed item.



    


    
      
        filter(selection, predicate)

      


        Filters with a unary local function; normal predicate exceptions propagate.



    


    
      
        member_id?(selection, id)

      


        Checks native identity separately from Enumerable element membership.



    


    
      
        new(snapshot, entity)

      


        Materializes the observed items of an entity without I/O.



    


    
      
        one(selection, criteria \\ [])

      


        Returns exactly one match, or a structured cardinality error; stops at the second match.



    


    
      
        one!(selection, criteria \\ [])

      


        Returns exactly one match or raises its cardinality error.



    


    
      
        one_or_nil(selection, criteria \\ [])

      


        Returns one match or nil; a second match remains an error.



    


    
      
        one_or_nil!(selection, criteria \\ [])

      


        Returns one match or nil, raising on multiple matches.



    


    
      
        size(selection)

      


        Returns cached materialized size in constant time.



    


    
      
        where(selection, criteria)

      


        Filters validated data while retaining order and captured graph context.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: t(LibTmux.Schema.observation())


      


A selection without a concrete observation type; use t/1 to preserve item types.

  



  
    
      
    
    
      t(item)



        
          
        

    

  


  

      

          @opaque t(item)


      


An ordered selection retaining items of one observation type and their originating snapshot.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      count(selection, criteria \\ [])



        
          
        

    

  


  

      

          @spec count(t(), LibTmux.Filter.input()) :: non_neg_integer()


      


Counts observed matching items; use size/1 for cached unfiltered size.

  



    

  
    
      
    
    
      exists?(selection, criteria \\ [])



        
          
        

    

  


  

      

          @spec exists?(t(), LibTmux.Filter.input()) :: boolean()


      


Returns true on the first matching observed item.

  



  
    
      
    
    
      filter(selection, predicate)



        
          
        

    

  


  

      

          @spec filter(t(item), (item -> as_boolean(term()))) :: t(item)
when item: LibTmux.Schema.observation()


      


Filters with a unary local function; normal predicate exceptions propagate.

  



  
    
      
    
    
      member_id?(selection, id)



        
          
        

    

  


  

      

          @spec member_id?(t(), LibTmux.Ref.id()) :: boolean()


      


Checks native identity separately from Enumerable element membership.

  



  
    
      
    
    
      new(snapshot, entity)



        
          
        

    

  


  

      

          @spec new(LibTmux.Snapshot.t(), :session | LibTmux.Session) :: t(LibTmux.Session.t())


          @spec new(LibTmux.Snapshot.t(), :window | LibTmux.Window) :: t(LibTmux.Window.t())


          @spec new(LibTmux.Snapshot.t(), :pane | LibTmux.Pane) :: t(LibTmux.Pane.t())


          @spec new(LibTmux.Snapshot.t(), :window_link | LibTmux.WindowLink) ::
  t(LibTmux.WindowLink.t())


          @spec new(LibTmux.Snapshot.t(), :client | LibTmux.Client) :: t(LibTmux.Client.t())


      


Materializes the observed items of an entity without I/O.

  



    

  
    
      
    
    
      one(selection, criteria \\ [])



        
          
        

    

  


  

      

          @spec one(t(item), LibTmux.Filter.input()) ::
  {:ok, item} | {:error, LibTmux.Error.t()}
when item: LibTmux.Schema.observation()


      


Returns exactly one match, or a structured cardinality error; stops at the second match.

  



    

  
    
      
    
    
      one!(selection, criteria \\ [])



        
          
        

    

  


  

      

          @spec one!(t(item), LibTmux.Filter.input()) :: item
when item: LibTmux.Schema.observation()


      


Returns exactly one match or raises its cardinality error.

  



    

  
    
      
    
    
      one_or_nil(selection, criteria \\ [])



        
          
        

    

  


  

      

          @spec one_or_nil(t(item), LibTmux.Filter.input()) ::
  {:ok, item | nil} | {:error, LibTmux.Error.t()}
when item: LibTmux.Schema.observation()


      


Returns one match or nil; a second match remains an error.

  



    

  
    
      
    
    
      one_or_nil!(selection, criteria \\ [])



        
          
        

    

  


  

      

          @spec one_or_nil!(t(item), LibTmux.Filter.input()) :: item | nil
when item: LibTmux.Schema.observation()


      


Returns one match or nil, raising on multiple matches.

  



  
    
      
    
    
      size(selection)



        
          
        

    

  


  

      

          @spec size(t()) :: non_neg_integer()


      


Returns cached materialized size in constant time.

  



  
    
      
    
    
      where(selection, criteria)



        
          
        

    

  


  

      

          @spec where(t(item), LibTmux.Filter.input()) :: t(item)
when item: LibTmux.Schema.observation()


      


Filters validated data while retaining order and captured graph context.

  


        

      


  

  
    
    LibTmux.Server - libtmux v0.0.1-alpha.1
    
    

    


  
  

    
LibTmux.Server 
    



      
An explicit local tmux server descriptor.
new/1 performs no I/O. One-shot commands use an absolute executable and
socket with -N, so they cannot start a missing server or attach a client.
Configured server hooks remain environmental effects. Reads observe an
interval; one-shot identity checks leave a check/use race. Persistent
incarnation-bound mutations require a separately qualified connection.

      


      
        Summary


  
    Types
  


    
      
        option()

      


        Descriptor inputs; executable, socket and cwd are absolute NUL-free paths.



    


    
      
        t()

      


        An explicit local server descriptor; constructing it neither connects nor reserves server identity.



    





  
    Functions
  


    
      
        new(options)

      


        Constructs a descriptor for an existing server without connecting or creating it.



    


    
      
        run(server, command, options \\ [])

      


        Runs one trusted command without attaching; returns bounded output and exit evidence.



    


    
      
        snapshot(server, options \\ [])

      


        Captures a new graph explicitly, with bounded work and read retries.



    


    
      
        snapshot!(server, options \\ [])

      


        Captures a graph or raises the same structured capture error.



    





      


      
        Types


        


  
    
      
    
    
      option()



        
          
        

    

  


  

      

          @type option() ::
  {:executable | :socket | :cwd, String.t()}
  | {:env, %{optional(binary()) => binary()}}


      


Descriptor inputs; executable, socket and cwd are absolute NUL-free paths.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %LibTmux.Server{
  cwd: String.t(),
  env: %{optional(binary()) => binary()},
  executable: String.t(),
  socket: String.t()
}


      


An explicit local server descriptor; constructing it neither connects nor reserves server identity.

  


        

      

      
        Functions


        


  
    
      
    
    
      new(options)



        
          
        

    

  


  

      

          @spec new([option()]) :: t()


      


Constructs a descriptor for an existing server without connecting or creating it.

  



    

  
    
      
    
    
      run(server, command, options \\ [])



        
          
        

    

  


  

      

          @spec run(t(), LibTmux.Command.t(), [LibTmux.Transport.OneShot.option()]) ::
  {:ok, LibTmux.Transport.OneShot.result()} | {:error, LibTmux.Error.t()}


      


Runs one trusted command without attaching; returns bounded output and exit evidence.

  



    

  
    
      
    
    
      snapshot(server, options \\ [])



        
          
        

    

  


  

      

          @spec snapshot(t(), [LibTmux.Capture.option()]) ::
  {:ok, LibTmux.Snapshot.t()} | {:error, LibTmux.Error.t()}


      


Captures a new graph explicitly, with bounded work and read retries.

  



    

  
    
      
    
    
      snapshot!(server, options \\ [])



        
          
        

    

  


  

      

          @spec snapshot!(t(), [LibTmux.Capture.option()]) :: LibTmux.Snapshot.t()


      


Captures a graph or raises the same structured capture error.

  


        

      


  

  
    
    LibTmux.Session - libtmux v0.0.1-alpha.1
    
    

    


  
  

    
LibTmux.Session 
    



      
An immutable session observation. Attachment retains tmux's client count.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A session with explicit field coverage and an attachment count separate from its Boolean projection.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %LibTmux.Session{
  attached: LibTmux.Schema.observed(boolean()),
  attached_count: LibTmux.Schema.observed(non_neg_integer()),
  id: String.t(),
  name: LibTmux.Schema.observed(String.t()),
  server_instance: String.t()
}


      


A session with explicit field coverage and an attachment count separate from its Boolean projection.

  


        

      


  

  
    
    LibTmux.Snapshot - libtmux v0.0.1-alpha.1
    
    

    


  
  

    
LibTmux.Snapshot 
    



      
An indexed immutable graph observed over a capture interval.
Construction and traversal perform no I/O. fields declares loaded fields
over the supplied entity IDs; complete declares complete server entity
sets. Missing declarations remain unloaded, including on empty sets.
Unavailable capabilities use a separate declaration. Relations require
complete join domains. A snapshot reserves no tmux objects.

      


      
        Summary


  
    Types
  


    
      
        coverage()

      


        Declared entity sets and field availability; completeness is separate from an empty captured set.



    


    
      
        entity_coverage()

      


        Coverage of one captured entity domain; missing field entries are unloaded.



    


    
      
        option()

      


        Construction metadata: one server instance, ordered millisecond timestamps and explicit coverage declarations.



    


    
      
        rows()

      


        Observed rows grouped by canonical entity; construction validates and deduplicates their identities.



    


    
      
        t()

      


        An immutable observation interval with indexed entities and explicit coverage.



    





  
    Functions
  


    
      
        clients(snapshot)

      


        Returns a materialized attached-client selection without I/O.



    


    
      
        fetch(snapshot, entity, id)

      


        Looks up one exact observed ID without I/O.



    


    
      
        items(snapshot, entity)

      


        Returns plain observed items in stable identity order without loading data.



    


    
      
        new(rows, options)

      


        Validates observed rows, rejecting conflicts, invalid fields and dangling covered references.



    


    
      
        panes(snapshot)

      


        Returns a materialized physical pane selection without I/O.



    


    
      
        related(snapshot, entity, id, relation)

      


        Resolves a covered relation through captured indexes; never refreshes.



    


    
      
        require_complete!(snapshot, entity)

      


        Requires a declared complete entity set, even when it has no rows.



    


    
      
        require_field!(snapshot, entity, field)

      


        Requires a loaded field over the captured entity domain before evaluation.



    


    
      
        require_relation!(snapshot, entity, relation, ids \\ :all)

      


        Requires a complete relation domain, including known-empty domains.



    


    
      
        sessions(snapshot)

      


        Returns a materialized session selection without I/O.



    


    
      
        window_links(snapshot)

      


        Returns a materialized membership selection without I/O.



    


    
      
        windows(snapshot)

      


        Returns a materialized physical window selection without I/O.



    





      


      
        Types


        


  
    
      
    
    
      coverage()



        
          
        

    

  


  

      

          @type coverage() :: %{
  entities: %{required(LibTmux.Schema.entity()) => entity_coverage()}
}


      


Declared entity sets and field availability; completeness is separate from an empty captured set.

  



  
    
      
    
    
      entity_coverage()



        
          
        

    

  


  

      

          @type entity_coverage() :: %{
  ids: MapSet.t(LibTmux.Ref.id()),
  complete: boolean(),
  fields: %{optional(atom()) => :loaded | :unavailable}
}


      


Coverage of one captured entity domain; missing field entries are unloaded.

  



  
    
      
    
    
      option()



        
          
        

    

  


  

      

          @type option() ::
  {:server_instance, String.t()}
  | {:captured_from, integer()}
  | {:captured_until, integer()}
  | {:fields, %{optional(LibTmux.Schema.entity()) => [atom()]}}
  | {:complete, [LibTmux.Schema.entity()]}
  | {:unavailable, %{optional(LibTmux.Schema.entity()) => [atom()]}}


      


Construction metadata: one server instance, ordered millisecond timestamps and explicit coverage declarations.

  



  
    
      
    
    
      rows()



        
          
        

    

  


  

      

          @type rows() :: %{
  optional(LibTmux.Schema.entity()) => [map() | LibTmux.Schema.observation()]
}


      


Observed rows grouped by canonical entity; construction validates and deduplicates their identities.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %LibTmux.Snapshot{
  captured_from: integer(),
  captured_until: integer(),
  clients: %{optional(String.t()) => LibTmux.Client.t()},
  coverage: coverage(),
  id: pos_integer(),
  indexes: indexes(),
  order: %{required(LibTmux.Schema.entity()) => [LibTmux.Ref.id()]},
  panes: %{optional(String.t()) => LibTmux.Pane.t()},
  schema_version: 1,
  server_instance: String.t(),
  sessions: %{optional(String.t()) => LibTmux.Session.t()},
  window_links: %{optional(LibTmux.Ref.id()) => LibTmux.WindowLink.t()},
  windows: %{optional(String.t()) => LibTmux.Window.t()}
}


      


An immutable observation interval with indexed entities and explicit coverage.

  


        

      

      
        Functions


        


  
    
      
    
    
      clients(snapshot)



        
          
        

    

  


  

      

          @spec clients(t()) :: LibTmux.Selection.t(LibTmux.Client.t())


      


Returns a materialized attached-client selection without I/O.

  



  
    
      
    
    
      fetch(snapshot, entity, id)



        
          
        

    

  


  

      

          @spec fetch(t(), LibTmux.Schema.entity_selector(), LibTmux.Ref.id()) ::
  {:ok, LibTmux.Schema.observation()} | {:error, LibTmux.Error.t()}


      


Looks up one exact observed ID without I/O.

  



  
    
      
    
    
      items(snapshot, entity)



        
          
        

    

  


  

      

          @spec items(t(), LibTmux.Schema.entity_selector()) :: [LibTmux.Schema.observation()]


      


Returns plain observed items in stable identity order without loading data.

  



  
    
      
    
    
      new(rows, options)



        
          
        

    

  


  

      

          @spec new(rows(), [option()]) :: {:ok, t()} | {:error, LibTmux.Error.t()}


      


Validates observed rows, rejecting conflicts, invalid fields and dangling covered references.

  



  
    
      
    
    
      panes(snapshot)



        
          
        

    

  


  

      

          @spec panes(t()) :: LibTmux.Selection.t(LibTmux.Pane.t())


      


Returns a materialized physical pane selection without I/O.

  



  
    
      
    
    
      related(snapshot, entity, id, relation)



        
          
        

    

  


  

      

          @spec related(t(), LibTmux.Schema.entity_selector(), LibTmux.Ref.id(), atom()) ::
  LibTmux.Schema.observation() | nil | [LibTmux.Schema.observation()]


      


Resolves a covered relation through captured indexes; never refreshes.

  



  
    
      
    
    
      require_complete!(snapshot, entity)



        
          
        

    

  


  

      

          @spec require_complete!(t(), LibTmux.Schema.entity_selector()) :: :ok


      


Requires a declared complete entity set, even when it has no rows.

  



  
    
      
    
    
      require_field!(snapshot, entity, field)



        
          
        

    

  


  

      

          @spec require_field!(t(), LibTmux.Schema.entity_selector(), atom()) :: :ok


      


Requires a loaded field over the captured entity domain before evaluation.

  



    

  
    
      
    
    
      require_relation!(snapshot, entity, relation, ids \\ :all)



        
          
        

    

  


  

      

          @spec require_relation!(
  t(),
  LibTmux.Schema.entity_selector(),
  atom(),
  :all | [LibTmux.Ref.id()]
) :: :ok


      


Requires a complete relation domain, including known-empty domains.

  



  
    
      
    
    
      sessions(snapshot)



        
          
        

    

  


  

      

          @spec sessions(t()) :: LibTmux.Selection.t(LibTmux.Session.t())


      


Returns a materialized session selection without I/O.

  



  
    
      
    
    
      window_links(snapshot)



        
          
        

    

  


  

      

          @spec window_links(t()) :: LibTmux.Selection.t(LibTmux.WindowLink.t())


      


Returns a materialized membership selection without I/O.

  



  
    
      
    
    
      windows(snapshot)



        
          
        

    

  


  

      

          @spec windows(t()) :: LibTmux.Selection.t(LibTmux.Window.t())


      


Returns a materialized physical window selection without I/O.

  


        

      


  

  
    
    LibTmux.Transport.OneShot - libtmux v0.0.1-alpha.1
    
    

    


  
  

    
LibTmux.Transport.OneShot 
    



      
Executes one explicitly selected executable with bounded captured output.
This Linux transport owns a native helper and its ordinary finite process
tree. It never uses a shell. A worker owns the Port and observes caller
death; the helper detects pipe closure after worker or VM death.
Target environment entries travel as bytes to child execve, preserving
empty values. The helper inherits the trusted host environment; requested
target variables do not configure the helper. TMUX and TMUX_PANE are
removed from the target environment.
Limits apply per call: stdout defaults to 1 MiB, stderr to 64 KiB, and
retained chunks to 4096. max_total_bytes additionally bounds both streams
together; it defaults to their summed limits. Overload returns an error
with a bounded prefix.
Independent caller processes require admission limits at their host or
server boundary; this primitive maintains no shared request queue.
A positive timeout becomes one execution deadline. Retirement can take
up to a separate 750 ms cleanup allowance after expiry. Missing retirement
proof remains :unknown. No result authorizes replay. Helper SIGKILL,
hostile escape and uninterruptible kernel tasks are outside the ordinary
tree guarantee. Building the native helper requires a C11 compiler.

      


      
        Summary


  
    Types
  


    
      
        option()

      


        Per-call input and capture limits; bytes and chunks are bounded independently.



    


    
      
        result()

      


        Captured bytes and child exit status after proven owned-process retirement; nonzero exit remains a transport result.



    





  
    Functions
  


    
      
        run(executable, arguments, options \\ [])

      


        Runs argv without a shell, retaining exit status separately from stdout and stderr.



    


    
      
        run!(executable, arguments, options \\ [])

      


        Runs argv, raising the same structured transport error on failure.



    





      


      
        Types


        


  
    
      
    
    
      option()



        
          
        

    

  


  

      

          @type option() ::
  {:timeout, 1..600_000}
  | {:deadline, LibTmux.Deadline.t()}
  | {:cwd, String.t()}
  | {:env, %{optional(binary()) => binary()}}
  | {:max_stdout_bytes | :max_stderr_bytes, 0..16_777_216}
  | {:max_total_bytes, nil | 0..33_554_432}
  | {:max_chunks, 1..65536}


      


Per-call input and capture limits; bytes and chunks are bounded independently.
Timeout and deadline are exclusive. A supplied deadline must have at most
600,000 ms remaining at validation; it preserves its original cutoff.

  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() :: %{
  stdout: binary(),
  stderr: binary(),
  exit_status: non_neg_integer(),
  cleanup: :retired
}


      


Captured bytes and child exit status after proven owned-process retirement; nonzero exit remains a transport result.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      run(executable, arguments, options \\ [])



        
          
        

    

  


  

      

          @spec run(binary(), [binary()], [option()]) ::
  {:ok, result()} | {:error, LibTmux.Error.t()}


      


Runs argv without a shell, retaining exit status separately from stdout and stderr.

  



    

  
    
      
    
    
      run!(executable, arguments, options \\ [])



        
          
        

    

  


  

      

          @spec run!(binary(), [binary()], [option()]) :: result()


      


Runs argv, raising the same structured transport error on failure.

  


        

      


  

  
    
    LibTmux.Window - libtmux v0.0.1-alpha.1
    
    

    


  
  

    
LibTmux.Window 
    



      
An immutable physical window, independent of session membership and index.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A physical window; session index and active-window state belong to a WindowLink.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %LibTmux.Window{
  height: LibTmux.Schema.observed(non_neg_integer()),
  id: String.t(),
  layout: LibTmux.Schema.observed(String.t()),
  name: LibTmux.Schema.observed(String.t()),
  server_instance: String.t(),
  width: LibTmux.Schema.observed(non_neg_integer()),
  zoomed: LibTmux.Schema.observed(boolean())
}


      


A physical window; session index and active-window state belong to a WindowLink.

  


        

      


  

  
    
    LibTmux.WindowLink - libtmux v0.0.1-alpha.1
    
    

    


  
  

    
LibTmux.WindowLink 
    



      
An observed session/index/window binding. Its key is not a link lifetime ID.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A captured session/index/window binding, including its session-relative active state.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %LibTmux.WindowLink{
  active: LibTmux.Schema.observed(boolean()),
  id: {String.t(), non_neg_integer(), String.t()},
  index: LibTmux.Schema.observed(non_neg_integer()),
  server_instance: String.t(),
  session_id: LibTmux.Schema.observed(String.t()),
  window_id: LibTmux.Schema.observed(String.t())
}


      


A captured session/index/window binding, including its session-relative active state.

  


        

      


  

  
    
    LibTmux.Wire - libtmux v0.0.1-alpha.1
    
    

    


  
  

    
LibTmux.Wire 
    



      
Bounded JSON decoding with duplicate keys preserved until validation.
Uses the built-in JSON decoder callbacks. Object keys stay strings; no
atoms are created. Byte, nesting, node, array and string ceilings apply
before conversion to public maps. Parsing failures retain root paths and
offsets where supplied; duplicate-key failures identify the object path.
Depth starts at zero for the root value and increases for every object
member or array element; the maximum is inclusive for maps and JSON alike.

      


      
        Summary


  
    Types
  


    
      
        object()

      


        A JSON object whose keys remain strings; validation never creates atoms from external names.



    


    
      
        value()

      


        A JSON value with string-keyed objects; invalid external terms return a validation error.



    





  
    Functions
  


    
      
        decode(binary, options \\ [])

      


        Decodes one complete bounded JSON value, rejecting duplicate keys and trailing data.



    


    
      
        validate(value, options \\ [])

      


        Validates already-decoded JSON data and its complete encoded byte size.



    





      


      
        Types


        


  
    
      
    
    
      object()



        
          
        

    

  


  

      

          @type object() :: %{optional(String.t()) => value()}


      


A JSON object whose keys remain strings; validation never creates atoms from external names.

  



  
    
      
    
    
      value()



        
          
        

    

  


  

      

          @type value() ::
  nil | boolean() | integer() | float() | String.t() | [value()] | object()


      


A JSON value with string-keyed objects; invalid external terms return a validation error.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      decode(binary, options \\ [])



        
          
        

    

  


  

      

          @spec decode(binary(), [LibTmux.Filter.limit_option()]) ::
  {:ok, value()} | {:error, LibTmux.Error.t()}


      


Decodes one complete bounded JSON value, rejecting duplicate keys and trailing data.

  



    

  
    
      
    
    
      validate(value, options \\ [])



        
          
        

    

  


  

      

          @spec validate(term(), [LibTmux.Filter.limit_option()]) ::
  {:ok, value()} | {:error, LibTmux.Error.t()}


      


Validates already-decoded JSON data and its complete encoded byte size.

  


        

      


  

  
    
    LibTmux.Error - libtmux v0.0.1-alpha.1
    
    

    


  
  

    
LibTmux.Error exception
    



      
An inspectable failure with its phase and certainty about effects.
retryable describes a recovery option; it never authorizes replay of a
mutation. Diagnostic details must stay within the producing operation's
byte budget. Bang functions raise this same structure.

      


      
        Summary


  
    Types
  


    
      
        certainty()

      


        Evidence about effects, independent of whether cleanup or arbitrary program completion is proved.



    


    
      
        path_component()

      


        A field, array index or observed identity locating an error; links retain their contextual tuple ID.



    


    
      
        t()

      


        A structured API failure. Kind and phase are extensible; retryable never permits automatic mutation replay.



    





      


      
        Types


        


  
    
      
    
    
      certainty()



        
          
        

    

  


  

      

          @type certainty() :: :no_write | :acknowledged | :observed | :unknown


      


Evidence about effects, independent of whether cleanup or arbitrary program completion is proved.

  



  
    
      
    
    
      path_component()



        
          
        

    

  


  

      

          @type path_component() :: atom() | non_neg_integer() | LibTmux.Ref.id()


      


A field, array index or observed identity locating an error; links retain their contextual tuple ID.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %LibTmux.Error{
  __exception__: term(),
  certainty: certainty(),
  details: map(),
  kind: atom(),
  path: [path_component()],
  phase: atom(),
  retryable: boolean()
}


      


A structured API failure. Kind and phase are extensible; retryable never permits automatic mutation replay.
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