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    Isabelle Elixir

Elixir clients for the Isabelle server.
The library talks to Isabelle's TCP server protocol directly. For protocol
details, see chapter 4 of the
Isabelle system manual.
Installation
{:isabelle_elixir, "~> 0.4"}
Local server helpers need the Isabelle executable. Set ISABELLE_TOOL when
isabelle is not already on PATH:
export ISABELLE_TOOL=/path/to/Isabelle2025-2/bin/isabelle

Which Client?
Start with IsabelleClient (see corresponding livebook tutorial). It owns one socket and keeps a local LIFO stack of
sessions, with the most recently started session treated as active.
Use IsabelleClient.Shared when several Elixir processes should share one
connection. It owns the socket in a GenServer and routes async task replies by
Isabelle task id. If a command or task times out, the shared connection is
currently closed conservatively (reusing the socket before the stale reply is handled could return the wrong result to a later caller).
Use IsabelleClient.Raw when you want protocol-level control: explicit socket
ownership, explicit session ids, and explicit task waiting.
Quick Start
{:ok, server} = IsabelleClient.start_server()
{:ok, client} = IsabelleClient.connect(server)
{:ok, client, _task} = IsabelleClient.start_session(client, session: "HOL")

{:ok, task} =
  IsabelleClient.check_text(client, "Example", """
  theorem "x = x"
    by simp
  """)

IsabelleClient.messages(task)
check_text/5 is a convenience for snippets. It writes a temporary theory of
this shape:
theory Example imports Main begin
<your text starts on line 2>
end
So Isabelle diagnostics report line 1 as the generated header; snippet line n
appears as Isabelle line n + 1. Offsets are absolute Isabelle symbol offsets
from the start of the generated file.
For TPTP/THF examples, IsabelleClient.TPTP.check/5 wraps check_text/5 with
Unicode output, routine message filtering, and optional from:, to:, and
show_thf_app: notation setup.
More Examples
The main tutorials are in the Livebooks:
	livebook_examples/Client.livemd: default client, diagnostics,
line/offset filtering, sessions, checking files/text, building sessions.
	livebook_examples/ClientShared.livemd: shared process-owned
client for concurrent callers.
	livebook_examples/ClientRaw.livemd: raw socket usage, server
management, protocol commands, explicit async tasks.
	livebook_examples/Unification.livemd: Isabelle unification and matching
examples from Elixir.
	livebook_examples/TPTP.livemd: TPTP/THF-style syntax and pretty-printing.

Existing Servers
You do not have to start a local server from Elixir. If an Isabelle server is
already reachable, connect with its password, host, and port:
{:ok, client} =
  IsabelleClient.connect("server-password",
    host: "isabelle.example.org",
    port: 9999
  )
The same applies to IsabelleClient.Shared and IsabelleClient.Raw.
Sessions
Isabelle sessions live in the server and are addressed by session id.
IsabelleClient keeps local session bookkeeping for ergonomics:
{:ok, client, _task} = IsabelleClient.start_session(client, session: "HOL", label: "main")

IsabelleClient.sessions(client)
IsabelleClient.active_session(client)
Starting a session pushes it onto client.sessions. Stopping a session removes
it; if it was active, the previous session becomes active again. Pass
session_id: when you want to address a non-active session explicitly.
Sessions may outlive a client connection, and a client may use a session started
elsewhere if given its id. client.sessions is local state, not a server-side
session query.
Results
messages/1 returns user-facing Isabelle messages. diagnostics/1 returns the
raw diagnostic maps, including positions when Isabelle provides them.
IsabelleClient.messages(task)
IsabelleClient.errors(task)
IsabelleClient.warnings(task, line: 5)
IsabelleClient.diagnostics(task, file: "Example.thy", line: 5, offset: 42)
Position filters support file:, line:, and offset:. Offsets are Isabelle
symbol offsets, not columns.
Common results can also be decoded:
IsabelleClient.session_build_result(task)
IsabelleClient.use_theories_result(task)
IsabelleClient.nodes(task)
IsabelleClient.exports(task)


  

    Client

Intro
IsabelleClient is the ordinary user-facing client. It keeps the socket and a
stack of started sessions in a struct, awaits Isabelle tasks for you, and adds
helpers for checking text or files.
Start here if you are learning the library. The other notebooks build on this one:
	ClientShared.livemd is for sharing one connection across many
Elixir processes
	ClientRaw.livemd is for protocol-level control with raw sockets

When using the published package, replace the dependency with {:isabelle_elixir, "~> 0.4"}.
Mix.install([
  {:isabelle_elixir, path: Path.expand("..", __DIR__)}
])
Setup has two explicit steps.
	Start a local Isabelle server (alternatively, you can locate one you have access to).
	Connect to a running server to obtain a client object.

After this, we can start live Isabelle "sessions" to do our theory-checking work.
Connecting to a Server
If the Isabelle server is already running on another machine, skip
start_server and connect directly with its password, host, and port:
# {:ok, client} =
#   IsabelleClient.connect("server-password",
#     host: "isabelle.example.org",
#     port: 9999
#   )
Otherwise we can start a local resident server and connect to it. We first need to make sure we can access Isabelle's executable.
#System.put_env("ISABELLE_TOOL", "path/to/isabelle/executable") # optionally, if needed

IsabelleClient.Server.executable() # should return Isabelle executable path
The previous cell returns the path of the Isabelle executable, which is read from the environment variable ISABELLE_TOOL. If this variable is not set, then the executable isabelle is resolved from PATH and its full path is stored in ISABELLE_TOOL.
System.get_env("ISABELLE_TOOL")
We can now start a server instance (we can start many on a machine):
{:ok, server} =
  IsabelleClient.start_server(
    server_name: "livebook_client_#{System.unique_integer([:positive])}"
  )
server
And connect to the server (this returns a client object):
{:ok, client} = IsabelleClient.connect(server)
client
IsabelleClient.active_session(client)
The returned client is just an Elixir struct that owns one TCP socket and
keeps a LIFO stack of started sessions. The top session is the active session.
Session-less Commands
echo, help, and command are synchronous Isabelle server commands.
They are useful for smoke tests and for commands that do not create async
Isabelle tasks. Note the automatic conversion between Elixir structs and JSON payloads.
IsabelleClient.echo(client, %{
  label: "echo some map",
  message: "hello world"
})
{:ok, commands} = IsabelleClient.help(client)
commands
{:ok, result} = IsabelleClient.command(client, "echo", "some stuff")
result
Managing Sessions
Isabelle sessions are server resources. Starting a session in an %IsabelleClient{} creates a new Isabelle server session and pushes it onto client.sessions, thus making it "active". Sessions will outlive a client if not stopped, so they can be shared across client connections if their session_id is known. Keep session ids that you want to pass to another client.
start_session/3 accepts Isabelle session_start arguments. In Isabelle,
session_start first builds or reuses a session image (more on this below), so it accepts the same
session_build arguments (session, preferences, options, dirs,
include_sessions, verbose) plus print_mode. Atom keys are normalized to
Isabelle JSON keys.
It also accepts a library-only label: that is stored locally and not sent to
Isabelle.
Like other async Isabelle tasks, the returned start task may contain
message-shaped notes; we can use the functions messages and diagnostics to inspect them.
{:ok, client, start_task} =
  IsabelleClient.start_session(
    client,
    [session: "HOL", label: "main", print_mode: ["ASCII"], verbose: true],
    20_000
  )
IsabelleClient.messages(start_task)
{IsabelleClient.active_session(client).id, client.sessions}
The "active session" is library-side ergonomics, not an Isabelle server concept.
Isabelle commands operate on explicit session ids; IsabelleClient uses the
session at the top of the stack so calls such as use_theories, check_text, and stop_session can omit session_id:.
Creating another session on the same client does not destroy the old ones. Older sessions remain usable until you stop them explicitly. Pass session_id: when you
want to check theories in a non-active session.
We start a second session for illustration:
{:ok, client, _} = IsabelleClient.start_session(client, [session: "HOL"], 20_000)

{IsabelleClient.active_session(client).id, client.sessions}
(Beware: in Livebook, re-running the previous cell starts from the upstream client value again; it does not accumulate sessions from the previous run of the same cell.)
Invoking stop_session without a session id stops the active session (in the Isabelle server) and pops it from the client.sessions stack. The previous session becomes active again (if any).
{:ok, client, _} = IsabelleClient.stop_session(client, 20_000)
client.sessions
Sessions (active or not) can also be stopped (and thus removed from the stack) by passing their id explicitly.
session_id = IsabelleClient.active_session(client).id || "0"
{:ok, client, _} = IsabelleClient.stop_session(client, session_id)
client.sessions
Beware that client.sessions is local bookkeeping, not a server query. If a session was
stopped by another client or by a Livebook cell you already ran, Isabelle can
correctly answer No session ... for an id still present in an old client
value. Rebind the client returned by stop_session, or drop the stale session object from client.sessions with
IsabelleClient.forget_session.
#IsabelleClient.forget_session(client, "stale_session_id")
Checking Theories
use_theories is the server-side entry point for formally checking theories with Isabelle. It checks a list of theory files in a folder ("master_dir").
We start by writing a new theory to disk.
theory_dir =
  Path.join(System.tmp_dir!(), "isabelle_elixir_livebook_#{System.unique_integer([:positive])}")

File.mkdir_p!(theory_dir)

theory_path = Path.join(theory_dir, "LiveFileExample.thy")

File.write!(theory_path, """
theory LiveFileExample imports Main
begin

lemma "x = x"
  sledgehammer
  by simp

lemma "xs @ [] = xs"
  sledgehammer
  by simp

end
""")
For the sake of illustration, we start two sessions:
{:ok, client, _} = IsabelleClient.start_session(client, [session: "HOL"], 20_000)
former_session = IsabelleClient.active_session(client)
{:ok, client, _} = IsabelleClient.start_session(client, [session: "HOL"], 20_000)
latter_session = IsabelleClient.active_session(client)
client.sessions # should have two
use_theories takes a keyword list or map of Isabelle server arguments. The
library forwards these arguments to Isabelle after normalizing atom keys, so we
can customize session_id, theories, master_dir, pretty_margin,
unicode_symbols, export_pattern, check_delay, check_limit,
watchdog_timeout, and nodes_status_delay. For example, this flexibility allows us below to
explicitly reference a session other than the one "active" in the client and a directory other than the given session's temporary directory tmp_dir (which are the default values).
{:ok, use_theories_task} =
  IsabelleClient.use_theories(
    client,
    [
      session_id: former_session.id,
      theories: ["LiveFileExample"],
      master_dir: theory_dir
    ],
    20_000
  )
IsabelleClient.messages(use_theories_task)
The raw task result is available when you need Isabelle's exact payload.
The interesting part is usually the "nodes" list.
use_theories_task
We can easily extract all messages from a use_theories task (as would be shown in the output panel in the Isabelle editor). We will see later more methods for filtering and querying such task results more granularly.
IsabelleClient.messages(use_theories_task)
check_file is a convenient wrapper around use_theories for checking a single theory.  It derives master_dir and theory name from the file path.
IO.puts(theory_path) # recalling

{:ok, use_theories_task2} =
  IsabelleClient.check_file(client, theory_path, [], 20_000)

IsabelleClient.messages(use_theories_task2)
For a text snippet that is not a complete theory, check_text writes a small
theory file in the session's temporary directory and invokes the use_theories functionality. If the text already starts with a theory declaration, check_text/5 writes it
as-is instead of wrapping it. Otherwise, the generated file will get exactly one header line before your text:
theory LiveTextExample imports Main begin
<your text starts on line 2>
end
Note that in the latter case: line n of your snippet appears as line n + 1 in
Isabelle diagnostics, and analogously with "offsets" (more on this later). Use imports: if you don't provide a theory declaration and want imports other than Main.
text_body = """
lemma "xs @ [] = xs"
  by simp
"""

{:ok, use_theories_task3} =
  IsabelleClient.check_text(client, "LiveTextExample", text_body, [], 20_000)

IsabelleClient.messages(use_theories_task3)
The written file is ordinary Isabelle source:
session_tmp_dir = IsabelleClient.active_session(client).tmp_dir
File.read!(Path.join(session_tmp_dir, "LiveTextExample.thy"))
Finally, we can "purge" theories away from a running session:
{:ok, purge_result} =
  IsabelleClient.purge_theories(client,
    theories: ["LiveTextExample"],
    master_dir: session_tmp_dir
  )

{purge_result["purged"], purge_result["retained"]}
{:ok, purge_result} =
  IsabelleClient.purge_theories(client,
    theories: ["LiveFileExample"],
    master_dir: theory_dir
  )

{purge_result["purged"], purge_result["retained"]}
Filtering and Querying Results
For the use_theories-based functionality, Isabelle attaches diagnostics to source "positions". The common helper functions
are:
	diagnostics/2 for raw diagnostic maps
	messages/2 for message strings
	warnings/2 for warning strings
	errors/2 for error strings, including top-level errors

We start by recalling previous theory file content:
theory_path
|> File.read! |> IO.puts
and looking at the raw diagnostics:
{:ok, task} = IsabelleClient.check_file(client, theory_path, [], 20_000)
IsabelleClient.diagnostics(task)
The "positions" reported, being (nested) Elixir maps, can be processed using standard functions:
text_positions =
  use_theories_task
  |> IsabelleClient.diagnostics()
  |> Enum.map(fn diagnostic ->
    %{
      kind: diagnostic["kind"],
      line: get_in(diagnostic, ["pos", "line"]),
      file: get_in(diagnostic, ["pos", "file"]),
      offset: get_in(diagnostic, ["pos", "offset"]),
      end_offset: get_in(diagnostic, ["pos", "end_offset"]),
      message: diagnostic["message"]
    }
  end)

text_positions
The library provides some further conveniences for querying and filtering diagnostics (errors, warnings and we saw messages before).
All of them accept file:, line:, and offset: parameters. A diagnostic will match file: path when its "position" lies in the source file path indicated, line: m when it comes from the corresponding line in the source file, and offset: n when n is inside its pos.offset..pos.end_offset range. Offsets are absolute Isabelle symbol offsets from the start of the file, not columns within the line.
%{
  all_messages: IsabelleClient.messages(use_theories_task),
  first_file: List.first(text_positions).file,
  file_messages: IsabelleClient.messages(use_theories_task, file: List.first(text_positions).file),
  sledgehammer_lines: IsabelleClient.messages(use_theories_task, line: [5, 9]),
  first_proof_line: IsabelleClient.messages(use_theories_task, line: 6),
  second_proof_line: IsabelleClient.messages(use_theories_task, line: 10),
  proof_line_range: IsabelleClient.messages(use_theories_task, line: 6..10)
}
File and line filters are often enough. Offsets matter when a source line has several
commands, as in the following:
dummy_text = String.duplicate("(*Lorem ipsum dolor sit amet.*)\n", 100)
theory_body = ~s(lemma "x = x" nitpick[satisfy] sledgehammer by simp \n #{dummy_text} \n
                  lemma "xs @ [] = xs" nitpick[satisfy] by simp)

{:ok, use_theories_task} =
  IsabelleClient.check_text(client, "OffsetExample", theory_body, [], 20_000)
The text snippet starts on line 2 because line 1 is the generated theory header:
IsabelleClient.messages(use_theories_task, line: 2)
Now assume we only want to get the sledgehammer output on the first line. Then it suffices to pass its offset. Note, however, that offsets are global: Isabelle reports absolute symbol offsets from the
beginning of the written source file, not columns within a line.
header_offset = String.length("theory OffsetExample imports Main begin\n")
sledgehammer_offset = header_offset + 32 # anything between 32 and 44 shall work
IsabelleClient.messages(use_theories_task, offset: sledgehammer_offset)
If we want both nitpick outputs only, then we need to find out their (global) offsets in the file.
nitpick_offsets =
  use_theories_task
  |> IsabelleClient.diagnostics()
  |> Enum.filter(fn diagnostic ->
    String.contains?(diagnostic["message"], "Nitpick") and
      is_integer(get_in(diagnostic, ["pos", "offset"]))
  end)
  |> Enum.map(&get_in(&1, ["pos", "offset"]))
  |> Enum.uniq()

%{
  offsets: nitpick_offsets,
  messages:
    nitpick_offsets
    |> Enum.flat_map(&IsabelleClient.messages(use_theories_task, offset: &1))
    |> Enum.uniq()
}
When Isabelle rejects a theory, keep the returned task: the same result helpers
still work. errors combines Isabelle's top-level errors with node-level
error diagnostics (sometimes they might be identical).
broken_text = "lemma \"x = y\"\n  by simp"

{:ok, error_task} =
  IsabelleClient.check_text(client, "BrokenExample", broken_text, [], 20_000)
IsabelleClient.errors(error_task, line: 3)
Building Sessions
build_session is usually only needed when you want to build an Isabelle
session-image explicitly. It accepts Isabelle session_build arguments such as
options, dirs, include_sessions, preferences, and verbose. Like
start_session and use_theories, it creates an asynchronous Isabelle task.
Note that build_session does not create a live server session: it only
builds a reusable session image.
This small session has its own ROOT and theory.
suffix = System.unique_integer([:positive])
build_session = "LivebookBuild#{suffix}"
build_root = Path.join(System.tmp_dir!(), "isabelle_elixir_livebook_build_#{suffix}")
File.mkdir_p!(build_root)

File.write!(Path.join(build_root, "ROOT"), """
session "#{build_session}" = "HOL" +
  options [document = false, show_question_marks = false]
  theories
    BuildSessionExample
""")

File.write!(Path.join(build_root, "BuildSessionExample.thy"), ~S"""
theory BuildSessionExample
  imports Main
begin

definition union (infix "\<squnion>" 99)
  where "A \<squnion> B \<equiv> \<lambda>w. A w \<or> B w"

end
""")
build_session asks Isabelle to process the session image. Build progress is
reported as task notes, as with start_session; messages/1 and
diagnostics/1 extract the message-shaped notes just like they extract theory
diagnostics from use_theories results.
{:ok, build_session_task} =
  IsabelleClient.build_session(
    client,
    [
      session: build_session,
      dirs: [build_root],
      verbose: true
    ],
    20_000
  )
IsabelleClient.messages(build_session_task)
The session_build result can also be decoded into a struct.
IsabelleClient.session_build_result(build_session_task)
Now start a live session from the image we built. This becomes the client's
active session.
{:ok, client, session_task} =
  IsabelleClient.start_session(client, [session: build_session, dirs: [build_root]], 120_000)

IsabelleClient.messages(session_task)
text_body = ~S"""
lemma union_comm: "A \<squnion> B = B \<squnion> A" unfolding union_def by blast
"""

{:ok, task} =
  IsabelleClient.check_text(
    client,
    "UseSessionExample",
    text_body,
    [imports: "#{build_session}.BuildSessionExample"],
    20_000
  )

IsabelleClient.messages(task)
Stop And Shutdown
{client, stopped_sessions} =
  Enum.reduce(client.sessions, {client, []}, fn session, {client, stopped} ->
    case IsabelleClient.stop_session(client, session, 20_000) do
      {:ok, client, task} -> {client, [{session.id, task.status} | stopped]}
      {:error, client, task} -> {client, [{session.id, task.status} | stopped]}
    end
  end)

%{
  stopped_sessions: Enum.reverse(stopped_sessions),
  remaining_sessions: client.sessions
}
shutdown_result = IsabelleClient.shutdown_server(client)
close_result = IsabelleClient.close(client)

%{
  shutdown: shutdown_result,
  close: close_result
}


  

    Shared Client

Intro
IsabelleClient.Shared is the process-owning client. It wraps the stateful client
in a GenServer, so many Elixir processes can share one Isabelle connection
without racing on socket reads.
Read Client.livemd first if you are new to the library. This notebook
focuses on the extra coordination needed once multiple Elixir processes use one
Isabelle connection.
The Shared client does two different kinds of coordination:
	synchronous command replies are read by one owner process and returned to the
caller in command-stream order
	asynchronous Isabelle task messages are routed by task id, so concurrent
callers waiting for different tasks get their own NOTE and FINISHED
messages
	async calls can receive lightweight %{type:, task:, body:} events via
on_event

It does not make Isabelle check dependent theories independently, and it does
not promise FIFO completion for async tasks. Completion order belongs to
Isabelle. Keep on_event callbacks lightweight; sending a message to another
process is a good pattern.
When using the published package, replace the dependency with {:isabelle_elixir, "~> 0.4"}.
Mix.install([
  {:isabelle_elixir, path: Path.expand("..", __DIR__)}
])
IsabelleClient.Server.executable()
Start A Shared Client
Without a :password, start_link/1 starts a local Isabelle server. The
returned pid is the shared client handle. We start sessions explicitly below
so the lifecycle is visible.
{:ok, pid} =
  IsabelleClient.Shared.start_link(
    server_name: "livebook_shared_#{System.unique_integer([:positive])}",
    timeout: 120_000
  )

Process.alive?(pid)
For an already running server, including one reachable on another host, pass its
connection details instead of :server_name:
# {:ok, pid} =
#   IsabelleClient.Shared.start_link(
#     password: "server-password",
#     host: "isabelle.example.org",
#     port: 9999,
#     timeout: 120_000
#   )
Concurrent Synchronous Commands
These calls are safe to run from many processes. They still pass through one
socket owner, so this is caller-safety, not parallel TCP streams.
operations =
  (Enum.map(1..8, &{:echo, &1}) ++ Enum.map(1..2, &{:help, &1}))
  |> Enum.shuffle()

sync_tasks =
  for operation <- operations do
    Task.async(fn ->
      case operation do
        {:echo, n} ->
          payload = %{client: "shared", n: n, framed: String.duplicate("#{n}", 120)}
          {:ok, echoed} = IsabelleClient.Shared.echo(pid, payload)
          {:echo, echoed["n"]}

        {:help, n} ->
          {:ok, commands} = IsabelleClient.Shared.help(pid)
          true = "use_theories" in commands
          {:help, n}
      end
    end)
  end

sync_results = Task.await_many(sync_tasks, 30_000)
Enum.sort(sync_results) == Enum.sort(operations)
More Than One Session
The shared process keeps the same kind of LIFO session stack as the default
client: the most recently started session is active. Isabelle sessions are still
server resources, and you can route work to a specific one with session_id:.
start_session/3 accepts Isabelle session_start arguments such as session,
preferences, options, dirs, include_sessions, verbose, and
print_mode. It also accepts a library-only label: that is stored locally and
not sent to Isabelle.
{:ok, first_start_task} =
  IsabelleClient.Shared.start_session(
    pid,
    [session: "HOL", label: "shared-main", print_mode: ["ASCII"]],
    120_000
  )

{:ok, second_start_task} = IsabelleClient.Shared.start_session(pid, [session: "HOL"], 120_000)

first_session = IsabelleClient.Session.from_result(first_start_task.result)
second_session = IsabelleClient.Session.from_result(second_start_task.result)

%{
  first_session: first_session.id,
  second_session: second_session.id,
  different?: first_session.id != second_session.id,
  first_start_messages: IsabelleClient.messages(first_start_task),
  second_start_messages: IsabelleClient.messages(second_start_task)
}
Concurrent Theory Tasks
Here the interesting part is task routing. Each caller starts its own
use_theories task and installs an on_event callback tagged with the theory
it requested. Isabelle may finish tasks in any order, but every event receives
the task id that belongs to that caller's task.
When a client has more than one server session, pass session_id: in the
use_theories arguments to target a specific session. The task routing is still
based on Isabelle task ids.
parent = self()
event_ref = make_ref()
done_ref = make_ref()

theory_dir =
  Path.join(System.tmp_dir!(), "isabelle_elixir_livebook_shared_#{System.unique_integer([:positive])}")

File.mkdir_p!(theory_dir)

theories = [
  {"SharedExample1", "lemma \"x = x\"\n  by simp", "theorem ?x = ?x"},
  {"SharedExample2", "lemma \"xs @ [] = xs\"\n  by simp", "theorem ?xs @ [] = ?xs"},
  {"SharedExample3", "lemma \"(A \\<longrightarrow> A) \\<and> True\"\n  by simp",
   "theorem (?A \\<longrightarrow> ?A) \\<and> True"}
]

session_ids = [first_session.id, second_session.id, second_session.id]

for {theory, body, _expected} <- theories do
  File.write!(Path.join(theory_dir, "#{theory}.thy"), """
  theory #{theory} imports Main
  begin

  #{body}

  end
  """)
end
theory_tasks =
  theories
  |> Enum.zip(session_ids)
  |> Enum.shuffle()
  |> Enum.map(fn {{theory, _body, expected_message}, session_id} ->
    Task.async(fn ->
      on_event = fn event ->
        send(parent, {:shared_event, event_ref, theory, event.type, event.task, event.body})
      end

      {:ok, task} =
        IsabelleClient.Shared.use_theories(
          pid,
          [session_id: session_id, theories: [theory], master_dir: theory_dir],
          120_000,
          on_event: on_event
        )

      messages = IsabelleClient.messages(task)
      true = task.result["ok"]
      true = Enum.any?(messages, &String.contains?(&1, expected_message))

      result = %{theory: theory, task_id: task.id, messages: messages}
      send(parent, {:shared_done, done_ref, result})
      result
    end)
  end)

completion_order =
  for _ <- theory_tasks do
    receive do
      {:shared_done, ^done_ref, result} -> result.theory
    after
      120_000 -> raise "timed out waiting for theory result"
    end
  end

theory_results = Task.await_many(theory_tasks, 1_000)

events =
  Stream.repeatedly(fn ->
    receive do
      {:shared_event, ^event_ref, theory, type, task_id, body} -> {theory, type, task_id, body}
    after
      100 -> :done
    end
  end)
  |> Enum.take_while(&(&1 != :done))

results_by_theory = Map.new(theory_results, &{&1.theory, &1})

notes = Enum.filter(events, fn {_theory, type, _task_id, _body} -> type == :note end)
notes_by_theory = Enum.group_by(notes, fn {theory, _type, _task_id, _body} -> theory end)

true = Map.keys(results_by_theory) |> Enum.sort() == ~w(SharedExample1 SharedExample2 SharedExample3)
true = Map.keys(notes_by_theory) |> Enum.sort() == ~w(SharedExample1 SharedExample2 SharedExample3)

true =
  Enum.all?(notes, fn {theory, _type, task_id, _body} ->
    task_id == results_by_theory[theory].task_id
  end)

%{
  completion_order: completion_order,
  checked_theories: Map.keys(results_by_theory) |> Enum.sort(),
  event_types: events |> Enum.map(fn {_theory, type, _task_id, _body} -> type end) |> Enum.uniq(),
  note_count: length(notes)
}
Check Text Helper
check_text/5 is available on Shared too. Use it when you do not need custom
task callbacks. Like the default client, it writes snippets as:
theory SharedInlineExample imports Main begin
<your text starts on line 2>
end
Line positions therefore shift by one line. Offsets are absolute Isabelle symbol
offsets from the beginning of the written file, so they include the generated
header before the snippet.
{:ok, inline_task} =
  IsabelleClient.Shared.check_text(
    pid,
    "SharedInlineExample",
    "lemma \"x = x\"\n  by simp",
    [],
    120_000
  )

IsabelleClient.messages(inline_task)
check_file/5 accepts the same explicit session_id: argument as
use_theories/4, so we can target the first session even though the second
session is active.
{:ok, file_task} =
  IsabelleClient.Shared.check_file(
    pid,
    Path.join(theory_dir, "SharedExample1.thy"),
    [session_id: first_session.id],
    120_000
  )

%{
  ok?: file_task.result["ok"],
  messages: IsabelleClient.messages(file_task, line: 5..6)
}
Failed tasks also go through the same event callback.
File.write!(Path.join(theory_dir, "SharedBrokenExample.thy"), """
theory SharedBrokenExample imports Main
begin

lemma "x = y"
  by simp

end
""")

failure_ref = make_ref()

failure_result =
  IsabelleClient.Shared.use_theories(
    pid,
    [theories: ["SharedBrokenExample"], master_dir: theory_dir],
    120_000,
    on_event: fn event -> send(parent, {:shared_failure_event, failure_ref, event}) end
  )

failed_task =
  case failure_result do
    {:ok, task} -> task
    {:error, task} -> task
  end

failure_events =
  Stream.repeatedly(fn ->
    receive do
      {:shared_failure_event, ^failure_ref, event} -> event.type
    after
      100 -> :done
    end
  end)
  |> Enum.take_while(&(&1 != :done))

%{
  status: failed_task.status,
  ok?: get_in(failed_task.result, ["ok"]),
  event_types: failure_events,
  errors: IsabelleClient.errors(failed_task)
}
{:ok, purge_result} =
  IsabelleClient.Shared.purge_theories(pid,
    theories: Enum.map(theories, fn {theory, _body, _expected} -> theory end),
    master_dir: theory_dir
  )

{purge_result["purged"], purge_result["retained"]}
Timeout Safety
The server protocol tags async task messages (NOTE, FINISHED, FAILED) with
task ids, so IsabelleClient.Shared can route concurrent tasks safely. The
immediate command replies (OK, ERROR) are different: they are only ordered on
the connection. If a command times out, a later stale OK could otherwise be
mistaken for the next caller's reply. For now the Shared client uses a
conservative fix: after a command or task timeout, it closes that shared
connection and later calls return {:error, {:connection_closed, :timeout}}.
A future implementation could be less draconian by pausing new commands,
draining the one stale top-level reply, and continuing to route task messages by
id while draining.
Stop And Shutdown
{:ok, first_stop_task} = IsabelleClient.Shared.stop_session(pid, first_session, 120_000)
{:ok, active_stop_task} = IsabelleClient.Shared.stop_session(pid, 120_000)

%{
  stopped_first: first_stop_task.status,
  stopped_active: active_stop_task.status
}
{:ok, nil} = IsabelleClient.Shared.shutdown_server(pid)
:ok = IsabelleClient.Shared.close(pid)


  

    Raw Client

Intro
This notebook uses IsabelleClient.Raw. It exposes the TCP socket, keeps no
session state, and leaves async task waiting explicit. It also exposes some basic server management functionality.
Read Client.livemd first if you are new to the library. The raw API is
useful when you want to see or control the Isabelle server protocol directly:
you send a command, receive a task id, then wait for the task yourself.
When using the published package, replace the dependency with {:isabelle_elixir, "~> 0.4"}.
Mix.install([
  {:isabelle_elixir, path: Path.expand("..", __DIR__)}
])
IsabelleClient.Server.executable()
Server Management
Resident Isabelle servers are named. list_servers/0 shows local resident
servers known to Isabelle, and kill_server/1 can force-kill one by name. This
is mainly useful after interrupted runs.
{:ok, servers_before_demo} = IsabelleClient.Raw.list_servers()
servers_before_demo
We start two short-lived servers. Passing port 0 asks Isabelle to choose a
free local port.
kill_demo_names =
  for n <- 1..2 do
    name = "livebook_raw_kill_demo_#{n}_#{System.unique_integer([:positive])}"
    {:ok, _server} = IsabelleClient.Raw.new_server(name, 0)
    name
  end
{:ok, servers_after_start} = IsabelleClient.Raw.list_servers()

Enum.filter(servers_after_start, &(&1.name in kill_demo_names))
kill_results = Enum.map(kill_demo_names, &IsabelleClient.Raw.kill_server/1)
{:ok, servers_after_kill} = IsabelleClient.Raw.list_servers()

%{
  kill_statuses: Enum.map(kill_results, fn {_output, status} -> status end),
  remaining_demo_servers: Enum.filter(servers_after_kill, &(&1.name in kill_demo_names))
}
Let's leave one server running for the rest of the tutorial:
server_name = "livebook_raw_#{System.unique_integer([:positive])}"
{:ok, server} = IsabelleClient.Raw.new_server(server_name, 0)
Session-less Commands
Let's connect to a running server (running locally or elsewhere):
{:ok, socket} = IsabelleClient.Raw.connect(server["password"], server["host"], server["port"])
Using the socket connection we can invoke some synchronous ("sessionless") commands.
{:ok, commands} = IsabelleClient.Raw.help(socket)

payload = %{client: "raw", framed: String.duplicate("x", 120)}
{:ok, %{"client" => "raw", "framed" => framed}} = IsabelleClient.Raw.echo(socket, payload)

{:ok, %{"via" => "command/4"}} = IsabelleClient.Raw.command(socket, "echo", %{via: "command/4"})
command/4 is the escape hatch for server commands without a dedicated helper.
It sends one request and waits for one OK or ERROR response.
cancel_task/2 sends the protocol-level cancellation command; cancelling an
unknown task is harmless on the Isabelle side.
{:ok, nil} = IsabelleClient.Raw.cancel_task(socket, "00000000-0000-0000-0000-000000000000")
Session Tasks
Asynchronous commands first return OK {"task": ...}. Raw helpers return that
task id as an %IsabelleClient.Task{status: :running}. Call await_task/3 to
collect NOTE messages and the final FINISHED or FAILED payload.
{:ok, build_task} =
  IsabelleClient.Raw.async_command(socket, "session_build", session: "HOL", verbose: true)

{:ok, build_task} = IsabelleClient.Raw.await_task(socket, build_task, 120_000)

%{
  status: build_task.status,
  ok?: build_task.result["ok"],
  messages: IsabelleClient.messages(build_task)
}
Dedicated helpers such as start_session/3 and use_theories/3 are thin
wrappers around async_command/4.
start_session/3 accepts Isabelle session_start arguments such as session,
preferences, options, dirs, include_sessions, verbose, and
print_mode.
{:ok, start_task} =
  IsabelleClient.Raw.start_session(socket,
    session: "HOL",
    verbose: true,
    print_mode: ["ASCII"]
  )

{:ok, start_task} = IsabelleClient.Raw.poll_status(socket, start_task, 120_000)

session_id = IsabelleClient.extract_session(start_task)

%{
  status: start_task.status,
  session_id: session_id,
  messages: IsabelleClient.messages(start_task)
}
Check A Theory
The raw socket does not remember an active session. Every session command that
needs a live session must receive session_id explicitly.
theory_dir =
  Path.join(System.tmp_dir!(), "isabelle_elixir_livebook_raw_#{System.unique_integer([:positive])}")

File.mkdir_p!(theory_dir)

File.write!(Path.join(theory_dir, "RawExample.thy"), """
theory RawExample imports Main
begin

lemma "x = x"
  sledgehammer
  by simp

lemma "xs @ [] = xs"
  sledgehammer
  by simp

end
""")
{:ok, use_task} =
  IsabelleClient.Raw.use_theories(socket,
    session_id: session_id,
    theories: ["RawExample"],
    master_dir: theory_dir,
    pretty_margin: 80.0,
    unicode_symbols: true,
    export_pattern: "*",
    check_delay: 0.1,
    check_limit: 100,
    watchdog_timeout: 60.0,
    nodes_status_delay: 0.5
  )

{:ok, use_task} = IsabelleClient.Raw.await_task(socket, use_task, 120_000)
true = use_task.result["ok"]
The result helpers work with raw-socket task results too. Result.decode/1
turns common Isabelle result maps into small Elixir structs when that is useful.
typed = IsabelleClient.Result.decode(use_task)

%{
  typed_ok?: typed.ok,
  node_names: Enum.map(IsabelleClient.nodes(use_task), & &1.node_name),
  messages: IsabelleClient.messages(use_task),
  sledgehammer_lines: IsabelleClient.messages(use_task, line: [5, 9]),
  proof_lines: IsabelleClient.messages(use_task, line: [6, 10]),
  first_proof_at_offset:
    use_task
    |> IsabelleClient.diagnostics(line: 6)
    |> List.first()
    |> get_in(["pos", "offset"])
    |> then(&IsabelleClient.messages(use_task, line: 6, offset: &1))
}
Build And Start A Custom Session
The raw profile is also the clearest place to see Isabelle's session_build
and session_start arguments. session_start accepts the session_build
arguments plus print_mode.
We first write a minimal Isabelle session: one ROOT file and one theory.
custom_suffix = System.unique_integer([:positive])
custom_session = "RawBuild#{custom_suffix}"
custom_dir = Path.join(System.tmp_dir!(), "isabelle_elixir_livebook_raw_build_#{custom_suffix}")
File.mkdir_p!(custom_dir)

File.write!(Path.join(custom_dir, "ROOT"), """
session "#{custom_session}" = "HOL" +
  options [document = false, show_question_marks = false]
  theories
    RawBuildTheory
""")

File.write!(Path.join(custom_dir, "RawBuildTheory.thy"), """
theory RawBuildTheory imports Main
begin

lemma raw_build_example: "x = x"
  by simp

end
""")
Build the reusable session image first.
{:ok, custom_build_task} =
  IsabelleClient.Raw.build_session(socket,
    session: custom_session,
    dirs: [custom_dir],
    options: ["document=false", "show_question_marks=false"],
    include_sessions: [],
    preferences: "",
    verbose: true
  )

{:ok, custom_build_task} =
  IsabelleClient.Raw.await_task(socket, custom_build_task, 120_000)

%{
  result: IsabelleClient.session_build_result(custom_build_task),
  messages: IsabelleClient.messages(custom_build_task)
}
Start a live session from the built image. Keep dirs, so Isabelle can
resolve the custom session name.
{:ok, custom_start_task} =
  IsabelleClient.Raw.start_session(socket,
    session: custom_session,
    dirs: [custom_dir],
    options: ["document=false"],
    include_sessions: [],
    preferences: "",
    verbose: true,
    print_mode: ["ASCII"]
  )

{:ok, custom_start_task} =
  IsabelleClient.Raw.await_task(socket, custom_start_task, 120_000)

custom_session_id = IsabelleClient.extract_session(custom_start_task)

%{
  session_id: custom_session_id,
  messages: IsabelleClient.messages(custom_start_task)
}
Use the returned session id explicitly. Raw commands do not remember an active
session for you.
File.write!(Path.join(custom_dir, "RawBuildUse.thy"), """
theory RawBuildUse imports RawBuildTheory
begin

lemma raw_build_use: "x = x"
  by (rule raw_build_example)

end
""")

{:ok, custom_use_task} =
  IsabelleClient.Raw.use_theories(socket,
    session_id: custom_session_id,
    theories: ["RawBuildUse"],
    master_dir: custom_dir
  )

{:ok, custom_use_task} =
  IsabelleClient.Raw.await_task(socket, custom_use_task, 120_000)

%{
  ok?: custom_use_task.result["ok"],
  messages: IsabelleClient.messages(custom_use_task)
}
Stop And Shutdown
# Stop the custom session before the original one.
{:ok, custom_stop_task} = IsabelleClient.Raw.stop_session(socket, custom_session_id)
{:ok, custom_stop_task} = IsabelleClient.Raw.await_task(socket, custom_stop_task, 120_000)

{:ok, stop_task} = IsabelleClient.Raw.stop_session(socket, session_id)
{:ok, stop_task} = IsabelleClient.Raw.await_task(socket, stop_task, 120_000)

{stop_task.status, custom_stop_task.status}
{:ok, nil} = IsabelleClient.Raw.shutdown_server(socket)
:ok = IsabelleClient.Raw.close(socket)
:ok


  

    Unification and Matching

Intro
This notebook showcases Isabelle unification and matching from Elixir.
We can send ordinary Isabelle theory text (unicode supported) such as:
unification pattern_unify "λx::i. (?F x :: i)" "λx::i. f (g x)"
and the checked theory returns the computed assignments as Isabelle output
messages.
Behind the scenes, the command unification is defined in a small Isabelle
support session:
	priv/isabelle/unification/ROOT declares the session IsabelleElixirUnification
	priv/isabelle/unification/Unification.thy contains the Isabelle/ML
wrappers around Isabelle's internal unification and matching functionality.

When using the published package, replace the dependency with {:isabelle_elixir, "~> 0.4"}.
Mix.install([
  {:isabelle_elixir, path: Path.expand("..", __DIR__)}
])
Start Isabelle
#System.put_env("ISABELLE_TOOL", "path/to/isabelle/executable") # optionally, if needed
IsabelleClient.Server.executable()
{:ok, server} =
  IsabelleClient.start_server(
    server_name: "livebook_unification_#{System.unique_integer([:positive])}"
  )

{:ok, client} = IsabelleClient.connect(server)
Start Session
The examples below import the session-qualified theory
IsabelleElixirUnification.Unification. The relevant names are kept explicit:
	unification_root: directory containing the ROOT file
	unification_session: session name declared by that ROOT
	unification_import: theory imported by each generated check_text invocation

The final section also imports the TPTP/THF notation theory, so we load the
bundled TPTP.thy into the same Isabelle session.
unification_root = Path.expand("../priv/isabelle/unification", __DIR__)
unification_session = "IsabelleElixirUnification"
unification_import = "IsabelleElixirUnification.Unification"
tptp_import = "TPTP"

%{
  root: unification_root,
  session: unification_session,
  import: unification_import,
  tptp_import: tptp_import,
  tptp_source: IsabelleClient.TPTP.source_path(),
  files: File.ls!(unification_root),
}
{:ok, client, start_task} =
  IsabelleClient.start_session(
    client,
    [
      session: unification_session,
      dirs: [unification_root],
      verbose: true
    ],
    120_000
  )

{:ok, tptp_task} = IsabelleClient.TPTP.load(client, 120_000)

%{
  session_id: IsabelleClient.active_session(client).id,
  start_messages: IsabelleClient.messages(start_task),
  tptp_messages: IsabelleClient.messages(tptp_task)
}
Checking Examples
Every example below sends a small Isabelle command string through
IsabelleClient.TPTP.check/5, which wraps check_text/5 and filters out
routine theory-progress messages. The remaining messages are produced by
Isabelle itself.
IsabelleClient.TPTP.check(client, unification_import, "RawPatternUnify", ~S"""
typedecl i
consts f :: "i => i"
consts g :: "i ⇒ i" (* unicode supported *)

unification pattern_unify "λx::i. (?F x :: i)" "λx::i. f (g x)"
""")
|> IO.puts()
Type Unification and Matching
type_unify is type-unification: equation-solving over types. It invokes Isabelle's Sign.typ_unify under the hood.
left_type = "('a list ⇒ j) ⇒ 'a list"
right_type = "(i list ⇒ 'b) ⇒ i list"

IsabelleClient.TPTP.check(client, unification_import, "TypeUnify", """
typedecl i
typedecl j

unification type_unify ‹#{left_type}› ‹#{right_type}›
""")
|> IO.puts()
type_match is one-way type matching. Variables in the first type are
instantiated to make it match the second type. It invokes Isabelle's Sign.typ_match under the hood.
type_pattern = "'b ⇒ 'a list"
type_object = "(i ⇒ j) ⇒ i list"

IsabelleClient.TPTP.check(client, unification_import, "TypeMatch", """
typedecl i
typedecl j

unification type_match ‹#{type_pattern}› ‹#{type_object}›
""")
|> IO.puts()
Higher-Order Pattern Unification and Matching
pattern_unify relies on Isabelle's Pattern.unify, a deterministic higher-order pattern unifier.
left_term = "λx::i. ?F x"
right_term = "\\<lambda>x::i. f (g x)" # unicode input is optional

IsabelleClient.TPTP.check(client, unification_import, "PatternUnify", """
typedecl i
consts f :: "i ⇒ i"
consts g :: "i => i"

unification pattern_unify ‹#{left_term}› ‹#{right_term}›
""")
|> IO.puts()
The command reports fragment failures as messages instead of crashing. Here
?F is applied to the same bound variable twice, so it is not a higher-order
pattern.
left_term = "λx::i. (?F x x :: i)"
right_term = "λx::i. f x"

IsabelleClient.TPTP.check(client, unification_import, "PatternFragmentFailure", """
typedecl i
consts f :: "i ⇒ i"

unification pattern_unify ‹#{left_term}› ‹#{right_term}›
""")
|> IO.puts()
pattern_match instantiates variables in the first term to match the second, by invoking Isabelle's Pattern.match.
pattern = "h ?x (f ?y)"
object = "h a (f b)"

IsabelleClient.TPTP.check(client, unification_import, "PatternMatch", """
typedecl i
consts a :: i
consts b :: i
consts f :: "i ⇒ i"
consts h :: "i ⇒ i ⇒ i"

unification pattern_match ‹#{pattern}› ‹#{object}›
""")
|> IO.puts()
Use pattern_matches for a boolean answer.
pattern = "h ?x (f ?y)"
object = "h a (f b)"

IsabelleClient.TPTP.check(client, unification_import, "PatternMatches", """
typedecl i
consts a :: i
consts b :: i
consts f :: "i ⇒ i"
consts h :: "i ⇒ i ⇒ i"

unification pattern_matches ‹#{pattern}› ‹#{object}›
""")
|> IO.puts()
pattern_rewrite takes three arguments: target term, rewrite left-hand side,
and rewrite right-hand side. It uses Isabelle's Pattern.match_rew under the hood.
target = "h a (f b)"
lhs = "h ?x (f ?y)"
rhs = "h ?y (f ?x)"

IsabelleClient.TPTP.check(client, unification_import, "PatternRewrite", """
typedecl i
consts a :: i
consts b :: i
consts f :: "i ⇒ i"
consts h :: "i ⇒ i ⇒ i"

unification pattern_rewrite ‹#{target}› ‹#{lhs}› ‹#{rhs}›
""")
|> IO.puts()
Higher-Order (Pre-)Unification and Matching
unifiers relies on Isabelle's Unify.unifiers as a general higher-order preunification procedure. Unlike Pattern.unify, it can search beyond the higher-order pattern fragment. In this
example ?F is applied to the same bound variable twice, so it is not a pattern problem, but preunification still finds solutions.
left_term = "λx::i. (?F x x :: i)"
right_term = "λx::i. f x"

IsabelleClient.TPTP.check(client, unification_import, "PreunifiersBeyondPattern", """
typedecl i
consts f :: "i ⇒ i"

unification unifiers ‹#{left_term}› ‹#{right_term}›
""")
|> IO.puts()
Here is a case where Unify.unifiers deliberately preserves an unresolved
flex-flex pair.
left_term = "λx::i. (?F x :: i)"
right_term = "λx::i. (?F (f x) :: i)"

IsabelleClient.TPTP.check(client, unification_import, "FlexFlexPreunifiers", """
typedecl i
consts f :: "i ⇒ i"

unification unifiers ‹#{left_term}› ‹#{right_term}›
""")
|> IO.puts()
smash_unifiers relies on Isabelle's Unify.smash_unifiers, which additionally takes any remaining flex-flex pairs and applies a trivial substitution, so the result has no separate flex-flex output.
left_term = "λx::i. (?F x :: i)"
right_term = "λx::i. (?F (f x) :: i)"

IsabelleClient.TPTP.check(client, unification_import, "SmashedFlexFlexPreunifiers", """
typedecl i
consts f :: "i ⇒ i"

unification smash_unifiers ‹#{left_term}› ‹#{right_term}›
""")
|> IO.puts()
matchers builds upon Isabelle's Unify.matchers, which does (one-way) higher-order matching. It returns all matchers.
pattern = "λx::i. (?F x :: i)"
object = "λx::i. f (g x)"

IsabelleClient.TPTP.check(client, unification_import, "Matchers", """
typedecl i
consts f :: "i ⇒ i"
consts g :: "i ⇒ i"

unification matchers ‹#{pattern}› ‹#{object}›
""")
|> IO.puts()
matcher builds upon Isabelle's Unify.matcher, which is a convenience wrapper for matching two term lists that returns the first matcher, if one exists.
pattern = "λx::i. (?F x :: i)"
object = "λx::i. f (g x)"

IsabelleClient.TPTP.check(client, unification_import, "Matcher", """
typedecl i
consts f :: "i ⇒ i"
consts g :: "i ⇒ i"

unification matcher ‹#{pattern}› ‹#{object}›
""")
|> IO.puts()
TPTP/THF Syntax
This repeats the first higher-order preunification example, but the input term
is written with the bundled THF notation from TPTP.
Here ^ [x : $i] : ... is THF-style lambda syntax and $i is the TPTP
individual type. Application is left implicit as ?F x x and f x: in this
support theory, explicit @ is the Isabelle constant thf_app, so using
?F @ x @ x would change the raw unification problem.
thf_import = "#{unification_import} #{tptp_import}"

IsabelleClient.TPTP.check(client, thf_import, "THFPreunifiersBeyondPattern", ~S"""
consts f :: "$i > $i"

unification unifiers "^ [x : $i] : (?F x x : $i)" "^ [x : $i] : f x"
""", from: true, show_thf_app: false)
|> IO.puts()
We can also have output in TPTP/THF-like syntax:
thf_import = "#{unification_import} #{tptp_import}"

IsabelleClient.TPTP.check(client, thf_import, "THFPreunifiersBeyondPattern", ~S"""
consts f :: "$i > $i"

unification unifiers "^ [x : $i] : (?F x x : $i)" "^ [x : $i] : f x"
""", from: true, to: true, show_thf_app: true)
|> IO.puts()
Stop the Session and Shutdown
{:ok, client, stop_task} = IsabelleClient.stop_session(client, 120_000)

%{
  remaining_sessions: client.sessions,
  messages: IsabelleClient.messages(stop_task)
}
IsabelleClient.shutdown_server(client)


  

    TPTP/THF Syntax and Pretty-Printing

Intro
This notebook showcases the bundled TPTP/THF-style notation for higher-order logic.
Livebook sends ordinary Isabelle theory text through check_text; the support
theory provides syntax bundles for parsing and printing THF-like formulas.
Behind the scenes:
	priv/isabelle/tptp/TPTP.thy defines the THF notation bundles and the
explicit application operator @
	IsabelleClient.TPTP.load/1 copies that theory into an existing Isabelle
session and checks it there

This is not a full TPTP frontend. It is a lightweight bridge for writing
Isabelle theories with THF-style syntax, inspecting THF-style pretty output,
and converting a small subset of annotated THF formulae.
In particular, we deviate from the THF "standard" in allowing untyped terms, ML-style schematic type variables (as in 'a > 'b) instead of type quantifiers (which are not supported), and the infix application operator @ can be omitted (optionally).
When using the published package, replace the dependency with {:isabelle_elixir, "~> 0.4"}.
Mix.install([
  {:isabelle_elixir, path: Path.expand("..", __DIR__)}
])
Start Isabelle
#System.put_env("ISABELLE_TOOL", "path/to/isabelle/executable") # optionally, if needed
IsabelleClient.Server.executable()
{:ok, server} =
  IsabelleClient.start_server(
    server_name: "livebook_tptp_#{System.unique_integer([:positive])}"
  )

{:ok, client} = IsabelleClient.connect(server)
Start the Session
tptp_import = "TPTP"

%{
  import: tptp_import,
  source: IsabelleClient.TPTP.source_path()
}
{:ok, client, start_task} =
  IsabelleClient.start_session(
    client,
    [session: "HOL", verbose: true],
    120_000
  )

{:ok, tptp_task} = IsabelleClient.TPTP.load(client, 120_000)

%{
  session_id: IsabelleClient.active_session(client).id,
  start_messages: IsabelleClient.messages(start_task),
  tptp_messages: IsabelleClient.messages(tptp_task)
}
Checking Examples
IsabelleClient.TPTP.check/5 checks a small Isabelle theory body and returns
only the relevant Isabelle messages. The from:, to:, and show_thf_app:
options keep the examples focused on the problem text: the function activates
the corresponding Isabelle notation before the body and deactivates it
afterwards.
From TPTP to Isabelle
IsabelleClient.TPTP.check/5 takes a client, import name, theory name, and
theory body, then invokes IsabelleClient.check_text/5 under the hood.
Additionally, the option from: true wraps the body in
unbundle from_TPTP ... unbundle no from_TPTP, in order to activate the TPTP -> Isabelle translation (and deactivate it afterwards). The option show_thf_app: false deactivates the explicit infix application notation @ (which is mostly useful for the Isabelle -> TPTP direction).
IsabelleClient.TPTP.check(client, tptp_import, "TPTPSyllogism", ~S"""
typedecl entity
consts human :: "entity > $o"
consts mortal :: "entity > $o"
consts socrates :: entity

lemma mortal_socrates:
  "(! [x::entity] : (human @ x) => (mortal @ x))
    => (human @ socrates)
    => (mortal @ socrates)"
  unfolding thf_app_def
  by blast
""", from: true, show_thf_app: false)
|> IO.puts()
Characteristic functions give a compact encoding of sets. This example defines
union with THF notation and proves commutativity.
IsabelleClient.TPTP.check(client, tptp_import, "TPTPSetUnion", ~S"""
typedecl elem
type_synonym eset = "elem > $o"

definition union :: "eset > eset > eset" where
  "union = (^ [A::eset, B::eset, x::elem] : (A @ x) | (B @ x))"

lemma union_comm:
  "! [A::eset, B::eset, x::elem] :
      ((union @ A @ B @ x) <=> (union @ B @ A @ x))"
  unfolding union_def thf_app_def
  by blast
""", from: true, show_thf_app: false)
|> IO.puts()
To TPTP from Isabelle
unbundle to_TPTP changes output notation. show_thf_app controls whether
ordinary function application is printed with explicit @.
This cell toggles show_thf_app inside the body for comparing both translation styles.
IsabelleClient.TPTP.check(client, tptp_import, "TPTPPrettyPrint", ~S"""
declare [[show_types = true, show_abbrevs = true]]

typedecl elem

declare [[show_thf_app = true]]
term "\<lambda>(A::elem \<Rightarrow> bool) x. A x"

declare [[show_thf_app = false]]
term "\<lambda>(A::elem \<Rightarrow> bool) x. A x"
""", to: true)
|> IO.puts()
Round Trip: TPTP - Isabelle
Both translations can be active at once: Isabelle parses THF-style input and prints
the resulting term back in THF style. Note that below we are getting type
inference for A and B for free.
Here from: true enables parsing, to: true enables THF-style printing, and
show_thf_app: true asks the printer to expose application as @.
IsabelleClient.TPTP.check(client, tptp_import, "TPTPRoundTrip", ~S"""
declare [[show_types = true, show_abbrevs = true]]

term "! [A, B] :
        (? [x::$i] : (A @ x) & ~(B @ x))
        => ~(! [x::$i] : (A @ x) => (B @ x))"
""", from: true, to: true, show_thf_app: true)
|> IO.puts()
Annotated THF Formulae
IsabelleClient.TPTP.isabellize_theory/1 accepts a small THF/TPTP fragment and
turns supported annotated formulae of the form
thf(name, role, formula, metadata). into Isabelle theory commands. It
preserves THF formulas as text; use it together with from: true so the
from_TPTP bundle parses those formulas.
Supported annotated formulae are intentionally minimal:
	thf(name, type, (T: $tType)). becomes typedecl T
	thf(name, type, (c: T)). becomes consts c :: "T"
	thf(name, type, (alias: old = new)). becomes type_synonym alias = "new"
	thf(name, axiom, formula, file(...), [simp]). becomes axiomatization where name[simp]: "formula"
	thf(name, theorem/conjecture, formula). becomes lemma name: "formula"
	include('path/file.ext'). becomes imports "path/file"

Metadata is allowed to be any comma-separated list of TPTP terms after the
formula, including nested commas such as file('x.p', name) or
inference(rule, [], [a,b]). The converter does not interpret or filter
metadata values. If a metadata argument is already a bracketed Isabelle
attribute list, its contents are copied verbatim to the generated declaration;
metadata outside that bracket-list shape, such as file(...), is ignored.
TPTP comments are preserved as Isabelle comments: % ... and /* ... */
become (* ... *).
Include directives are intentionally simple-minded: the first path argument is
unquoted, its final extension is removed, and any optional selection list is
ignored. The resulting imports line belongs in an Isabelle theory header, so
the following example is printed rather than passed to check_text as a theory
body fragment.
include_demo = ~S"""
include('Axioms/SET001.ax').
include('Problems/PUZ001+0.p', [agatha, butler]).
"""

IO.puts(IsabelleClient.TPTP.isabellize_theory(include_demo))
Converted lemmas are proof obligations. Add a proof after them, or close them
with oops when you only want to parse and inspect the generated Isabelle text.
annotated_tptp = ~S"""
% Type constants, type aliases, and term constants.
thf(type_entity,type,(entity: $tType), file('example.p', type_entity)).
thf(type_predicate,type,(predicate: entity > $o = entity > $o), introduced(local)).
thf(type_human,type,(human: entity > $o), [description('predicate')]).
thf(type_socrates,type,(socrates: entity), [description('constant')]).

% The bracketed metadata list is passed through as Isabelle attributes.
thf(ax_human_self,axiom,
  (! [X: entity] : (human @ X) => (human @ X)),
  file('example.p', ax_human_self),
  [simp]).

thf(conj_some_human,conjecture,
  (? [X: entity] : (human @ X)),
  inference(copy, [], [ax_human_self]),
  []).
"""

isabelle_fragment = IsabelleClient.TPTP.isabellize_theory(annotated_tptp)
IO.puts(isabelle_fragment)
The generated conjecture is a lemma, so this parse-only example closes it with
oops.
IsabelleClient.TPTP.check(
  client,
  tptp_import,
  "TPTPAnnotatedFormulae",
  isabelle_fragment <> "\noops",
  from: true,
  show_thf_app: false
)
|> IO.puts()
For converted theorem formulae, append the proof that should discharge the
generated lemma.
annotated_theorem = ~S"""
thf(type_person,type,(person: $tType)).
thf(type_good,type,(good: person > $o)).
thf(type_alice,type,(alice: person)).

thf(ax_good_self,axiom,
  ((good @ alice) => (good @ alice)),
  file('example.p', ax_good_self),
  [simp]).

thf(thm_good_self,theorem,
  ((good @ alice) => (good @ alice)),
  inference(copy, [], [ax_good_self]),
  [intro]).
"""

proved_fragment =
  IsabelleClient.TPTP.isabellize_theory(annotated_theorem) <> "\nby simp"

IsabelleClient.TPTP.check(
  client,
  tptp_import,
  "TPTPAnnotatedTheorem",
  proved_fragment,
  from: true,
  show_thf_app: false
)
|> IO.puts()
The metadata pass-through is shape-based, not name-based. This example is only
printed, because arbitrary attribute names must still be meaningful to Isabelle
if you later check the generated text.
metadata_shape_demo = ~S"""
thf(ax_attrs,axiom,
  ($true),
  file('ignored.p', ax_attrs),
  [foo, bar(baz, qux), simp]).
"""

IO.puts(IsabelleClient.TPTP.isabellize_theory(metadata_shape_demo))
Who Killed Agatha?
The classic TPTP problem
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Default stateful Isabelle client.
Use %IsabelleClient{} for scripts and LiveBooks that benefit from a session
stack in a struct. The active session is the top of client.sessions. It is
not meant to be shared by multiple concurrent processes; use
IsabelleClient.Shared for that. Use IsabelleClient.Raw for protocol-level
socket control.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        Stateful client with one socket and a local stack of Isabelle sessions.



    





  
    Functions
  


    
      
        active_session(client)

      


        Returns the active session from the top of the client's session stack.



    


    
      
        build_session(isabelle_client, args, timeout \\ :infinity)

      


        Builds an Isabelle session image and waits for the async task result.



    


    
      
        check_file(client, path, args \\ [], timeout \\ :infinity)

      


        Checks an existing .thy file.



    


    
      
        check_text(client, theory, text, opts \\ [], timeout \\ :infinity)

      


        Writes and checks a theory.



    


    
      
        close(isabelle_client)

      


        Closes the client's TCP socket.



    


    
      
        command(isabelle_client, name, arg \\ nil, timeout \\ 30000)

      


        Runs a synchronous Isabelle command, normalizing Elixir keyword arguments to JSON keys.



    


    
      
        connect(server_or_password, opts \\ [])

      


        Connects to an Isabelle server and returns a stateful client struct.



    


    
      
        diagnostics(result)

      


        Returns diagnostic messages from a task, result map, or task notes.



    


    
      
        diagnostics(result, opts)

      


        See IsabelleClient.Result.diagnostics/2.



    


    
      
        echo(client, value)

      


        Round-trips a JSON value through Isabelle's echo command.



    


    
      
        errors(result)

      


        Returns error messages from a task or result map, with optional position filters.



    


    
      
        errors(result, opts)

      


        See IsabelleClient.Result.errors/2.



    


    
      
        exports(result)

      


        Returns typed exports from all theory nodes in a use_theories result.



    


    
      
        extract_session(result)

      


        Extracts the session_id from a session struct, session-start task, or result map.



    


    
      
        forget_session(client, session_or_id)

      


        Removes a session from the local client stack without contacting Isabelle.



    


    
      
        help(client)

      


        Returns the server command names supported by Isabelle.



    


    
      
        messages(result)

      


        Returns user-facing message strings from a task, result map, or task notes.



    


    
      
        messages(result, opts)

      


        See IsabelleClient.Result.messages/2.



    


    
      
        node(result, name)

      


        Finds a typed theory node by node_name or theory_name.



    


    
      
        nodes(result)

      


        Returns typed theory nodes from a use_theories result.



    


    
      
        purge_theories(client, args \\ nil, timeout \\ 30000)

      


        Purges theories from a session.



    


    
      
        session_build_result(result)

      


        Decodes a session_build result or task into a %IsabelleClient.Result.SessionBuildResult{}.



    


    
      
        sessions(isabelle_client)

      


        Returns the client's session stack, newest session first.



    


    
      
        shutdown_server(client)

      


        Asks the connected Isabelle server process to shut down.



    


    
      
        start_server(opts \\ [])

      


        Starts a local resident Isabelle server.



    


    
      
        start_session(client, args, timeout \\ :infinity)

      


        Starts an Isabelle session and pushes it onto client.sessions.



    


    
      
        stop_session(client, session_or_timeout \\ :active, timeout \\ :infinity)

      


        Stops a session.



    


    
      
        top_level_errors(result)

      


        Returns typed top-level error messages from a use_theories result.



    


    
      
        top_level_errors(result, opts)

      


        See IsabelleClient.Result.top_level_errors/2.



    


    
      
        use_theories(client, args \\ nil, timeout \\ :infinity)

      


        Checks theories and waits for the task result.



    


    
      
        use_theories_result(result)

      


        Decodes a use_theories result or task into a %IsabelleClient.Result.UseTheoriesResult{}.



    


    
      
        warnings(result)

      


        Returns warning messages from a task or result map, with optional position filters.



    


    
      
        warnings(result, opts)

      


        See IsabelleClient.Result.warnings/2.
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          @type t() :: %IsabelleClient{
  server_name: String.t() | nil,
  sessions: [IsabelleClient.Session.t()],
  socket: port()
}


      


Stateful client with one socket and a local stack of Isabelle sessions.

  


        

      

      
        Functions

        


  
    
      
    
    
      active_session(client)



        
          
        

    

  


  

Returns the active session from the top of the client's session stack.

  



    

  
    
      
    
    
      build_session(isabelle_client, args, timeout \\ :infinity)



        
          
        

    

  


  

Builds an Isabelle session image and waits for the async task result.
args is forwarded to Isabelle's session_build command after key
normalization. Typical keys are :session, :dirs, :options,
:include_sessions, :preferences, and :verbose.

  



    

    

  
    
      
    
    
      check_file(client, path, args \\ [], timeout \\ :infinity)



        
          
        

    

  


  

Checks an existing .thy file.
By default this uses the active client session. Pass "session_id" or
:session_id in the arguments to use another server session explicitly.
master_dir and theories are derived from path unless supplied.

  



    

    

  
    
      
    
    
      check_text(client, theory, text, opts \\ [], timeout \\ :infinity)



        
          
        

    

  


  

Writes and checks a theory.
If text is not a complete theory, it is written as:
theory <name> imports Main begin
<text>
end
Use opts[:imports] to replace Main. The provided text starts on line 2 of
the written file, so Isabelle diagnostics line up as text_line + 1. By
default this uses the active client session. Isabelle offsets remain
whole-file symbol offsets: with default Main, the snippet starts after
27 + String.length(theory) symbols from the generated header and newline.
Pass "session_id" or :session_id in the options to use another server
session explicitly.

  



  
    
      
    
    
      close(isabelle_client)



        
          
        

    

  


  

Closes the client's TCP socket.

  



    

    

  
    
      
    
    
      command(isabelle_client, name, arg \\ nil, timeout \\ 30000)



        
          
        

    

  


  

Runs a synchronous Isabelle command, normalizing Elixir keyword arguments to JSON keys.

  



    

  
    
      
    
    
      connect(server_or_password, opts \\ [])



        
          
        

    

  


  

Connects to an Isabelle server and returns a stateful client struct.
Pass a %IsabelleClient.Server.Info{} returned by start_server/1, or pass
the server password with explicit :host and :port options for an already
running local or remote server.

  



  
    
      
    
    
      diagnostics(result)



        
          
        

    

  


  

Returns diagnostic messages from a task, result map, or task notes.

  



  
    
      
    
    
      diagnostics(result, opts)



        
          
        

    

  


  

See IsabelleClient.Result.diagnostics/2.

  



  
    
      
    
    
      echo(client, value)



        
          
        

    

  


  

Round-trips a JSON value through Isabelle's echo command.

  



  
    
      
    
    
      errors(result)



        
          
        

    

  


  

Returns error messages from a task or result map, with optional position filters.

  



  
    
      
    
    
      errors(result, opts)



        
          
        

    

  


  

See IsabelleClient.Result.errors/2.

  



  
    
      
    
    
      exports(result)



        
          
        

    

  


  

Returns typed exports from all theory nodes in a use_theories result.

  



  
    
      
    
    
      extract_session(result)



        
          
        

    

  


  

Extracts the session_id from a session struct, session-start task, or result map.

  



  
    
      
    
    
      forget_session(client, session_or_id)



        
          
        

    

  


  

Removes a session from the local client stack without contacting Isabelle.
Use this when a session was stopped elsewhere, or when Isabelle reports
No session ... for an id still remembered by this client.

  



  
    
      
    
    
      help(client)



        
          
        

    

  


  

Returns the server command names supported by Isabelle.

  



  
    
      
    
    
      messages(result)



        
          
        

    

  


  

Returns user-facing message strings from a task, result map, or task notes.

  



  
    
      
    
    
      messages(result, opts)



        
          
        

    

  


  

See IsabelleClient.Result.messages/2.

  



  
    
      
    
    
      node(result, name)



        
          
        

    

  


  

Finds a typed theory node by node_name or theory_name.

  



  
    
      
    
    
      nodes(result)



        
          
        

    

  


  

Returns typed theory nodes from a use_theories result.

  



    

    

  
    
      
    
    
      purge_theories(client, args \\ nil, timeout \\ 30000)



        
          
        

    

  


  

Purges theories from a session.
By default this uses the active client session. Pass "session_id" or
:session_id in the arguments to purge theories from another server session.
This is a synchronous Isabelle command.

  



  
    
      
    
    
      session_build_result(result)



        
          
        

    

  


  

Decodes a session_build result or task into a %IsabelleClient.Result.SessionBuildResult{}.

  



  
    
      
    
    
      sessions(isabelle_client)



        
          
        

    

  


  

Returns the client's session stack, newest session first.

  



  
    
      
    
    
      shutdown_server(client)



        
          
        

    

  


  

Asks the connected Isabelle server process to shut down.

  



    

  
    
      
    
    
      start_server(opts \\ [])



        
          
        

    

  


  

Starts a local resident Isabelle server.
Options:
	:server_name - resident server name, defaults to a unique name
	:server_port - resident server port, defaults to 0


  



    

  
    
      
    
    
      start_session(client, args, timeout \\ :infinity)



        
          
        

    

  


  

Starts an Isabelle session and pushes it onto client.sessions.
The argument list or map is forwarded to Isabelle's session_start command,
which accepts session_build arguments (:session, :preferences,
:options, :dirs, :include_sessions, :verbose) plus :print_mode.
Pass :label to store a local label in the resulting session struct. Labels
are not sent to Isabelle. Returns {:ok, client, task}.

  



    

    

  
    
      
    
    
      stop_session(client, session_or_timeout \\ :active, timeout \\ :infinity)



        
          
        

    

  


  

Stops a session.
With the default arguments, this stops the active session and pops it from
the client's session stack. Pass a %IsabelleClient.Session{} or session id
to stop another server session explicitly.

  



  
    
      
    
    
      top_level_errors(result)



        
          
        

    

  


  

Returns typed top-level error messages from a use_theories result.

  



  
    
      
    
    
      top_level_errors(result, opts)



        
          
        

    

  


  

See IsabelleClient.Result.top_level_errors/2.

  



    

    

  
    
      
    
    
      use_theories(client, args \\ nil, timeout \\ :infinity)



        
          
        

    

  


  

Checks theories and waits for the task result.
By default this uses the active client session. Pass "session_id" or
:session_id in the arguments to use another server session explicitly.
Isabelle use_theories arguments are forwarded after key normalization:
:session_id, :theories, :master_dir, :pretty_margin,
:unicode_symbols, :export_pattern, :check_delay, :check_limit,
:watchdog_timeout, and :nodes_status_delay.
Returns {:ok, task} for a finished Isabelle task, or {:error, task} when
Isabelle reports task failure.

  



  
    
      
    
    
      use_theories_result(result)



        
          
        

    

  


  

Decodes a use_theories result or task into a %IsabelleClient.Result.UseTheoriesResult{}.

  



  
    
      
    
    
      warnings(result)



        
          
        

    

  


  

Returns warning messages from a task or result map, with optional position filters.

  



  
    
      
    
    
      warnings(result, opts)



        
          
        

    

  


  

See IsabelleClient.Result.warnings/2.
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Raw-socket Isabelle client.
This profile exposes the TCP socket and leaves session ids and asynchronous
task waiting explicit. It is useful for protocol-level control and for
understanding Isabelle server messages directly.

      


      
        Summary


  
    Functions
  


    
      
        async_command(socket, name, arg, timeout \\ 30000)

      


        Sends an async command and returns a running %IsabelleClient.Task{}.



    


    
      
        await_task(socket, task_or_id, timeout \\ :infinity)

      


        Waits for an asynchronous task to finish or fail.



    


    
      
        build_session(socket, args, timeout \\ 30000)

      


        Starts a session_build task and returns its task handle.



    


    
      
        cancel_task(socket, task_id)

      


        Requests cancellation of an Isabelle asynchronous task by task id.



    


    
      
        close(socket)

      


        Closes a raw TCP socket.



    


    
      
        command(socket, name, arg \\ nil, timeout \\ 30000)

      


        Runs a synchronous Isabelle command and returns {:ok, body} or {:error, body}.



    


    
      
        connect(password, host \\ "127.0.0.1", port \\ 9999, timeout \\ 30000)

      


        Connects to an Isabelle server and returns a raw TCP socket.



    


    
      
        echo(socket, value)

      


        Round-trips a JSON value through Isabelle's echo command.



    


    
      
        help(socket)

      


        Returns the server command names supported by Isabelle.



    


    
      
        kill_server(name)

      


        Force-kills a local resident Isabelle server by name.



    


    
      
        list_servers()

      


        Lists local resident Isabelle servers known to Isabelle.



    


    
      
        new_server(name \\ "elixir", port \\ 9999)

      


        Starts a local resident Isabelle server via isabelle server.



    


    
      
        poll_status(socket, task_or_id, timeout \\ :infinity)

      


        Alias for await_task/3.



    


    
      
        purge_theories(socket, args, timeout \\ 30000)

      


        Runs Isabelle's synchronous purge_theories command.



    


    
      
        recv(socket, timeout \\ 30000)

      


        Receives one framed Isabelle server response from a raw socket.



    


    
      
        shutdown_server(socket)

      


        Asks the Isabelle server process to shut down.



    


    
      
        start_session(socket, args, timeout \\ 30000)

      


        Starts a session_start task and returns its task handle.



    


    
      
        stop_session(socket, session_or_id, timeout \\ 30000)

      


        Starts a session_stop task for a session struct or session id.



    


    
      
        use_theories(socket, args, timeout \\ 30000)

      


        Starts a use_theories task and returns its task handle.



    





      


      
        Functions

        


    

  
    
      
    
    
      async_command(socket, name, arg, timeout \\ 30000)



        
          
        

    

  


  

Sends an async command and returns a running %IsabelleClient.Task{}.
Use await_task/3 to collect later NOTE messages and the final
FINISHED or FAILED response.
Pending NOTE frames from earlier tasks are skipped while waiting for the
command acknowledgement.

  



    

  
    
      
    
    
      await_task(socket, task_or_id, timeout \\ :infinity)



        
          
        

    

  


  

Waits for an asynchronous task to finish or fail.
Returns {:ok, task} for FINISHED and {:error, task} for FAILED.
Task notes received while waiting are stored in task.notes.

  



    

  
    
      
    
    
      build_session(socket, args, timeout \\ 30000)



        
          
        

    

  


  

Starts a session_build task and returns its task handle.

  



  
    
      
    
    
      cancel_task(socket, task_id)



        
          
        

    

  


  

Requests cancellation of an Isabelle asynchronous task by task id.

  



  
    
      
    
    
      close(socket)



        
          
        

    

  


  

Closes a raw TCP socket.

  



    

    

  
    
      
    
    
      command(socket, name, arg \\ nil, timeout \\ 30000)



        
          
        

    

  


  

Runs a synchronous Isabelle command and returns {:ok, body} or {:error, body}.

  



    

    

    

  
    
      
    
    
      connect(password, host \\ "127.0.0.1", port \\ 9999, timeout \\ 30000)



        
          
        

    

  


  

Connects to an Isabelle server and returns a raw TCP socket.
Use the server password plus host/port from new_server/2, list_servers/0,
or another Isabelle server process reachable on the network.

  



  
    
      
    
    
      echo(socket, value)



        
          
        

    

  


  

Round-trips a JSON value through Isabelle's echo command.

  



  
    
      
    
    
      help(socket)



        
          
        

    

  


  

Returns the server command names supported by Isabelle.

  



  
    
      
    
    
      kill_server(name)



        
          
        

    

  


  

Force-kills a local resident Isabelle server by name.

  



  
    
      
    
    
      list_servers()



        
          
        

    

  


  

Lists local resident Isabelle servers known to Isabelle.

  



    

    

  
    
      
    
    
      new_server(name \\ "elixir", port \\ 9999)



        
          
        

    

  


  

Starts a local resident Isabelle server via isabelle server.

  



    

  
    
      
    
    
      poll_status(socket, task_or_id, timeout \\ :infinity)



        
          
        

    

  


  

Alias for await_task/3.

  



    

  
    
      
    
    
      purge_theories(socket, args, timeout \\ 30000)



        
          
        

    

  


  

Runs Isabelle's synchronous purge_theories command.

  



    

  
    
      
    
    
      recv(socket, timeout \\ 30000)



        
          
        

    

  


  

Receives one framed Isabelle server response from a raw socket.

  



  
    
      
    
    
      shutdown_server(socket)



        
          
        

    

  


  

Asks the Isabelle server process to shut down.

  



    

  
    
      
    
    
      start_session(socket, args, timeout \\ 30000)



        
          
        

    

  


  

Starts a session_start task and returns its task handle.
Arguments are forwarded to Isabelle. session_start accepts session_build
arguments (:session, :preferences, :options, :dirs,
:include_sessions, :verbose) plus :print_mode.

  



    

  
    
      
    
    
      stop_session(socket, session_or_id, timeout \\ 30000)



        
          
        

    

  


  

Starts a session_stop task for a session struct or session id.

  



    

  
    
      
    
    
      use_theories(socket, args, timeout \\ 30000)



        
          
        

    

  


  

Starts a use_theories task and returns its task handle.
Arguments are forwarded to Isabelle and may include :session_id,
:theories, :master_dir, :pretty_margin, :unicode_symbols,
:export_pattern, :check_delay, :check_limit, :watchdog_timeout, and
:nodes_status_delay.
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IsabelleClient.Result 
    



      
Helpers for extracting common values from Isabelle task results.

      


      
        Summary


  
    Functions
  


    
      
        decode(result)

      


        Returns a typed representation of common Isabelle server results.



    


    
      
        diagnostics(result, opts \\ [])

      


        Returns diagnostic messages from a task, result, or task notes.



    


    
      
        errors(result, opts \\ [])

      


        Returns error messages from a task or result map.



    


    
      
        exports(result)

      


        Returns typed exports from all theory nodes in a use_theories result.



    


    
      
        extract_session(arg1)

      


        Extracts the session_id from a session-start task or result map.



    


    
      
        messages(result, opts \\ [])

      


        Returns user-facing message strings from a task, result map, or task notes.



    


    
      
        node(result, name)

      


        Finds a typed theory node by node_name or theory_name.



    


    
      
        nodes(result)

      


        Returns typed theory nodes from a use_theories result.



    


    
      
        session_build_result(result)

      


        Decodes a session_build result or task, or returns nil for another shape.



    


    
      
        top_level_errors(result, opts \\ [])

      


        Returns typed top-level error messages from a use_theories result.



    


    
      
        use_theories_result(result)

      


        Decodes a use_theories result or task, or returns nil for another shape.



    


    
      
        warnings(result, opts \\ [])

      


        Returns warning messages from a task or result map, with optional position filters.



    





      


      
        Functions

        


  
    
      
    
    
      decode(result)



        
          
        

    

  


  

Returns a typed representation of common Isabelle server results.
Recognizes session_start, session_build, and use_theories result shapes.
Unknown shapes are returned unchanged.

  



    

  
    
      
    
    
      diagnostics(result, opts \\ [])



        
          
        

    

  


  

Returns diagnostic messages from a task, result, or task notes.
This works for use_theories final results and for message-shaped task notes
produced by async commands such as session_build and session_start.
Pass line: n, line: first..last, or line: [n, ...] to keep only
diagnostics whose position has that source line. Pass offset: n to keep
only diagnostics whose pos.offset..pos.end_offset range contains n.
Pass file: path or file: [path, ...] to keep only diagnostics whose
position has that file.
Offsets are Isabelle symbol offsets from the beginning of the whole source
file, not columns within the line.
Raw result maps return raw diagnostic maps; structured results return typed
%IsabelleClient.Result.Message{} values.

  



    

  
    
      
    
    
      errors(result, opts \\ [])



        
          
        

    

  


  

Returns error messages from a task or result map.
This includes Isabelle's cumulative top-level "errors" list and node-level
or note diagnostics whose kind is "error".

  



  
    
      
    
    
      exports(result)



        
          
        

    

  


  

Returns typed exports from all theory nodes in a use_theories result.

  



  
    
      
    
    
      extract_session(arg1)



        
          
        

    

  


  

Extracts the session_id from a session-start task or result map.

  



    

  
    
      
    
    
      messages(result, opts \\ [])



        
          
        

    

  


  

Returns user-facing message strings from a task, result map, or task notes.
Accepts the same :file, :line, and :offset filters as diagnostics/2.

  



  
    
      
    
    
      node(result, name)



        
          
        

    

  


  

Finds a typed theory node by node_name or theory_name.

  



  
    
      
    
    
      nodes(result)



        
          
        

    

  


  

Returns typed theory nodes from a use_theories result.

  



  
    
      
    
    
      session_build_result(result)



        
          
        

    

  


  

Decodes a session_build result or task, or returns nil for another shape.

  



    

  
    
      
    
    
      top_level_errors(result, opts \\ [])



        
          
        

    

  


  

Returns typed top-level error messages from a use_theories result.

  



  
    
      
    
    
      use_theories_result(result)



        
          
        

    

  


  

Decodes a use_theories result or task, or returns nil for another shape.

  



    

  
    
      
    
    
      warnings(result, opts \\ [])



        
          
        

    

  


  

Returns warning messages from a task or result map, with optional position filters.
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IsabelleClient.Result.Export 
    



      
Export produced by use_theories.
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IsabelleClient.Result.Message 
    



      
Isabelle prover message.
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IsabelleClient.Result.Node 
    



      
One theory node in a use_theories result.
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IsabelleClient.Result.NodeStatus 
    



      
Status summary for one theory node.
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IsabelleClient.Result.Position 
    



      
Source position attached to an Isabelle message.
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IsabelleClient.Result.SessionBuildEntry 
    



      
One session entry in a session_build result.
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IsabelleClient.Result.SessionBuildResult 
    



      
Structured session_build result.
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IsabelleClient.Result.UseTheoriesResult 
    



      
Structured use_theories result.
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IsabelleClient.Server 
    



      
Local Isabelle server lifecycle helpers.

      


      
        Summary


  
    Functions
  


    
      
        executable()

      


        Returns the Isabelle tool executable path.



    


    
      
        kill(name)

      


        Force-kills a local resident Isabelle server by name.



    


    
      
        list()

      


        Lists local resident Isabelle servers.



    


    
      
        parse_info(data)

      


        Parses isabelle server output into server info structs.



    


    
      
        start(name \\ "elixir", port \\ 9999)

      


        Starts a local resident Isabelle server and returns its connection info.



    





      


      
        Functions

        


  
    
      
    
    
      executable()



        
          
        

    

  


  

Returns the Isabelle tool executable path.
The path is read from ISABELLE_TOOL when set. Otherwise isabelle is
resolved from PATH and the resolved full path is stored in ISABELLE_TOOL.

  



  
    
      
    
    
      kill(name)



        
          
        

    

  


  

Force-kills a local resident Isabelle server by name.

  



  
    
      
    
    
      list()



        
          
        

    

  


  

Lists local resident Isabelle servers.

  



  
    
      
    
    
      parse_info(data)



        
          
        

    

  


  

Parses isabelle server output into server info structs.

  



    

    

  
    
      
    
    
      start(name \\ "elixir", port \\ 9999)



        
          
        

    

  


  

Starts a local resident Isabelle server and returns its connection info.
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IsabelleClient.Server.Info 
    



      
Connection details for a resident Isabelle server.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        Connection details printed by Isabelle's resident server.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IsabelleClient.Server.Info{
  host: String.t(),
  name: String.t(),
  password: String.t(),
  port: non_neg_integer()
}


      


Connection details printed by Isabelle's resident server.
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IsabelleClient.Session 
    



      
Isabelle server session resource.
Sessions live in the Isabelle server process and may be used from different
client connections when their id is known.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        Isabelle server session known to the Elixir client.



    





  
    Functions
  


    
      
        from_result(result, args \\ nil, label \\ nil)

      


        Builds a session struct from a session_start result map, or returns nil.



    


    
      
        id(id)

      


        Returns the session id from a session struct or id string.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IsabelleClient.Session{
  args: map() | nil,
  id: String.t(),
  label: String.t() | nil,
  tmp_dir: String.t() | nil
}


      


Isabelle server session known to the Elixir client.
id is Isabelle's session handle. tmp_dir, args, and label are local
conveniences recorded from session startup.

  


        

      

      
        Functions

        


    

    

  
    
      
    
    
      from_result(result, args \\ nil, label \\ nil)



        
          
        

    

  


  

Builds a session struct from a session_start result map, or returns nil.

  



  
    
      
    
    
      id(id)



        
          
        

    

  


  

Returns the session id from a session struct or id string.
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IsabelleClient.Shared 
    



      
GenServer-backed Isabelle client.
The process owns command ordering and routes Isabelle async task messages by
task id, so multiple callers can wait on concurrent Isabelle tasks safely.

      


      
        Summary


  
    Functions
  


    
      
        build_session(server, args, timeout \\ :infinity, opts \\ [])

      


        Builds an Isabelle session image and waits for the task result.



    


    
      
        check_file(server, path, args \\ [], timeout \\ :infinity, opts \\ [])

      


        Checks an existing .thy file.



    


    
      
        check_text(server, theory, text, opts \\ [], timeout \\ :infinity)

      


        Writes and checks a theory.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        close(server)

      


        Stops the client process and closes its socket.



    


    
      
        command(server, name, arg \\ nil, timeout \\ 30000)

      


        Runs a synchronous Isabelle command through the client process.



    


    
      
        connect(opts)

      


        Alias for start_link/1.



    


    
      
        echo(server, value)

      


        Round-trips a JSON value through Isabelle's echo command.



    


    
      
        help(server)

      


        Returns the server command names supported by Isabelle.



    


    
      
        purge_theories(server, args, timeout \\ 30000)

      


        Purges theories from a session.



    


    
      
        shutdown_server(server)

      


        Asks the Isabelle server process to shut down.



    


    
      
        start_link(opts)

      


        Starts a GenServer-backed Isabelle client.



    


    
      
        start_session(server, args, timeout \\ :infinity, opts \\ [])

      


        Starts an Isabelle session and stores it in the client process.



    


    
      
        stop_session(server)

      


        Stops the active Isabelle session.



    


    
      
        stop_session(server, timeout)

      


    


    
      
        stop_session(server, timeout, opts)

      


    


    
      
        stop_session(server, session_or_id, timeout, opts)

      


        Stops an explicit Isabelle session id or %IsabelleClient.Session{}.



    


    
      
        use_theories(server, args, timeout \\ :infinity, opts \\ [])

      


        Checks theories and waits for the task result.



    





      


      
        Functions

        


    

    

  
    
      
    
    
      build_session(server, args, timeout \\ :infinity, opts \\ [])



        
          
        

    

  


  

Builds an Isabelle session image and waits for the task result.
Options:
	:on_event - called with %{type: type, task: id, body: body} for
:started, :note, :finished, and :failed task events


  



    

    

    

  
    
      
    
    
      check_file(server, path, args \\ [], timeout \\ :infinity, opts \\ [])



        
          
        

    

  


  

Checks an existing .thy file.
By default this uses the active client session. Pass "session_id" or
:session_id in the arguments to use another server session explicitly.
master_dir and theories are derived from path unless supplied. Accepts
the same async task options as build_session/4.

  



    

    

  
    
      
    
    
      check_text(server, theory, text, opts \\ [], timeout \\ :infinity)



        
          
        

    

  


  

Writes and checks a theory.
If text is not a complete theory, it is written as a theory importing
Main with the provided text starting on line 2 of the file. By default this
uses the active client session. Isabelle offsets are whole-file symbol offsets,
so the generated header contributes to reported offsets. Pass "session_id"
or :session_id in the options to use another server session explicitly.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      close(server)



        
          
        

    

  


  

Stops the client process and closes its socket.

  



    

    

  
    
      
    
    
      command(server, name, arg \\ nil, timeout \\ 30000)



        
          
        

    

  


  

Runs a synchronous Isabelle command through the client process.

  



  
    
      
    
    
      connect(opts)



        
          
        

    

  


  

Alias for start_link/1.

  



  
    
      
    
    
      echo(server, value)



        
          
        

    

  


  

Round-trips a JSON value through Isabelle's echo command.

  



  
    
      
    
    
      help(server)



        
          
        

    

  


  

Returns the server command names supported by Isabelle.

  



    

  
    
      
    
    
      purge_theories(server, args, timeout \\ 30000)



        
          
        

    

  


  

Purges theories from a session.
By default this uses the active client session. Pass "session_id" or
:session_id in the arguments to purge theories from another server session.
This is a synchronous Isabelle command.

  



  
    
      
    
    
      shutdown_server(server)



        
          
        

    

  


  

Asks the Isabelle server process to shut down.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

Starts a GenServer-backed Isabelle client.
Pass :password, :host, and :port to connect to an existing Isabelle
server. Without :password, a local server is started. Pass :session to
start an initial session.

  



    

    

  
    
      
    
    
      start_session(server, args, timeout \\ :infinity, opts \\ [])



        
          
        

    

  


  

Starts an Isabelle session and stores it in the client process.
The argument list or map is forwarded to Isabelle's session_start command,
which accepts session_build arguments (:session, :preferences,
:options, :dirs, :include_sessions, :verbose) plus :print_mode.
Pass :label to store a local label in the resulting session struct. Labels
are not sent to Isabelle.
Accepts the same async task options as build_session/4.

  



  
    
      
    
    
      stop_session(server)



        
          
        

    

  


  

Stops the active Isabelle session.
Returns {:ok, task} or {:error, task} and removes the stopped session from
the local client stack. Accepts the same async task options as
build_session/4.

  



  
    
      
    
    
      stop_session(server, timeout)



        
          
        

    

  


  


  



  
    
      
    
    
      stop_session(server, timeout, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      stop_session(server, session_or_id, timeout, opts)



        
          
        

    

  


  

Stops an explicit Isabelle session id or %IsabelleClient.Session{}.
Stopping a non-active session removes it from the local stack without changing
the active session.

  



    

    

  
    
      
    
    
      use_theories(server, args, timeout \\ :infinity, opts \\ [])



        
          
        

    

  


  

Checks theories and waits for the task result.
By default this uses the active client session. Pass "session_id" or
:session_id in the arguments to use another server session explicitly.
Isabelle use_theories arguments are forwarded after key normalization:
:session_id, :theories, :master_dir, :pretty_margin,
:unicode_symbols, :export_pattern, :check_delay, :check_limit,
:watchdog_timeout, and :nodes_status_delay.
Accepts the same async task options as build_session/4.
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IsabelleClient.TPTP 
    



      
Helpers for loading the bundled TPTP/THF notation theory.
This is a lightweight syntax bridge, not a parser for full TPTP files.

      


      
        Summary


  
    Functions
  


    
      
        check(client, import_name, theory_name, body, opts \\ [])

      


        Checks a small Isabelle theory body and returns only relevant Isabelle output.



    


    
      
        isabellize_theory(text)

      


        Converts a small THF/TPTP theory into Isabelle/HOL theory commands.



    


    
      
        load(client, timeout \\ :infinity)

      


        Loads the bundled TPTP.thy support theory into the active client session.



    


    
      
        source_text()

      


        Contents of the bundled TPTP.thy.



    





      


      
        Functions

        


    

  
    
      
    
    
      check(client, import_name, theory_name, body, opts \\ [])



        
          
        

    

  


  

Checks a small Isabelle theory body and returns only relevant Isabelle output.
This wraps IsabelleClient.check_text/5 with Unicode output enabled and a
small amount of routine progress-message filtering. The :from, :to, and
:show_thf_app options activate the bundled TPTP/THF notation around the
supplied body and restore it afterwards. Use :timeout to override the
default 60 second timeout.

  



  
    
      
    
    
      isabellize_theory(text)



        
          
        

    

  


  

Converts a small THF/TPTP theory into Isabelle/HOL theory commands.
Supported annotated formulae are thf(name,type,...),
thf(name,axiom,...), and thf(name,theorem/conjecture,...). Simple
include('path/file.ext'). directives become imports "path/file". Formulas
are preserved as THF text and quoted for Isabelle; check the result in a
theory that imports "TPTP" and has unbundle from_TPTP active. Metadata
after the formula may be any comma-separated TPTP terms. Bracketed metadata
lists are copied verbatim into the generated Isabelle attribute brackets;
non-list metadata, such as file(...) or inference(...), is ignored because
it is not already in Isabelle attribute shape.

  



    

  
    
      
    
    
      load(client, timeout \\ :infinity)



        
          
        

    

  


  

Loads the bundled TPTP.thy support theory into the active client session.
The support theory is copied into the active session's temporary directory and
checked there, so later calls such as IsabelleClient.check_text/5 can import
plain "TPTP" without starting a special Isabelle session.

  



  
    
      
    
    
      source_text()



        
          
        

    

  


  

Contents of the bundled TPTP.thy.
Prefer this over source_path/0: it works regardless of how the caller is
packaged, whereas source_path/0 points into priv/ and so only resolves
for a normal Mix build.
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IsabelleClient.Task 
    



      
Result of an Isabelle asynchronous server task.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        Isabelle asynchronous task.



    





  
    Functions
  


    
      
        new(id)

      


        Creates a running task struct from an Isabelle task id.



    





      


      
        Types

        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IsabelleClient.Task{
  id: String.t(),
  notes: [map()],
  result: map() | nil,
  status: :running | :finished | :failed
}


      


Isabelle asynchronous task.
result is the final FINISHED or FAILED payload. notes contains NOTE
payloads received while waiting for the task.

  


        

      

      
        Functions

        


  
    
      
    
    
      new(id)



        
          
        

    

  


  

Creates a running task struct from an Isabelle task id.
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