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    KinoIsabelle

Livebook smart cell for Isabelle theories: a
CodeMirror editor with Isabelle outer-syntax highlighting and symbol display,
checked on demand by a local Isabelle server.
This is an alpha release: expect rough edges and breaking changes.
Installation
Mix.install([
  {:kino_isabelle, "~> 0.1.0-alpha.1"}
])
Isabelle must be installed, with isabelle on PATH or ISABELLE_TOOL
pointing to it. Tested with Isabelle2025-2. A logic session without a built
heap is built on first use, which can take long. Server cleanup relies on
/bin/sh, so Windows is not supported.
Isabelle also needs tar on the PATH of the Livebook runtime; without it,
the server fails with Return code 1 from bash script: ".../gnu-utils-.../etc/settings".
The NixOS services.livebook service, for example, has no tar on its PATH;
add pkgs.gnutar to services.livebook.extraPackages.
Usage
livebooks/demo.livemd walks through the cell.
Add the Isabelle theory smart cell and write theory text. By default the
cell generates the header (theory Scratch imports Main begin … end) from
the toolbar fields; with header mode "in text" the cell holds a complete
theory.
	Check runs Isabelle on the current text. Errors and warnings appear as
lint diagnostics; the panel below the editor shows all messages of the
command under the cursor. Nothing is checked while typing.
	Evaluating the cell returns a KinoIsabelle.Result, shown as
Summary / Messages / Errors / Raw tabs, and binds it to the variable in
Assign to (result, result2, … by default). An unchanged theory is
not checked twice.
	Symbols such as \<forall> are displayed as ∀. Type \forall, \<forall
or an abbreviation like ==> and pick the symbol from the completion list.

The first check of a runtime starts the Isabelle server and the logic session.
They are shared by all cells of the runtime and stopped with it. All theories
of a runtime are written to one directory, so a cell can import the theory of
another cell that was checked before.
Without the smart cell:
{:ok, result} = KinoIsabelle.check(~S(lemma "\<forall>x. x = x" by simp), imports: ["Main"])
Development
mix test                          # includes Isabelle integration tests when isabelle is found
cd assets && npm install && npm test
npm run build                     # rebuilds lib/assets/cell/build (committed), including
                                  # THIRD_PARTY_LICENSES.txt for the bundled npm packages
mix kino_isabelle.gen_syntax HOL  # regenerates priv/keywords.json and priv/symbols.json

The keyword table is generated for one logic (HOL); keywords that other
sessions add are not highlighted. After regenerating it, rebuild the assets.
License
MIT, see LICENSE. The bundled editor code (CodeMirror and its
dependencies, all MIT) comes with its licenses in
lib/assets/cell/build/THIRD_PARTY_LICENSES.txt.


  

    Isabelle in Livebook

Mix.install([
  # Outside this repository: {:kino_isabelle, "~> 0.1.0-alpha.1"}
  {:kino_isabelle, path: Path.expand("..", __DIR__)}
])
Introduction
This notebook shows the Isabelle theory smart cell of kino_isabelle. It needs a local Isabelle installation: isabelle on PATH, or ISABELLE_TOOL set to the executable. Tested with Isabelle2025-2.
An Isabelle cell has an editor for theory text and a toolbar. Nothing is checked while you type: Isabelle runs when you press Check or evaluate the cell. The first check starts an Isabelle server and the HOL session, which takes a few seconds; later checks reuse them. Both are stopped with the runtime.
A first theory
The cell below generates the theory header from its toolbar: theory Basics, importing Main. Evaluating it binds the result to the variable in Assign to, here basics. Press Check, then move the cursor through the text. The panel under the editor shows the output of the command under the cursor: on value it is "55" :: "nat", on thm the proved statement.
Symbols are stored as \<Rightarrow> and displayed as ⇒. To enter one, type \Rightarrow, \<Righ or an abbreviation such as =>, and pick the symbol from the completion list.
{:ok, basics} =
  KinoIsabelle.check(
    ~S"""
    section \<open>Sums of natural numbers\<close>

    fun sum_to :: "nat \<Rightarrow> nat" where
      "sum_to 0 = 0"
    | "sum_to (Suc n) = Suc n + sum_to n"

    value "sum_to 10"

    lemma sum_to_closed: "2 * sum_to n = n * (n + 1)"
      by (induction n) auto

    thm sum_to_closed
    """,
    session: "HOL",
    theory: "Basics",
    imports: ["Main"]
  )

basics
Errors and counterexamples
This cell imports Basics, the theory of the cell above. All cells of a runtime write their theories to one directory, so a cell can import any theory that was checked before. Check the cell above first.
sum_to_bound is false. With the cursor on nitpick, the panel shows the counterexample Nitpick found. The proof after it fails: the error is underlined and shown in the panel when the cursor is on by. An error does not stop Isabelle; sum_to_mono is still checked.
{:ok, mistakes} =
  KinoIsabelle.check(
    ~S"""
    lemma sum_to_bound: "sum_to n \<le> n"
      nitpick
      by (induction n) auto

    lemma sum_to_mono: "m \<le> n \<Longrightarrow> sum_to m \<le> sum_to n"
      by (induction n) (auto simp: le_Suc_eq)
    """,
    session: "HOL",
    theory: "Mistakes",
    imports: ["Basics"]
  )

mistakes
A complete theory
With Header set to in text, the cell holds a complete theory, from theory … imports … begin to end. The theory name is taken from the text.
{:ok, lists} =
  KinoIsabelle.check(
    ~S"""
    theory Lists
      imports Main
    begin

    fun itrev :: "'a list \<Rightarrow> 'a list \<Rightarrow> 'a list" where
      "itrev [] ys = ys"
    | "itrev (x # xs) ys = itrev xs (x # ys)"

    lemma itrev_rev: "itrev xs ys = rev xs @ ys"
      by (induction xs arbitrary: ys) auto

    lemma "\<forall>xs. itrev xs [] = rev xs"
      by (simp add: itrev_rev)

    end
    """,
    session: "HOL",
    header_mode: :manual
  )

lists
Results in Elixir
Evaluating an Isabelle cell returns a KinoIsabelle.Result, rendered as tabs: a summary, all messages grouped by command, the errors only, and Isabelle's raw answer. The cells above bound theirs to basics, mistakes and lists:
{basics.status, mistakes.status, lists.status}
KinoIsabelle.check/2 does the same from Elixir code:
{:ok, result} =
  KinoIsabelle.check(
    ~S"""
    lemma "rev (rev xs) = xs" by simp
    lemma "rev xs = xs" by simp
    """,
    theory: "From_Elixir"
  )

result.status
Each message has a kind (:error, :warning or :writeln), its text, and its range in the checked text as from and to, counted in UTF-16 code units like the editor does.
for message <- result.messages, message.kind == :error, do: message.text
result


  

    Changelog

0.1.0-alpha.1
First pre-release.
	"Isabelle theory" smart cell: CodeMirror editor with outer-syntax highlighting, symbol display and symbol completion; Check button; errors and warnings as lint diagnostics; panel with the messages of the command under the cursor.
	The cell binds its result to a variable set in the toolbar ("Assign to").
	KinoIsabelle.check/2, returning a KinoIsabelle.Result that renders as Summary / Messages / Errors / Raw tabs.
	One Isabelle server per runtime, started on the first check and stopped with the runtime.



  

    LICENSE


MIT License

Copyright (c) 2026 Johannes Schuster

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

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

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



  

    
KinoIsabelle 
    



      
Livebook smart cell for Isabelle theories.
The "Isabelle theory" smart cell edits theory text and checks it with
check/2 on the runtime's shared Isabelle server.
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    Functions
  


    
      
        check(text, opts \\ [])

      


        Checks text as an Isabelle theory.
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          @spec check(String.t(), keyword()) ::
  {:ok, KinoIsabelle.Result.t()} | {:error, term()}


      


Checks text as an Isabelle theory.
Options:
	:session - logic session, default "HOL"
	:theory - theory name, default "Scratch"
	:imports - imported theories, default ["Main"]
	:header_mode - :auto (default) wraps text in a theory header using
:theory and :imports; :manual expects a complete theory

Returns {:ok, result} also when the theory has errors; {:error, reason}
when Isabelle could not be run.

  


        

      


  

    
KinoIsabelle.Result 
    



      
Result of KinoIsabelle.check/2. Renders in Livebook as tabs.
	:status - :ok when Isabelle accepted the theory, else :failed
	:theory - the theory name
	:text - the checked cell text
	:messages - KinoIsabelle.Messages.message/0s ordered by position;
from and to are UTF-16 offsets in :text
	:node_status - Isabelle's node status counters, nil if the header failed
	:raw - the raw use_theories result
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          @type t() :: %KinoIsabelle.Result{
  messages: [KinoIsabelle.Messages.message()],
  node_status: map() | nil,
  raw: map(),
  status: :ok | :failed,
  text: String.t(),
  theory: String.t()
}


      



  


        

      


  

    
KinoIsabelle.Messages 
    



      
Normalises use_theories messages to %{kind, text, from, to} with cell
offsets, and buckets them by command span.

      


      
        Summary


  
    Types
  


    
      
        message()

      


    





  
    Functions
  


    
      
        bucket(messages, text)

      


        Groups messages by the command span they start in. Returns the non-empty
spans in order, each with its 1-based line and the command's first line.



    


    
      
        normalize(result, theory, table)

      


        Messages of a finished use_theories result, or of a failed task (an error in
the theory header), ordered by position.
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          @type message() :: %{
  kind: :error | :warning | :writeln,
  text: String.t(),
  from: non_neg_integer(),
  to: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      bucket(messages, text)



        
          
        

    

  


  

Groups messages by the command span they start in. Returns the non-empty
spans in order, each with its 1-based line and the command's first line.

  



  
    
      
    
    
      normalize(result, theory, table)



        
          
        

    

  


  

Messages of a finished use_theories result, or of a failed task (an error in
the theory header), ordered by position.
Errors reported for other files (imported theories) are kept without position.

  


        

      


  

    
KinoIsabelle.Output 
    



      
Builds KinoIsabelle.Results and their Kino output.

      


      
        Summary


  
    Functions
  


    
      
        result(theory, raw)

      


        Builds the result for theory from a raw use_theories or failed-task result.



    


    
      
        tabs(result)

      


        Summary, Messages, Errors and Raw tabs.



    





      


      
        Functions


        


  
    
      
    
    
      result(theory, raw)



        
          
        

    

  


  

Builds the result for theory from a raw use_theories or failed-task result.

  



  
    
      
    
    
      tabs(result)



        
          
        

    

  


  

Summary, Messages, Errors and Raw tabs.

  


        

      


  

    
KinoIsabelle.Positions 
    



      
Maps Isabelle positions to offsets in the cell text.
Isabelle reports offset and end_offset as 1-based symbol indices into the
whole theory file, end_offset exclusive. Symbols are delimited as by
Isabelle's Symbol.Matcher: \<name> (also when malformed, e.g. \<abc),
\r\n, or a single code point. Cell offsets are UTF-16 code units, as used by
CodeMirror. Positions inside the prepended header map to 0, positions past
the cell text (the appended end) map to the end of the text.

      


      
        Summary


  
    Functions
  


    
      
        new(text, header_symbols)

      


        Builds the table for text, preceded by header_symbols symbols on disk.



    


    
      
        range(table, pos)

      


        Converts an Isabelle position map to {from, to}.



    


    
      
        symbol_count(text)

      


        Number of Isabelle symbols in text.



    


    
      
        utf16_offset(text, byte_offset)

      


        Converts a byte offset in text to a UTF-16 offset.
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      new(text, header_symbols)



        
          
        

    

  


  

Builds the table for text, preceded by header_symbols symbols on disk.

  



  
    
      
    
    
      range(table, pos)



        
          
        

    

  


  

Converts an Isabelle position map to {from, to}.
A missing or empty end_offset extends the range to one symbol; a missing
position yields {0, 0}.
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Number of Isabelle symbols in text.

  



  
    
      
    
    
      utf16_offset(text, byte_offset)



        
          
        

    

  


  

Converts a byte offset in text to a UTF-16 offset.

  


        

      


  

    
KinoIsabelle.Session 
    



      
The runtime's Isabelle server and its logic sessions.
The server is started on the first check and each logic session ("HOL", …)
on the first check that names it. Both live as long as this process: a
watchdog kills the server when this process or the whole VM exits. If the
connection dies, this process exits and its supervisor restarts it, so the
next check starts afresh.
The last result per theory file is cached and returned while the source and
logic session are unchanged.
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    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts)

      


    


    
      
        use_theories(logic, theory)

      


        Writes and checks theory in the logic session logic.
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      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      use_theories(logic, theory)



        
          
        

    

  


  

Writes and checks theory in the logic session logic.
Returns the raw use_theories result, or the failed task's result when
Isabelle rejects the theory header.

  


        

      


  

    
KinoIsabelle.Theory 
    



      
Turns cell text into a theory file.
In :auto header mode the text is wrapped as
theory <theory> imports <imports> begin … end; in :manual mode the text
is a complete theory and its name is read from the header. All theories of a
runtime share one directory, so a cell can import another cell's theory.
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    Functions
  


    
      
        new(text, opts)

      


        Builds the theory for text. Options: :theory, :imports, :header_mode.



    


    
      
        write!(theory)

      


        Writes the theory file.
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      new(text, opts)



        
          
        

    

  


  

Builds the theory for text. Options: :theory, :imports, :header_mode.

  



  
    
      
    
    
      write!(theory)



        
          
        

    

  


  

Writes the theory file.
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