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    BeHOLd

BeHOLd is a library implementing syntax for classical higher-order logic
(HOL). It extends the implementation of the simply-typed lambda calculus from
the library HOL by logical constants.
BeHOLd should only be used together with
HOL as custom term and type
construction is otherwise not supported. This module also includes a parser for
TPTP TH0 syntax.
An overview over the included modules is given in the documentation of the
root module.
A demonstration of the package which includes the implementation of classical
HOL and the parser can be found in
this Livebook.
This package was developed at the
University of Bamberg with the
Chair for AI Systems Engineering.
Classical HOL
The type system of classical HOL is given by the following grammar, where it is
possible to introduce additional user-defined base types:
$$
\alpha, \beta \coloneqq \iota \mid o \mid \alpha\to\beta
$$
$o$ is the type for booleans, containing the values $\mathtt{T}$ and
$\mathtt{F}$ while $\iota$ denotes the (nonempty) set of individuals.
Additional, user-defined types are treated like $\iota$. Note that type
construction is right-associative, i.e.,
$\alpha\to(\beta\to\gamma) = \alpha\to\beta\to\gamma$.
The parsing algorithm might not be able to infer some types. Those are assigned
unique type variables (prefixed with "__uk_") denoting unknown types.
However, if the goal type of an entire term (only on the outermost layer) is
unknown, it is unified with type $o$ as terms are assumed to be of boolean type
unless specified otherwise.
In addition to the simply-typed lambda calculus, classical HOL contains the
following constants with the usual interpretation:
$$
\top_o \quad \bot_o \quad \neg_{o\to o} \quad \lor_{o\to o\to o} \quad
\land_{o\to o\to o} \quad \supset_{o\to o\to o} \quad \equiv_{o\to o\to o}
$$
$$
=_{\alpha\to\alpha\to o} \quad \Pi_{(\alpha\to o)\to o} \quad \Sigma_{(\alpha\to o)\to o}
$$
Note that ${=}_{\alpha\to\alpha\to o}$ (short ${=}^\alpha$),
$\Pi_{(\alpha\to o)\to o}$ (short $\Pi^\alpha$) and
$\Sigma_{(\alpha\to o)\to o}$ (short $\Sigma^\alpha$) represent families of
constants, i.e., there is one of each symbol for every type.
Term Representation
The term representation is entirely handled by the
HOL library and described
in detail in its documentation. To give a
short summary, terms are ensured to always be in $\beta\eta$-normal form, i.e.
maximally $\eta$-expanded and $\beta$-reduced until no $\beta$-reductions are
possible. Additionally, bound variables in $\lambda$-abstractions are named via
de Bruijn indices, i.e.,
$(\lambda X. \lambda Y. X\text{ }Y)$ is represented as
$(\lambda. \lambda. 2\text{ }1)$. This process names bound variables with
respect to their scope. I.e., in abstractions occuring in the body of another
abstraction, the index of the outer bound variable is raised to match the
scope of the inner abstraction.
Internally, terms are represented by the data structure
HOL.Data.hol_term() as
records with accessor fields for the term's head, arguments, bound variables,
free variables, type and highest de Bruijn index. The term head and arguments
fields correspond to a flattened representation of the term, e.g.
$((f\text{ }a)\text{ }b)$ is repesented as $(f\text{ }a\text{ }b)$ where $f$ is
the head and $a$ and $b$ are the arguments. This means, that a term's head is
always given as a
HOL.Data.declaration()
of a constant, bound or free variable.
TPTP Parsing
Classical HOL with simple types can be represented in the syntax of TPTP's
TH0. A parser for this syntax is
implemented with two different entry points. All connectives and features in
TH0 are supported.
The module BeHOLd.Parser
handles simple formula strings like "?[X : $o]: X => $true".
The module BeHOLd.TPTP handles
file parsing for TPTP problem files and contains functionality to convert the
internal term representation back to a string in
TH0 format. Note that when parsing
or including files from the TPTP problem library, a
environment variable TPTP_ROOT must be specified pointing to the root folder
of the TPTP library (this may require a reboot for Elixir to recognize).
Installation
This package can be installed by adding behold to your list of dependencies
in mix.exs:
def deps do
  [
    {:behold, "~> 1.1.2"}
  ]
end
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Mix.install([
  {:kino, "~> 0.17.0"},
  {:behold, "~> 1.1.2"},
  {:hol, "~> 1.0.2"}
])
Setup
Definitions and patterns of e.g., HOL connectives, are defined in the modules BeHOLd.ClassicalHOL.Definitions and BeHOLd.ClassicalHOL.Patterns as macros. To use them in Livebook, we hence need the use keyword which handles the imports and ensures the macros are usable. Aliasing can be handled when passing the as option.
# Definitions and patterns are defined as macros.
# For usage in a livebook, we hence need the use keyword.
use BeHOLd.ClassicalHOL.Definitions, as: Definitions
use BeHOLd.ClassicalHOL.Patterns, as: Patterns
alias BeHOLd.ClassicalHOL.Equality
alias BeHOLd.Data.Context
alias BeHOLd.{Parser, TPTP}
As BeHOLd is an extention of the library HOL, some functionality, e.g., the definition of additional types, require some of its modules. To use macros for pattern matching in Livebook, we need to require the desired module. The records for types and terms are internally defined as macros for tuples.
require HOL.Data
alias HOL.Data
alias PrettyPrint
Per default, HOL prints debug logs to the console when calling functions from its API, mainly on levels :info and :notice. This behavior can be disabled by setting the level to :error or disable logging entirely.
Logger.put_application_level(:hol, :error)

form =
  Kino.Control.form(
    [
      name: Kino.Input.checkbox("Print debug logs")
    ],
    report_changes: true
  )

Kino.listen(form, fn event ->
  if event.data.name == true do
    Logger.put_application_level(:hol, :info)
  else
    Logger.put_application_level(:hol, :error)
  end
end)

form
Types
Types are instances of the data structure HOL.Data.type() and represents types as records which in turn internally use tuples. The type $\iota$ is hence representable (and can be pattern matched) as:
Definitions.type_i()
match?(HOL.Data.type(goal: :i, args: []), Definitions.type_i())
More complex types are stored in their curried, flattened representation, where the field :args contains the list of argument types. E.g., the type $(\iota\to o)\to(\iota\to o)\to(\iota\to o)$ can be curried as $(\iota\to o)\to(\iota\to o)\to\iota\to o$, where $o$ is the goal type and $(\iota\to o)$, $(\iota\to o)$ and $\iota$ are the argument types.
Definitions.type_io_io_io()
match?(
  HOL.Data.type(goal: :o, args: [
    Definitions.type_io(),
    Definitions.type_io(),
    Definitions.type_i()
  ]),
  Definitions.type_io_io_io()
)
Definitions and Patterns for HOL Symbols
The module BeHOLd.ClassicalHOL.Definitions also contains the usual connectives of classical HOL as signature symbols and defines other common connectives like XOR in terms of these symbols. The signature spans the following connectives:
$$
\top_o \quad \bot_o \quad \neg_{o\to o} \quad \lor_{o\to o\to o} \quad
\land_{o\to o\to o} \quad \supset_{o\to o\to o} \quad \equiv_{o\to o\to o}
\quad \Pi_{(\alpha\to o)\to o} \quad \Sigma_{(\alpha\to o)\to o} \quad
=_{\alpha\to\alpha\to o}
$$
Definitions.signature_symbols()
In combination with the functions from HOL.Data and HOL.Terms, these can be used to construct logical terms. The HOL library also includes a PrettyPrint module which can convert various data structures to a readable string representation, with or without type annotation.
x = HOL.Terms.mk_free_var_term("X", Definitions.type_o())
c = HOL.Terms.mk_const_term("c", Definitions.type_o())

x_and_c = Definitions.and_term()
  |> HOL.Terms.mk_appl_term(x)
  |> HOL.Terms.mk_appl_term(c)
PrettyPrint.pp_term x_and_c
PrettyPrint.pp_term x_and_c, false
Note that the connectives are implemented both as HOL.Data.declaration() and HOL.Data.hol_term() for different use cases, e.g., term construction or pattern matching.
match?(Definitions.and_const(), HOL.Data.get_head(x_and_c))
$\lambda$-abstractions are also supported by specifying the variable (as HOL.Data.declaration()) to capture.
x_var = HOL.Data.mk_free_var("X", Definitions.type_o())

HOL.Terms.mk_abstr_term(x_and_c, x_var)
  |> PrettyPrint.pp_term(false)
The module BeHOLd.ClassicalHOL.Patterns provides various convenient macros to pattern-match on HOL terms.
match?(Patterns.conjunction(_, _), x_and_c)
For other common connectives, shorthand constructors are also available which define them in terms of the symbols from the signature.
Definitions.xor_term()
  |> PrettyPrint.pp_term
Quantors and equality symbols require types for term construction, not necessarily for pattern matching. Note that for quantors, a set type (i.e., a type with goal $o$) must be specified.
a = HOL.Terms.mk_const_term("a", Definitions.type_i())
b = HOL.Terms.mk_const_term("b", Definitions.type_i())

a_eq_b =
  Definitions.equals_term(Definitions.type_i())
  |> HOL.Terms.mk_appl_term(a)
  |> HOL.Terms.mk_appl_term(b)

match?(Patterns.equality(^a, ^b), a_eq_b)
TPTP Output
Terms and types can also be represented as TPTP strings via the BeHOLd.TPTP module. The BeHOLd.TPTP.term_to_tptp/1 function fully $\eta$-reduces terms and tries to reconstruct the syntactic sugar of TPTP, e.g., the XOR operator.
p = HOL.Terms.mk_free_var_term("P", Definitions.type_o())
q = HOL.Terms.mk_const_term("q", Definitions.type_o())

Definitions.xor_term()
  |> HOL.Terms.mk_appl_term(p)
  |> HOL.Terms.mk_appl_term(q)
  |> TPTP.term_to_tptp
Parser
The module BeHOLd.Parser contains parsing utility for types and terms in TPTP's TH0 syntax. The parser implements full type inference, where terms of unknown will be mapped to type $o$. Optionally, a context can be specified for types which can't be inferred by the term structure. The parser implements the standard TH0 precedence rules.
Parser.parse "~A & B"
The usage of quantors requires extra caution as their scope is influenced by parentheses.
"![X : $o]: $false => (X => $true)"
  |> Parser.parse
  |> HOL.Data.get_head
"![X : $o]: (f @ X) | (g @ X)"
  |> Parser.parse
  |> HOL.Data.get_head
A type environment (context) can be specified to clear up non-inferrable types. The type inference engine handles the rest.
"X = a" |> Parser.parse() |> PrettyPrint.pp_term(false)
ctx = Context.new()
  |> Context.put_var("X", Definitions.type_i())

"X = a" |> Parser.parse(ctx) |> PrettyPrint.pp_term(false)
Equality
From version 1.1.2, BeHOLd supports constructors for different notions of equality. These include Leibniz equality $\mathcal{L}^\tau$, Andrews equality $\mathcal{A}^\tau$ and extensional equality $\mathcal{E}^{\alpha\to\beta}$.
$\mathcal{L}^\tau$ states that two terms of type $\tau$ are equal because they share the same properties. It can be formulated using different connectives such as implication, equivalence or the converse of the implication. Default is equivalence.
$\mathcal{A}^\tau$ formulates equality stating that all reflexive binary relations on type $\tau$ hold for the two terms.
$\mathcal{E}^{\alpha\to\beta}$ is only defined on function types and states that two terms are equal because they share the same extensions.
a = HOL.Terms.mk_const_term("a", Definitions.type_ii())
b = HOL.Terms.mk_const_term("b", Definitions.type_ii())

ctx = Context.new()
  |> Context.put_const("a", Definitions.type_ii())
  |> Context.put_const("b", Definitions.type_ii())
(
  Equality.leibniz_equality(Definitions.type_ii())
  |> HOL.Terms.mk_appl_term(a)
  |> HOL.Terms.mk_appl_term(b)
) == Parser.parse("![P:($i>$i)>$o]: P @ a <=> P @ b")
(
  Equality.leibniz_equality(Definitions.type_ii(), Definitions.implies_term())
  |> HOL.Terms.mk_appl_term(a)
  |> HOL.Terms.mk_appl_term(b)
) == Parser.parse("![P:($i>$i)>$o]: P @ a => P @ b")
(
  Equality.leibniz_equality(Definitions.type_ii(), Definitions.implied_by_term())
  |> HOL.Terms.mk_appl_term(a)
  |> HOL.Terms.mk_appl_term(b)
) == Parser.parse("![P:($i>$i)>$o]: P @ a <= P @ b")
(
  Equality.andrews_equality(Definitions.type_ii())
  |> HOL.Terms.mk_appl_term(a)
  |> HOL.Terms.mk_appl_term(b)
) == Parser.parse("![Q:($i>$i)>($i>$i)>$o]: ((![X:$i>$i]: Q @ X @ X) => Q @ a @ b)")
(
  Equality.extensional_equality(Definitions.type_ii())
  |> HOL.Terms.mk_appl_term(a)
  |> HOL.Terms.mk_appl_term(b)
) == Parser.parse("![X:$i]: a @ X = b @ X", ctx)
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Provides an overview over the included functionality in this package.
Shorthand term constructors and useful patterns are implemented in the
modules BeHOLd.ClassicalHOL.Definitions and BeHOLd.ClassicalHOL.Patterns.
Functionality for parsing of TPTP syntax is given for formula strings in
BeHOLd.Parser and for TPTP problem files in BeHOLd.TPTP. The latter also
allows for representing the internal
HOL.Data.hol_term()
data structure as string in TPTP syntax.
A type context for parsing is represented by the data structure defined by
BeHOLd.Data.Context. BeHOLd.Data.Problem is a data structure representing
a TPTP proof problem.
The modules BeHOLd.Util.Lexer and BeHOLd.Util.TypeInference contain
utility functions required by the parser.
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Contains macros for the connectives of classical higher-order logic.
This includes constants and terms facilitating pattern matching and term
construction. Note that more types, constants and terms can be introduced via
the HOL library.
The module offers a limited amount of common types under the section
Types.
New types can be introduced via the function
HOL.Data.mk_type/2.
It also provides a collection of common HOL connectives which are either from
the signature or defined in terms of connectives from the signature.
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    Signature
  


    
      
        signature_symbols()

      


        Returns a list of the names of the signature symbols in the logic.



    





  
    Types
  


    
      
        type_i()

      


        Base type for individuals (type ι).



    


    
      
        type_ii()

      


        Type for symbols of type ι⇾ι, i.e., endomorphisms/operators on type ι.



    


    
      
        type_iii()

      


        Type for symbols of type ι⇾ι⇾ι, i.e., binary operators on type ι.



    


    
      
        type_iio()

      


        Type for symbols of type ι⇾ι⇾o, e.g. relations on individuals.



    


    
      
        type_io()

      


        Type for symbols of type ι⇾o, e.g. sets of individuals or predicates over
individuals.



    


    
      
        type_io_i()

      


        Type for symbols of type (ι⇾o)⇾ι, e.g. the choice operator (Hilbert's ε).



    


    
      
        type_io_io_io()

      


        Type for symbols of type (ι⇾o)⇾(ι⇾o)⇾ι⇾o, e.g. set operations like union (∪)
or intersection (∩).



    


    
      
        type_io_io_o()

      


        Type for symbols of type (ι⇾o)⇾(ι⇾o)⇾o, i.e. relations between sets of
individuals, e.g. the subset relation (⊆).



    


    
      
        type_io_o()

      


        Type for symbols of type (ι⇾o)⇾o, e.g. sets of sets of individuals, or
predicates over sets of individuals.



    


    
      
        type_o()

      


        Base type for booleans (type o). Represents true or false.



    


    
      
        type_oo()

      


        Type for symbols of type o⇾o, e.g. unary connectives like negateion.



    


    
      
        type_ooo()

      


        Type for symbols of type o⇾o⇾o, e.g. binary connectives like conjunction.



    





  
    Constants
  


    
      
        and_const()

      


        Constant representing the conjunction operator.



    


    
      
        equals_const(type)

      


        Constant representing equality over instances of the given type.



    


    
      
        equivalent_const()

      


        Constant representing the equivalence operator.



    


    
      
        false_const()

      


        Constant representing falsity.



    


    
      
        implies_const()

      


        Constant representing the implication operator.



    


    
      
        neg_const()

      


        Constant representing the negation operator.



    


    
      
        or_const()

      


        Constant representing the disjunction operator.



    


    
      
        pi_const(element_type)

      


        Constant representing the pi operator (universal quantification) over the
given element type.



    


    
      
        sigma_const(element_type)

      


        Constant representing the sigma operator (existential quantification) over
the given element type.



    


    
      
        true_const()

      


        Constant representing truth.



    





  
    Terms
  


    
      
        and_term()

      


        A term representation of the conjunction operator.



    


    
      
        equals_term(t)

      


        A term representation of the equality operator operating on the given type.



    


    
      
        equivalent_term()

      


        A term representation of the equivalence operator.



    


    
      
        false_term()

      


        A term representation of falsity.



    


    
      
        implied_by_term()

      


        Term representation of the reverse implication operator. Rewrites the term in
terms of (normal) implication.



    


    
      
        implies_term()

      


        A term representation of the implication operator.



    


    
      
        nand_term()

      


        Term representation of the NAND-operator. Rewrites the term in terms of
negated conjunction.



    


    
      
        neg_term()

      


        A term representation of the negation operator.



    


    
      
        nor_term()

      


        Term representation of the NOR-operator. Rewrites the term in terms of
negated disjunction.



    


    
      
        not_equals_term(t)

      


        Term representation of the negated equality operator operating on the given type.



    


    
      
        or_term()

      


        A term representation of the disjunction operator.



    


    
      
        pi_term(element_type)

      


        A term representation of the pi operator (universal quantification) for the
given element type. Returns a lambda abstraction that takes a predicate.



    


    
      
        sigma_term(element_type)

      


        A term representation of the sigma operator (existential quantification) for
the given element type. Returns a lambda abstraction that takes a predicate.



    


    
      
        true_term()

      


        A term representation of truth.



    


    
      
        xor_term()

      


        Term representation of the XOR-operator. Rewrites the term in terms of
negated equivalence.



    





      


      
        Signature


        


  
    
      
    
    
      signature_symbols()


        (macro)


        
          
        

    

  


  

Returns a list of the names of the signature symbols in the logic.
Example
iex> signature_symbols()
["⊤", "⊥", "¬", "∨", "∧", "⊃", "≡", "Π", "Σ", "="]

  


        

      

      
        Types


        


  
    
      
    
    
      type_i()


        (macro)


        
          
        

    

  


  

      

          @spec type_i() :: HOL.Data.type()


      


Base type for individuals (type ι).

  



  
    
      
    
    
      type_ii()


        (macro)


        
          
        

    

  


  

      

          @spec type_ii() :: HOL.Data.type()


      


Type for symbols of type ι⇾ι, i.e., endomorphisms/operators on type ι.

  



  
    
      
    
    
      type_iii()


        (macro)


        
          
        

    

  


  

      

          @spec type_iii() :: HOL.Data.type()


      


Type for symbols of type ι⇾ι⇾ι, i.e., binary operators on type ι.

  



  
    
      
    
    
      type_iio()


        (macro)


        
          
        

    

  


  

      

          @spec type_iio() :: HOL.Data.type()


      


Type for symbols of type ι⇾ι⇾o, e.g. relations on individuals.

  



  
    
      
    
    
      type_io()


        (macro)


        
          
        

    

  


  

      

          @spec type_io() :: HOL.Data.type()


      


Type for symbols of type ι⇾o, e.g. sets of individuals or predicates over
individuals.

  



  
    
      
    
    
      type_io_i()


        (macro)


        
          
        

    

  


  

      

          @spec type_io_i() :: HOL.Data.type()


      


Type for symbols of type (ι⇾o)⇾ι, e.g. the choice operator (Hilbert's ε).

  



  
    
      
    
    
      type_io_io_io()


        (macro)


        
          
        

    

  


  

      

          @spec type_io_io_io() :: HOL.Data.type()


      


Type for symbols of type (ι⇾o)⇾(ι⇾o)⇾ι⇾o, e.g. set operations like union (∪)
or intersection (∩).

  



  
    
      
    
    
      type_io_io_o()


        (macro)


        
          
        

    

  


  

      

          @spec type_io_io_o() :: HOL.Data.type()


      


Type for symbols of type (ι⇾o)⇾(ι⇾o)⇾o, i.e. relations between sets of
individuals, e.g. the subset relation (⊆).

  



  
    
      
    
    
      type_io_o()


        (macro)


        
          
        

    

  


  

      

          @spec type_io_o() :: HOL.Data.type()


      


Type for symbols of type (ι⇾o)⇾o, e.g. sets of sets of individuals, or
predicates over sets of individuals.

  



  
    
      
    
    
      type_o()


        (macro)


        
          
        

    

  


  

      

          @spec type_o() :: HOL.Data.type()


      


Base type for booleans (type o). Represents true or false.

  



  
    
      
    
    
      type_oo()


        (macro)


        
          
        

    

  


  

      

          @spec type_oo() :: HOL.Data.type()


      


Type for symbols of type o⇾o, e.g. unary connectives like negateion.

  



  
    
      
    
    
      type_ooo()


        (macro)


        
          
        

    

  


  

      

          @spec type_ooo() :: HOL.Data.type()


      


Type for symbols of type o⇾o⇾o, e.g. binary connectives like conjunction.

  


        

      

      
        Constants


        


  
    
      
    
    
      and_const()


        (macro)


        
          
        

    

  


  

      

          @spec and_const() :: HOL.Data.declaration()


      


Constant representing the conjunction operator.

  



  
    
      
    
    
      equals_const(type)


        (macro)


        
          
        

    

  


  

      

          @spec equals_const(HOL.Data.type()) :: HOL.Data.declaration()


      


Constant representing equality over instances of the given type.

  



  
    
      
    
    
      equivalent_const()


        (macro)


        
          
        

    

  


  

      

          @spec equivalent_const() :: HOL.Data.declaration()


      


Constant representing the equivalence operator.

  



  
    
      
    
    
      false_const()


        (macro)


        
          
        

    

  


  

      

          @spec false_const() :: HOL.Data.declaration()


      


Constant representing falsity.

  



  
    
      
    
    
      implies_const()


        (macro)


        
          
        

    

  


  

      

          @spec implies_const() :: HOL.Data.declaration()


      


Constant representing the implication operator.

  



  
    
      
    
    
      neg_const()


        (macro)


        
          
        

    

  


  

      

          @spec neg_const() :: HOL.Data.declaration()


      


Constant representing the negation operator.

  



  
    
      
    
    
      or_const()


        (macro)


        
          
        

    

  


  

      

          @spec or_const() :: HOL.Data.declaration()


      


Constant representing the disjunction operator.

  



  
    
      
    
    
      pi_const(element_type)


        (macro)


        
          
        

    

  


  

      

          @spec pi_const(HOL.Data.type()) :: HOL.Data.declaration()


      


Constant representing the pi operator (universal quantification) over the
given element type.

  



  
    
      
    
    
      sigma_const(element_type)


        (macro)


        
          
        

    

  


  

      

          @spec sigma_const(HOL.Data.type()) :: HOL.Data.declaration()


      


Constant representing the sigma operator (existential quantification) over
the given element type.

  



  
    
      
    
    
      true_const()


        (macro)


        
          
        

    

  


  

      

          @spec true_const() :: HOL.Data.declaration()


      


Constant representing truth.

  


        

      

      
        Terms


        


  
    
      
    
    
      and_term()


        (macro)


        
          
        

    

  


  

      

          @spec and_term() :: HOL.Data.hol_term()


      


A term representation of the conjunction operator.

  



  
    
      
    
    
      equals_term(t)


        (macro)


        
          
        

    

  


  

      

          @spec equals_term(HOL.Data.type()) :: HOL.Data.hol_term()


      


A term representation of the equality operator operating on the given type.

  



  
    
      
    
    
      equivalent_term()


        (macro)


        
          
        

    

  


  

      

          @spec equivalent_term() :: HOL.Data.hol_term()


      


A term representation of the equivalence operator.

  



  
    
      
    
    
      false_term()


        (macro)


        
          
        

    

  


  

      

          @spec false_term() :: HOL.Data.hol_term()


      


A term representation of falsity.

  



  
    
      
    
    
      implied_by_term()


        (macro)


        
          
        

    

  


  

      

          @spec implied_by_term() :: HOL.Data.hol_term()


      


Term representation of the reverse implication operator. Rewrites the term in
terms of (normal) implication.

  



  
    
      
    
    
      implies_term()


        (macro)


        
          
        

    

  


  

      

          @spec implies_term() :: HOL.Data.hol_term()


      


A term representation of the implication operator.

  



  
    
      
    
    
      nand_term()


        (macro)


        
          
        

    

  


  

      

          @spec nand_term() :: HOL.Data.hol_term()


      


Term representation of the NAND-operator. Rewrites the term in terms of
negated conjunction.

  



  
    
      
    
    
      neg_term()


        (macro)


        
          
        

    

  


  

      

          @spec neg_term() :: HOL.Data.hol_term()


      


A term representation of the negation operator.

  



  
    
      
    
    
      nor_term()


        (macro)


        
          
        

    

  


  

      

          @spec nor_term() :: HOL.Data.hol_term()


      


Term representation of the NOR-operator. Rewrites the term in terms of
negated disjunction.

  



  
    
      
    
    
      not_equals_term(t)


        (macro)


        
          
        

    

  


  

      

          @spec not_equals_term(HOL.Data.type()) :: HOL.Data.hol_term()


      


Term representation of the negated equality operator operating on the given type.

  



  
    
      
    
    
      or_term()


        (macro)


        
          
        

    

  


  

      

          @spec or_term() :: HOL.Data.hol_term()


      


A term representation of the disjunction operator.

  



  
    
      
    
    
      pi_term(element_type)


        (macro)


        
          
        

    

  


  

      

          @spec pi_term(HOL.Data.type()) :: HOL.Data.hol_term()


      


A term representation of the pi operator (universal quantification) for the
given element type. Returns a lambda abstraction that takes a predicate.

  



  
    
      
    
    
      sigma_term(element_type)


        (macro)


        
          
        

    

  


  

      

          @spec sigma_term(HOL.Data.type()) :: HOL.Data.hol_term()


      


A term representation of the sigma operator (existential quantification) for
the given element type. Returns a lambda abstraction that takes a predicate.

  



  
    
      
    
    
      true_term()


        (macro)


        
          
        

    

  


  

      

          @spec true_term() :: HOL.Data.hol_term()


      


A term representation of truth.

  



  
    
      
    
    
      xor_term()


        (macro)


        
          
        

    

  


  

      

          @spec xor_term() :: HOL.Data.hol_term()


      


Term representation of the XOR-operator. Rewrites the term in terms of
negated equivalence.

  


        

      


  

    
BeHOLd.ClassicalHOL.Equality 
    



      
Provides various terms constructors as macros for different notions of
equality. This includes variants of Leibniz equality, Andrews equality and
extensional equality.

      


      
        Summary


  
    Functions
  


    
      
        andrews_equality(type)

      


        Constructor for Andrews equality on the given type, which defines equality by
stating that both arguments share all reflexive relations. Generates an
abstraction which can be applied to two arguments.



    


    
      
        extensional_equality(type)

      


        Constructor for extensional equality on the given function type, which
defines equality by equality of the extensions. Generates an abstraction
which can be applied to two arguments.



    


    
      
        leibniz_equality(type, connective \\ equivalent_term())

      


        Constructor for Leibniz equality on the given type, which defines equality by
stating that both arguments share the same properties. Generates an
abstraction which can be applied to two arguments.



    





      


      
        Functions


        


  
    
      
    
    
      andrews_equality(type)



        
          
        

    

  


  

      

          @spec andrews_equality(HOL.Data.type()) :: HOL.Data.hol_term()


      


Constructor for Andrews equality on the given type, which defines equality by
stating that both arguments share all reflexive relations. Generates an
abstraction which can be applied to two arguments.
Example
iex> andrews_equality(type_i()) == parse("^[X:$i, Y:$i]: ![Q:$i>$i>$o] ((![Z:$i]: Q @ Z @ Z) => Q @ X @ Y)")
true

  



  
    
      
    
    
      extensional_equality(type)



        
          
        

    

  


  

      

          @spec extensional_equality(HOL.Data.type()) :: HOL.Data.hol_term()


      


Constructor for extensional equality on the given function type, which
defines equality by equality of the extensions. Generates an abstraction
which can be applied to two arguments.
Example
iex> extensional_equality(type_ii()) == parse("^[X:$i>i, Y:$i>i]: ![Z:$i]: X @ Z = Y @ Z")
true

  



    

  
    
      
    
    
      leibniz_equality(type, connective \\ equivalent_term())



        
          
        

    

  


  

      

          @spec leibniz_equality(HOL.Data.type(), HOL.Data.hol_term()) :: HOL.Data.hol_term()


      


Constructor for Leibniz equality on the given type, which defines equality by
stating that both arguments share the same properties. Generates an
abstraction which can be applied to two arguments.
Examples
iex> leibniz_equality(type_i(), equivalent_term()) == parse("^[X:$i, Y:$i]: ![P:$i>$o]: P @ X <=> P @ Y")
true

iex> leibniz_equality(type_i(), implied_by_term()) == parse("^[X:$i, Y:$i]: ![P:$i>$o]: P @ X <= P @ Y")
true

  


        

      


  

    
BeHOLd.ClassicalHOL.Patterns 
    



      
Defines patterns on terms with respect to the definitions introduced in
BeHOLd.ClassicalHOL.Definitions. Note that this should only be used for
pattern matching and not for term construction!

      


      
        Summary


  
    Functions
  


    
      
        conjunction(p, q)

      


        Pattern to match the conjunction of two terms.



    


    
      
        disjunction(p, q)

      


        Pattern to match the disjunction of two terms.



    


    
      
        equality(a, b)

      


        Pattern to match equiality of two terms, ignoring the type.



    


    
      
        equivalence(p, q)

      


        Pattern to match the equivalence of two terms.



    


    
      
        existential_quantification(pp)

      


        Pattern to match the existential quantification of a given predicate,
ignoring the type.



    


    
      
        implication(p, q)

      


        Pattern to match the implication of two terms, where the first term implies
the second.



    


    
      
        negated(term)

      


        Pattern to match a negated term.



    


    
      
        typed_equality(a, b, t)

      


        Pattern to match equality of two terms with respect to their type.



    


    
      
        typed_existential_quantification(pp, t)

      


        Pattern to match the existential quantification of a given predicate with
respect to its type.



    


    
      
        typed_universal_quantification(pp, t)

      


        Pattern to match the universal quantification of a given predicate with
respect to its type.



    


    
      
        universal_quantification(pp)

      


        Pattern to match the universal quantification of a given predicate ignoring
the type.



    





      


      
        Functions


        


  
    
      
    
    
      conjunction(p, q)


        (macro)


        
          
        

    

  


  

      

          @spec conjunction(HOL.Data.hol_term(), HOL.Data.hol_term()) :: HOL.Data.hol_term()


      


Pattern to match the conjunction of two terms.

  



  
    
      
    
    
      disjunction(p, q)


        (macro)


        
          
        

    

  


  

      

          @spec disjunction(HOL.Data.hol_term(), HOL.Data.hol_term()) :: HOL.Data.hol_term()


      


Pattern to match the disjunction of two terms.

  



  
    
      
    
    
      equality(a, b)


        (macro)


        
          
        

    

  


  

      

          @spec equality(HOL.Data.hol_term(), HOL.Data.hol_term()) :: HOL.Data.hol_term()


      


Pattern to match equiality of two terms, ignoring the type.

  



  
    
      
    
    
      equivalence(p, q)


        (macro)


        
          
        

    

  


  

      

          @spec equivalence(HOL.Data.hol_term(), HOL.Data.hol_term()) :: HOL.Data.hol_term()


      


Pattern to match the equivalence of two terms.

  



  
    
      
    
    
      existential_quantification(pp)


        (macro)


        
          
        

    

  


  

      

          @spec existential_quantification(HOL.Data.hol_term()) :: HOL.Data.hol_term()


      


Pattern to match the existential quantification of a given predicate,
ignoring the type.

  



  
    
      
    
    
      implication(p, q)


        (macro)


        
          
        

    

  


  

      

          @spec implication(HOL.Data.hol_term(), HOL.Data.hol_term()) :: HOL.Data.hol_term()


      


Pattern to match the implication of two terms, where the first term implies
the second.

  



  
    
      
    
    
      negated(term)


        (macro)


        
          
        

    

  


  

      

          @spec negated(HOL.Data.hol_term()) :: HOL.Data.hol_term()


      


Pattern to match a negated term.

  



  
    
      
    
    
      typed_equality(a, b, t)


        (macro)


        
          
        

    

  


  

      

          @spec typed_equality(HOL.Data.hol_term(), HOL.Data.hol_term(), HOL.Data.type()) ::
  HOL.Data.hol_term()


      


Pattern to match equality of two terms with respect to their type.

  



  
    
      
    
    
      typed_existential_quantification(pp, t)


        (macro)


        
          
        

    

  


  

      

          @spec typed_existential_quantification(HOL.Data.hol_term(), HOL.Data.type()) ::
  HOL.Data.hol_term()


      


Pattern to match the existential quantification of a given predicate with
respect to its type.

  



  
    
      
    
    
      typed_universal_quantification(pp, t)


        (macro)


        
          
        

    

  


  

      

          @spec typed_universal_quantification(HOL.Data.hol_term(), HOL.Data.type()) ::
  HOL.Data.hol_term()


      


Pattern to match the universal quantification of a given predicate with
respect to its type.

  



  
    
      
    
    
      universal_quantification(pp)


        (macro)


        
          
        

    

  


  

      

          @spec universal_quantification(HOL.Data.hol_term()) :: HOL.Data.hol_term()


      


Pattern to match the universal quantification of a given predicate ignoring
the type.

  


        

      


  

    
BeHOLd.Data.Context 
    



      
A data structure to declare and track variable types and declared constants.
Also contains type constraints needed for parsing.
Examples
iex> Context.new()
%BeHOLd.Data.Context{vars: %{}, consts: %{}, constraints: MapSet.new([])}

iex> Context.new() |> Context.put_var("X", HOL.Data.mk_type(:o))
%BeHOLd.Data.Context{
  vars: %{"X" => {:type, :o, []}},
  consts: %{},
  constraints: MapSet.new([])
}

      


      
        Summary


  
    Types
  


    
      
        t()

      


        The type of the context.



    





  
    Functions
  


    
      
        add_constraint(ctx, t1, t2)

      


        Adds a type constraint to the context.



    


    
      
        get_type(ctx, name)

      


        Returns the type of the given name of a constant or variable. Returns nil
if the name is not present in the context.



    


    
      
        new()

      


        Creates an empty context.



    


    
      
        put_const(ctx, name, type)

      


        Associates the constant with the given name with the given type in the
context. Overwrites the old value if present.



    


    
      
        put_var(ctx, name, type)

      


        Associates the variable with the given name with the given type in the
context. Overwrites the old value if present.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %BeHOLd.Data.Context{
  constraints: MapSet.t({HOL.Data.type(), HOL.Data.type()}),
  consts: %{required(String.t()) => HOL.Data.type()},
  vars: %{required(String.t()) => HOL.Data.type()}
}


      


The type of the context.
A context contains the type of variables (:vars) as a Map from its name
to its type. Likewise for the constants (:consts). The type constraints
are represented as a MapSet of HOL.Data.type() pairs.

  


        

      

      
        Functions


        


  
    
      
    
    
      add_constraint(ctx, t1, t2)



        
          
        

    

  


  

      

          @spec add_constraint(t(), HOL.Data.type(), HOL.Data.type()) :: t()


      


Adds a type constraint to the context.

  



  
    
      
    
    
      get_type(ctx, name)



        
          
        

    

  


  

      

          @spec get_type(t(), String.t()) :: HOL.Data.type() | nil


      


Returns the type of the given name of a constant or variable. Returns nil
if the name is not present in the context.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


Creates an empty context.

  



  
    
      
    
    
      put_const(ctx, name, type)



        
          
        

    

  


  

Associates the constant with the given name with the given type in the
context. Overwrites the old value if present.

  



  
    
      
    
    
      put_var(ctx, name, type)



        
          
        

    

  


  

      

          @spec put_var(t(), String.t(), HOL.Data.type()) :: t()


      


Associates the variable with the given name with the given type in the
context. Overwrites the old value if present.

  


        

      


  

    
BeHOLd.Data.Problem 
    



      
A data structure to describe a (TPTP) proof problem.
It contains meta-information about the problem (path to proof file, included
files) as well as the problem definition which consist of:
	A map of types which maps symbols (user types or constants) to their type

	The definitions given by the user

	The axioms defined by the user

	The conjecture to be proven based on the axioms and definitions


Note that definitions are not unfolded in the proof problem but kept as
constants.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A Problem is a collection holding the relevant information and
meta-information of a problem stored in separate fields.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %BeHOLd.Data.Problem{
  axioms: [{String.t(), HOL.Data.hol_term()}],
  conjecture: {String.t(), HOL.Data.hol_term()} | nil,
  definitions: %{required(String.t()) => HOL.Data.hol_term()},
  includes: [String.t()],
  path: String.t(),
  types: %{required(String.t()) => :base_type | HOL.Data.type()}
}


      


A Problem is a collection holding the relevant information and
meta-information of a problem stored in separate fields.
The :path to a problem file is given as a string. This also includes the
paths to the included files in :includes.
The types are given as a map mapping symbol names (or type names) to their
defined types (can be :base_type for user-defined base types).
The definitions are given as a map from the symbol's name to the equation
describing it. Note that the equation must first be deconstructed into the
defined constant on the left hand side and it's definition on the right hand
side.
The axioms are stored as a list of pairs containing the axiom's name as
string and term as HOL.Data.hol_term().
The conjecture is tuple containing the conjecture's name as string and the
conjecture itself as HOL.Data.hol_term(). The field's value is nil if no
conjecture could be found.

  


        

      


  

    
BeHOLd.Parser 
    



      
Contains functionality to parse a formula in TH0 syntax with full type
inference. The algorithm is similar to Hindley-Milner type systems but for
simplicity reasons without the optimizations found in algorithms J or W. The
type unification algorithm is documented in BeHOLd.Util.TypeInference). A
context can be specified to clear up unknown types. If terms still have
unknown type after parsing, unifies their type with type o. The main entry
point is the parse/2 function.
The parser follows standard TH0 precedence rules. The binding strength is listed
below from strongest (tightest binding) to weakest.
(Strongest)   @                   [Application]
              =, !=               [Equality]
              ~                   [Negation]
              &, ~&               [Conjunction]
              |, ~|               [Disjunction]
              =>, <=, <=>, <~>    [Implication]
(Weakest)     !, ?, !!, ??,  ^    [Quantors/Binders]
The TH0 syntax is specified in https://doi.org/10.1007/s10817-017-9407-7 for
reference.
Note that the usage of binders requires special care when using parentheses.
If the body of the term starts with a parenthesis, the range of the binder is
limited to the next closing parenthesis.
For example, the following parses as "![X : $o]: ($false => (X => $true))":
iex> parse "![X : $o]: $false => (X => $true)"
While this will be parsed as "(![X : $o]: (f @ X)) | (g @ X)":
iex> parse "![X : $o]: (f @ X) | (g @ X)"

      


      
        Summary


  
    Functions
  


    
      
        parse(formula_str, context \\ Context.new())

      


        Parses a given string representing a formula in TH0 syntax to a
HOL.Data.hol_term()
with respect to the given context. Types are inferred if they are not present
in the given context. Types that can't be inferred will be handled as unknown
types which are constructed by
BeHOLd.Util.TypeInference.mk_new_unknown_type/0. Top level unknown types
will be unified with type o.



    


    
      
        parse_tokens(tokens, context \\ Context.new())

      


        Parses a given list of tokens tokenized by
BeHOLd.Util.Lexer.tokenize/1 representing a formula in TH0 syntax to a
HOL.Data.hol_term()
with respect to the given context. Types are inferred if they are not present
in the given context. Types that can't be inferred will be handled as unknown
types which are constructed by
BeHOLd.Util.TypeInference.mk_new_unknown_type/0.



    


    
      
        parse_type(type_str)

      


        Parses a given string representing a type in TH0 syntax to a
HOL.Data.type().



    


    
      
        parse_type_tokens(tokens)

      


        Parses the next tokens in tokens as type and returns the constructed type
as well as the remaining tokens from tokens.



    





      


      
        Functions


        


    

  
    
      
    
    
      parse(formula_str, context \\ Context.new())



        
          
        

    

  


  

      

          @spec parse(String.t(), BeHOLd.Data.Context.t()) :: HOL.Data.hol_term()


      


Parses a given string representing a formula in TH0 syntax to a
HOL.Data.hol_term()
with respect to the given context. Types are inferred if they are not present
in the given context. Types that can't be inferred will be handled as unknown
types which are constructed by
BeHOLd.Util.TypeInference.mk_new_unknown_type/0. Top level unknown types
will be unified with type o.
The parsing proceeds in two steps: a constraining phase and an unification
phase. This is different to algorithms J and W on Hindley-Milner type systems
which immediately unify constraints as they are generated. This however
introduces unnecessary complexity. This function doesn't need to be heavily
optimized since input problems are always reasonably small.
Examples
iex> parse "$true"
{:term, [], {:decl, :co, "⊤", {:type, :o, []}}, [], {:type, :o, []}, [], 0}

iex> parse "X & Y"
{:term, [], {:decl, :co, "∧", {:type, :o, [{:type, :o, []}, {:type, :o, []}]}},
[
  {:term, [], {:decl, :fv, "X", {:type, :o, []}}, [], {:type, :o, []},
    [{:decl, :fv, "X", {:type, :o, []}}], 0},
  {:term, [], {:decl, :fv, "Y", {:type, :o, []}}, [], {:type, :o, []},
    [{:decl, :fv, "Y", {:type, :o, []}}], 0}
], {:type, :o, []}, [{:decl, :fv, "Y", {:type, :o, []}}, {:decl, :fv, "X", {:type, :o, []}}], 0}

iex> parse "X"
{:term, [], {:decl, :fv, "X", {:type, :o, []}}, [], {:type, :o, []}, [{:decl, :fv, "X", {:type, :o, []}}], 0}

  



    

  
    
      
    
    
      parse_tokens(tokens, context \\ Context.new())



        
          
        

    

  


  

      

          @spec parse_tokens(BeHOLd.Util.Lexer.tokens(), BeHOLd.Data.Context.t()) ::
  HOL.Data.hol_term()


      


Parses a given list of tokens tokenized by
BeHOLd.Util.Lexer.tokenize/1 representing a formula in TH0 syntax to a
HOL.Data.hol_term()
with respect to the given context. Types are inferred if they are not present
in the given context. Types that can't be inferred will be handled as unknown
types which are constructed by
BeHOLd.Util.TypeInference.mk_new_unknown_type/0.
Example
iex> {:ok, tokens, _, _, _, _} = Lexer.tokenize "$false"
iex> parse_tokens(tokens)
{:term, [], {:decl, :co, "⊥", {:type, :o, []}}, [], {:type, :o, []}, [], 0}

  



  
    
      
    
    
      parse_type(type_str)



        
          
        

    

  


  

      

          @spec parse_type(String.t()) :: HOL.Data.type()


      


Parses a given string representing a type in TH0 syntax to a
HOL.Data.type().
Examples
iex> parse_type("$i>$o")
{:type, :o, [{:type, :i, []}]}

iex> parse_type("($i>$i)>$o")
{:type, :o, [{:type, :i, []}, {:type, :i, []}]}

iex> parse_type("($i>$o)>$o")
{:type, :o, [{:type, :o, [{:type, :i, []}]}]}

  



  
    
      
    
    
      parse_type_tokens(tokens)



        
          
        

    

  


  

      

          @spec parse_type_tokens(BeHOLd.Util.Lexer.tokens()) ::
  {HOL.Data.type(), BeHOLd.Util.Lexer.tokens()}


      


Parses the next tokens in tokens as type and returns the constructed type
as well as the remaining tokens from tokens.
Example
iex> {:ok, tokens, _, _, _, _} = Lexer.tokenize "$i>$o"
iex> parse_type_tokens(tokens)
{{:type, :o, [{:type, :i, []}]}, []}

  


        

      


  

    
BeHOLd.TPTP 
    



      
Contains utility to parse files from the TPTP problem library
(https://tptp.org/TPTP/) as well as custom files in TPTP's TH0 syntax. Also
contains utility to generate TH0 string representation of terms, types and
declarations. This module only works with files in TH0 syntax. For reference,
the TH0 language is defined in https://doi.org/10.1007/s10817-017-9407-7.
Note that there is no functionality of generating a full TPTP file from a
given term which would include definitions and user type declarations.

      


      
        Summary


  
    From TPTP Representation
  


    
      
        parse_file(problem, is_tptp \\ true)

      


        Parses a TPTP file in TH0 syntax at the proveded path into a Problem
structure. Returns {:error, reason} if a problem occured when reading the
file.



    


    
      
        parse_string(content, path \\ "memory")

      


        Parses a string representing a problem file in TPTP's TH0 syntax into a
Problem structure.



    





  
    To TPTP Representation
  


    
      
        term_to_tptp(term_or_declaration)

      


        Converts a given term or variable/constant declaration to TPTP's TH0 syntax.
Tries to reconstruct the syntactic sugar (e.g., the XOR operator "<~>")
present in the TH0 language and eta-reduces the terms.



    


    
      
        type_to_tptp(type_or_atom)

      


        Converts a type given as HOL.Data.type() or atom to TPTP's TH0 string
representation. Does not introduce declarations as required for handling user
types when creating a TPTP file.



    





      


      
        From TPTP Representation


        


    

  
    
      
    
    
      parse_file(problem, is_tptp \\ true)



        
          
        

    

  


  

      

          @spec parse_file(String.t(), boolean()) ::
  {:ok, BeHOLd.Data.Problem.t()} | {:error, String.t()}


      


Parses a TPTP file in TH0 syntax at the proveded path into a Problem
structure. Returns {:error, reason} if a problem occured when reading the
file.
This function serves two purposes: parsing a file from the TPTP problem
library (https://tptp.org/TPTP/) or a custom problem file given by the user.
The default is to parse a file from the TPTP problem library. In that case,
the flag is_tptp should be set to true. This also requires an environment
variable TPTP_ROOT which points to the unpacked root folder of the TPTP
problem library. Setting this environment variable may require a system
restart before Elixir recognizes it.
When parsing a custom problem file, the flag is_tptp should be set to
false. problem should contain the absolute path to the problem file. Note
that imports of custom files are not supported. Only axioms from the TPTP
problem library can be imported (this also requires the TPTP_ROOT
environment variable to be set).

  



    

  
    
      
    
    
      parse_string(content, path \\ "memory")



        
          
        

    

  


  

      

          @spec parse_string(String.t(), String.t()) ::
  {:ok, BeHOLd.Data.Problem.t()} | {:error, String.t()}


      


Parses a string representing a problem file in TPTP's TH0 syntax into a
Problem structure.
The parsing of content only supports including files from the TPTP problem
library. If such includes are present, make sure that the TPTP_ROOT
environment variable is set.
The path does not need to be specified when calling this method. It is
purely for keeping track of the file name from a call to parse_file/2.

  


        

      

      
        To TPTP Representation


        


  
    
      
    
    
      term_to_tptp(term_or_declaration)



        
          
        

    

  


  

      

          @spec term_to_tptp(HOL.Data.hol_term() | HOL.Data.declaration()) :: String.t()


      


Converts a given term or variable/constant declaration to TPTP's TH0 syntax.
Tries to reconstruct the syntactic sugar (e.g., the XOR operator "<~>")
present in the TH0 language and eta-reduces the terms.
As bound variables are named using De Bruijn indices, they are prefixed with
"BV". Skolem constants, which are internally named by prefixing them with
"__sk" followed by an identifying number, are prefixed by "skolem",
removing the double underscore before the name. To ensure TH0's variable
encoding scheme (variables start with uppercase letters), variables are
prefixed with "VAR".

  



  
    
      
    
    
      type_to_tptp(type_or_atom)



        
          
        

    

  


  

      

          @spec type_to_tptp(HOL.Data.type() | atom()) :: String.t()


      


Converts a type given as HOL.Data.type() or atom to TPTP's TH0 string
representation. Does not introduce declarations as required for handling user
types when creating a TPTP file.

  


        

      


  

    
BeHOLd.Util.Lexer 
    



      
Contains a tokenize/1 function for tokenizing a string representing a
formula in TH0 syntax or a TPTP TH0 problem file using NimbleParsec. This
is mainly used as a preprocessing step for parsing. For information about the
returned structure, see https://hexdocs.pm/nimble_parsec/NimbleParsec.html.
Examples
iex> {:ok, tokens, "", _, _, _} = tokenize("A & B")
iex> tokens
[var: "A", and: "&", var: "B"]

      


      
        Summary


  
    Types
  


    
      
        tokens()

      


        Tokens are generated by the lexer as a list which contains {type, data}
pairs, where type is a label given as atom and data is the original
string representation of the token.



    





  
    Functions
  


    
      
        tokenize(binary, opts \\ [])

      


        Parses the given binary as tokenize.



    





      


      
        Types


        


  
    
      
    
    
      tokens()



        
          
        

    

  


  

      

          @type tokens() :: [{atom(), String.t()}]


      


Tokens are generated by the lexer as a list which contains {type, data}
pairs, where type is a label given as atom and data is the original
string representation of the token.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      tokenize(binary, opts \\ [])



        
          
        

    

  


  

      

          @spec tokenize(binary(), keyword()) ::
  {:ok, [term()], rest, context, line, byte_offset}
  | {:error, reason, rest, context, line, byte_offset}
when line: {pos_integer(), byte_offset},
     byte_offset: non_neg_integer(),
     rest: binary(),
     reason: String.t(),
     context: map()


      


Parses the given binary as tokenize.
Returns {:ok, [token], rest, context, position, byte_offset} or
{:error, reason, rest, context, line, byte_offset} where position
describes the location of the tokenize (start position) as {line, offset_to_start_of_line}.
To column where the error occurred can be inferred from byte_offset - offset_to_start_of_line.
Options
	:byte_offset - the byte offset for the whole binary, defaults to 0
	:line - the line and the byte offset into that line, defaults to {1, byte_offset}
	:context - the initial context value. It will be converted to a map


  


        

      


  

    
BeHOLd.Util.TypeInference 
    



      
Contains functionality to create and check for unknown types and a type
inference engine which works by unifying constraints using Robinson's
unification algorithm.

      


      
        Summary


  
    Types
  


    
      
        substitution()

      


        Type of a substitution for unknown types.



    





  
    Functions
  


    
      
        apply_subst(type_or_atom, subst)

      


        Applies a substitution to a given type or atom.



    


    
      
        mk_new_unknown_type()

      


        Creates a new and unique unknown type.



    


    
      
        solve(constraints)

      


        Tries to solve a given list of type constraints by unifying them.



    


    
      
        unknown_type?(type_or_atom)

      


        Checks whether the given atom or type represents an unknown type. An atom is
an unknown type if the prefix of its string representation "_unknown". A
type is an unknown type if its goal recursively reduces to an unknown type.



    





      


      
        Types


        


  
    
      
    
    
      substitution()



        
          
        

    

  


  

      

          @type substitution() :: %{required(atom()) => HOL.Data.type() | atom()}


      


Type of a substitution for unknown types.
A type substitution is a Map mapping "_unknown" type identifiers to types
or atoms.

  


        

      

      
        Functions


        


  
    
      
    
    
      apply_subst(type_or_atom, subst)



        
          
        

    

  


  

      

          @spec apply_subst(HOL.Data.type() | atom(), substitution()) ::
  HOL.Data.type() | atom()


      


Applies a substitution to a given type or atom.

  



  
    
      
    
    
      mk_new_unknown_type()



        
          
        

    

  


  

      

          @spec mk_new_unknown_type() :: HOL.Data.type()


      


Creates a new and unique unknown type.

  



  
    
      
    
    
      solve(constraints)



        
          
        

    

  


  

      

          @spec solve([{HOL.Data.type(), HOL.Data.type()}]) :: substitution()


      


Tries to solve a given list of type constraints by unifying them.
Employs Robinson's unification algorithm (first-order syntactic unification)
to find the most general unifier for the types. The returned substitutions
are given as a Map mapping "_unknown" type identifiers to types or atoms.
Examples
iex> solve([{mk_new_unknown_type(), HOL.Data.mk_type(:i)}])
%{__unknown_1: :i}

iex> solve([{mk_new_unknown_type(), mk_new_unknown_type()}])
%{__unknown_1: :__unknown_2}

iex> t1 = mk_new_unknown_type()
iex> t2 = mk_new_unknown_type()
iex> solve([{t1, t2}, {t2, HOL.Data.mk_type(:i, [HOL.Data.mk_type(:i)])}])
%{__unknown_1: {:type, :i, [{:type, :i, []}]}, __unknown_2: {:type, :i, [{:type, :i, []}]}}

  



  
    
      
    
    
      unknown_type?(type_or_atom)



        
          
        

    

  


  

      

          @spec unknown_type?(HOL.Data.type() | atom()) :: boolean()


      


Checks whether the given atom or type represents an unknown type. An atom is
an unknown type if the prefix of its string representation "_unknown". A
type is an unknown type if its goal recursively reduces to an unknown type.
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