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    ShotUn

ShotUn adapts the higher-order unification algorithm developed in the
library HOL to the data structures and
semantics of ShotDs.
This package was developed at the
University of Bamberg with the
Chair for AI Systems Engineering.
Higher-order Unification
Higher-order unification is the task of determining the common instances of two
given higher-order terms, i.e., a complete set of unifiers (substitutions) that
represent solutions to the given unification problem. However,
Goldfarb (1981) has shown that
unification is already undecidable for second-order logic.
Unification Problems
Generally, there are three configurations of unification problems for two given
higher-order terms:
	rigid-rigid: The head symbols of both terms are constant.
	flex-rigid: One head symbol is variable, the other constant.
	flex-flex: The head symbols of both terms are variable.

Pre-unification
Higher-order pre-unification
(Huet, 1975) describes a
semi-decision procedure for this problem by not unifying flex-flex pairs and
instead returning them as constraints (there are infinitely many common
instances). The semi-decidability stems from flex-rigid pairs. Certain
terms might require a very complex composition of imitation and
projection bindings, while for others we might only be certain no solution
exists after exhausting this infinite search space. Without a depth bound, there
is hence no termination guarantee.
Imitation and Projection Bindings
When the algorithm encounters a flex-rigid equation, it takes the form:
$$
F(s_1, \dots, s_n) \overset{?}{=} h(t_1, \dots, t_m)
$$
where $F$ is a free variable with arity $n$ (the flexible head) and $h$ is a
constant or bound variable of arity $m$ (the rigid head).
To solve this, the algorithm must generate a partial substitution for $F$ of the
form $\lambda X_1 \dots X_n. e / F$, where $e$ is an expression that constructs
the required output. We branch the search space into two specific strategies:
In imitation, we guess that the flexible variable $F$ directly produces the
rigid head $h$. We substitute $F$ with a $\lambda$-abstraction that explicitly
calls $h$, passing fesh variables $H_1 \dots H_m$ to represent the unknown
arguments that $h$ will need. Note that imitation is only valid if $h$ is a
constant, not a bound variable. Otherwise, we could have a variable capture
error.
In projection, we guess that the flexible variable $F$ doesn't construct $h$
itself, but rather relies on one of its own arguments $s_i$ to eventually
produce the required structure. We substitute $F$ with a $\lambda$-abstraction
that returns its $i$-th argument. If $s_i$ is itself a function taking $k$
arguments, we must supply it with fresh variables. The algorithm will branch and
attempt projection for every argument $s_i$ whose return type matches the goal
type.
Decidable Fragments
Two well-known fragments of higher-order unification are decidable and are
implemented as separate entry points:
	Miller pattern unification
(Miller, 1991): the subclass in
which every free variable appears only in applications to pairwise distinct
bound variables. Unification is unitary — every solvable problem has a
most-general unifier (MGU). Exposed via ShotUn.pattern_unify/1, which
returns {:ok, %UnifSolution{}} (with no remaining flex-flex pairs) or
:error. The implementation follows the four standard rules
(decomposition, flex-rigid inversion with pruning of nested flex
applications, flex-flex with shared head, flex-flex with distinct heads).
	Second-order matching
(Huet & Lang, 1978): the special
case where the right-hand side is ground and every type in the problem has
order at most 2. The complete set of matchers is enumerated lazily without
a depth bound; termination follows from a strict structural recursion on
the right-hand sides. Exposed via ShotUn.match/1.

ShotUn.unify/3 accepts a :strategy option to dispatch among the three
algorithms. The default is :pre_unification; :auto inspects the problem
and routes it to the most specific fragment it falls into:
ShotUn.unify(pairs)                                  # depth-bounded pre-unification
ShotUn.unify(pairs, 10, strategy: :auto)             # auto-dispatch
ShotUn.unify(pairs, 10, strategy: :pattern)          # force Miller patterns
ShotUn.unify(pairs, 10, strategy: :matching)         # force second-order matching

ShotUn.pattern_unify(pairs)                          # direct pattern API
ShotUn.match({pattern, target})                      # direct matching API (one pair or a list)
Installation
The package can be installed by adding shot_un to your list of dependencies in
mix.exs:
def deps do
  [
    {:shot_un, "~> 0.2"}
  ]
end
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Mix.install([
  {:shot_un, "~> 0.2"},
  {:kino, "~> 0.19"}
])
Setup
ShotDs defines various data structures for HOL
import ShotDs.Hol.Dsl
import ShotDs.Hol.Definitions
import ShotDs.Stt.Numerals
import ShotDs.Util.Formatter
alias ShotDs.Data.Type
alias ShotDs.Stt.TermFactory, as: TF
import ShotUn
Example: Church Numerals
In simple type theory, church numerals are defined as lambda terms accepting a successor function $s_{\iota\to\iota}$ and a starting point $z_\iota$ which return the $n$-fold application of $s$ to $z$. E.g., the numeral for $0$ is $\lambda s z. z$, for $1$ $\lambda s z. s z$, for $2$ $\lambda s z. s (s z)$ and so on.
Based on this encoding, we can define some basic operations on natural numbers as follows:
$$
\mathrm{succ}~n \coloneqq \lambda s~z.~s~(n~s~z)
$$
(apply the successor function to $n$)
$$
\mathrm{plus}~m~n \coloneqq \lambda s~z.~m~s~(n~s~z)
$$
(apply the successor function $m$ times to $n$)
$$
\mathrm{mult}~m~n \coloneqq \lambda s~z.~m~(n~s)~z
$$
(apply $(\mathrm{plus}~n)$ $m$ times)
Note that more complex functions like exponentiation or difference are not expressible without polymorphic types.
for n <- 0..10, do: "#{n} := #{format!(num(n))}"
|> IO.puts
Example: X ∙ 5 =? 30
x_times_5 = mult(num_var("X"), num(5))

unify({x_times_5, num(30)}) |> Enum.map(&Kernel.to_string/1) |> IO.puts
The algorithm finds a solution by substituting $X$ by the Church encoding of $6$.
Note that the unification algorithm returns a Stream which can be used like any other enumerable. Solutions are computed lazily.
Example: X ∙ 10 =? 1000
x_times_10 = mult(num_var("X"), num(10))

unify({x_times_10, num(1000)}, 1000) |> Enum.map(&Kernel.to_string/1) |> IO.puts
The algorithm finds a solution by substituting $X$ by the Church encoding of $100$.
Example: X ∙ Y =? 4
x_times_y = mult(num_var("X"), num_var("Y"))

unify({x_times_y, num(4)})
|> Enum.map(&Kernel.to_string/1) |> Enum.join("\n") |> IO.puts
The algorithm finds three solutions to the problem:
	substituting $Y$ by the Church encoding of $4$ and $X$ by the encoding of $1$
	substituting $Y$ and $X$ by the Church encoding of $2$
	substituting $Y$ by the Church encoding of $1$ and $X$ by the encoding of $4$

Example: X a a =? f a a
x = TF.make_free_var_term("X", type_iii())
f = TF.make_const_term("f", type_iii())
a = TF.make_const_term("a", type_i())

unify({app(x, [a, a]), app(f, [a, a])})
|> Enum.map(&Kernel.to_string/1) |> Enum.join("\n") |> IO.puts
The algorithm finds nine total solutions which correspond to all combinations of projections and imitations:
	$\lambda\lambda.~f~a~a~/~X$
	$\lambda\lambda.~f~a~2~/~X$
	$\lambda\lambda.~f~a~1~/~X$
	$\lambda\lambda.~f~2~a~/~X$
	$\lambda\lambda.~f~2~2~/~X$
	$\lambda\lambda.~f~2~1~/~X$
	$\lambda\lambda.~f~1~a~/~X$
	$\lambda\lambda.~f~1~2~/~X$
	$\lambda\lambda.~f~1~1~/~X$

Example: X (f a) =? f (X a)
x = TF.make_free_var_term("X", type_ii())
f = TF.make_const_term("f", type_ii())
a = TF.make_const_term("a", type_i())

unify({app(x, app(f, a)), app(f, app(x, a))}, _depth=5)
|> Enum.map(&Kernel.to_string/1) |> Enum.join("\n") |> IO.puts
The algorithm finds four solutions to the problem at the given depth of 5. Other solutions can be found when increasing this depth limit. We see that the solutions for this problem follow the pattern of substituting $X$ by the $n$-fold composition of $f$ ($n \in [0, 4]$ for depth 5).
Example: System of Equations
(1) $(x\cdot y) + z = 21$
(2) $x + y + z = 10$
(3) $(x \cdot z) + y = 9$
[x, y, z] = for n <- ["X", "Y", "Z"], do: num_var(n)

eqs = [
  {plus(mult(x, y), z), num(21)},
  {plus(plus(x, y), z), num(10)},
  {plus(mult(x, z), y), num(9)}
]

unify(eqs, 50)
|> Enum.map(&Kernel.to_string/1) |> Enum.join("\n") |> IO.puts
The algorithm finds two solutions for the given problem with depth 50:
	substituting $Z$ by the Church encoding of $1$, $Y$ by the encoding of $5$ and $X$ by the encoding of $4$
	substituting $Z$ by the Church encoding of $1$, $Y$ by the encoding of $4$ and $X$ by the encoding of $5$

Note that in this case, increasing the depth limit does not yield more solutions even though some unification branches are incomplete.
Example: X =? Y c
x = TF.make_free_var_term("X", type_i())
y = TF.make_free_var_term("Y", type_ii())
c = TF.make_const_term("c", type_i())

unify({x, app(y, c)})
|> Enum.map(&Kernel.to_string/1) |> IO.puts
$X \overset{?}{=} Y~c$ is an example for the flex-flex case. For these cases, often infinite solutions exist. To ensure semi-decidability, unification is deferred and a list of flex-flex pairs is returned as future constraints.
Visualization: the decision tree of pre-unification
Every public entry point of ShotUn accepts a vis: true option. When set, the call returns a {result, %ShotUn.Trace{}} tuple instead of a bare result. The trace is a tree of ShotUn.Trace.Node records covering only the paths from the initial state to a solution leaf — failed branches and dead-end intermediate steps are pruned out. ShotUn.Trace.Mermaid.render/2 produces a Mermaid graph TD string that we can render inline with Kino.Mermaid.new/1.
x = TF.make_free_var_term("X", type_i())
c = TF.make_const_term("c", type_i())

{stream, trace} = unify({x, c}, 10, vis: true)
Enum.to_list(stream) |> Enum.map(&Kernel.to_string/1) |> IO.puts
trace |> ShotUn.Trace.Mermaid.render() |> Kino.Mermaid.new()
For the simple $X \overset{?}{=} c$ problem the trace is a linear chain init -.-> bind -.-> solution. Dotted arrows mark linear continuations.
Visualization: branching on imitation and projection
The flex-rigid problem $X~a~a \overset{?}{=} f~a~a$ revisits the nine-solution example. The top-level projections substitute $X$ by $\lambda \lambda.~1$ or $\lambda \lambda.~2$, both collapsing the equation to $a \overset{?}{=} f~a~a$ which is a rigid clash; those branches are pruned. Only the imitation $X \leftarrow \lambda \lambda.~f~H_1~H_2$ survives, and each $H_i$ then branches three ways (imitation through $a$, projection onto either argument), producing the $3 \cdot 3 = 9$ solution leaves visible in the diagram. Branching choice points use solid arrows (==>); linear continuations use dotted arrows (-.->).
x = TF.make_free_var_term("X", type_iii())
f = TF.make_const_term("f", type_iii())
a = TF.make_const_term("a", type_i())

{_stream, trace} = unify({app(x, [a, a]), app(f, [a, a])}, 10, vis: true)

trace |> ShotUn.Trace.Mermaid.render() |> Kino.Mermaid.new()
Visualization: pattern unification and second-order matching
ShotUn.pattern_unify/2 and ShotUn.match/2 accept the same vis: true option. Pattern unification is a single-path work-list rewrite, so its trace is a linear chain — useful to inspect the inversion, alias and intersection rules in action. Below, the flex-flex pair $X \overset{?}{=} Y$ resolves via the intersection rule by binding both $X$ and $Y$ to a fresh meta variable.
x = TF.make_free_var_term("X", type_i())
y = TF.make_free_var_term("Y", type_i())

{{:ok, sol}, trace} = pattern_unify({x, y}, vis: true)
IO.puts(Kernel.to_string(sol))

trace |> ShotUn.Trace.Mermaid.render() |> Kino.Mermaid.new()
Second-order matching enumerates all matchers; the trace shows the full set of branches that reached a solution, side by side. The example below — matching $X~a~a$ against the ground target $f~a~a$ — yields the same nine matchers, but here each branch terminates immediately because the target is already ground.
x = TF.make_free_var_term("X", type_iii())
f = TF.make_const_term("f", type_iii())
a = TF.make_const_term("a", type_i())

{_stream, trace} = match({app(x, [a, a]), app(f, [a, a])}, vis: true)

trace |> ShotUn.Trace.Mermaid.render() |> Kino.Mermaid.new()


  

    
ShotUn 
    



      
Higher-order unification for the data structures and semantics of
ShotDs.
Three algorithms are available:
	unify/3 (default) — depth-bounded pre-unification (Huet 1975):
handles arbitrary higher-order problems but is a semi-decision
procedure; flex-flex pairs are returned as constraints.
	pattern_unify/2 — Miller pattern unification (Miller 1991): a
decidable, unitary fragment in which every flex variable is applied
only to distinct bound variables. Returns at most one MGU.
	match/2 — Huet second-order matching: the right-hand side is
ground, every variable in the problem has type of order ≤ 2.
Returns the complete (lazy) stream of matchers without a depth
bound.

unify/3 accepts a :strategy option (:pre_unification, :auto,
:pattern, :matching). With :auto, the problem is inspected and
routed to the most specific decidable algorithm it falls into:
	if every pair is a pattern → pattern_unify/2,
	otherwise if it satisfies the matching precondition → match/2,
	otherwise pre-unification.

See ShotUn.Pattern, ShotUn.Matching and ShotUn.Fragment for
details on the individual algorithms and the fragment classifiers.
Visualisation
Every public entry point accepts a vis: true option that wraps the
result in a {result, %ShotUn.Trace{}} tuple. The trace is a tree of
ShotUn.Trace.Node records covering only the paths from the initial
state to a :solution leaf — failed branches and dead-end steps are
pruned out before the tuple is returned. Render with
ShotUn.Trace.Mermaid.render/2. When vis: true the search is
materialised eagerly (the lazy Stream is consumed before the call
returns) so that the trace is complete.
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        match(pairs, opts \\ [])

      


        Returns the (lazy) stream of all matchers σ such that σ(s) ≡_βη t for
each pair {s, t}. With vis: true, returns {stream, trace}.
Equivalent to ShotUn.Matching.match/2.



    


    
      
        pattern_unify(pairs, opts \\ [])

      


        Returns {:ok, %UnifSolution{}} (or :error) for a problem in
Miller's pattern fragment. With vis: true, returns
{result, trace}. Equivalent to ShotUn.Pattern.unify/2.



    


    
      
        unify(term_pairs, depth \\ 10, opts \\ [])

      


        Solves a higher-order unification problem.
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          @type strategy() :: :pre_unification | :auto | :pattern | :matching


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      match(pairs, opts \\ [])



        
          
        

    

  


  

      

          @spec match(
  [term_pair()] | term_pair(),
  keyword()
) ::
  Enumerable.t(ShotUn.UnifSolution.t())
  | {Enumerable.t(ShotUn.UnifSolution.t()), ShotUn.Trace.t()}


      


Returns the (lazy) stream of all matchers σ such that σ(s) ≡_βη t for
each pair {s, t}. With vis: true, returns {stream, trace}.
Equivalent to ShotUn.Matching.match/2.

  



    

  
    
      
    
    
      pattern_unify(pairs, opts \\ [])



        
          
        

    

  


  

      

          @spec pattern_unify(
  [term_pair()] | term_pair(),
  keyword()
) ::
  {:ok, ShotUn.UnifSolution.t()}
  | :error
  | {{:ok, ShotUn.UnifSolution.t()} | :error, ShotUn.Trace.t()}


      


Returns {:ok, %UnifSolution{}} (or :error) for a problem in
Miller's pattern fragment. With vis: true, returns
{result, trace}. Equivalent to ShotUn.Pattern.unify/2.

  



    

    

  
    
      
    
    
      unify(term_pairs, depth \\ 10, opts \\ [])



        
          
        

    

  


  

      

          @spec unify([term_pair()] | term_pair(), non_neg_integer(), keyword()) ::
  Enumerable.t(ShotUn.UnifSolution.t())
  | {Enumerable.t(ShotUn.UnifSolution.t()), ShotUn.Trace.t()}


      


Solves a higher-order unification problem.
Accepts a single term pair {l, r} or a list of pairs. depth is
the search-depth budget for the pre-unification fragment; it is
ignored by the matching and pattern strategies. opts accepts:
	:strategy — one of :pre_unification (default), :auto,
:pattern, :matching. See module docs for dispatch rules.
	:vis — when true, returns {stream, %ShotUn.Trace{}} instead
of a bare stream. Defaults to false.

Returns a lazy Stream of ShotUn.UnifSolution structs, or — under
vis: true — a {stream, trace} tuple in which the stream contains
the same solutions but is fully materialised before the call returns.
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Predicates that classify a unification problem into one of the decidable
fragments handled by ShotUn.Pattern (Miller patterns) and
ShotUn.Matching (Huet second-order matching), plus a helper for
computing the order of a simple type.
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    Functions
  


    
      
        bounded_order?(term_id, max_order)

      


        Returns true when every free variable, constant and bound variable
appearing in the term has a type of order at most max_order.



    


    
      
        ground?(term_id)

      


        Returns true when the term has no free variables.



    


    
      
        matching_problem?(pairs)

      


        Returns true when every right-hand side is ground and every type in
the problem has order at most 2 (Huet's second-order fragment).



    


    
      
        outer_bvar_index(term_id)

      


        If the term is the eta-long primitive of a single bound variable whose
binder lies in the surrounding context (i.e. above the term's own
abstractions), returns the index of that binder relative to the
surrounding context. Otherwise returns :not_bvar.



    


    
      
        pattern?(term_id)

      


        Returns true when the term is a higher-order pattern: every
occurrence of a free variable is applied to a list of pairwise distinct
bound-variable arguments.



    


    
      
        pattern_problem?(pairs)

      


        Returns true when every side of every pair is a higher-order pattern.



    


    
      
        type_order(type)

      


        Returns the order of a simple type.
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          @spec bounded_order?(ShotDs.Data.Term.term_id(), non_neg_integer()) :: boolean()


      


Returns true when every free variable, constant and bound variable
appearing in the term has a type of order at most max_order.

  



  
    
      
    
    
      ground?(term_id)



        
          
        

    

  


  

      

          @spec ground?(ShotDs.Data.Term.term_id()) :: boolean()


      


Returns true when the term has no free variables.

  



  
    
      
    
    
      matching_problem?(pairs)



        
          
        

    

  


  

      

          @spec matching_problem?([term_pair()]) :: boolean()


      


Returns true when every right-hand side is ground and every type in
the problem has order at most 2 (Huet's second-order fragment).

  



  
    
      
    
    
      outer_bvar_index(term_id)



        
          
        

    

  


  

      

          @spec outer_bvar_index(ShotDs.Data.Term.term_id()) :: pos_integer() | :not_bvar


      


If the term is the eta-long primitive of a single bound variable whose
binder lies in the surrounding context (i.e. above the term's own
abstractions), returns the index of that binder relative to the
surrounding context. Otherwise returns :not_bvar.
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          @spec pattern?(ShotDs.Data.Term.term_id()) :: boolean()


      


Returns true when the term is a higher-order pattern: every
occurrence of a free variable is applied to a list of pairwise distinct
bound-variable arguments.

  



  
    
      
    
    
      pattern_problem?(pairs)



        
          
        

    

  


  

      

          @spec pattern_problem?([term_pair()]) :: boolean()


      


Returns true when every side of every pair is a higher-order pattern.
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          @spec type_order(ShotDs.Data.Type.t()) :: non_neg_integer()


      


Returns the order of a simple type.
$$
\text{order}(\beta) = 0 \quad\text{for base } \beta
$$
$$
\text{order}(\tau_1 \to \dots \to \tau_n \to \beta) =
  \max_{i}(\text{order}(\tau_i) + 1)
$$
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Decidable higher-order matching for the second-order fragment.
Higher-order matching is the task of finding a substitution σ such
that σ(s) ≡βη t for two given terms s and t where t is _ground
(contains no free variables). General higher-order matching is
decidable (Stirling 2009) but impractical to implement; this module
restricts to Huet's second-order fragment, where every variable and
constant in the problem has a type of order at most 2.
Termination is guaranteed by a structural argument on the multi-set of
right-hand sides: every imitation step strictly decreases the total
size of the targets, and every projection step eliminates a flex
variable without introducing new ones (for order-1 flex arguments) or
introduces strictly-smaller-order metas (for order-2 flex arguments).
No depth bound is needed.
Inputs that violate the second-order or ground-target preconditions
raise ArgumentError.
Pass vis: true in opts to receive a {stream, %ShotUn.Trace{}}
tuple instead of a bare stream. Under vis: true the stream is
materialised eagerly so the trace is complete on return.
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        match(pair_or_pairs, opts \\ [])

      


        Returns the lazy stream of all matchers for the given problem.
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      match(pair_or_pairs, opts \\ [])



        
          
        

    

  


  

      

          @spec match(
  [term_pair()] | term_pair(),
  keyword()
) ::
  Enumerable.t(ShotUn.UnifSolution.t())
  | {Enumerable.t(ShotUn.UnifSolution.t()), ShotUn.Trace.t()}


      


Returns the lazy stream of all matchers for the given problem.
Raises ArgumentError if any right-hand side has free variables, or if
any type in the problem has order greater than 2.
opts:
	:vis — when true, returns {stream, %ShotUn.Trace{}}. The
stream is materialised eagerly. Defaults to false.
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Higher-order pattern unification (Miller 1991).
A higher-order pattern is a βη-normal term in which every free
variable F occurs only in applications of the form
$F(x_1, \dots, x_n)$ where the arguments $x_1, \dots, x_n$ are
pairwise distinct bound variables. Unification over the pattern
fragment is decidable and unitary: when a unifier exists it is
unique up to α-renaming, so this entry point returns either a single
most-general unifier or :error.
The implementation realises Miller's algorithm with four rules:
	decomposition of rigid-rigid pairs whose heads agree,
	inversion of a flex–rigid pair $F(\bar x) \overset{?}{=} t$,
with pruning of any nested flex application whose arguments
would otherwise reach a binder outside $\{\bar x\}$,
	alias for flex–flex pairs with the same head — bind the
variable to a fresh meta over the positions on which the two
argument lists agree,
	intersection for flex–flex pairs with distinct heads — bind
both variables to a fresh meta applied to the bound variables
they share.

Termination is by structural recursion on the work-list; no depth
bound is needed.
Use ShotUn.pattern_unify/2 as the public entry point. Inputs
containing non-pattern terms raise ArgumentError. Pass vis: true
in opts to receive a {result, %ShotUn.Trace{}} tuple.
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        unify(pair_or_pairs, opts \\ [])

      


        Returns {:ok, %UnifSolution{}} (whose flex_pairs are always empty)
when an MGU exists, otherwise :error. Raises ArgumentError when
the input is not a higher-order pattern.



    





      


      
        Functions


        


    

  
    
      
    
    
      unify(pair_or_pairs, opts \\ [])



        
          
        

    

  


  

      

          @spec unify(
  [term_pair()] | term_pair(),
  keyword()
) ::
  {:ok, ShotUn.UnifSolution.t()}
  | :error
  | {{:ok, ShotUn.UnifSolution.t()} | :error, ShotUn.Trace.t()}


      


Returns {:ok, %UnifSolution{}} (whose flex_pairs are always empty)
when an MGU exists, otherwise :error. Raises ArgumentError when
the input is not a higher-order pattern.
opts:
	:vis — when true, returns {result, %ShotUn.Trace{}} instead
of result. Defaults to false.
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Decision-tree trace produced by ShotUn.unify/3, ShotUn.match/2 and
ShotUn.pattern_unify/2 when invoked with vis: true. Each node
records the rule applied, the resulting work-list, the accumulated
substitutions and the deferred flex-flex pairs (pre-formatted as
strings). Render the tree with ShotUn.Trace.Mermaid.render/2.
The traces returned by the public entry points are pre-pruned to the
paths from the root to a :solution leaf — failed branches and
dead-end intermediate steps are dropped. Use prune_to_solutions/1
directly if you have an unpruned trace from a lower-level call.
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        prune_to_solutions(trace)

      


        Returns a trace that retains only the nodes lying on a path from the
root to a :solution leaf. The root node is always preserved (even if
no solution was reached) so the diagram still shows the initial state.
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          @type algorithm() :: :pre_unification | :matching | :pattern
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          @type t() :: %ShotUn.Trace{algorithm: algorithm(), root: ShotUn.Trace.Node.t() | nil}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      prune_to_solutions(trace)



        
          
        

    

  


  

      

          @spec prune_to_solutions(t()) :: t()


      


Returns a trace that retains only the nodes lying on a path from the
root to a :solution leaf. The root node is always preserved (even if
no solution was reached) so the diagram still shows the initial state.

  


        

      


  

    
ShotUn.Trace.Mermaid 
    



      
Renders a ShotUn.Trace as a Mermaid graph TD diagram.
Terms, substitutions and pair sides are rendered as LaTeX via
ShotDs.Util.LatexFormatter and embedded inside a single $$…$$
math block per label. Multi-line labels use \begin{aligned}…
\end{aligned} with an empty & at the head of each row for left
alignment; prose (headers, "(empty σ)", …) lives inside \text{…}.
All LaTeX fragments are maximally grouped in {…} so stray _, ^
or \lambda produced by the formatter bind only to the token they
belong to.
Two renderer quirks are worked around at the label-generation layer,
because Mermaid's Kino/Livebook pipeline hits them both:
	\\ row separators are halved. Mermaid's quoted-label parser
treats \\ as an escape and emits a single \. That would
collapse the KaTeX row break to a literal control-space. We emit
\\\\ (four backslashes) so Mermaid halves it back to the \\
KaTeX expects.

	~ and \ produce &nbsp; in the KaTeX HTML. That
entity is undefined in SVG's XML DTD and breaks "Save as SVG"
downloads with error … Entity 'nbsp' not defined. Both are
rewritten to \, (thin space, rendered via CSS margin, no HTML
entity in the DOM).


<br/> HTML line breaks are not used — Mermaid drops them once
the label parser hits $$…$$, collapsing everything onto one line.
Everything lives inside the single math environment instead.
Edge styling mirrors ShotTx.Proof.to_mermaid/2: branching choice
points (multiple children) use solid arrows (==>); linear
continuations use dotted arrows (-.->). Node colours encode the
node kind — start (blue), step (gray), solution (green), fail
(orange).
Options
	:show_state — include the work-list (and accumulated σ for
solution leaves) in each node's label. Defaults to true.
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        render(trace, opts \\ [])
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      render(trace, opts \\ [])



        
          
        

    

  


  

      

          @spec render(
  ShotUn.Trace.t(),
  keyword()
) :: String.t()


      



  


        

      


  

    
ShotUn.Trace.Node 
    



      
A single node in a ShotUn.Trace decision tree.
Each node represents the state reached after applying rule to its
parent's state. The root has kind: :start, rule: :init and no
parent; leaves are either :solution or :fail. All term-bearing
fields are pre-formatted strings captured while the term-factory
scratchpad was alive, so the tree remains meaningful after the
algorithm tears down its scratchpad.
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          @type kind() :: :start | :step | :solution | :fail
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          @type t() :: %ShotUn.Trace.Node{
  children: [t()],
  depth: non_neg_integer() | nil,
  flex: [{String.t(), String.t()}],
  id: non_neg_integer(),
  kind: kind(),
  note: String.t() | nil,
  pairs: [{String.t(), String.t()}],
  parent_id: non_neg_integer() | nil,
  rule: atom() | nil,
  substs: [String.t()]
}


      



  


        

      


  

    
ShotUn.UnifSolution 
    



      
Represents a single solution to a unification problem.
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    Types
  


    
      
        t()

      


        The type of a pre-unification solution.
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          @type t() :: %ShotUn.UnifSolution{
  flex_pairs: [{ShotDs.Data.Term.term_id(), ShotDs.Data.Term.term_id()}],
  substitutions: [ShotDs.Data.Substitution.t()]
}


      


The type of a pre-unification solution.
This includes a list of substitutions as well as unresolved flex-flex pairs
which can be understood as future unification constraints.
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