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    Theoria

Theoria is an Elixir-native proof/spec kernel inspired by Lean's trusted-kernel
architecture.
The goal is not Lean compatibility. Theoria starts as a small, reliable core for
checking proof terms generated by Elixir DSLs, tactics, and domain-specific
specification tools. The first target domains are finite data structures, graph
algorithms, compiler passes, and static-analysis invariants.
Theoria is intentionally split into a small trusted kernel and future untrusted
convenience layers. DSLs and tactics may generate proof terms, but only the
kernel can admit checked declarations.
Installation
def deps do
  [
    {:theoria, "~> 0.1.0"}
  ]
end
Design principles
	Keep the trusted kernel small.
	Treat DSLs, macros, tactics, and automation as untrusted proof generators.
	Admit a theorem only after the kernel checks its proof term.
	Use precise Elixir structs and result tuples so the codebase is friendly to
Elixir's gradual set-theoretic type direction.
	Grow through tests and proof corpora before adding convenience layers.

See docs/design.md for the current design notes.
Current status
The initial kernel supports:
	universe terms (Type n as Sort n)
	de Bruijn bound variables
	constants
	lambda abstraction
	dependent function types (forall)
	application
	beta reduction
	definitional equality by normalization
	checked constants and definitions in an environment

Example core term
import Theoria.Term

identity_type =
  forall(:a, sort(0),
    forall(:x, bvar(0),
      bvar(1)
    )
  )

identity_proof =
  lam(:a, sort(0),
    lam(:x, bvar(0),
      bvar(0)
    )
  )

:ok = Theoria.Kernel.check(Theoria.new_env(), identity_proof, identity_type)
Quality checks
The repository includes a Reach-style CI alias:
mix ci

It runs compilation with warnings as errors, formatting, Credo, ExDNA, Reach
architecture/smell checks, Dialyzer, and tests.
Roadmap
	Harden the kernel with more normalization, substitution, and negative tests.
	Add equality and basic logical connectives.
	Add primitive Bool/Nat/List theories.
	Add a small Elixir DSL that elaborates to checked core terms.
	Add finite graph/spec libraries for tools such as Reach.



  

    Theoria Design

Theoria is an Elixir-native proof/spec engine inspired by Lean's trusted-kernel architecture. It is not a Lean-compatible implementation and does not call Lean as a backend.
Goals
	Provide a small trusted kernel for checking proof terms.
	Keep Elixir DSLs, tactics, and automation untrusted: they may generate proofs, but the kernel must check them.
	Support practical specifications for Elixir tools, static analysis, graph algorithms, compiler passes, and data transformations.
	Fit naturally into Elixir projects and CI pipelines.
	Keep data structures friendly to Elixir's gradual set-theoretic type direction by using precise structs and explicit result tuples.

Non-goals
	Lean syntax compatibility.
	Lean .olean compatibility.
	A tactic language in the initial kernel.
	Native code generation.
	A full standard library before the kernel is hardened.

Trusted boundary
Only Theoria.Kernel should decide whether a proof is accepted. Higher-level APIs may be convenient but must remain untrusted.
The intended flow is:
Elixir DSL / tactic / domain-specific prover
  -> core Theoria terms
  -> Theoria.Kernel.check/4
  -> checked theorem or error
A bug in a DSL should at worst generate a rejected proof. It must not be able to admit a theorem directly.
Core terms
The initial core calculus contains:
	universes, represented as Sort n;
	de Bruijn bound variables;
	constants;
	application;
	lambda abstraction;
	dependent function types (forall).

Names stored on binders are diagnostic metadata. Binding correctness is determined by de Bruijn indices.
Environments
Theoria.Env stores checked constants and definitions. A declaration enters the environment only through kernel functions that verify its type and, for definitions, its value.
Normalization and definitional equality
The initial normalizer supports beta reduction and unfolding checked definitions. Definitional equality currently normalizes both sides and compares the resulting terms structurally.
This is intentionally simple. Later versions may need weak-head reduction, memoization, fuel, and more careful unfolding control.
Universe model
The current prototype uses a simple cumulative-looking tower where:
Sort n : Sort (n + 1)
There is no separate Prop yet. Equality and propositions will be introduced deliberately once the kernel tests are stronger.
Relationship to Elixir set-theoretic types
Elixir's set-theoretic types describe sets of Elixir runtime values. Theoria checks terms in its own object language. These are complementary:
	Elixir types help make Theoria's implementation and API safer.
	Theoria's kernel checks mathematical proof/spec terms that Elixir's type system does not express.

Near-term roadmap
	Harden substitution, shifting, normalization, and type-checking tests.
	Add equality.
	Add basic logical connectives.
	Add primitive Bool/Nat/List theories.
	Add an Elixir DSL that elaborates to checked core terms.
	Add finite graph/spec libraries for tools such as Reach.



  

    LICENSE


MIT License

Copyright (c) 2026 Danila Poyarkov

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.
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An Elixir-native proof/spec kernel inspired by Lean's trusted-kernel design.
Theoria's public DSL will remain untrusted: macros and tactics may generate
proof terms, but only Theoria.Kernel can admit checked constants and
definitions into an environment.
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Theoria.Context 
    



      
Typing context for bound variables.
Bindings are stored nearest-binder first. A binding's type is always expressed
relative to the full current context.
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Kernel environment containing checked constants and definitions.
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A checked constant or definition in a kernel environment.
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          @type t() :: %Theoria.Env.Constant{
  type: Theoria.Term.t(),
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Theoria.Kernel 
    



      
The trusted type-checking kernel.
The kernel is intentionally small: all DSLs, tactics, and automation must
reduce to core terms that are accepted here before a theorem is trusted.
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Normalization and definitional equality for core terms.
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Core terms for Theoria's trusted kernel.
Terms use de Bruijn indices internally. User-facing names are retained only for
diagnostics and pretty-printing; binding correctness is determined by indices.
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Function application.
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A bound variable represented by a de Bruijn index.
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A named environment constant.
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Dependent function type. Non-dependent functions are encoded as forall types.
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Lambda abstraction.
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A universe level, written Type n in the surface language.
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Kernel error returned when a term cannot be checked.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Theoria.Error{__exception__: true, details: term(), reason: atom()}


      



  


        

      


  OEBPS/dist/epub-4WIP524F.js
(()=>{var s=document.querySelector.bind(document),o=document.querySelectorAll.bind(document);function r(e){document.readyState!=="loading"?e():document.addEventListener("DOMContentLoaded",e)}var l="hll";window.addEventListener("exdoc:loaded",t);function t(){o("[data-group-id]").forEach(e=>{e.addEventListener("mouseenter",i),e.addEventListener("mouseleave",i)})}function i(e){let n=e.currentTarget,a=e.type==="mouseenter",c=n.getAttribute("data-group-id");n.parentElement.querySelectorAll(`[data-group-id="${c}"]`).forEach(u=>{u.classList.toggle(l,a)})}r(()=>{t()});})();




