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Dllb provides a high-level Elixir API for communicating with the
dllb database over TCP. It manages a
NimblePool-based connection pool, speaks the dllb line-based wire protocol,
and exposes a query builder plus result parsing so your application can focus
on data rather than sockets.
Features
	Connection pooling—NimblePool-managed TCP sockets with automatic reconnection on dead connections.
	Wire protocol—Line-based text over TCP; supports JSON, toon, and CSV response formats.
	Query builder—Composable functions for CREATE, SELECT (with ORDER BY), UPDATE, DELETE (point and DELETE ... WHERE), RELATE, COUNT (with GROUP BY), upsert (ON CONFLICT UPDATE [SET ...]), DEFINE TABLE/FIELD, DEFINE/REMOVE INDEX, full-text/vector/hybrid search, and graph analytics (COMMUNITIES, COMPONENTS, PAGERANK, CENTRALITY, PATH, EDGES) statements.
	Result structs—Typed structs (Ok, Created, Deleted, DeletedMany, Rows, Count, Update, Batch, Communities, Components, Error) parsed from server responses.
	Secondary indexes—Persisted single- and multi-field (composite) index definitions with optional UNIQUE constraints. Equality and range filters on indexed fields are transparently accelerated by the engine.
	Full-text & vector search—DEFINE FULLTEXT INDEX (BM25/Tantivy) and DEFINE VECTOR INDEX (HNSW) creation, plus SEARCH, VECTOR SEARCH, and HYBRID SEARCH query builders with optional server-side WHERE scoping.
	MetaAST bridge—Serialization between Metastatic AST 3-tuples and dllb documents/edges, including bulk tree ingestion and incremental (diff-based) re-indexing.
	AST structural analysis—Server-side (native Rust) ast::similarity, ast::complexity, ast::hash, ast::diff, ast::scope, and ast::clones SQL functions, each with pure-Elixir, round-trip-free client-side counterparts for offline/no-server use.
	Schema bootstrap—Declarative schema definitions executed through any query function.
	OTP-ready—Application supervision tree with opt-in pool startup via config :dllb, enabled: true.

Installation
Add dllb to your list of dependencies in mix.exs:
def deps do
  [
    {:dllb, "~> 0.1.0"}
  ]
end
Configuration
# config/config.exs
config :dllb,
  enabled: true,
  host: "127.0.0.1",
  port: 3009,
  pool_size: 30,
  outcome: :json,
  timeout: 30_000
Setting enabled: false (the default) starts the application without the
connection pool, which is useful for compile-time or test environments where
no dllb server is available.
Options
	:host—server hostname or IP (default "127.0.0.1")
	:port—server port (default 3009)
	:pool_size—number of persistent TCP connections (default 30)
	:outcome—response format: :json, :toon, or :csv (default :json)
	:timeout—connection and receive timeout in milliseconds (default 30_000)

Usage
Basic queries
{:ok, %Dllb.Result.Rows{count: 3, data: rows}} = Dllb.query("SELECT * FROM users")

result = Dllb.query!("SELECT * FROM users WHERE age > 25")
Query builder
Dllb.Query.create("user", %{name: "Alice", age: 30})
# => "CREATE user SET age = 30, name = 'Alice'"

Dllb.Query.select("user", where: "age > 25", limit: 10)
# => "SELECT * FROM user WHERE age > 25 LIMIT 10"

Dllb.Query.relate("user:a", "follows", "user:b", %{since: "2024"})
# => "RELATE user:a->follows->user:b SET since = '2024'"
Secondary indexes
# Single-field secondary index.
Dllb.Query.define_index("user", "by_age", ["age"])
# => "DEFINE INDEX by_age ON TABLE user FIELDS age"

# Composite index (leftmost-prefix planning: list the leading field first).
Dllb.Query.define_index("ast_node", "idx_file_kind", ["file_path", "kind"])
# => "DEFINE INDEX idx_file_kind ON TABLE ast_node FIELDS file_path, kind"

# Unique constraint over the full indexed tuple.
Dllb.Query.define_index("user", "by_email", ["email"], unique: true)
# => "DEFINE INDEX by_email ON TABLE user FIELDS email UNIQUE"

# Drop an index (queries then fall back to full scans).
Dllb.Query.remove_index("user", "by_age")
# => "REMOVE INDEX by_age ON TABLE user"
Once an index exists, no query changes are required: SELECT, COUNT, and
UPDATE statements whose WHERE clause has equality or range predicates on
indexed fields are accelerated automatically.
Full-text and vector search
Full-text (BM25) and vector (HNSW) indexes are created over the wire and
queried with the SEARCH, VECTOR SEARCH, and HYBRID SEARCH verbs, each
accepting an optional server-side WHERE scope. All require a dllb server
with search services enabled (the default server build).
# Define a full-text index (optionally with a language analyzer).
Dllb.Query.define_fulltext_index("article", "ft_body", "body", analyzer: "english")
# => "DEFINE FULLTEXT INDEX ft_body ON TABLE article FIELDS body ANALYZER english"

# BM25 search; each row carries a "score" field, best-first.
Dllb.Query.search("article", "body", "graph database", limit: 5)
# => "SEARCH article body 'graph database' LIMIT 5"

# Define a vector (HNSW) index over a dense embedding field.
Dllb.Query.define_vector_index("ast_node", "vec_src", "source_embedding", 768, metric: "cosine")
# => "DEFINE VECTOR INDEX vec_src ON TABLE ast_node FIELDS source_embedding DIMENSION 768 METRIC cosine"

# Approximate nearest-neighbour search; each row carries a "distance" field.
Dllb.Query.vector_search("ast_node", "source_embedding", [0.12, 0.07, 0.91], k: 10)
# => "VECTOR SEARCH ast_node source_embedding [0.12, 0.07, 0.91] K 10"

# Scope results server-side (multi-project isolation, kind/language filters).
Dllb.Query.vector_search("ast_node", "source_embedding", [0.12, 0.07],
  where: "project_path = '/app'",
  k: 10
)
# => "VECTOR SEARCH ast_node source_embedding [0.12, 0.07] WHERE project_path = '/app' K 10"

# Hybrid search fuses BM25 and HNSW; rows carry score, text_score, vector_score.
Dllb.Query.hybrid_search("ast_node", "source_text", "parse tokens", "source_embedding", [0.12, 0.07],
  alpha: 0.6,
  limit: 10
)
# => "HYBRID SEARCH ast_node TEXT source_text 'parse tokens' VECTOR source_embedding [0.12, 0.07] ALPHA 0.6 LIMIT 10"
Valid analyzers: default, simple, english, spanish, french,
german, italian, portuguese, russian. Valid metrics: cosine,
euclidean (alias l2), dot (alias dotproduct/dot_product).
Aggregation, deletion, and graph analytics
# Grouped COUNT: one row per kind, each with a count (best-first).
Dllb.Query.count("ast_node", group_by: "kind")
# => "COUNT ast_node GROUP BY kind"

# Server-side delete-by-predicate (engine maintains all indexes).
Dllb.Query.delete_where("ast_node", "file_path = '/app/lib/old.ex'")
# => "DELETE ast_node WHERE file_path = '/app/lib/old.ex'"

# Weighted PageRank over an edge table, top-N by score.
Dllb.Query.graph_pagerank("calls", damping: 0.85, limit: 20)
# => "GRAPH PAGERANK calls DAMPING 0.85 LIMIT 20"

# Degree centrality (also :indegree / :outdegree).
Dllb.Query.graph_centrality("calls", mode: :indegree, limit: 20)
# => "GRAPH CENTRALITY calls INDEGREE LIMIT 20"

# Shortest directed path between two vertices.
Dllb.Query.graph_path("a", "b", "calls", max_depth: 6)
# => "GRAPH PATH a -> b ON calls MAX_DEPTH 6"

# List edges with their stored weights (default 1.0).
Dllb.Query.graph_edges("calls", where: "weight > 0.5")
# => "GRAPH EDGES calls WHERE weight > 0.5"
Upserts
# Insert, or merge the same fields on conflict.
Dllb.Query.upsert("user", "u1", %{name: "Alice", age: 30})
# => "CREATE user:u1 SET age = 30, name = 'Alice' ON CONFLICT UPDATE"

# Insert, or apply explicit fields on conflict.
Dllb.Query.upsert("user", "u1", %{name: "Alice", age: 30}, %{age: 31})
# => "CREATE user:u1 SET age = 30, name = 'Alice' ON CONFLICT UPDATE SET age = 31"
Schema bootstrap
{:ok, :bootstrapped} = Dllb.Schema.bootstrap(&Dllb.query/1)
MetaAST ingestion
context = %{language: :elixir, file_path: "/app/lib/parser.ex"}
{:ok, %{nodes: 42, edges: 17}} = Dllb.MetaAST.ingest_tree(ast, context, &Dllb.query/1)
AST structural queries (native code-intel)
Dllb.MetaAST.Query exposes the engine's native (Rust) structural AST SQL
functions -- ast::similarity, ast::complexity, ast::hash, ast::diff,
and ast::scope -- as query builders that scan and compare the
already-stored ast_serialized column, without fetching every tree back to
the client for comparison. ast::clones instead compares a list of ASTs you
supply directly (see its docs for the caveats this implies).
alias Dllb.MetaAST.Query, as: ASTQuery

# Fuzzy structural similarity against a target AST (3-tuple or JSON string).
ASTQuery.similar_by_ast(target_node, threshold: 0.85, limit: 10)

# Cyclomatic complexity above a threshold.
ASTQuery.complex_functions(10, limit: 10)

# Exact structural (Zobrist-hash) duplicate groups.
ASTQuery.duplicate_code(kind: "function_def")

# Structural diff of every stored node against a target tree; each row's
# `diff` field is a JSON-encoded summary (changes/added/removed/modified/renamed).
ASTQuery.ast_diff(target_node, limit: 5)

# Scope path (outermost to innermost) containing a line, within one record.
ASTQuery.ast_scope("ast_node:MyMod_parse_2", 42)

# Fuzzy clone pairs across a list of ASTs (requires at least one `ast_node` row
# to anchor the query's mandatory FROM clause).
ASTQuery.ast_clones([ast_a, ast_b, ast_c], threshold: 0.9)
Each native function has a purely client-side, round-trip-free Elixir
counterpart, useful when no server is available or when comparing ASTs that
aren't (yet) persisted:
	Native (server-side)	Client-side (pure Elixir)
	ast::similarity / similar_by_ast/2	Dllb.MetaAST.Similarity.structural_similarity/2
	ast::hash / duplicate_code/1	Dllb.MetaAST.Similarity.subtree_hash/1
	ast::clones / ast_clones/2	Dllb.MetaAST.Similarity.find_clones/2
	ast::diff / ast_diff/2	Dllb.MetaAST.Diff.diff_trees/2
	ast::scope / ast_scope/2	Dllb.MetaAST.QueryHelpers.scope_at/2

[!NOTE]
The client-side Dllb.MetaAST.Diff.diff_trees/2 (and ast::diff in turn)
compares node type and children structurally but ignores each node's
meta keyword list. Renames and changes confined to metadata (e.g. a call
target's name) are therefore detected as structural matches, not as
:modified changes -- diff at the granularity of shape, not identifiers.

Incremental re-indexing combines a diff with Dllb.MetaAST.Ingest, so only
changed entities are re-embedded and re-inserted:
diff = Dllb.MetaAST.Diff.diff_trees(old_ast, new_ast)
queries = Dllb.MetaAST.Ingest.incremental_queries(new_ast, diff, "/app/lib/parser.ex", "elixir")
Dllb.batch(queries)
Modules
	Dllb—top-level query interface (query/1, query!/1)
	Dllb.Connection—raw TCP socket operations (connect, query, close, alive?)
	Dllb.Pool—NimblePool connection pool with dead-socket detection
	Dllb.Protocol—wire format encoding/decoding (line-based text over TCP)
	Dllb.Query—query string builder for all dllb statement types
	Dllb.Result—typed structs for parsed server responses
	Dllb.Schema—declarative schema bootstrap (DEFINE TABLE/FIELD/INDEX)
	Dllb.MetaAST—Metastatic AST serialization and bulk ingestion
	Dllb.MetaAST.Query—domain query builder for ast_node, including native (server-side) structural AST functions
	Dllb.MetaAST.Ingest—batch and incremental (diff-based) ingestion pipeline
	Dllb.MetaAST.Diff—pure-Elixir, client-side structural AST diff (no round-trip)
	Dllb.MetaAST.Similarity—pure-Elixir, client-side structural similarity, fingerprinting, and clone detection
	Dllb.MetaAST.QueryHelpers—pure-Elixir, client-side tree navigation (ancestors, scope, call targets, complexity)
	Dllb.MetaAST.NodeTypes—MetaAST node-type <-> dllb kind conversions
	Dllb.Error—exception struct with typed error classification

Documentation
hexdocs.pm/dllb
Credits
Created as part of the Oeditus code quality tooling ecosystem.
License
MIT


  

    Changelog

All notable changes to this project are documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
[0.8.4] - 2026-08-03
Aligns the client with the dllb engine's native ast::diff, ast::scope,
and ast::clones SQL functions (Code Intel Improvements).
Added
	Dllb.MetaAST.Query.ast_diff/2 builds a SELECT using the server-side
ast::diff(ast_serialized, target) function, the engine-side counterpart
to the purely client-side Dllb.MetaAST.Diff.diff_trees/2. Each result
row carries a JSON-encoded diff summary (changes/added/removed/
modified/renamed).
	Dllb.MetaAST.Query.ast_scope/2 builds a SELECT using the server-side
ast::scope(ast_serialized, line) function against a single AST node
record, the engine-side counterpart to
Dllb.MetaAST.QueryHelpers.scope_at/2.
	Dllb.MetaAST.Query.ast_clones/2 builds a SELECT using the server-side
ast::clones(asts, threshold) function, the engine-side counterpart to
Dllb.MetaAST.Similarity.find_clones/2.

[0.7.0] - 2026-06-13
Extends the client to cover the engine's new query-layer features: scoped
search, server-side aggregation and deletion, hybrid search, and graph
analytics verbs.
Added
	Dllb.Query.search/4 and Dllb.Query.vector_search/4 accept a :where
option that scopes ranked hits server-side (SEARCH ... WHERE ... LIMIT,
VECTOR SEARCH ... WHERE ... K).
	Dllb.Query.count/2 accepts a :group_by option, building
COUNT <table> [WHERE ...] GROUP BY <field>. Grouped counts come back as a
Dllb.Result.Rows, one row per distinct value with a count.
	Dllb.Query.delete_where/2 builds DELETE <table> [WHERE ...], removing
every matching row server-side in a single operation (engine-maintained
secondary, full-text, and vector indexes).
	Dllb.Query.hybrid_search/6 builds
HYBRID SEARCH <table> TEXT <field> '<q>' VECTOR <field> [..] [ALPHA a] [WHERE ..] [LIMIT n],
fusing BM25 and HNSW scores. Each row carries score, text_score, and
vector_score.
	Graph analytics verbs: Dllb.Query.graph_pagerank/2 (DAMPING / MAX_ITER
/ LIMIT), Dllb.Query.graph_centrality/2 (:degree / :indegree /
:outdegree, LIMIT), Dllb.Query.graph_path/4
(GRAPH PATH <src> -> <dst> ON <table> [MAX_DEPTH n]), and
Dllb.Query.graph_edges/2 (GRAPH EDGES <table> [WHERE ...], surfacing the
stored edge weight, default 1.0).
	Dllb.Result.DeletedMany struct, parsed from {"status":"deleted_many"},
reporting the number of rows removed by DELETE ... WHERE.

Changed
	Dllb.MetaAST.Query now builds on the native verbs instead of the previous
client-side workarounds:	similar_to/2, search_source/2, search_docs/2, and hybrid_search/3
emit VECTOR SEARCH / SEARCH / HYBRID SEARCH, with optional :kind /
:file_path / :language / :project_path scope filters for
multi-project isolation.
	delete_by_file/1 and delete_by_project/1 build a single
DELETE ... WHERE; exec_delete_by_file/2 and exec_delete_by_project/2
issue one statement and read the deleted count from DeletedMany
(previously a SELECT followed by N point deletes).
	stats_query/0 builds COUNT ast_node GROUP BY kind; exec_stats/1
reads the grouped rows server-side instead of aggregating client-side.



Removed
	BREAKING: Dllb.MetaAST.Query.delete_by_file_select/1 is removed. Use the
native delete_by_file/1 (or exec_delete_by_file/2) instead.

[0.6.0] - 2026-06-13
Adds client support for the engine's full-text (Tantivy/BM25) and vector
(HNSW) index creation and search, now wired into the query layer.
Added
	Dllb.Query.define_fulltext_index/4 builds
DEFINE FULLTEXT INDEX <name> ON TABLE <table> FIELDS <field> [ANALYZER <a>],
with an optional :analyzer (default, simple, or a language).
	Dllb.Query.define_vector_index/5 builds
DEFINE VECTOR INDEX <name> ON TABLE <table> FIELDS <field> DIMENSION <n> [METRIC <m>],
with an optional :metric (cosine, euclidean/l2, or dot).
	Dllb.Query.search/4 builds SEARCH <table> <field> '<query>' [LIMIT n]
(BM25 full-text). Results are rows ranked best-first, each with a score.
	Dllb.Query.vector_search/4 builds
VECTOR SEARCH <table> <field> [v, ...] [K n] (approximate KNN). Results are
rows ordered nearest-first, each with a distance.
	Dllb.Schema.ast_node_search_indexes/0 defines the full-text indexes on
source_text/docstring and the vector indexes on
source_embedding (768, cosine) / structure_embedding (384, cosine).

Changed
	Dllb.Schema.all_statements/0 now also emits the full-text and vector
search index definitions, so bootstrap/1 provisions them. These require a
dllb server with search services enabled (the default server build).

[0.5.0] - 2026-06-13
Synchronizes the client with the dllb engine's persisted secondary-index
catalog and related query features.
Added
	Dllb.Query.define_index/4 builds the engine's catalog-backed secondary
index DDL: DEFINE INDEX <name> ON TABLE <table> FIELDS <field>[, ...].
It supports composite (multi-field) indexes with leftmost-prefix planning
and an optional unique: true constraint over the full indexed tuple.
	Dllb.Query.remove_index/2 builds REMOVE INDEX <name> ON TABLE <table>.
	Dllb.Query.upsert/4 accepts an explicit update_fields map, emitting
CREATE ... ON CONFLICT UPDATE SET <update_fields>. The existing
upsert/3 behavior is unchanged.

Changed
	Dllb.Schema.ast_node_indexes/0 now emits the new secondary-index DDL and
defines idx_kind, idx_language, idx_file_path, idx_module,
idx_project_path, and the composite idx_file_kind on file_path, kind.
	Equality and range predicates on indexed fields are now transparently
accelerated by the engine; no client query changes are required to benefit.

Removed
	BREAKING: the typed Dllb.Query.define_index/5 variants (:btree,
:fulltext, :hnsw) are removed. They generated DDL
(SEARCH ANALYZER ..., HNSW DIMENSION ... DIST ...) that the current
engine parser rejects. Use define_index/4 for secondary indexes.
	Dllb.Schema.ast_node_indexes/0 no longer emits the non-functional HNSW
(idx_source_embedding, idx_structure_embedding) and full-text
(idx_source_text, idx_docstring) index definitions, because vector and
full-text index creation are not exposed by the engine's query protocol.



  

    
Dllb 
    



      
Elixir client for the dllb multi-model NoSQL database.
Provides a high-level API that delegates to a NimblePool-managed
connection pool. Configure the pool in your application config:
config :dllb,
  enabled: true,
  host: "127.0.0.1",
  port: 3009,
  pool_size: 30,
  outcome: :json,
  timeout: 30_000
Usage
{:ok, result} = Dllb.query("SELECT * FROM users")
result = Dllb.query!("SELECT * FROM users")
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        batch(query_strings, opts \\ [])

      


        Executes multiple queries in a single pool checkout.



    


    
      
        batch!(query_strings, opts \\ [])

      


        Like batch/1 but raises on the first error encountered.



    


    
      
        batch_transaction(query_strings, opts \\ [])

      


        Executes multiple queries inside a BEGIN BATCH ... END BATCH block.



    


    
      
        compact(opts \\ [])

      


        Triggers database compaction on the dllb server to reclaim free space.



    


    
      
        query(query_string, opts \\ [])

      


        Executes a query through the connection pool.



    


    
      
        query!(query_string, opts \\ [])

      


        Executes a query through the connection pool, raising on error.
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          @spec batch([String.t()], Keyword.t()) :: [ok: Dllb.Result.t(), error: term()]


      


Executes multiple queries in a single pool checkout.
Returns a list of {:ok, result} | {:error, reason} in the same
order as the input queries. This is significantly faster for bulk
operations (e.g. AST ingestion) because it amortises the pool
checkout overhead.

  



    

  
    
      
    
    
      batch!(query_strings, opts \\ [])



        
          
        

    

  


  

      

          @spec batch!([String.t()], Keyword.t()) :: [Dllb.Result.t()]


      


Like batch/1 but raises on the first error encountered.
Returns a list of result structs on success.

  



    

  
    
      
    
    
      batch_transaction(query_strings, opts \\ [])



        
          
        

    

  


  

      

          @spec batch_transaction([String.t()], Keyword.t()) ::
  {:ok, Dllb.Result.t()} | {:error, term()}


      


Executes multiple queries inside a BEGIN BATCH ... END BATCH block.
All statements run in a single server-side storage transaction,
eliminating per-statement write-commit overhead. Returns a single
result (not a list).
This is dramatically faster than batch/1 for bulk writes because
the server commits only once instead of once per statement.
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          @spec compact(Keyword.t()) :: {:ok, Dllb.Result.t()} | {:error, term()}


      


Triggers database compaction on the dllb server to reclaim free space.

  



    

  
    
      
    
    
      query(query_string, opts \\ [])



        
          
        

    

  


  

      

          @spec query(String.t(), Keyword.t()) :: {:ok, Dllb.Result.t()} | {:error, term()}


      


Executes a query through the connection pool.
Returns {:ok, result} or {:error, reason}.

  



    

  
    
      
    
    
      query!(query_string, opts \\ [])



        
          
        

    

  


  

      

          @spec query!(String.t(), Keyword.t()) :: Dllb.Result.t()


      


Executes a query through the connection pool, raising on error.
Returns the result struct on success or raises Dllb.Error.

  


        

      


  

    
Dllb.Application 
    



      
OTP Application for the dllb client.
Starts the Dllb.Pool connection pool under a supervisor when the
:dllb application is configured with enabled: true.
Configuration
config :dllb,
  enabled: true,
  host: "127.0.0.1",
  port: 3009,
  pool_size: 30,
  outcome: :json,
  timeout: 30_000

      




  

    
Dllb.Result.Batch 
    



      
Represents the result of a BEGIN BATCH ... END BATCH block.
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          @type t() :: %Dllb.Result.Batch{
  count: non_neg_integer(),
  created: non_neg_integer(),
  updated: non_neg_integer()
}


      



  


        

      


  

    
Dllb.Result.Communities 
    



      
Represents the result of a GRAPH COMMUNITIES query.
Each entry in data is a map with three keys (values are serde-tagged):
	"id" — community representative node ID (e.g. %{"String" => "node_id"})
	"size" — number of members (e.g. %{"Int" => 5})
	"members" — list of member IDs (e.g. %{"Array" => [%{"String" => "n1"}, ...]})}
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          @type t() :: %Dllb.Result.Communities{
  algorithm: String.t(),
  community_count: non_neg_integer(),
  data: [map()]
}


      



  


        

      


  

    
Dllb.Result.Components 
    



      
Represents the result of a GRAPH COMPONENTS query: a compact
connected-components summary (no per-component membership).
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          @type t() :: %Dllb.Result.Components{
  component_count: non_neg_integer(),
  largest: non_neg_integer(),
  nodes: non_neg_integer()
}


      



  


        

      


  

    
Dllb.Result.Count 
    



      
Represents the result of a COUNT query.
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          @type t() :: %Dllb.Result.Count{count: non_neg_integer()}


      



  


        

      


  

    
Dllb.Result.Created 
    



      
Represents a successful creation or upsert, carrying the record's id.
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          @type t() :: %Dllb.Result.Created{id: String.t()}


      



  


        

      


  

    
Dllb.Result.Deleted 
    



      
Represents a deletion, reporting whether the record existed.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Dllb.Result.Deleted{existed: boolean()}


      



  


        

      


  

    
Dllb.Result.DeletedMany 
    



      
Represents a DELETE ... WHERE deletion, reporting the number of rows removed.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Dllb.Result.DeletedMany{count: non_neg_integer()}


      



  


        

      


  

    
Dllb.Result.Error 
    



      
Represents a server-side error response.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Dllb.Result.Error{message: String.t()}


      



  


        

      


  

    
Dllb.Result.Ok 
    



      
Represents a successful operation with no return data.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Dllb.Result.Ok{}


      



  


        

      


  

    
Dllb.Result.Rows 
    



      
Represents a query result containing rows of data.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Dllb.Result.Rows{count: non_neg_integer(), data: [map()]}


      



  


        

      


  

    
Dllb.Result.Update 
    



      
Represents the result of an UPDATE statement (rows matched).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Dllb.Result.Update{matched: non_neg_integer()}


      



  


        

      


  

    
Dllb.Query 
    



      
Query builder that generates dllb SQL strings.
Provides functions to construct CREATE, SELECT (with ORDER BY), UPDATE,
DELETE (point and DELETE ... WHERE), RELATE, COUNT (with GROUP BY),
DEFINE (secondary, full-text, and vector index), REMOVE INDEX, SEARCH /
VECTOR SEARCH / HYBRID SEARCH (with optional WHERE scoping), and the graph
analytics verbs (COMMUNITIES, COMPONENTS, PAGERANK, CENTRALITY, PATH, EDGES)
for the dllb query language. All functions return plain query strings ready
to be sent over the wire.

      


      
        Summary


  
    Types
  


    
      
        fields()

      


    


    
      
        select_opts()

      


    





  
    Functions
  


    
      
        count(table, opts \\ [])

      


        Builds a COUNT <table> [WHERE <clause>] [GROUP BY <field>] statement.



    


    
      
        create(table, fields)

      


        Builds a CREATE statement for inserting a new record.



    


    
      
        create_with_id(table, id, fields)

      


        Builds a CREATE statement with an explicit record ID.



    


    
      
        define_field(table, name, type, opts \\ [])

      


        Builds a DEFINE FIELD statement.



    


    
      
        define_fulltext_index(table, name, field, opts \\ [])

      


        Builds a DEFINE FULLTEXT INDEX statement that registers a BM25 full-text
(Tantivy) index over a single text field.



    


    
      
        define_index(table, name, fields, opts \\ [])

      


        Builds a DEFINE INDEX statement that registers a persisted secondary
index in the engine's catalog and backfills entries for existing rows.



    


    
      
        define_table(name, mode)

      


        Builds a DEFINE TABLE statement.



    


    
      
        define_vector_index(table, name, field, dimension, opts \\ [])

      


        Builds a DEFINE VECTOR INDEX statement that registers an approximate
nearest-neighbour (HNSW) index over a dense-embedding field.



    


    
      
        delete(record_id)

      


        Builds a DELETE statement for a single record.



    


    
      
        delete_where(table, where \\ nil)

      


        Builds a DELETE <table> [WHERE <clause>] statement that removes every row
matching the (already-built) WHERE clause in a single server-side operation.



    


    
      
        graph_centrality(edge_table, opts \\ [])

      


        Builds a GRAPH CENTRALITY <edge_table> statement: degree centrality over
the edge table, returning {id, score} rows ranked by score descending.



    


    
      
        graph_communities(edge_table, opts \\ [])

      


        Builds a GRAPH COMMUNITIES statement for native community detection.



    


    
      
        graph_components(edge_table)

      


        Builds a GRAPH COMPONENTS <edge_table> statement for native connected-
components detection.



    


    
      
        graph_edges(edge_table, opts \\ [])

      


        Builds a GRAPH EDGES <edge_table> [WHERE <clause>] statement: lists the
edges of an edge table as rows of {src, dst, edge_type, weight, ...props},
surfacing the real stored weight (default 1.0). The optional WHERE
filters the synthetic edge rows (e.g. by src, dst, or weight).



    


    
      
        graph_pagerank(edge_table, opts \\ [])

      


        Builds a GRAPH PAGERANK <edge_table> statement: weighted PageRank over the
edge table, returning {id, score} rows ranked by score descending.



    


    
      
        graph_path(src, dst, edge_table, opts \\ [])

      


        Builds a GRAPH PATH <src> -> <dst> ON <edge_table> statement: the shortest
directed path between two vertices. src and dst are bare vertex ids (the
id part, not table:id). The result is a single row with found, length,
and path fields.



    


    
      
        hybrid_search(table, text_field, query, vector_field, vector, opts \\ [])

      


        Builds a HYBRID SEARCH statement that fuses a BM25 full-text query on
text_field with an approximate nearest-neighbour query on vector_field.



    


    
      
        raw(query_string)

      


        Passes through a raw query string without modification.



    


    
      
        relate(from_id, edge_type, to_id, properties \\ %{})

      


        Builds a RELATE statement to create a graph edge between two records.



    


    
      
        remove_index(table, name)

      


        Builds a REMOVE INDEX statement that drops a secondary index and all of
its catalog entries. Subsequent queries fall back to full scans.



    


    
      
        search(table, field, query, opts \\ [])

      


        Builds a SEARCH statement: a BM25 full-text query against a field that
has a full-text index. Results come back as rows ranked best-first, each
carrying an extra score field.



    


    
      
        select(table, opts \\ [])

      


        Builds a SELECT statement with optional clauses.



    


    
      
        update(record_id, fields)

      


        Builds an UPDATE statement for an existing record.



    


    
      
        update_where(table, fields, where)

      


        Builds an UPDATE <table> SET ... WHERE <clause> statement that updates
every row matching the (already-built) WHERE clause.



    


    
      
        upsert(table, id, fields, update_fields \\ %{})

      


        Builds a CREATE ... ON CONFLICT UPDATE statement for idempotent upserts.



    


    
      
        vector_info(index_name)

      


        Builds a VECTOR INFO <index_name> statement that returns metadata about
the HNSW index: node count, layer distribution, snapshot size, config.



    


    
      
        vector_restore(index_name)

      


        Builds a VECTOR RESTORE <index_name> statement that triggers the server
to reload the HNSW index from its latest persisted snapshot.



    


    
      
        vector_search(table, field, vector, opts \\ [])

      


        Builds a VECTOR SEARCH statement: an approximate nearest-neighbour query
against a field that has a vector index. vector is the query embedding
(a list of numbers). Results come back as rows ordered nearest-first, each
carrying an extra distance field.



    


    
      
        vector_snapshot(index_name)

      


        Builds a VECTOR SNAPSHOT <index_name> statement that triggers the server
to serialize the in-memory HNSW index to persistent storage.



    





      


      
        Types


        


  
    
      
    
    
      fields()



        
          
        

    

  


  

      

          @type fields() :: %{optional(atom()) => term()}


      



  



  
    
      
    
    
      select_opts()



        
          
        

    

  


  

      

          @type select_opts() :: [
  fields: [String.t()],
  where: String.t(),
  order: String.t(),
  limit: non_neg_integer(),
  fetch: String.t()
]


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      count(table, opts \\ [])



        
          
        

    

  


  

      

          @spec count(
  String.t(),
  keyword()
) :: String.t()


      


Builds a COUNT <table> [WHERE <clause>] [GROUP BY <field>] statement.
Without :group_by the engine returns a single total count. With
:group_by, it returns one row per distinct value of the field, each with a
count, sorted by count descending (a Dllb.Result.Rows, not a
Dllb.Result.Count).
Options
	:where - optional WHERE clause string
	:group_by - optional field name to group counts by

Examples
iex> Dllb.Query.count("user")
"COUNT user"

iex> Dllb.Query.count("user", where: "age = 30")
"COUNT user WHERE age = 30"

iex> Dllb.Query.count("ast_node", group_by: "kind")
"COUNT ast_node GROUP BY kind"

  



  
    
      
    
    
      create(table, fields)



        
          
        

    

  


  

      

          @spec create(String.t(), fields()) :: String.t()


      


Builds a CREATE statement for inserting a new record.
Examples
iex> Dllb.Query.create("user", %{name: "Alice", age: 30})
"CREATE user SET age = 30, name = 'Alice'"

  



  
    
      
    
    
      create_with_id(table, id, fields)



        
          
        

    

  


  

      

          @spec create_with_id(String.t(), String.t(), fields()) :: String.t()


      


Builds a CREATE statement with an explicit record ID.
Examples
iex> Dllb.Query.create_with_id("user", "u1", %{name: "Alice"})
"CREATE user:u1 SET name = 'Alice'"

  



    

  
    
      
    
    
      define_field(table, name, type, opts \\ [])



        
          
        

    

  


  

      

          @spec define_field(String.t(), String.t(), String.t(), keyword()) :: String.t()


      


Builds a DEFINE FIELD statement.
Options
	:required - if true, appends ASSERT $value IS NOT NONE

Examples
iex> Dllb.Query.define_field("user", "name", "string", required: true)
"DEFINE FIELD name ON user TYPE string ASSERT $value IS NOT NONE"

  



    

  
    
      
    
    
      define_fulltext_index(table, name, field, opts \\ [])



        
          
        

    

  


  

      

          @spec define_fulltext_index(String.t(), String.t(), String.t(), keyword()) ::
  String.t()


      


Builds a DEFINE FULLTEXT INDEX statement that registers a BM25 full-text
(Tantivy) index over a single text field.
Requires a dllb server with full-text/vector services enabled (the default
server build).
Options
	:analyzer - tokenizer/stemmer to apply. One of "default", "simple",
or a language ("english", "spanish", "french", "german",
"italian", "portuguese", "russian"). Defaults to the engine's
default analyzer when omitted.

Examples
iex> Dllb.Query.define_fulltext_index("article", "ft_body", "body")
"DEFINE FULLTEXT INDEX ft_body ON TABLE article FIELDS body"

iex> Dllb.Query.define_fulltext_index("article", "ft_body", "body", analyzer: "english")
"DEFINE FULLTEXT INDEX ft_body ON TABLE article FIELDS body ANALYZER english"

  



    

  
    
      
    
    
      define_index(table, name, fields, opts \\ [])



        
          
        

    

  


  

      

          @spec define_index(String.t(), String.t(), [String.t()], keyword()) :: String.t()


      


Builds a DEFINE INDEX statement that registers a persisted secondary
index in the engine's catalog and backfills entries for existing rows.
The index covers one or more fields. Composite (multi-field) indexes are
matched by the engine using leftmost-prefix planning, so list the most
selective leading field first. Once defined, equality and range
(>, >=, <, <=) predicates on the indexed fields are transparently
accelerated in SELECT/COUNT/UPDATE WHERE clauses — no change to the
query strings is required.
Options
	:unique - when true, enforces uniqueness over the full indexed
tuple; defining the index fails if existing rows already hold duplicate
values (default false)

Examples
iex> Dllb.Query.define_index("user", "by_age", ["age"])
"DEFINE INDEX by_age ON TABLE user FIELDS age"

iex> Dllb.Query.define_index("user", "by_email", ["email"], unique: true)
"DEFINE INDEX by_email ON TABLE user FIELDS email UNIQUE"

iex> Dllb.Query.define_index("ast_node", "idx_file_kind", ["file_path", "kind"])
"DEFINE INDEX idx_file_kind ON TABLE ast_node FIELDS file_path, kind"

  



  
    
      
    
    
      define_table(name, mode)



        
          
        

    

  


  

      

          @spec define_table(String.t(), :schemafull | :schemaless) :: String.t()


      


Builds a DEFINE TABLE statement.
Mode can be :schemafull or :schemaless.
Examples
iex> Dllb.Query.define_table("user", :schemafull)
"DEFINE TABLE user SCHEMAFULL"

  



    

  
    
      
    
    
      define_vector_index(table, name, field, dimension, opts \\ [])



        
          
        

    

  


  

      

          @spec define_vector_index(
  String.t(),
  String.t(),
  String.t(),
  pos_integer(),
  keyword()
) :: String.t()


      


Builds a DEFINE VECTOR INDEX statement that registers an approximate
nearest-neighbour (HNSW) index over a dense-embedding field.
dimension is the (positive) length of the vectors to be indexed. Requires
a dllb server with full-text/vector services enabled (the default server
build).
Options
	:metric - distance metric: "cosine" (default), "euclidean" (alias
"l2"), or "dot" (alias "dotproduct"/"dot_product"). Defaults to
the engine's cosine metric when omitted.

Examples
iex> Dllb.Query.define_vector_index("ast_node", "vec_src", "source_embedding", 768)
"DEFINE VECTOR INDEX vec_src ON TABLE ast_node FIELDS source_embedding DIMENSION 768"

iex> Dllb.Query.define_vector_index("doc", "vec_emb", "embedding", 8, metric: "euclidean")
"DEFINE VECTOR INDEX vec_emb ON TABLE doc FIELDS embedding DIMENSION 8 METRIC euclidean"

  



  
    
      
    
    
      delete(record_id)



        
          
        

    

  


  

      

          @spec delete(String.t()) :: String.t()


      


Builds a DELETE statement for a single record.
Examples
iex> Dllb.Query.delete("user:u1")
"DELETE user:u1"

  



    

  
    
      
    
    
      delete_where(table, where \\ nil)



        
          
        

    

  


  

      

          @spec delete_where(String.t(), String.t() | nil) :: String.t()


      


Builds a DELETE <table> [WHERE <clause>] statement that removes every row
matching the (already-built) WHERE clause in a single server-side operation.
Secondary, full-text, and vector indexes are maintained by the engine. The
result is a Dllb.Result.DeletedMany reporting how many rows were removed.
An empty (or omitted) WHERE deletes every row in the table.
Examples
iex> Dllb.Query.delete_where("ast_node", "file_path = '/a.ex'")
"DELETE ast_node WHERE file_path = '/a.ex'"

iex> Dllb.Query.delete_where("ast_node")
"DELETE ast_node"

  



    

  
    
      
    
    
      graph_centrality(edge_table, opts \\ [])



        
          
        

    

  


  

      

          @spec graph_centrality(
  String.t(),
  keyword()
) :: String.t()


      


Builds a GRAPH CENTRALITY <edge_table> statement: degree centrality over
the edge table, returning {id, score} rows ranked by score descending.
Options
	:mode - :degree (default, in + out), :indegree, or :outdegree
	:limit - return only the top-N nodes

Examples
iex> Dllb.Query.graph_centrality("calls")
"GRAPH CENTRALITY calls"

iex> Dllb.Query.graph_centrality("calls", mode: :indegree, limit: 10)
"GRAPH CENTRALITY calls INDEGREE LIMIT 10"

  



    

  
    
      
    
    
      graph_communities(edge_table, opts \\ [])



        
          
        

    

  


  

      

          @spec graph_communities(
  String.t(),
  keyword()
) :: String.t()


      


Builds a GRAPH COMMUNITIES statement for native community detection.
Delegates computation to the dllb engine (Rust Louvain / Label Propagation),
which runs in O(E) per iteration — orders of magnitude faster than the
equivalent pure-Elixir implementation on large graphs.
Options
	:algorithm - :louvain (default) or :lp (label propagation)
	:max_iter  - maximum optimisation passes (default: 10)
	:resolution - Louvain resolution γ; values < 1.0 → fewer, larger
communities; > 1.0 → more, smaller communities (default: 1.0)

Examples
iex> Dllb.Query.graph_communities("calls")
"GRAPH COMMUNITIES calls"

iex> Dllb.Query.graph_communities("calls", algorithm: :lp, max_iter: 20)
"GRAPH COMMUNITIES calls ALGORITHM lp MAX_ITER 20"

iex> Dllb.Query.graph_communities("calls", algorithm: :louvain, resolution: 0.5)
"GRAPH COMMUNITIES calls ALGORITHM louvain RESOLUTION 0.5"

  



  
    
      
    
    
      graph_components(edge_table)



        
          
        

    

  


  

      

          @spec graph_components(String.t()) :: String.t()


      


Builds a GRAPH COMPONENTS <edge_table> statement for native connected-
components detection.
Delegates computation to the dllb engine (Rust union-find over the edge
table, treated as undirected). The server returns a compact summary
(component_count, largest, nodes) rather than full membership.
Examples
iex> Dllb.Query.graph_components("calls")
"GRAPH COMPONENTS calls"

  



    

  
    
      
    
    
      graph_edges(edge_table, opts \\ [])



        
          
        

    

  


  

      

          @spec graph_edges(
  String.t(),
  keyword()
) :: String.t()


      


Builds a GRAPH EDGES <edge_table> [WHERE <clause>] statement: lists the
edges of an edge table as rows of {src, dst, edge_type, weight, ...props},
surfacing the real stored weight (default 1.0). The optional WHERE
filters the synthetic edge rows (e.g. by src, dst, or weight).
Options
	:where - optional WHERE clause string

Examples
iex> Dllb.Query.graph_edges("calls")
"GRAPH EDGES calls"

iex> Dllb.Query.graph_edges("calls", where: "weight > 0.5")
"GRAPH EDGES calls WHERE weight > 0.5"

  



    

  
    
      
    
    
      graph_pagerank(edge_table, opts \\ [])



        
          
        

    

  


  

      

          @spec graph_pagerank(
  String.t(),
  keyword()
) :: String.t()


      


Builds a GRAPH PAGERANK <edge_table> statement: weighted PageRank over the
edge table, returning {id, score} rows ranked by score descending.
Options
	:damping - damping factor (default the engine's 0.85)
	:max_iter - maximum power-iteration steps (default the engine's 100)
	:limit - return only the top-N nodes

Examples
iex> Dllb.Query.graph_pagerank("calls")
"GRAPH PAGERANK calls"

iex> Dllb.Query.graph_pagerank("calls", damping: 0.9, max_iter: 50, limit: 10)
"GRAPH PAGERANK calls DAMPING 0.9 MAX_ITER 50 LIMIT 10"

  



    

  
    
      
    
    
      graph_path(src, dst, edge_table, opts \\ [])



        
          
        

    

  


  

      

          @spec graph_path(String.t(), String.t(), String.t(), keyword()) :: String.t()


      


Builds a GRAPH PATH <src> -> <dst> ON <edge_table> statement: the shortest
directed path between two vertices. src and dst are bare vertex ids (the
id part, not table:id). The result is a single row with found, length,
and path fields.
Options
	:max_depth - bound the search to at most this many edges

Examples
iex> Dllb.Query.graph_path("a", "b", "calls")
"GRAPH PATH a -> b ON calls"

iex> Dllb.Query.graph_path("a", "b", "calls", max_depth: 4)
"GRAPH PATH a -> b ON calls MAX_DEPTH 4"

  



    

  
    
      
    
    
      hybrid_search(table, text_field, query, vector_field, vector, opts \\ [])



        
          
        

    

  


  

      

          @spec hybrid_search(
  String.t(),
  String.t(),
  String.t(),
  String.t(),
  [number()],
  keyword()
) :: String.t()


      


Builds a HYBRID SEARCH statement that fuses a BM25 full-text query on
text_field with an approximate nearest-neighbour query on vector_field.
The engine normalises each modality's scores independently and blends them
as alpha * text_score + (1 - alpha) * vector_score, then returns rows
ranked best-first, each carrying score, text_score, and vector_score
fields. Requires a full-text index on text_field and a vector index on
vector_field.
Options
	:alpha - weight on the (normalised) text score, in 0.0..1.0; the
vector score gets 1 - alpha. Defaults to the engine's 0.5.
	:where - optional WHERE clause to scope results server-side
	:limit - maximum number of hits to return

Examples
iex> Dllb.Query.hybrid_search("doc", "body", "graph db", "embedding", [0.1, 0.2])
"HYBRID SEARCH doc TEXT body 'graph db' VECTOR embedding [0.1, 0.2]"

iex> Dllb.Query.hybrid_search("doc", "body", "graph", "embedding", [0.1, 0.2], alpha: 0.7, limit: 5)
"HYBRID SEARCH doc TEXT body 'graph' VECTOR embedding [0.1, 0.2] ALPHA 0.7 LIMIT 5"

  



  
    
      
    
    
      raw(query_string)



        
          
        

    

  


  

      

          @spec raw(String.t()) :: String.t()


      


Passes through a raw query string without modification.
Examples
iex> Dllb.Query.raw("INFO FOR DB")
"INFO FOR DB"

  



    

  
    
      
    
    
      relate(from_id, edge_type, to_id, properties \\ %{})



        
          
        

    

  


  

      

          @spec relate(String.t(), String.t(), String.t(), fields()) :: String.t()


      


Builds a RELATE statement to create a graph edge between two records.
Examples
iex> Dllb.Query.relate("user:a", "follows", "user:b", %{since: "2024"})
"RELATE user:a->follows->user:b SET since = '2024'"

  



  
    
      
    
    
      remove_index(table, name)



        
          
        

    

  


  

      

          @spec remove_index(String.t(), String.t()) :: String.t()


      


Builds a REMOVE INDEX statement that drops a secondary index and all of
its catalog entries. Subsequent queries fall back to full scans.
Examples
iex> Dllb.Query.remove_index("user", "by_age")
"REMOVE INDEX by_age ON TABLE user"

  



    

  
    
      
    
    
      search(table, field, query, opts \\ [])



        
          
        

    

  


  

      

          @spec search(String.t(), String.t(), String.t(), keyword()) :: String.t()


      


Builds a SEARCH statement: a BM25 full-text query against a field that
has a full-text index. Results come back as rows ranked best-first, each
carrying an extra score field.
Options
	:where - optional WHERE clause to scope results server-side (applied
to the ranked hits before :limit)
	:limit - maximum number of hits to return

Examples
iex> Dllb.Query.search("article", "body", "graph database")
"SEARCH article body 'graph database'"

iex> Dllb.Query.search("article", "body", "graph database", limit: 5)
"SEARCH article body 'graph database' LIMIT 5"

iex> Dllb.Query.search("article", "body", "graph", where: "lang = 'en'", limit: 5)
"SEARCH article body 'graph' WHERE lang = 'en' LIMIT 5"

  



    

  
    
      
    
    
      select(table, opts \\ [])



        
          
        

    

  


  

      

          @spec select(String.t(), select_opts()) :: String.t()


      


Builds a SELECT statement with optional clauses.
Options
	:fields - list of field names to select (default ["*"])
	:where - WHERE clause string
	:order - ORDER BY clause string
	:limit - LIMIT value
	:fetch - graph traversal fetch clause (e.g. "->calls->fn_node")

Examples
iex> Dllb.Query.select("user", where: "age > 25", limit: 10)
"SELECT * FROM user WHERE age > 25 LIMIT 10"

  



  
    
      
    
    
      update(record_id, fields)



        
          
        

    

  


  

      

          @spec update(String.t(), fields()) :: String.t()


      


Builds an UPDATE statement for an existing record.
Examples
iex> Dllb.Query.update("user:u1", %{name: "Bob"})
"UPDATE user:u1 SET name = 'Bob'"

  



  
    
      
    
    
      update_where(table, fields, where)



        
          
        

    

  


  

      

          @spec update_where(String.t(), fields(), String.t()) :: String.t()


      


Builds an UPDATE <table> SET ... WHERE <clause> statement that updates
every row matching the (already-built) WHERE clause.
Only the listed fields are changed (partial-update semantics). An empty
WHERE string updates all rows in the table.
Examples
iex> Dllb.Query.update_where("ast_node", %{arity: 1}, "kind = 'function_def'")
"UPDATE ast_node SET arity = 1 WHERE kind = 'function_def'"

  



    

  
    
      
    
    
      upsert(table, id, fields, update_fields \\ %{})



        
          
        

    

  


  

      

          @spec upsert(String.t(), String.t(), fields(), fields()) :: String.t()


      


Builds a CREATE ... ON CONFLICT UPDATE statement for idempotent upserts.
If the record already exists (by table + id), the conflict is resolved by
updating it instead of failing:
	with no update_fields (or an empty map), the engine merges the same
fields from the CREATE into the existing record (ON CONFLICT UPDATE);
	with a non-empty update_fields map, the engine applies those explicit
fields to the existing record instead (ON CONFLICT UPDATE SET ...).

Examples
iex> Dllb.Query.upsert("user", "u1", %{name: "Alice", age: 30})
"CREATE user:u1 SET age = 30, name = 'Alice' ON CONFLICT UPDATE"

iex> Dllb.Query.upsert("user", "u1", %{name: "Alice", age: 30}, %{age: 31})
"CREATE user:u1 SET age = 30, name = 'Alice' ON CONFLICT UPDATE SET age = 31"

  



  
    
      
    
    
      vector_info(index_name)



        
          
        

    

  


  

      

          @spec vector_info(String.t()) :: String.t()


      


Builds a VECTOR INFO <index_name> statement that returns metadata about
the HNSW index: node count, layer distribution, snapshot size, config.
Examples
iex> Dllb.Query.vector_info("vec_src")
"VECTOR INFO vec_src"

  



  
    
      
    
    
      vector_restore(index_name)



        
          
        

    

  


  

      

          @spec vector_restore(String.t()) :: String.t()


      


Builds a VECTOR RESTORE <index_name> statement that triggers the server
to reload the HNSW index from its latest persisted snapshot.
Examples
iex> Dllb.Query.vector_restore("vec_src")
"VECTOR RESTORE vec_src"

  



    

  
    
      
    
    
      vector_search(table, field, vector, opts \\ [])



        
          
        

    

  


  

      

          @spec vector_search(String.t(), String.t(), [number()], keyword()) :: String.t()


      


Builds a VECTOR SEARCH statement: an approximate nearest-neighbour query
against a field that has a vector index. vector is the query embedding
(a list of numbers). Results come back as rows ordered nearest-first, each
carrying an extra distance field.
Options
	:where - optional WHERE clause to scope results server-side (applied
to the ranked hits before :k)
	:k - number of nearest neighbours to return

Examples
iex> Dllb.Query.vector_search("doc", "embedding", [0.1, 0.2, 0.3])
"VECTOR SEARCH doc embedding [0.1, 0.2, 0.3]"

iex> Dllb.Query.vector_search("doc", "embedding", [0.1, 0.2, 0.3], k: 5)
"VECTOR SEARCH doc embedding [0.1, 0.2, 0.3] K 5"

iex> Dllb.Query.vector_search("doc", "embedding", [0.1, 0.2], where: "project = 'p1'", k: 5)
"VECTOR SEARCH doc embedding [0.1, 0.2] WHERE project = 'p1' K 5"

  



  
    
      
    
    
      vector_snapshot(index_name)



        
          
        

    

  


  

      

          @spec vector_snapshot(String.t()) :: String.t()


      


Builds a VECTOR SNAPSHOT <index_name> statement that triggers the server
to serialize the in-memory HNSW index to persistent storage.
The snapshot is atomic — readers are not blocked. On restart, the server
reloads from the latest snapshot rather than rebuilding from scratch.
Examples
iex> Dllb.Query.vector_snapshot("vec_src")
"VECTOR SNAPSHOT vec_src"

  


        

      


  

    
Dllb.Result 
    



      
Structs representing parsed dllb server responses.
Each struct corresponds to a response status:
	Dllb.Result.Ok - generic success ({"status":"ok"})
	Dllb.Result.Created - record created with an id
	Dllb.Result.Deleted - record deleted, reports whether it existed
	Dllb.Result.DeletedMany - DELETE ... WHERE, reports how many removed
	Dllb.Result.Rows - query result with count and data rows
	Dllb.Result.Error - server-side error with a message


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        parse(other)

      


        Converts a decoded JSON map (from Dllb.Protocol.decode/2) into the
appropriate result struct by pattern-matching on the "status" key.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  Dllb.Result.Ok.t()
  | Dllb.Result.Created.t()
  | Dllb.Result.Deleted.t()
  | Dllb.Result.DeletedMany.t()
  | Dllb.Result.Rows.t()
  | Dllb.Result.Error.t()
  | Dllb.Result.Batch.t()
  | Dllb.Result.Communities.t()
  | Dllb.Result.Count.t()
  | Dllb.Result.Update.t()
  | Dllb.Result.Components.t()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      parse(other)



        
          
        

    

  


  

      

          @spec parse(map()) :: {:ok, t()} | {:error, term()}


      


Converts a decoded JSON map (from Dllb.Protocol.decode/2) into the
appropriate result struct by pattern-matching on the "status" key.

  


        

      


  

    
Dllb.Connection 
    



      
Raw TCP socket operations for communicating with a dllb server.
This module is not a GenServer. It provides stateless functions
that operate on a :gen_tcp socket, suitable for use inside a
connection pool or standalone.

      


      
        Summary


  
    Types
  


    
      
        opts()

      


    





  
    Functions
  


    
      
        alive?(socket)

      


        Checks whether the socket is still open.



    


    
      
        batch_transaction(socket, query_strings, opts \\ [])

      


        Sends multiple queries wrapped in a BEGIN BATCH ... END BATCH block
and returns the single aggregated result.



    


    
      
        close(socket)

      


        Closes the TCP socket.



    


    
      
        connect(opts \\ [])

      


        Opens a TCP connection to the dllb server and sends the OUTCOME command.



    


    
      
        query(socket, query_string, opts \\ [])

      


        Sends a query over an established socket and returns the parsed result.



    





      


      
        Types


        


  
    
      
    
    
      opts()



        
          
        

    

  


  

      

          @type opts() :: [
  host: String.t() | charlist(),
  port: :inet.port_number(),
  outcome: Dllb.Protocol.format(),
  timeout: timeout()
]


      



  


        

      

      
        Functions


        


  
    
      
    
    
      alive?(socket)



        
          
        

    

  


  

      

          @spec alive?(:gen_tcp.socket()) :: boolean()


      


Checks whether the socket is still open.
Uses :inet.peername/1 to determine connectivity without
consuming data from the socket.

  



    

  
    
      
    
    
      batch_transaction(socket, query_strings, opts \\ [])



        
          
        

    

  


  

      

          @spec batch_transaction(:gen_tcp.socket(), [String.t()], Keyword.t()) ::
  {:ok, Dllb.Result.t()} | {:error, term()}


      


Sends multiple queries wrapped in a BEGIN BATCH ... END BATCH block
and returns the single aggregated result.
All statements execute in a single server-side storage transaction,
eliminating per-statement write-commit overhead.
Options
	:timeout - recv timeout in ms (default 30_000)
	:outcome - response format (default :json)

Returns {:ok, result} or {:error, reason}.

  



  
    
      
    
    
      close(socket)



        
          
        

    

  


  

      

          @spec close(:gen_tcp.socket()) :: :ok


      


Closes the TCP socket.

  



    

  
    
      
    
    
      connect(opts \\ [])



        
          
        

    

  


  

      

          @spec connect(opts()) :: {:ok, :gen_tcp.socket()} | {:error, term()}


      


Opens a TCP connection to the dllb server and sends the OUTCOME command.
Options
	:host - server hostname (default "127.0.0.1")
	:port - server port (default 3009)
	:outcome - response format, one of :json, :toon, :csv (default :json)
	:timeout - connection and recv timeout in ms (default 30_000)

Returns {:ok, socket} or {:error, reason}.

  



    

  
    
      
    
    
      query(socket, query_string, opts \\ [])



        
          
        

    

  


  

      

          @spec query(:gen_tcp.socket(), String.t(), Keyword.t()) ::
  {:ok, Dllb.Result.t()} | {:error, term()}


      


Sends a query over an established socket and returns the parsed result.
Options
	:timeout - recv timeout in ms (default 30_000)
	:outcome - response format (default :json)

Returns {:ok, result} or {:error, reason}.

  


        

      


  

    
Dllb.Pool 
    



      
NimblePool-based connection pool for dllb TCP connections.
Workers are raw :gen_tcp sockets managed through Dllb.Connection.
Dead sockets are detected at checkout and transparently reconnected.

      


      
        Summary


  
    Functions
  


    
      
        batch(query_strings, opts \\ [])

      


        Executes multiple queries through a single pool checkout.



    


    
      
        batch_transaction(query_strings, opts \\ [])

      


        Executes multiple queries inside a BEGIN BATCH ... END BATCH block
through a single pool checkout.



    


    
      
        child_spec(opts \\ [])

      


        Returns a child spec for starting the pool under a supervisor.



    


    
      
        query(query_string, opts \\ [])

      


        Executes a query through the connection pool.



    





      


      
        Functions


        


    

  
    
      
    
    
      batch(query_strings, opts \\ [])



        
          
        

    

  


  

      

          @spec batch([String.t()], Keyword.t()) :: [ok: Dllb.Result.t(), error: term()]


      


Executes multiple queries through a single pool checkout.
Checks out one socket, sends all queries sequentially, then checks
the socket back in. This amortises the pool checkout cost across
many queries (e.g. bulk AST ingestion).
Returns a list of {:ok, result} | {:error, reason} in the same
order as the input query strings.

  



    

  
    
      
    
    
      batch_transaction(query_strings, opts \\ [])



        
          
        

    

  


  

      

          @spec batch_transaction([String.t()], Keyword.t()) ::
  {:ok, Dllb.Result.t()} | {:error, term()}


      


Executes multiple queries inside a BEGIN BATCH ... END BATCH block
through a single pool checkout.
All statements run in one server-side storage transaction. Returns a
single {:ok, result} or {:error, reason}.

  



    

  
    
      
    
    
      child_spec(opts \\ [])



        
          
        

    

  


  

      

          @spec child_spec(Keyword.t()) :: Supervisor.child_spec()


      


Returns a child spec for starting the pool under a supervisor.
Options
	:host - server hostname (default from app env or "127.0.0.1")
	:port - server port (default from app env or 3009)
	:pool_size - number of connections (default from app env or 30)
	:outcome - response format (default :json)
	:timeout - connection/recv timeout in ms (default 30_000)


  



    

  
    
      
    
    
      query(query_string, opts \\ [])



        
          
        

    

  


  

      

          @spec query(String.t(), Keyword.t()) :: {:ok, Dllb.Result.t()} | {:error, term()}


      


Executes a query through the connection pool.
Checks out a socket, runs the query via Dllb.Connection.query/3,
and checks the socket back in.
Options
	:timeout - recv timeout in ms (default 30_000)

Returns {:ok, result} or {:error, reason}.

  


        

      


  

    
Dllb.Protocol 
    



      
Encodes queries to dllb wire format and decodes responses.
The dllb protocol is line-based text over TCP: each query is a string
terminated by \n, and each response is a JSON (or toon/csv) line
terminated by \n.

      


      
        Summary


  
    Types
  


    
      
        format()

      


    





  
    Functions
  


    
      
        decode(line, format \\ :json)

      


        Decodes a response line received from the server.



    


    
      
        encode(query)

      


        Encodes a query string into wire format (iodata) by appending a newline.



    


    
      
        outcome_command(atom)

      


        Returns the OUTCOME command to send upon connection to set the response format.



    





      


      
        Types


        


  
    
      
    
    
      format()



        
          
        

    

  


  

      

          @type format() :: :json | :toon | :csv


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      decode(line, format \\ :json)



        
          
        

    

  


  

      

          @spec decode(String.t(), format()) :: {:ok, map() | String.t()} | {:error, term()}


      


Decodes a response line received from the server.
For :json format, parses the line using OTP's built-in :json module.
For :toon and :csv, returns the raw string (trimmed) for now.
Returns {:ok, parsed} or {:error, reason}.

  



  
    
      
    
    
      encode(query)



        
          
        

    

  


  

      

          @spec encode(String.t()) :: iodata()


      


Encodes a query string into wire format (iodata) by appending a newline.

  



  
    
      
    
    
      outcome_command(atom)



        
          
        

    

  


  

      

          @spec outcome_command(format()) :: iodata()


      


Returns the OUTCOME command to send upon connection to set the response format.

  


        

      


  

    
Dllb.MetaAST 
    



      
Serialization bridge between Metastatic's Elixir 3-tuple format
and dllb document/edge storage.
Metastatic AST nodes are represented as {type_atom, keyword_meta, children_or_value}.
This module converts them into maps suitable for Dllb.Query operations and
handles bulk ingestion of full AST trees into the database.

      


      
        Summary


  
    Types
  


    
      
        context()

      


    


    
      
        edge()

      


    


    
      
        meta_ast_node()

      


    


    
      
        query_fn()

      


    





  
    Functions
  


    
      
        format_node_id(row)

      


        Formats a dllb result row or MetaAST node map into a human-readable node ID
string (e.g. "Module.fun/arity" for functions, "Module" for containers).



    


    
      
        from_dllb_row(row)

      


        Converts a dllb result row (string-keyed map from JSON) into a
ragex-compatible map with atom keys and proper types.



    


    
      
        ingest_tree(tree, context, query_fn)

      


        Walks a MetaAST tree, generates CREATE statements for structural nodes
and RELATE statements for edges, and executes them via query_fn.



    


    
      
        ingest_tree_queries(tree, context)

      


        Like ingest_tree/3 but collects all queries and returns them as a list
of strings suitable for Dllb.batch/1.



    


    
      
        to_dllb_document(arg, context)

      


        Converts a single Metastatic AST node into a map of fields suitable
for Dllb.Query.create/2.



    


    
      
        to_dllb_edges(tree, context)

      


        Walks a full MetaAST tree and extracts structural relationship edges.



    


    
      
        to_dllb_embeddings(record_id, embeddings_map)

      


        Returns an UPDATE query string to set embedding fields on an existing record.



    


    
      
        to_json_string(node)

      


        Serializes a Metastatic AST node to its JSON representation matching the Rust MetaNode format.



    


    
      
        to_node_ref(row)

      


        Converts a dllb result row or MetaAST node map into a Ragex-compatible
{node_type, node_id} tuple (e.g. {:function, {Elixir.Mod, :fun, 2}}).



    





      


      
        Types


        


  
    
      
    
    
      context()



        
          
        

    

  


  

      

          @type context() :: %{
  :language => atom(),
  :file_path => String.t(),
  optional(:module) => String.t() | nil,
  optional(:project_path) => String.t() | nil
}


      



  



  
    
      
    
    
      edge()



        
          
        

    

  


  

      

          @type edge() :: {String.t(), String.t(), String.t(), map()}


      



  



  
    
      
    
    
      meta_ast_node()



        
          
        

    

  


  

      

          @type meta_ast_node() :: {atom(), keyword(), list() | term()}


      



  



  
    
      
    
    
      query_fn()



        
          
        

    

  


  

      

          @type query_fn() :: (String.t() -> {:ok, any()} | {:error, any()})


      



  


        

      

      
        Functions


        


  
    
      
    
    
      format_node_id(row)



        
          
        

    

  


  

      

          @spec format_node_id(map()) :: String.t()


      


Formats a dllb result row or MetaAST node map into a human-readable node ID
string (e.g. "Module.fun/arity" for functions, "Module" for containers).

  



  
    
      
    
    
      from_dllb_row(row)



        
          
        

    

  


  

      

          @spec from_dllb_row(map()) :: map()


      


Converts a dllb result row (string-keyed map from JSON) into a
ragex-compatible map with atom keys and proper types.
The kind field is converted back to an atom via NodeTypes.from_dllb_kind/1.
Unknown kinds are kept as the original string in the :kind field.

  



  
    
      
    
    
      ingest_tree(tree, context, query_fn)



        
          
        

    

  


  

      

          @spec ingest_tree(meta_ast_node(), context(), query_fn()) ::
  {:ok, %{nodes: non_neg_integer(), edges: non_neg_integer()}} | {:error, any()}


      


Walks a MetaAST tree, generates CREATE statements for structural nodes
and RELATE statements for edges, and executes them via query_fn.
Returns {:ok, %{nodes: count, edges: count}} on success or
{:error, reason} on the first failure.

  



  
    
      
    
    
      ingest_tree_queries(tree, context)



        
          
        

    

  


  

      

          @spec ingest_tree_queries(meta_ast_node(), context()) :: {[String.t()], [String.t()]}


      


Like ingest_tree/3 but collects all queries and returns them as a list
of strings suitable for Dllb.batch/1.
This avoids N pool checkouts by letting the caller send all statements
in a single batch.
Returns {create_queries, relate_queries} where each is a list of query strings.

  



  
    
      
    
    
      to_dllb_document(arg, context)



        
          
        

    

  


  

      

          @spec to_dllb_document(meta_ast_node(), context()) :: map()


      


Converts a single Metastatic AST node into a map of fields suitable
for Dllb.Query.create/2.
Extracts metadata from the keyword list: :name, :line, :end_line,
:source_text, :signature, :doc. The kind and contextual fields
(language, file_path) are derived from the type atom and context map.
Examples
iex> node = {:function_def, [name: "parse", line: 10, end_line: 25], []}
iex> ctx = %{language: :elixir, file_path: "/app/lib/parser.ex"}
iex> doc = Dllb.MetaAST.to_dllb_document(node, ctx)
iex> doc.kind
"function_def"
iex> doc.name
"parse"

  



  
    
      
    
    
      to_dllb_edges(tree, context)



        
          
        

    

  


  

      

          @spec to_dllb_edges(meta_ast_node(), context()) :: [edge()]


      


Walks a full MetaAST tree and extracts structural relationship edges.
Returns a list of {from_id, edge_type, to_id, properties} tuples.
Edge types extracted:
	"contains" - container -> function_def relationships
	"calls" - function_call edges (caller -> callee)
	"imports" - import edges


  



  
    
      
    
    
      to_dllb_embeddings(record_id, embeddings_map)



        
          
        

    

  


  

      

          @spec to_dllb_embeddings(String.t(), map()) :: String.t()


      


Returns an UPDATE query string to set embedding fields on an existing record.
Examples
iex> embeddings = %{source_embedding: [0.1, 0.2, 0.3]}
iex> query = Dllb.MetaAST.to_dllb_embeddings("ast_node:MyMod_parse_2", embeddings)
iex> String.starts_with?(query, "UPDATE ast_node:MyMod_parse_2 SET")
true

  



  
    
      
    
    
      to_json_string(node)



        
          
        

    

  


  

      

          @spec to_json_string(meta_ast_node()) :: String.t()


      


Serializes a Metastatic AST node to its JSON representation matching the Rust MetaNode format.

  



  
    
      
    
    
      to_node_ref(row)



        
          
        

    

  


  

      

          @spec to_node_ref(map()) :: {atom(), term()}


      


Converts a dllb result row or MetaAST node map into a Ragex-compatible
{node_type, node_id} tuple (e.g. {:function, {Elixir.Mod, :fun, 2}}).

  


        

      


  

    
Dllb.Schema 
    



      
Bootstraps the dllb database schema for code intelligence use.
Provides functions that generate all DEFINE TABLE, DEFINE FIELD, and
DEFINE INDEX statements needed for the ast_node table and its indexes.
The bootstrap/1 function accepts a query execution function, decoupling
schema definition from the connection pool.

      


      
        Summary


  
    Functions
  


    
      
        all_statements()

      


        Returns all schema statements (table, secondary index, full-text/vector
search index, and edge-index definitions) in order.



    


    
      
        ast_node_indexes()

      


        Returns the list of query strings that define the secondary indexes on the
ast_node table.



    


    
      
        ast_node_search_indexes()

      


        Returns the list of query strings that define the full-text and vector
search indexes on the ast_node table.



    


    
      
        ast_node_table()

      


        Returns the list of query strings to define the ast_node table and its 18 fields.



    


    
      
        bootstrap(query_fn)

      


        Executes all schema DEFINE statements through the given query function.



    


    
      
        edge_idx_table()

      


        Returns the list of query strings to define the _edge_idx table.



    





      


      
        Functions


        


  
    
      
    
    
      all_statements()



        
          
        

    

  


  

      

          @spec all_statements() :: [String.t()]


      


Returns all schema statements (table, secondary index, full-text/vector
search index, and edge-index definitions) in order.

  



  
    
      
    
    
      ast_node_indexes()



        
          
        

    

  


  

      

          @spec ast_node_indexes() :: [String.t()]


      


Returns the list of query strings that define the secondary indexes on the
ast_node table.
These are persisted in the engine's index catalog and transparently
accelerate equality and range predicates in WHERE clauses:
	idx_kind on kind
	idx_language on language
	idx_file_path on file_path
	idx_module on module
	idx_project_path on project_path
	idx_file_kind composite on file_path, kind (leftmost-prefix)

Full-text (BM25) and vector (HNSW) search indexes over the embedding and
text fields are defined separately by ast_node_search_indexes/0.

  



  
    
      
    
    
      ast_node_search_indexes()



        
          
        

    

  


  

      

          @spec ast_node_search_indexes() :: [String.t()]


      


Returns the list of query strings that define the full-text and vector
search indexes on the ast_node table.
Created over the wire via the engine's DEFINE FULLTEXT INDEX /
DEFINE VECTOR INDEX DDL. These require a dllb server with full-text/vector
services enabled (the default server build):
	idx_source_text - full-text (BM25) on source_text
	idx_docstring - full-text (BM25) on docstring
	idx_source_embedding - vector (HNSW) on source_embedding, 768-dim, cosine
	idx_structure_embedding - vector (HNSW) on structure_embedding, 384-dim, cosine


  



  
    
      
    
    
      ast_node_table()



        
          
        

    

  


  

      

          @spec ast_node_table() :: [String.t()]


      


Returns the list of query strings to define the ast_node table and its 18 fields.
Fields:
	kind (string, required) - the Metastatic node type
	name (string) - symbol/identifier name
	language (string, required) - source language
	file_path (string, required) - absolute file path
	module (string) - parent module/container name
	arity (int) - function arity (for function_def nodes)
	visibility (string) - "public" or "private"
	project_path (string) - project root path (multi-project support)
	line_start (int) - starting line number
	line_end (int) - ending line number
	source_text (string) - raw source text
	signature (string) - function/method signature
	docstring (string) - documentation string
	source_embedding (array) - 768-dim source code embedding
	structure_embedding (array) - 384-dim structural embedding
	docstring_embedding (array) - 768-dim docstring embedding
	ast_serialized (string) - JSON-serialized AST subtree


  



  
    
      
    
    
      bootstrap(query_fn)



        
          
        

    

  


  

      

          @spec bootstrap((String.t() -> {:ok, any()} | {:error, any()})) ::
  {:ok, :bootstrapped} | {:error, any()}


      


Executes all schema DEFINE statements through the given query function.
The query_fn must have the signature (String.t() -> {:ok, any()} | {:error, any()}).
Returns {:ok, :bootstrapped} on success or {:error, reason} on the first failure.
Examples
iex> Dllb.Schema.bootstrap(fn query -> send(self(), {:query, query}); {:ok, %{}} end)
{:ok, :bootstrapped}

  



  
    
      
    
    
      edge_idx_table()



        
          
        

    

  


  

      

          @spec edge_idx_table() :: [String.t()]


      


Returns the list of query strings to define the _edge_idx table.
This schemaless table mirrors graph RELATE edges as queryable documents
so that SELECT * FROM _edge_idx WHERE edge_type = 'calls' works.

  


        

      


  

    
Dllb.MetaAST.Diff 
    



      
AST-level diff between two versions of a MetaAST tree.
Unlike text diffs (which report line changes), this module understands tree
structure and reports semantic changes: added functions, removed imports,
modified bodies, renamed containers.
Primary use case: incremental re-indexing. When a file changes, only the
entities that actually changed need re-embedding and re-insertion into dllb.
Usage
old_ast = Metastatic.parse!(old_source)
new_ast = Metastatic.parse!(new_source)

diff = Dllb.MetaAST.Diff.diff_trees(old_ast, new_ast)

# Entities needing re-indexing
diff.stale   # [{:function_def, "process/2"}, ...]

# Entities to remove from index
diff.removed # [{:function_def, "old_helper/1"}]

      


      
        Summary


  
    Types
  


    
      
        ast_change()

      


    


    
      
        change_kind()

      


    


    
      
        diff_summary()

      


    





  
    Functions
  


    
      
        diff_trees(old_tree, new_tree)

      


        Compare two MetaAST trees and produce a summary of structural changes.



    


    
      
        empty?(arg1)

      


        Returns true if the diff contains no changes.



    


    
      
        removed_entities(map)

      


        Returns names of entities that should be removed from the index.



    


    
      
        stale_entities(map)

      


        Returns names of entities that need re-indexing (added + modified + renamed).



    





      


      
        Types


        


  
    
      
    
    
      ast_change()



        
          
        

    

  


  

      

          @type ast_change() :: %{
  kind: change_kind(),
  node_type: atom(),
  name: String.t(),
  line: non_neg_integer() | nil
}


      



  



  
    
      
    
    
      change_kind()



        
          
        

    

  


  

      

          @type change_kind() :: :added | :removed | :modified | :renamed


      



  



  
    
      
    
    
      diff_summary()



        
          
        

    

  


  

      

          @type diff_summary() :: %{
  changes: [ast_change()],
  added: non_neg_integer(),
  removed: non_neg_integer(),
  modified: non_neg_integer(),
  renamed: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      diff_trees(old_tree, new_tree)



        
          
        

    

  


  

      

          @spec diff_trees(tuple(), tuple()) :: diff_summary()


      


Compare two MetaAST trees and produce a summary of structural changes.
Comparison is done at the "named entity" level — functions, containers,
imports — matching the granularity at which dllb stores AST documents.

  



  
    
      
    
    
      empty?(arg1)



        
          
        

    

  


  

      

          @spec empty?(diff_summary()) :: boolean()


      


Returns true if the diff contains no changes.

  



  
    
      
    
    
      removed_entities(map)



        
          
        

    

  


  

      

          @spec removed_entities(diff_summary()) :: [String.t()]


      


Returns names of entities that should be removed from the index.

  



  
    
      
    
    
      stale_entities(map)



        
          
        

    

  


  

      

          @spec stale_entities(diff_summary()) :: [String.t()]


      


Returns names of entities that need re-indexing (added + modified + renamed).

  


        

      


  

    
Dllb.MetaAST.Ingest 
    



      
Enhanced batch ingestion pipeline for loading MetaAST data into dllb.
Bridges MetaAST analysis output to dllb's storage layer by producing
batches of document and edge operations ready for bulk insertion.
Supports incremental re-indexing via Dllb.MetaAST.Diff.
Mirrors the Rust dllb-code-intel::ingest module with the same
deterministic ID scheme, enabling cross-language ID compatibility.
Usage
# Full ingest
batch = Dllb.MetaAST.Ingest.prepare_batch(tree, "lib/app.ex", "elixir")
queries = Dllb.MetaAST.Ingest.to_queries(batch)
Dllb.batch_transaction(queries)

# Incremental ingest (only changed entities)
diff = Dllb.MetaAST.Diff.diff_trees(old_tree, new_tree)
queries = Dllb.MetaAST.Ingest.incremental_queries(new_tree, diff, "lib/app.ex", "elixir")
Dllb.batch_transaction(queries)

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        incremental_queries(new_tree, diff, file_path, language)

      


        Generate queries for incremental re-indexing based on a diff.



    


    
      
        merge_batches(batches)

      


        Merge multiple file batches into a single large batch for bulk loading.



    


    
      
        prepare_batch(root, file_path, language)

      


        Walk the MetaAST tree and produce a batch of dllb operations.



    


    
      
        to_queries(batch)

      


        Convert a batch into dllb query strings wrapped in BEGIN/END BATCH.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Dllb.MetaAST.Ingest{
  documents: [map()],
  edges: [map()],
  file_path: String.t(),
  language: String.t(),
  stats: map()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      incremental_queries(new_tree, diff, file_path, language)



        
          
        

    

  


  

      

          @spec incremental_queries(
  tuple(),
  Dllb.MetaAST.Diff.diff_summary(),
  String.t(),
  String.t()
) :: [
  String.t()
]


      


Generate queries for incremental re-indexing based on a diff.
Only produces operations for changed entities:
	DELETE + CREATE for modified/added entities
	DELETE for removed entities


  



  
    
      
    
    
      merge_batches(batches)



        
          
        

    

  


  

      

          @spec merge_batches([t()]) :: t()


      


Merge multiple file batches into a single large batch for bulk loading.

  



  
    
      
    
    
      prepare_batch(root, file_path, language)



        
          
        

    

  


  

      

          @spec prepare_batch(tuple(), String.t(), String.t()) :: t()


      


Walk the MetaAST tree and produce a batch of dllb operations.
Produces:
	A document for each Container and FunctionDef node
	Containment edges: container -> contains -> function
	Import edges: container -> imports -> (stable ID)
	Call edges: function -> calls -> (stable ID)


  



  
    
      
    
    
      to_queries(batch)



        
          
        

    

  


  

      

          @spec to_queries(t()) :: [String.t()]


      


Convert a batch into dllb query strings wrapped in BEGIN/END BATCH.

  


        

      


  

    
Dllb.MetaAST.NodeTypes 
    



      
Compile-time mapping of all 45 Metastatic node types plus the wildcard.
This module is the single source of truth for node type classification
in the Elixir adapter. Types are organized into four layers: core,
extended, structural, and native.

      


      
        Summary


  
    Functions
  


    
      
        all()

      


        Returns all 45 node types.



    


    
      
        core()

      


        Returns the 19 core node types.



    


    
      
        extended()

      


        Returns the 14 extended node types.



    


    
      
        from_dllb_kind(kind)

      


        Converts a dllb kind string back to a node type atom.



    


    
      
        layer(type)

      


        Returns the layer (:core, :extended, :structural, or :native)
for the given node type atom.



    


    
      
        native()

      


        Returns the native node types.



    


    
      
        structural()

      


        Returns the 11 structural node types.



    


    
      
        to_dllb_kind(type)

      


        Converts a node type atom to the string used in dllb's kind field.



    


    
      
        valid?(type)

      


        Returns true if the given atom is a valid Metastatic node type.



    





      


      
        Functions


        


  
    
      
    
    
      all()



        
          
        

    

  


  

      

          @spec all() :: [atom()]


      


Returns all 45 node types.

  



  
    
      
    
    
      core()



        
          
        

    

  


  

      

          @spec core() :: [atom()]


      


Returns the 19 core node types.

  



  
    
      
    
    
      extended()



        
          
        

    

  


  

      

          @spec extended() :: [atom()]


      


Returns the 14 extended node types.

  



  
    
      
    
    
      from_dllb_kind(kind)



        
          
        

    

  


  

      

          @spec from_dllb_kind(String.t()) :: {:ok, atom()} | :error


      


Converts a dllb kind string back to a node type atom.
Returns {:ok, atom} if the string is a recognized type, :error otherwise.
Examples
iex> Dllb.MetaAST.NodeTypes.from_dllb_kind("function_def")
{:ok, :function_def}

iex> Dllb.MetaAST.NodeTypes.from_dllb_kind("nope")
:error

  



  
    
      
    
    
      layer(type)



        
          
        

    

  


  

      

          @spec layer(atom()) :: :core | :extended | :structural | :native


      


Returns the layer (:core, :extended, :structural, or :native)
for the given node type atom.
Raises ArgumentError if the type is not valid.
Examples
iex> Dllb.MetaAST.NodeTypes.layer(:literal)
:core

iex> Dllb.MetaAST.NodeTypes.layer(:container)
:structural

  



  
    
      
    
    
      native()



        
          
        

    

  


  

      

          @spec native() :: [atom()]


      


Returns the native node types.

  



  
    
      
    
    
      structural()



        
          
        

    

  


  

      

          @spec structural() :: [atom()]


      


Returns the 11 structural node types.

  



  
    
      
    
    
      to_dllb_kind(type)



        
          
        

    

  


  

      

          @spec to_dllb_kind(atom()) :: String.t()


      


Converts a node type atom to the string used in dllb's kind field.
Examples
iex> Dllb.MetaAST.NodeTypes.to_dllb_kind(:function_call)
"function_call"

  



  
    
      
    
    
      valid?(type)



        
          
        

    

  


  

      

          @spec valid?(atom()) :: boolean()


      


Returns true if the given atom is a valid Metastatic node type.
Examples
iex> Dllb.MetaAST.NodeTypes.valid?(:function_def)
true

iex> Dllb.MetaAST.NodeTypes.valid?(:bogus)
false

  


        

      


  

    
Dllb.MetaAST.Query 
    



      
Domain-aware query builders for MetaAST data stored in dllb.
Every function returns a plain query string (or list of query strings)
ready to be sent through Dllb.query/1 or Dllb.batch/1. Higher-level
exec_* variants accept a query function and return parsed results via
Dllb.MetaAST.from_dllb_row/1.
Query categories
	Node queries -- find/list AST nodes by file, kind, module, or composite key
	Graph traversals -- callers, callees, importers, imports, call chains
	Search -- HNSW vector similarity, full-text BM25, hybrid
	Lifecycle -- delete by file/project, stats
	Tree reconstruction -- rebuild MetaAST 3-tuples from stored data


      


      
        Summary


  
    Functions
  


    
      
        ast_clones(asts, opts \\ [])

      


        Detects near-duplicate (fuzzy) clones among the given AST trees using the
server-side ast::clones function -- the native-Rust counterpart to
Dllb.MetaAST.Similarity.find_clones/2.



    


    
      
        ast_diff(target, opts \\ [])

      


        Computes a structural diff between each AST node's stored tree and a
target tree, using the server-side ast::diff function (native Rust) --
the engine-side counterpart to Dllb.MetaAST.Diff.diff_trees/2.



    


    
      
        ast_scope(record_id, line)

      


        Finds the AST scope path (outermost to innermost node containing line)
within a single stored AST node's tree, using the server-side ast::scope
function -- the engine-side counterpart to
Dllb.MetaAST.QueryHelpers.scope_at/2.



    


    
      
        call_chain(record_id, depth)

      


        Multi-hop call chain traversal from a starting node.



    


    
      
        callees_of(record_id)

      


        Graph traversal: find all callees of a node (outgoing calls edges).



    


    
      
        callers_of(record_id)

      


        Graph traversal: find all callers of a node (incoming calls edges).



    


    
      
        complex_functions(min_complexity, opts \\ [])

      


        Find AST nodes with cyclomatic complexity above a threshold,
using the server-side ast::complexity function.



    


    
      
        count_embeddings_query()

      


        Returns a COUNT query for ast_node rows that have a source_embedding
set -- i.e. the number of stored embedding vectors.



    


    
      
        delete_by_file(file_path)

      


        Builds a single-statement DELETE ast_node WHERE file_path = ... that
removes every node belonging to a file in one server-side operation
(secondary, full-text, and vector indexes are maintained by the engine).
Pair with exec_delete_by_file/2.



    


    
      
        delete_by_project(project_path)

      


        Builds a single-statement DELETE ast_node WHERE project_path = ... that
removes every node of a project in one server-side operation. Pair with
exec_delete_by_project/2.



    


    
      
        duplicate_code(opts \\ [])

      


        Find duplicate code structures that share the same Zobrist-style structural hash
using the server-side ast::hash function.



    


    
      
        exec(query_string, query_fn)

      


        Executes a query through query_fn and returns parsed result maps.



    


    
      
        exec_count(query_string, query_fn)

      


        Executes a COUNT query and returns {:ok, count} or {:error, reason}.



    


    
      
        exec_count_embeddings(query_fn)

      


        Counts stored embedding vectors (ast_node rows with source_embedding).



    


    
      
        exec_delete_by_file(file_path, query_fn)

      


        Executes a native delete-by-file (DELETE ... WHERE) in a single
round-trip, returning {:ok, count} (rows removed) or {:error, reason}.



    


    
      
        exec_delete_by_project(project_path, query_fn)

      


        Executes a native delete-by-project (DELETE ... WHERE) in a single
round-trip, returning {:ok, count} or {:error, reason}.



    


    
      
        exec_load_file_nodes(file_path, query_fn)

      


        Loads all nodes for a file and returns them as parsed maps.



    


    
      
        exec_stats(query_fn)

      


        Executes the grouped stats query and returns
{:ok, %{total: n, by_kind: %{kind => count}}}.



    


    
      
        find_function(module_name, func_name, arity)

      


        SELECT a function node by module, name, and arity.



    


    
      
        find_module(name)

      


        SELECT a module (container) node by name.



    


    
      
        functions_of_module(module_name, opts \\ [])

      


        SELECT function nodes belonging to a module.



    


    
      
        hybrid_search(text, embedding, opts \\ [])

      


        Combined full-text + vector hybrid search via the engine's native
HYBRID SEARCH verb: BM25 on source_text fused with HNSW on
source_embedding. Each row carries score, text_score, and
vector_score.



    


    
      
        importers_of(record_id)

      


        Graph traversal: find all modules that import a given node.



    


    
      
        imports_of(record_id)

      


        Graph traversal: find all imports of a node.



    


    
      
        nodes_by_file(file_path, opts \\ [])

      


        SELECT all AST nodes belonging to a file.



    


    
      
        nodes_by_kind(kind, opts \\ [])

      


        SELECT all AST nodes of a given kind (e.g. "function_def", "container").



    


    
      
        nodes_by_project(project_path, opts \\ [])

      


        SELECT nodes filtered by project path.



    


    
      
        restore_source_index()

      


        Restore the source embedding HNSW index from its latest snapshot.



    


    
      
        restore_structure_index()

      


        Restore the structure embedding HNSW index from its latest snapshot.



    


    
      
        search_docs(text, opts \\ [])

      


        Full-text BM25 search on docstring, built with the engine's native
SEARCH verb. Each row carries a score.



    


    
      
        search_source(text, opts \\ [])

      


        Full-text BM25 search on source_text, built with the engine's native
SEARCH verb. Each row carries a score. Requires a full-text index on
source_text.



    


    
      
        set_source_embedding(attrs, embedding)

      


        Builds an UPDATE ast_node SET source_embedding = [...] WHERE <attrs>
statement that attaches an embedding to the row(s) identified by attrs.



    


    
      
        set_structure_embedding(attrs, embedding)

      


        Sets the structure embedding for AST nodes matching the given attributes.



    


    
      
        similar_by_ast(target, opts \\ [])

      


        Find structurally similar AST nodes using the server-side ast::similarity function.



    


    
      
        similar_to(embedding, opts \\ [])

      


        Vector (HNSW) similarity search over source_embedding, built with the
engine's native VECTOR SEARCH verb. Results come back nearest-first, each
row carrying a distance field. Requires a vector index on
source_embedding (see Dllb.Schema.ast_node_search_indexes/0).



    


    
      
        snapshot_source_index()

      


        Trigger a snapshot of the source embedding HNSW index to persistent storage.



    


    
      
        snapshot_structure_index()

      


        Trigger a snapshot of the structure embedding HNSW index to persistent storage.



    


    
      
        source_index_info()

      


        Get info about the source embedding HNSW index.



    


    
      
        stats_query()

      


        Returns a COUNT ast_node GROUP BY kind query: one row per kind, each
carrying a count, aggregated server-side.



    


    
      
        structurally_similar_to(structure_embedding, opts \\ [])

      


        Find structurally similar AST nodes using structure_embedding vector search.



    


    
      
        structure_index_info()

      


        Get info about the structure embedding HNSW index.



    





      


      
        Functions


        


    

  
    
      
    
    
      ast_clones(asts, opts \\ [])



        
          
        

    

  


  

      

          @spec ast_clones(
  [String.t() | Dllb.MetaAST.meta_ast_node()],
  keyword()
) :: String.t()


      


Detects near-duplicate (fuzzy) clones among the given AST trees using the
server-side ast::clones function -- the native-Rust counterpart to
Dllb.MetaAST.Similarity.find_clones/2.
asts is a list of serialized JSON strings and/or Metastatic AST node
3-tuples (tuples are automatically serialized). Every SELECT requires a
FROM target, so this anchors on an arbitrary row of ast_node (its
stored content is not inspected) -- at least one row must already exist
in the table. The result row carries a clones field: a JSON-encoded
list of %{"index_a" => i, "index_b" => j, "similarity" => score} pairs.
Options
	:threshold - minimum similarity to report (default 0.8)


  



    

  
    
      
    
    
      ast_diff(target, opts \\ [])



        
          
        

    

  


  

      

          @spec ast_diff(
  String.t() | Dllb.MetaAST.meta_ast_node(),
  keyword()
) :: String.t()


      


Computes a structural diff between each AST node's stored tree and a
target tree, using the server-side ast::diff function (native Rust) --
the engine-side counterpart to Dllb.MetaAST.Diff.diff_trees/2.
The target can be a serialized JSON string or a Metastatic AST node
3-tuple (which will be automatically serialized to JSON). Each result row
carries a diff field: a JSON-encoded summary with changes, added,
removed, modified, and renamed keys.
Prefer Dllb.MetaAST.Diff.diff_trees/2 for a purely client-side diff (no
round-trip); use this to delegate the comparison to already-indexed,
server-side ASTs.
Options
	:limit - max results (default 10)
	:kind / :file_path / :language / :project_path - scope filters


  



  
    
      
    
    
      ast_scope(record_id, line)



        
          
        

    

  


  

      

          @spec ast_scope(String.t(), non_neg_integer()) :: String.t()


      


Finds the AST scope path (outermost to innermost node containing line)
within a single stored AST node's tree, using the server-side ast::scope
function -- the engine-side counterpart to
Dllb.MetaAST.QueryHelpers.scope_at/2.
record_id must be a full table:id reference, e.g. one returned by
find_function/3 or find_module/1. The result row carries a scope
field: a JSON-encoded array of nodes, outermost first.

  



  
    
      
    
    
      call_chain(record_id, depth)



        
          
        

    

  


  

      

          @spec call_chain(String.t(), pos_integer()) :: String.t()


      


Multi-hop call chain traversal from a starting node.
Builds a chained ->calls->ast_node traversal repeated depth times.

  



  
    
      
    
    
      callees_of(record_id)



        
          
        

    

  


  

      

          @spec callees_of(String.t()) :: String.t()


      


Graph traversal: find all callees of a node (outgoing calls edges).

  



  
    
      
    
    
      callers_of(record_id)



        
          
        

    

  


  

      

          @spec callers_of(String.t()) :: String.t()


      


Graph traversal: find all callers of a node (incoming calls edges).
Returns a SELECT with <-calls<-ast_node traversal syntax.

  



    

  
    
      
    
    
      complex_functions(min_complexity, opts \\ [])



        
          
        

    

  


  

      

          @spec complex_functions(
  pos_integer(),
  keyword()
) :: String.t()


      


Find AST nodes with cyclomatic complexity above a threshold,
using the server-side ast::complexity function.
Options
	:limit - max results (default 10)
	:kind / :file_path / :language / :project_path - scope filters


  



  
    
      
    
    
      count_embeddings_query()



        
          
        

    

  


  

      

          @spec count_embeddings_query() :: String.t()


      


Returns a COUNT query for ast_node rows that have a source_embedding
set -- i.e. the number of stored embedding vectors.

  



  
    
      
    
    
      delete_by_file(file_path)



        
          
        

    

  


  

      

          @spec delete_by_file(String.t()) :: String.t()


      


Builds a single-statement DELETE ast_node WHERE file_path = ... that
removes every node belonging to a file in one server-side operation
(secondary, full-text, and vector indexes are maintained by the engine).
Pair with exec_delete_by_file/2.

  



  
    
      
    
    
      delete_by_project(project_path)



        
          
        

    

  


  

      

          @spec delete_by_project(String.t()) :: String.t()


      


Builds a single-statement DELETE ast_node WHERE project_path = ... that
removes every node of a project in one server-side operation. Pair with
exec_delete_by_project/2.

  



    

  
    
      
    
    
      duplicate_code(opts \\ [])



        
          
        

    

  


  

      

          @spec duplicate_code(keyword()) :: String.t()


      


Find duplicate code structures that share the same Zobrist-style structural hash
using the server-side ast::hash function.
Returns a query that groups nodes by their structural hash and finds groups
with more than one node.
Options
	:limit - max results (default 20)
	:kind / :file_path / :language / :project_path - scope filters


  



  
    
      
    
    
      exec(query_string, query_fn)



        
          
        

    

  


  

      

          @spec exec(String.t(), Dllb.MetaAST.query_fn()) :: {:ok, [map()]} | {:error, term()}


      


Executes a query through query_fn and returns parsed result maps.

  



  
    
      
    
    
      exec_count(query_string, query_fn)



        
          
        

    

  


  

      

          @spec exec_count(String.t(), Dllb.MetaAST.query_fn()) ::
  {:ok, non_neg_integer()} | {:error, term()}


      


Executes a COUNT query and returns {:ok, count} or {:error, reason}.

  



  
    
      
    
    
      exec_count_embeddings(query_fn)



        
          
        

    

  


  

      

          @spec exec_count_embeddings(Dllb.MetaAST.query_fn()) ::
  {:ok, non_neg_integer()} | {:error, term()}


      


Counts stored embedding vectors (ast_node rows with source_embedding).

  



  
    
      
    
    
      exec_delete_by_file(file_path, query_fn)



        
          
        

    

  


  

      

          @spec exec_delete_by_file(String.t(), Dllb.MetaAST.query_fn()) ::
  {:ok, non_neg_integer()} | {:error, term()}


      


Executes a native delete-by-file (DELETE ... WHERE) in a single
round-trip, returning {:ok, count} (rows removed) or {:error, reason}.

  



  
    
      
    
    
      exec_delete_by_project(project_path, query_fn)



        
          
        

    

  


  

      

          @spec exec_delete_by_project(String.t(), Dllb.MetaAST.query_fn()) ::
  {:ok, non_neg_integer()} | {:error, term()}


      


Executes a native delete-by-project (DELETE ... WHERE) in a single
round-trip, returning {:ok, count} or {:error, reason}.

  



  
    
      
    
    
      exec_load_file_nodes(file_path, query_fn)



        
          
        

    

  


  

      

          @spec exec_load_file_nodes(String.t(), Dllb.MetaAST.query_fn()) ::
  {:ok, [map()]} | {:error, term()}


      


Loads all nodes for a file and returns them as parsed maps.

  



  
    
      
    
    
      exec_stats(query_fn)



        
          
        

    

  


  

      

          @spec exec_stats(Dllb.MetaAST.query_fn()) :: {:ok, map()} | {:error, term()}


      


Executes the grouped stats query and returns
{:ok, %{total: n, by_kind: %{kind => count}}}.
The grouped rows carry serde-tagged values (e.g. %{"String" => "..."}),
which are unwrapped here into plain kinds and integer counts.

  



  
    
      
    
    
      find_function(module_name, func_name, arity)



        
          
        

    

  


  

      

          @spec find_function(String.t(), String.t(), non_neg_integer()) :: String.t()


      


SELECT a function node by module, name, and arity.

  



  
    
      
    
    
      find_module(name)



        
          
        

    

  


  

      

          @spec find_module(String.t()) :: String.t()


      


SELECT a module (container) node by name.

  



    

  
    
      
    
    
      functions_of_module(module_name, opts \\ [])



        
          
        

    

  


  

      

          @spec functions_of_module(
  String.t(),
  keyword()
) :: String.t()


      


SELECT function nodes belonging to a module.
Requires the module field to be populated during ingestion.

  



    

  
    
      
    
    
      hybrid_search(text, embedding, opts \\ [])



        
          
        

    

  


  

      

          @spec hybrid_search(String.t(), [number()], keyword()) :: String.t()


      


Combined full-text + vector hybrid search via the engine's native
HYBRID SEARCH verb: BM25 on source_text fused with HNSW on
source_embedding. Each row carries score, text_score, and
vector_score.
Options
	:limit - max results (default 10)
	:alpha - weight on the text score in 0.0..1.0 (default 0.5); the
vector score gets 1 - alpha
	:kind / :file_path / :language / :project_path - optional scope
filters


  



  
    
      
    
    
      importers_of(record_id)



        
          
        

    

  


  

      

          @spec importers_of(String.t()) :: String.t()


      


Graph traversal: find all modules that import a given node.

  



  
    
      
    
    
      imports_of(record_id)



        
          
        

    

  


  

      

          @spec imports_of(String.t()) :: String.t()


      


Graph traversal: find all imports of a node.

  



    

  
    
      
    
    
      nodes_by_file(file_path, opts \\ [])



        
          
        

    

  


  

      

          @spec nodes_by_file(
  String.t(),
  keyword()
) :: String.t()


      


SELECT all AST nodes belonging to a file.

  



    

  
    
      
    
    
      nodes_by_kind(kind, opts \\ [])



        
          
        

    

  


  

      

          @spec nodes_by_kind(
  String.t(),
  keyword()
) :: String.t()


      


SELECT all AST nodes of a given kind (e.g. "function_def", "container").

  



    

  
    
      
    
    
      nodes_by_project(project_path, opts \\ [])



        
          
        

    

  


  

      

          @spec nodes_by_project(
  String.t(),
  keyword()
) :: String.t()


      


SELECT nodes filtered by project path.

  



  
    
      
    
    
      restore_source_index()



        
          
        

    

  


  

      

          @spec restore_source_index() :: String.t()


      


Restore the source embedding HNSW index from its latest snapshot.

  



  
    
      
    
    
      restore_structure_index()



        
          
        

    

  


  

      

          @spec restore_structure_index() :: String.t()


      


Restore the structure embedding HNSW index from its latest snapshot.

  



    

  
    
      
    
    
      search_docs(text, opts \\ [])



        
          
        

    

  


  

      

          @spec search_docs(
  String.t(),
  keyword()
) :: String.t()


      


Full-text BM25 search on docstring, built with the engine's native
SEARCH verb. Each row carries a score.
Options
	:limit - max results (default 20)


  



    

  
    
      
    
    
      search_source(text, opts \\ [])



        
          
        

    

  


  

      

          @spec search_source(
  String.t(),
  keyword()
) :: String.t()


      


Full-text BM25 search on source_text, built with the engine's native
SEARCH verb. Each row carries a score. Requires a full-text index on
source_text.
Options
	:limit - max results (default 20)
	:kind / :file_path / :language / :project_path - optional scope
filters


  



  
    
      
    
    
      set_source_embedding(attrs, embedding)



        
          
        

    

  


  

      

          @spec set_source_embedding(map(), [number()]) :: String.t()


      


Builds an UPDATE ast_node SET source_embedding = [...] WHERE <attrs>
statement that attaches an embedding to the row(s) identified by attrs.
attrs is a map of column => value (e.g. %{kind: "function_def", module: "Foo", name: "bar", arity: 2}). nil values are dropped and the
remaining columns are ANDed together (sorted for determinism). Targeting by
stable attributes avoids reconstructing synthetic record IDs.

  



  
    
      
    
    
      set_structure_embedding(attrs, embedding)



        
          
        

    

  


  

      

          @spec set_structure_embedding(map(), [number()]) :: String.t()


      


Sets the structure embedding for AST nodes matching the given attributes.
attrs is a map of column => value used to identify the target rows.

  



    

  
    
      
    
    
      similar_by_ast(target, opts \\ [])



        
          
        

    

  


  

      

          @spec similar_by_ast(
  String.t() | Dllb.MetaAST.meta_ast_node(),
  keyword()
) :: String.t()


      


Find structurally similar AST nodes using the server-side ast::similarity function.
The target can be a serialized JSON string or a Metastatic AST node 3-tuple
(which will be automatically serialized to JSON).
Options
	:limit - max results (default 10)
	:threshold - minimum similarity score between 0.0 and 1.0 (default 0.8)
	:kind / :file_path / :language / :project_path - scope filters


  



    

  
    
      
    
    
      similar_to(embedding, opts \\ [])



        
          
        

    

  


  

      

          @spec similar_to(
  [number()],
  keyword()
) :: String.t()


      


Vector (HNSW) similarity search over source_embedding, built with the
engine's native VECTOR SEARCH verb. Results come back nearest-first, each
row carrying a distance field. Requires a vector index on
source_embedding (see Dllb.Schema.ast_node_search_indexes/0).
Options
	:limit - max results (default 10)
	:kind - optional kind filter (scopes results server-side)
	:file_path - optional file filter
	:language - optional language filter
	:project_path - optional project filter (multi-project isolation)


  



  
    
      
    
    
      snapshot_source_index()



        
          
        

    

  


  

      

          @spec snapshot_source_index() :: String.t()


      


Trigger a snapshot of the source embedding HNSW index to persistent storage.

  



  
    
      
    
    
      snapshot_structure_index()



        
          
        

    

  


  

      

          @spec snapshot_structure_index() :: String.t()


      


Trigger a snapshot of the structure embedding HNSW index to persistent storage.

  



  
    
      
    
    
      source_index_info()



        
          
        

    

  


  

      

          @spec source_index_info() :: String.t()


      


Get info about the source embedding HNSW index.

  



  
    
      
    
    
      stats_query()



        
          
        

    

  


  

      

          @spec stats_query() :: String.t()


      


Returns a COUNT ast_node GROUP BY kind query: one row per kind, each
carrying a count, aggregated server-side.

  



    

  
    
      
    
    
      structurally_similar_to(structure_embedding, opts \\ [])



        
          
        

    

  


  

      

          @spec structurally_similar_to(
  [number()],
  keyword()
) :: String.t()


      


Find structurally similar AST nodes using structure_embedding vector search.
Requires a vector index on structure_embedding and that structure embeddings
have been generated (via Dllb.MetaAST.Similarity.subtree_hash/1 or a
learned embedding).
Options
	:limit - max results (default 10)
	:kind / :file_path / :language / :project_path - scope filters


  



  
    
      
    
    
      structure_index_info()



        
          
        

    

  


  

      

          @spec structure_index_info() :: String.t()


      


Get info about the structure embedding HNSW index.

  


        

      


  

    
Dllb.MetaAST.QueryHelpers 
    



      
High-level AST query utilities for common code intelligence operations
on MetaAST trees (Elixir 3-tuples).
These functions provide structural queries: parent/sibling/ancestor lookups,
type and name searches, scope resolution, call target extraction, and
complexity estimation.
Mirrors the Rust dllb-code-intel::query_helpers module, enabling
client-side tree navigation without a dllb server round-trip.
Usage
tree = Metastatic.parse!(source)

# Find all function definitions
fns = Dllb.MetaAST.QueryHelpers.find_by_type(tree, :function_def)

# Get complexity of a function
complexity = Dllb.MetaAST.QueryHelpers.complexity_estimate(fn_node)

# What's at line 42?
scopes = Dllb.MetaAST.QueryHelpers.scope_at(tree, 42)

      


      
        Summary


  
    Functions
  


    
      
        ancestors(root, target)

      


        Return the ancestor path from root to target's parent (outermost first).



    


    
      
        call_targets(tree)

      


        Extract all function call target names within a subtree.



    


    
      
        complexity_estimate(tree)

      


        Estimate cyclomatic complexity of a function body by counting branch points.



    


    
      
        containing_container(root, target)

      


        Find the nearest :container ancestor (module/class) of the target node.



    


    
      
        containing_function(root, target)

      


        Find the nearest :function_def ancestor of the target node.



    


    
      
        find_by_name(tree, name)

      


        Find all nodes whose :name metadata matches the given string.



    


    
      
        find_by_type(tree, node_type)

      


        Find all nodes of a given type in the tree (depth-first).



    


    
      
        find_parent(root, target)

      


        Find the immediate parent of a target node in the tree.



    


    
      
        find_siblings(root, target)

      


        Find all sibling nodes (same parent, excluding the target itself).



    


    
      
        scope_at(tree, line)

      


        Find all nodes whose line range contains the given line number.



    





      


      
        Functions


        


  
    
      
    
    
      ancestors(root, target)



        
          
        

    

  


  

      

          @spec ancestors(tuple(), tuple()) :: [tuple()]


      


Return the ancestor path from root to target's parent (outermost first).
Returns an empty list if the target is the root or not found.

  



  
    
      
    
    
      call_targets(tree)



        
          
        

    

  


  

      

          @spec call_targets(tuple()) :: [String.t()]


      


Extract all function call target names within a subtree.

  



  
    
      
    
    
      complexity_estimate(tree)



        
          
        

    

  


  

      

          @spec complexity_estimate(tuple()) :: non_neg_integer()


      


Estimate cyclomatic complexity of a function body by counting branch points.
Counts: :conditional, :loop, :pattern_match, :match_arm,
:exception_handling nodes. Base complexity is 1.

  



  
    
      
    
    
      containing_container(root, target)



        
          
        

    

  


  

      

          @spec containing_container(tuple(), tuple()) :: tuple() | nil


      


Find the nearest :container ancestor (module/class) of the target node.

  



  
    
      
    
    
      containing_function(root, target)



        
          
        

    

  


  

      

          @spec containing_function(tuple(), tuple()) :: tuple() | nil


      


Find the nearest :function_def ancestor of the target node.

  



  
    
      
    
    
      find_by_name(tree, name)



        
          
        

    

  


  

      

          @spec find_by_name(tuple(), String.t() | atom()) :: [tuple()]


      


Find all nodes whose :name metadata matches the given string.

  



  
    
      
    
    
      find_by_type(tree, node_type)



        
          
        

    

  


  

      

          @spec find_by_type(tuple(), atom()) :: [tuple()]


      


Find all nodes of a given type in the tree (depth-first).

  



  
    
      
    
    
      find_parent(root, target)



        
          
        

    

  


  

      

          @spec find_parent(tuple(), tuple()) :: tuple() | nil


      


Find the immediate parent of a target node in the tree.
Uses structural equality to locate the target. Returns nil if the
target is the root or not found.

  



  
    
      
    
    
      find_siblings(root, target)



        
          
        

    

  


  

      

          @spec find_siblings(tuple(), tuple()) :: [tuple()]


      


Find all sibling nodes (same parent, excluding the target itself).

  



  
    
      
    
    
      scope_at(tree, line)



        
          
        

    

  


  

      

          @spec scope_at(tuple(), non_neg_integer()) :: [tuple()]


      


Find all nodes whose line range contains the given line number.
Looks for :line (single line) or :line/:end_line in metadata.
Returns nodes from outermost to innermost.

  


        

      


  

    
Dllb.MetaAST.Similarity 
    



      
Structural similarity comparison for MetaAST trees.
Provides functions for comparing AST subtrees structurally (ignoring
names and values), computing structural fingerprints for fast
pre-filtering, and detecting code clones across a set of subtrees.
Mirrors the Rust dllb-code-intel::similarity module, enabling
client-side clone detection without a server round-trip.
Usage
sim = Dllb.MetaAST.Similarity.structural_similarity(tree_a, tree_b)
# => 0.95

clones = Dllb.MetaAST.Similarity.find_clones(trees, threshold: 0.8)
# => [%{index_a: 0, index_b: 3, similarity: 0.92}, ...]

      


      
        Summary


  
    Functions
  


    
      
        find_clones(nodes, opts \\ [])

      


        Find pairs of subtrees with structural similarity above the given threshold.



    


    
      
        structural_similarity(arg1, arg2)

      


        Compute structural similarity between two MetaAST subtrees.



    


    
      
        subtree_hash(node)

      


        Compute a single hash of the entire subtree structure.



    


    
      
        tree_fingerprint(node)

      


        Produce a structural fingerprint of a MetaAST tree.



    





      


      
        Functions


        


    

  
    
      
    
    
      find_clones(nodes, opts \\ [])



        
          
        

    

  


  

      

          @spec find_clones(
  [tuple()],
  keyword()
) :: [map()]


      


Find pairs of subtrees with structural similarity above the given threshold.
Uses fingerprints for fast pre-filtering: only pairs whose root hash matches
(or that have >50% fingerprint overlap) are subjected to full comparison.
Options
	:threshold - minimum similarity (default 0.8)

Returns a list of %{index_a: i, index_b: j, similarity: score} maps,
sorted by descending similarity.

  



  
    
      
    
    
      structural_similarity(arg1, arg2)



        
          
        

    

  


  

      

          @spec structural_similarity(tuple(), tuple()) :: float()


      


Compute structural similarity between two MetaAST subtrees.
Returns a score in 0.0..1.0 comparing tree shape and node types,
ignoring names, values, and metadata. Uses greedy best-match pairing
of children weighted by subtree size.
	Same node type, both leaves: 1.0
	Same node type, both composite: recursive greedy child matching
	Different node type: 0.0 base, with partial credit if children overlap


  



  
    
      
    
    
      subtree_hash(node)



        
          
        

    

  


  

      

          @spec subtree_hash(tuple()) :: non_neg_integer()


      


Compute a single hash of the entire subtree structure.
Two structurally identical trees (same node types, same arity at each
position) produce the same hash.

  



  
    
      
    
    
      tree_fingerprint(node)



        
          
        

    

  


  

      

          @spec tree_fingerprint(tuple()) :: [non_neg_integer()]


      


Produce a structural fingerprint of a MetaAST tree.
Returns a list of integer hashes representing the structural skeleton
(node types + arity at each level). Useful for fast pre-filtering before
expensive similarity comparison.

  


        

      


  

    
Dllb.Error exception
    



      
Exception struct for dllb client errors.
Fields
	:message - human-readable error description
	:type - atom classifying the error, one of
:connection_error, :protocol_error, :query_error, :timeout


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Dllb.Error{
  __exception__: true,
  message: String.t(),
  type: :connection_error | :protocol_error | :query_error | :timeout
}


      



  


        

      


  

    
mix dllb.ingest 
    



      
Ingests source code files into the dllb database as MetaAST nodes and edges.
Parses source files using Metastatic, converts them to dllb documents,
and stores them as ast_node records with structural relationship edges
(contains, calls, imports).
Usage
mix dllb.ingest PATH [PATH...] [OPTIONS]
Arguments
	PATH -- One or more files or directories to ingest. Directories are
walked recursively. Only files with recognized extensions are selected.
Defaults to lib/ when no paths are given.

Options
	--language LANG -- Force a language for all files instead of
auto-detecting from extensions. One of: elixir, erlang, python, ruby,
haskell.
	--project-path NAME -- Project identifier stored in the
project_path field of every ingested node. Useful for multi-project
indexes.
	--batch-size N -- Number of queries per batch send (default 100).
	--bootstrap -- Create the dllb schema (DEFINE TABLE / FIELD / INDEX)
before ingesting. Safe to run repeatedly.
	--clean -- Delete existing ast_node records for each file before
re-ingesting. Use this for a full refresh of already-ingested files.
	--dry-run -- Discover files and print a summary without executing
any queries.
	--exclude PATTERN -- Glob pattern to exclude. May be repeated.
Directories _build, .git, .elixir_ls, .lexical, and
.dialyzer are always excluded.

Supported extensions
	Extension	Language
	.ex .exs	elixir
	.erl .hrl	erlang
	.py	python
	.rb	ruby
	.hs	haskell

Examples
Ingest a project's lib directory:
mix dllb.ingest lib/
Ingest with schema bootstrap and project tag:
mix dllb.ingest lib/ --bootstrap --project-path my_app
Also ingest dependency source code:
mix dllb.ingest lib/ deps/ --bootstrap --project-path my_app
Re-ingest a single file, cleaning stale data first:
mix dllb.ingest lib/my_app/parser.ex --clean
Dry run to preview what would be ingested:
mix dllb.ingest lib/ deps/ --dry-run
Exclude test and support files:
mix dllb.ingest . --exclude "test/**" --exclude "priv/**"
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