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    Macula HTTP/3 Mesh

A distributed mesh networking platform for the BEAM, built on HTTP/3/QUIC
[image: License]
[image: Erlang/OTP]

Vision
Macula is a unique, standards-based distributed networking layer for Erlang/Elixir applications that:
	Uses HTTP/3 (QUIC) for NAT-friendly, firewall-friendly transport
	Forms self-organizing mesh topologies at the edge
	Provides pub/sub and RPC primitives
	Scales to thousands of nodes
	Supports multi-tenancy and realm isolation
	Delivers the "Wow! How do they do it?" factor


Quick Start
# Clone the repository
git clone https://github.com/macula-io/macula.git
cd macula

# Fetch dependencies
rebar3 get-deps

# Compile
rebar3 compile

# Run tests
rebar3 eunit

# Start a shell with Macula loaded
rebar3 shell

See Quick Start Guide for detailed instructions.

Architecture
Macula is organized as an Erlang umbrella application with 12 core libraries.
See Project Structure for complete details.

Documentation
📚 Start Here: Documentation Root
Essential Reading
	Quick Start Guide - Get running in 15 minutes
	Hello World Tutorial - Build a distributed chat app
	Technical Roadmap - 20-week implementation plan

See Documentation Status for full inventory.

Development Status
Current Phase: Foundation (Weeks 1-4)
Completion:
	✅ Architecture design complete
	✅ Project structure initialized (12 core libraries)
	✅ Documentation comprehensive (34% complete, 6/21 docs)
	✅ Build system configured (rebar3 + QUIC + mDNS)
	✅ All dependencies compiling successfully
	🚧 Core libraries implementation in progress

Dependencies:
	QUIC transport: quicer (wraps Microsoft MsQuic)
	mDNS discovery: shortishly/mdns (via _checkouts, see MDNS_SETUP.md)
	Process registry: gproc
	Environment config: shortishly/envy (via _checkouts)


Contributing
We welcome contributions! See Contributing Guide.

License
Macula is licensed under the Apache License 2.0. See LICENSE for details.

Built with ❤️ by the Macula team


  

    License


MIT License

Copyright (c) 2025 macula.io

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

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

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



      
LRU cache for RPC procedure results. Caches results of idempotent procedures to avoid repeated execution.

      


      
        Summary


  
    Types
  


    
      
        cache/0

      


    


    
      
        cache_entry/0

      


    





  
    Functions
  


    
      
        clear(Cache)

      


        Clear all entries.



    


    
      
        get(Cache, Uri, Args)

      


        Get entry from cache. Returns {ok, Result, UpdatedCache} or not_found. The updated cache has the entry moved to front (LRU).



    


    
      
        invalidate(Cache, Uri, Args)

      


        Invalidate (remove) entry.



    


    
      
        is_expired(_, Uri, Args)

      


        Check if entry is expired.



    


    
      
        make_key(Uri, Args)

      


        Make cache key from URI and args. Uses hash of URI and args for consistent key generation.



    


    
      
        max_size(_)

      


        Get max size.



    


    
      
        new(MaxSize)

      


        Create new cache with max size.



    


    
      
        put(Cache, Uri, Args, Result, TTL)

      


        Put entry in cache.



    


    
      
        put_with_timestamp(Cache, Uri, Args, Result, TTL, Timestamp)

      


        Put entry with custom timestamp (for testing).



    


    
      
        size(_)

      


        Get number of entries.



    





      


      
        Types

        


  
    
      
    
    
      cache/0



        
          
        

    

  


  

      

          -type cache() :: #{entries := [cache_entry()], max_size := pos_integer()}.


      



  



  
    
      
    
    
      cache_entry/0



        
          
        

    

  


  

      

          -type cache_entry() ::
          #{key := binary(), result := term(), timestamp := integer(), ttl := pos_integer()}.


      



  


        

      

      
        Functions

        


  
    
      
    
    
      clear(Cache)



        
          
        

    

  


  

      

          -spec clear(cache()) -> cache().


      


Clear all entries.

  



  
    
      
    
    
      get(Cache, Uri, Args)



        
          
        

    

  


  

      

          -spec get(cache(), binary(), map()) -> {ok, term(), cache()} | not_found.


      


Get entry from cache. Returns {ok, Result, UpdatedCache} or not_found. The updated cache has the entry moved to front (LRU).

  



  
    
      
    
    
      invalidate(Cache, Uri, Args)



        
          
        

    

  


  

      

          -spec invalidate(cache(), binary(), map()) -> cache().


      


Invalidate (remove) entry.

  



  
    
      
    
    
      is_expired(_, Uri, Args)



        
          
        

    

  


  

      

          -spec is_expired(cache(), binary(), map()) -> boolean().


      


Check if entry is expired.

  



  
    
      
    
    
      make_key(Uri, Args)



        
          
        

    

  


  

      

          -spec make_key(binary(), map()) -> binary().


      


Make cache key from URI and args. Uses hash of URI and args for consistent key generation.

  



  
    
      
    
    
      max_size(_)



        
          
        

    

  


  

      

          -spec max_size(cache()) -> pos_integer().


      


Get max size.

  



  
    
      
    
    
      new(MaxSize)



        
          
        

    

  


  

      

          -spec new(pos_integer()) -> cache().


      


Create new cache with max size.

  



  
    
      
    
    
      put(Cache, Uri, Args, Result, TTL)



        
          
        

    

  


  

      

          -spec put(cache(), binary(), map(), term(), pos_integer()) -> cache().


      


Put entry in cache.

  



  
    
      
    
    
      put_with_timestamp(Cache, Uri, Args, Result, TTL, Timestamp)



        
          
        

    

  


  

      

          -spec put_with_timestamp(cache(), binary(), map(), term(), pos_integer(), integer()) -> cache().


      


Put entry with custom timestamp (for testing).

  



  
    
      
    
    
      size(_)



        
          
        

    

  


  

      

          -spec size(cache()) -> non_neg_integer().


      


Get number of entries.

  


        

      


  

    
macula_rpc_discovery 
    



      
DHT integration for finding RPC service providers. Uses Kademlia DHT to publish and discover RPC registrations.

      


      
        Summary


  
    Types
  


    
      
        address/0

      


    


    
      
        dht_lookup_fun/0

      


    


    
      
        dht_publish_fun/0

      


    


    
      
        dht_unpublish_fun/0

      


    


    
      
        node_id/0

      


    


    
      
        provider_info/0

      


    


    
      
        uri/0

      


    





  
    Functions
  


    
      
        announce_registration(Uri, LocalNodeId, LocalAddress, Metadata, DhtPublishFun)

      


        Announce local registration to DHT.



    


    
      
        filter_available(Providers, TTL)

      


        Filter providers to only available ones (based on last_seen TTL).



    


    
      
        find_providers(Uri, DhtLookupFun)

      


        Find service providers for a URI via DHT.



    


    
      
        remove_registration(Uri, LocalNodeId, DhtUnpublishFun)

      


        Remove local registration from DHT.



    





      


      
        Types

        


  
    
      
    
    
      address/0



        
          
        

    

  


  

      

          -type address() :: {inet:ip_address(), inet:port_number()}.


      



  



  
    
      
    
    
      dht_lookup_fun/0



        
          
        

    

  


  

      

          -type dht_lookup_fun() :: fun((uri()) -> {ok, [provider_info()]} | {error, term()}).


      



  



  
    
      
    
    
      dht_publish_fun/0



        
          
        

    

  


  

      

          -type dht_publish_fun() :: fun((uri(), node_id(), address(), map()) -> ok | {error, term()}).


      



  



  
    
      
    
    
      dht_unpublish_fun/0



        
          
        

    

  


  

      

          -type dht_unpublish_fun() :: fun((uri(), node_id()) -> ok | {error, term()}).


      



  



  
    
      
    
    
      node_id/0



        
          
        

    

  


  

      

          -type node_id() :: binary().


      



  



  
    
      
    
    
      provider_info/0



        
          
        

    

  


  

      

          -type provider_info() ::
          #{node_id := node_id(), address := address(), metadata := map(), last_seen := integer()}.


      



  



  
    
      
    
    
      uri/0



        
          
        

    

  


  

      

          -type uri() :: binary().


      



  


        

      

      
        Functions

        


  
    
      
    
    
      announce_registration(Uri, LocalNodeId, LocalAddress, Metadata, DhtPublishFun)



        
          
        

    

  


  

      

          -spec announce_registration(uri(), node_id(), address(), map(), dht_publish_fun()) ->
                               ok | {error, term()}.


      


Announce local registration to DHT.

  



  
    
      
    
    
      filter_available(Providers, TTL)



        
          
        

    

  


  

      

          -spec filter_available([provider_info()], pos_integer()) -> [provider_info()].


      


Filter providers to only available ones (based on last_seen TTL).

  



  
    
      
    
    
      find_providers(Uri, DhtLookupFun)



        
          
        

    

  


  

      

          -spec find_providers(uri(), dht_lookup_fun()) -> {ok, [provider_info()]} | {error, term()}.


      


Find service providers for a URI via DHT.

  



  
    
      
    
    
      remove_registration(Uri, LocalNodeId, DhtUnpublishFun)



        
          
        

    

  


  

      

          -spec remove_registration(uri(), node_id(), dht_unpublish_fun()) -> ok | {error, term()}.


      


Remove local registration from DHT.

  


        

      


  

    
macula_rpc_executor 
    



      
RPC call execution with timeout handling. Executes local handlers and remote calls via QUIC.

      


      
        Summary


  
    Types
  


    
      
        address/0

      


    


    
      
        handler_fn/0

      


    


    
      
        provider_info/0

      


    


    
      
        send_fun/0

      


    





  
    Functions
  


    
      
        execute_local(Handler, Args, Timeout)

      


        Execute local handler with timeout.



    


    
      
        execute_remote(Uri, Args, Provider, SendFun, Timeout)

      


        Execute remote call via QUIC with timeout.



    


    
      
        generate_call_id()

      


        Generate unique call ID (16-byte UUID).



    





      


      
        Types

        


  
    
      
    
    
      address/0



        
          
        

    

  


  

      

          -type address() :: macula_rpc_discovery:address().


      



  



  
    
      
    
    
      handler_fn/0



        
          
        

    

  


  

      

          -type handler_fn() :: macula_rpc_registry:handler_fn().


      



  



  
    
      
    
    
      provider_info/0



        
          
        

    

  


  

      

          -type provider_info() :: macula_rpc_discovery:provider_info().


      



  



  
    
      
    
    
      send_fun/0



        
          
        

    

  


  

      

          -type send_fun() :: fun((binary(), map(), address(), pos_integer()) -> {ok, term()} | {error, term()}).


      



  


        

      

      
        Functions

        


  
    
      
    
    
      execute_local(Handler, Args, Timeout)



        
          
        

    

  


  

      

          -spec execute_local(handler_fn(), map(), pos_integer()) -> {ok, term()} | {error, term()}.


      


Execute local handler with timeout.

  



  
    
      
    
    
      execute_remote(Uri, Args, Provider, SendFun, Timeout)



        
          
        

    

  


  

      

          -spec execute_remote(binary(), map(), provider_info(), send_fun(), pos_integer()) ->
                        {ok, term()} | {error, term()}.


      


Execute remote call via QUIC with timeout.

  



  
    
      
    
    
      generate_call_id()



        
          
        

    

  


  

      

          -spec generate_call_id() -> binary().


      


Generate unique call ID (16-byte UUID).

  


        

      


  

    
macula_rpc_registry 
    



      
Local RPC procedure registration registry. Maps URIs to handler functions. Supports multiple handlers per URI (for load balancing).

      


      
        Summary


  
    Types
  


    
      
        handler_fn/0

      


    


    
      
        invocation_strategy/0

      


    


    
      
        registration/0

      


    


    
      
        registry/0

      


    





  
    Functions
  


    
      
        find(_, Uri)

      


        Find all registrations for a URI.



    


    
      
        find_handlers(_, Uri)

      


        Find all handlers for a URI.



    


    
      
        list_registrations(_)

      


        List all registrations.



    


    
      
        list_uris(_)

      


        List all unique URIs in registry.



    


    
      
        new()

      


        Create new empty registry with default strategy (round_robin).



    


    
      
        new(Strategy)

      


        Create new empty registry with custom strategy.



    


    
      
        register(Registry, Uri, Handler, Metadata)

      


        Register a procedure handler. Allows multiple handlers for the same URI (for load balancing).



    


    
      
        size(_)

      


        Get total number of registrations.



    


    
      
        unregister(Registry, Uri, Handler)

      


        Unregister a specific procedure handler. Only removes the exact handler function.



    





      


      
        Types

        


  
    
      
    
    
      handler_fn/0



        
          
        

    

  


  

      

          -type handler_fn() :: fun((map()) -> {ok, term()} | {error, term()}).


      



  



  
    
      
    
    
      invocation_strategy/0



        
          
        

    

  


  

      

          -type invocation_strategy() :: round_robin | random | local_first.


      



  



  
    
      
    
    
      registration/0



        
          
        

    

  


  

      

          -type registration() :: #{uri := binary(), handler := handler_fn(), metadata := map()}.


      



  



  
    
      
    
    
      registry/0



        
          
        

    

  


  

      

          -type registry() :: #{registrations := [registration()], strategy := invocation_strategy()}.


      



  


        

      

      
        Functions

        


  
    
      
    
    
      find(_, Uri)



        
          
        

    

  


  

      

          -spec find(registry(), binary()) -> [registration()].


      


Find all registrations for a URI.

  



  
    
      
    
    
      find_handlers(_, Uri)



        
          
        

    

  


  

      

          -spec find_handlers(registry(), binary()) -> {ok, [registration()]} | not_found.


      


Find all handlers for a URI.

  



  
    
      
    
    
      list_registrations(_)



        
          
        

    

  


  

      

          -spec list_registrations(registry()) -> [registration()].


      


List all registrations.

  



  
    
      
    
    
      list_uris(_)



        
          
        

    

  


  

      

          -spec list_uris(registry()) -> [binary()].


      


List all unique URIs in registry.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          -spec new() -> registry().


      


Create new empty registry with default strategy (round_robin).

  



  
    
      
    
    
      new(Strategy)



        
          
        

    

  


  

      

          -spec new(invocation_strategy()) -> registry().


      


Create new empty registry with custom strategy.

  



  
    
      
    
    
      register(Registry, Uri, Handler, Metadata)



        
          
        

    

  


  

      

          -spec register(registry(), binary(), handler_fn(), map()) -> registry().


      


Register a procedure handler. Allows multiple handlers for the same URI (for load balancing).

  



  
    
      
    
    
      size(_)



        
          
        

    

  


  

      

          -spec size(registry()) -> non_neg_integer().


      


Get total number of registrations.

  



  
    
      
    
    
      unregister(Registry, Uri, Handler)



        
          
        

    

  


  

      

          -spec unregister(registry(), binary(), handler_fn()) -> registry().


      


Unregister a specific procedure handler. Only removes the exact handler function.

  


        

      


  

    
macula_rpc_router 
    



      
RPC call routing strategies. Selects which provider to use for a call (local or remote).

      


      
        Summary


  
    Types
  


    
      
        provider_info/0

      


    


    
      
        registration/0

      


    


    
      
        router_state/0

      


    


    
      
        strategy/0

      


    





  
    Functions
  


    
      
        new_state(Strategy)

      


        Create new router state.



    


    
      
        select_local(Rest)

      


        Select local handler (returns first one).



    


    
      
        select_provider(_, LocalHandlers, RemoteProviders)

      


        Select provider using stateless strategy. For local_first, random, and closest strategies.



    


    
      
        select_provider_closest(LocalNodeId, LocalHandlers, RemoteProviders)

      


        Select provider using closest strategy (requires local node ID).



    


    
      
        select_provider_stateful(State, LocalHandlers, RemoteProviders)

      


        Select provider using stateful strategy (for round_robin).



    


    
      
        select_remote_random(Providers)

      


        Select random remote provider.



    





      


      
        Types

        


  
    
      
    
    
      provider_info/0



        
          
        

    

  


  

      

          -type provider_info() :: macula_rpc_discovery:provider_info().


      



  



  
    
      
    
    
      registration/0



        
          
        

    

  


  

      

          -type registration() :: macula_rpc_registry:registration().


      



  



  
    
      
    
    
      router_state/0



        
          
        

    

  


  

      

          -type router_state() :: #{strategy := strategy(), round_robin_index := non_neg_integer()}.


      



  



  
    
      
    
    
      strategy/0



        
          
        

    

  


  

      

          -type strategy() :: local_first | round_robin | random | closest.


      



  


        

      

      
        Functions

        


  
    
      
    
    
      new_state(Strategy)



        
          
        

    

  


  

      

          -spec new_state(strategy()) -> router_state().


      


Create new router state.

  



  
    
      
    
    
      select_local(Rest)



        
          
        

    

  


  

      

          -spec select_local([registration()]) -> {ok, registration()} | not_found.


      


Select local handler (returns first one).

  



  
    
      
    
    
      select_provider(_, LocalHandlers, RemoteProviders)



        
          
        

    

  


  

      

          -spec select_provider(strategy(), [registration()], [provider_info()]) ->
                         {local, registration()} | {remote, provider_info()} | {error, no_provider}.


      


Select provider using stateless strategy. For local_first, random, and closest strategies.

  



  
    
      
    
    
      select_provider_closest(LocalNodeId, LocalHandlers, RemoteProviders)



        
          
        

    

  


  

      

          -spec select_provider_closest(binary(), [registration()], [provider_info()]) ->
                                 {local, registration()} |
                                 {remote, provider_info()} |
                                 {error, no_provider}.


      


Select provider using closest strategy (requires local node ID).

  



  
    
      
    
    
      select_provider_stateful(State, LocalHandlers, RemoteProviders)



        
          
        

    

  


  

      

          -spec select_provider_stateful(router_state(), [registration()], [provider_info()]) ->
                                  {{local, registration()} |
                                   {remote, provider_info()} |
                                   {error, no_provider},
                                   router_state()}.


      


Select provider using stateful strategy (for round_robin).

  



  
    
      
    
    
      select_remote_random(Providers)



        
          
        

    

  


  

      

          -spec select_remote_random([provider_info()]) -> {ok, provider_info()} | not_found.


      


Select random remote provider.

  


        

      


  

    
macula_rpc_server 
    



      
RPC server managing registrations and calls. GenServer that integrates registry, cache, discovery, router, and executor.

      


      
        Summary


  
    Types
  


    
      
        config/0

      


    


    
      
        state/0

      


    





  
    Functions
  


    
      
        call(Pid, Uri, Args, Timeout)

      


        Synchronous call to procedure.



    


    
      
        handle_call(_, From, State)

      


        Handle synchronous calls.



    


    
      
        handle_cast(Msg, State)

      


        Handle asynchronous casts (none implemented).



    


    
      
        handle_info(Info, State)

      


        Handle info messages (none expected).



    


    
      
        init(_)

      


        Initialize server state.



    


    
      
        list_registrations(Pid)

      


        List local registrations.



    


    
      
        register(Pid, Uri, Handler, Metadata)

      


        Register procedure.



    


    
      
        start_link(LocalNodeId, Config)

      


        Start RPC server.



    


    
      
        stop(Pid)

      


        Stop RPC server.



    


    
      
        terminate(Reason, State)

      


        Cleanup on termination.



    


    
      
        unregister(Pid, Uri, Handler)

      


        Unregister procedure.



    





      


      
        Types

        


  
    
      
    
    
      config/0



        
          
        

    

  


  

      

          -type config() ::
          #{routing_strategy => macula_rpc_router:strategy(),
            cache_enabled => boolean(),
            dht_lookup_fun => macula_rpc_discovery:dht_lookup_fun(),
            send_fun => macula_rpc_executor:send_fun()}.


      



  



  
    
      
    
    
      state/0



        
          
        

    

  


  

      

          -type state() ::
          #{local_node_id := binary(),
            registry := macula_rpc_registry:registry(),
            cache := macula_rpc_cache:cache(),
            router_state := macula_rpc_router:router_state(),
            config := config()}.


      



  


        

      

      
        Functions

        


  
    
      
    
    
      call(Pid, Uri, Args, Timeout)



        
          
        

    

  


  

      

          -spec call(pid(), binary(), map(), pos_integer()) -> {ok, term()} | {error, term()}.


      


Synchronous call to procedure.

  



  
    
      
    
    
      handle_call(_, From, State)



        
          
        

    

  


  

Handle synchronous calls.

  



  
    
      
    
    
      handle_cast(Msg, State)



        
          
        

    

  


  

Handle asynchronous casts (none implemented).

  



  
    
      
    
    
      handle_info(Info, State)



        
          
        

    

  


  

Handle info messages (none expected).

  



  
    
      
    
    
      init(_)



        
          
        

    

  


  

Initialize server state.

  



  
    
      
    
    
      list_registrations(Pid)



        
          
        

    

  


  

      

          -spec list_registrations(pid()) -> [macula_rpc_registry:registration()].


      


List local registrations.

  



  
    
      
    
    
      register(Pid, Uri, Handler, Metadata)



        
          
        

    

  


  

      

          -spec register(pid(), binary(), macula_rpc_registry:handler_fn(), map()) -> ok.


      


Register procedure.

  



  
    
      
    
    
      start_link(LocalNodeId, Config)



        
          
        

    

  


  

      

          -spec start_link(binary(), config()) -> {ok, pid()} | {error, term()}.


      


Start RPC server.

  



  
    
      
    
    
      stop(Pid)



        
          
        

    

  


  

      

          -spec stop(pid()) -> ok.


      


Stop RPC server.

  



  
    
      
    
    
      terminate(Reason, State)



        
          
        

    

  


  

Cleanup on termination.

  



  
    
      
    
    
      unregister(Pid, Uri, Handler)



        
          
        

    

  


  

      

          -spec unregister(pid(), binary(), macula_rpc_registry:handler_fn()) -> ok.


      


Unregister procedure.

  


        

      


  

    
macula_rpc_uri 
    



      
URI validation and utilities for RPC procedures. Uses reverse DNS notation: org.domain.service.procedure

      


      
        Summary


  
    Types
  


    
      
        uri/0

      


    





  
    Functions
  


    
      
        matches(Uri, Pattern)

      


        Check if URI matches pattern. For now, only exact matching (no wildcards). Future: Could add wildcard patterns if needed.



    


    
      
        namespace(Uri)

      


        Extract namespace (first segment).



    


    
      
        normalize(Uri)

      


        Normalize URI (lowercase, trim, remove double dots).



    


    
      
        segment_count(Uri)

      


        Count number of segments in URI.



    


    
      
        validate(Uri)

      


        Validate URI syntax. Valid URIs: - Non-empty - Segments separated by dots - Segments contain alphanumeric, underscore, hyphen - No leading or trailing dots - No double dots



    





      


      
        Types

        


  
    
      
    
    
      uri/0



        
          
        

    

  


  

      

          -type uri() :: binary().


      



  


        

      

      
        Functions

        


  
    
      
    
    
      matches(Uri, Pattern)



        
          
        

    

  


  

      

          -spec matches(uri(), uri()) -> boolean().


      


Check if URI matches pattern. For now, only exact matching (no wildcards). Future: Could add wildcard patterns if needed.

  



  
    
      
    
    
      namespace(Uri)



        
          
        

    

  


  

      

          -spec namespace(uri()) -> binary().


      


Extract namespace (first segment).

  



  
    
      
    
    
      normalize(Uri)



        
          
        

    

  


  

      

          -spec normalize(uri()) -> uri().


      


Normalize URI (lowercase, trim, remove double dots).

  



  
    
      
    
    
      segment_count(Uri)



        
          
        

    

  


  

      

          -spec segment_count(uri()) -> non_neg_integer().


      


Count number of segments in URI.

  



  
    
      
    
    
      validate(Uri)



        
          
        

    

  


  

      

          -spec validate(uri()) -> ok | {error, invalid_uri}.


      


Validate URI syntax. Valid URIs: - Non-empty - Segments separated by dots - Segments contain alphanumeric, underscore, hyphen - No leading or trailing dots - No double dots
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