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    Getting Started with BEAM Campus Utilities

Description
BCUtils is a collection of utilities and novelty helpers for BEAM Campus projects.
Installation
In your mix.exs file:

def deps do
  [
    {:bc_utils, "~> 0.6.0"}
  ]
end



  

    Working with BitFlags in BCUtils

The BCUtils.BitFlags module provides a comprehensive set of functions for working with bitwise flags in Elixir. This module is particularly useful for event-sourced systems and finite state machines where multiple states can be represented efficiently using bit manipulation.
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Overview
The BCUtils.BitFlags module offers:
	Efficient state representation using bitwise operations
	Multiple flag manipulation functions
	State querying and validation capabilities
	Human-readable conversions with flag maps
	Event sourcing support for aggregate state management
	Performance-optimized operations using Elixir's bitwise operators

Basic Concepts
What are BitFlags?
BitFlags represent multiple boolean states in a single integer using binary representation. Each bit position corresponds to a specific flag or state.
# Binary representation: 0b01100100 = 100 in decimal
# Bit positions:         76543210
#                        01100100
# This represents flags at positions 2, 5, and 6 being set
Powers of Two
Flags are typically defined as powers of 2 to ensure each flag occupies a unique bit position:
@flags %{
  0   => "None",           # 0b00000000
  1   => "Ready",          # 0b00000001  
  2   => "In Progress",    # 0b00000010
  4   => "Completed",      # 0b00000100
  8   => "Cancelled",      # 0b00001000
  16  => "Failed",         # 0b00010000
  32  => "Archived",       # 0b00100000
  64  => "Ready to Archive", # 0b01000000
  128 => "Ready to Publish", # 0b10000000
}
Why Use BitFlags?
	Memory Efficiency: Store multiple boolean states in a single integer
	Performance: Bitwise operations are extremely fast
	Atomic Operations: Update multiple flags in a single operation
	Event Sourcing: Efficiently represent aggregate state in event streams
	Finite State Machines: Model complex state transitions

Core Functions
Setting Flags
Single Flag
# Set a single flag
state = 0           # 0b00000000
state = BitFlags.set(state, 4)  # 0b00000100 (Completed)
# Result: 4

# Set another flag
state = BitFlags.set(state, 32) # 0b00100100 (Completed + Archived)
# Result: 36
Multiple Flags
# Set multiple flags at once
state = 0
state = BitFlags.set_all(state, [1, 4, 32])
# Result: 37 (Ready + Completed + Archived)
Unsetting Flags
Single Flag
# Unset a single flag
state = 100         # 0b01100100 (Completed + Archived + Ready to Archive)
state = BitFlags.unset(state, 64)  # Remove "Ready to Archive"
# Result: 36 (0b00100100)
Multiple Flags
# Unset multiple flags
state = 228         # 0b11100100
state = BitFlags.unset_all(state, [64, 128])  # Remove archive flags
# Result: 36
Querying Flags
Check Single Flag
state = 100         # 0b01100100

BitFlags.has?(state, 4)    # true  (Completed is set)
BitFlags.has?(state, 8)    # false (Cancelled is not set)
BitFlags.has_not?(state, 8) # true  (Cancelled is not set)
Check Multiple Flags
state = 100         # 0b01100100

# Check if ALL flags are set
BitFlags.has_all?(state, [4, 32])     # true  (both Completed and Archived)
BitFlags.has_all?(state, [4, 8])      # false (Cancelled is not set)

# Check if ANY flag is set
BitFlags.has_any?(state, [8, 16])     # false (neither Cancelled nor Failed)
BitFlags.has_any?(state, [4, 8])      # true  (Completed is set)
Advanced Operations
Flag Decomposition
Extract all power-of-two components from a number:
# Decompose a number into its power-of-2 components
BitFlags.decompose(100)
# Result: [4, 32, 64] (the powers of 2 that sum to 100)

BitFlags.decompose(15)
# Result: [1, 2, 4, 8] (all flags from 1 to 8)
State Analysis
Find the highest and lowest set flags:
flag_map = %{
  1   => "Ready",
  2   => "In Progress", 
  4   => "Completed",
  8   => "Cancelled",
  16  => "Failed",
  32  => "Archived",
  64  => "Ready to Archive",
  128 => "Ready to Publish"
}

state = 100  # 0b01100100 (Completed + Archived + Ready to Archive)

BitFlags.highest(state, flag_map)
# Result: "Ready to Archive" (highest bit set)

BitFlags.lowest(state, flag_map)  
# Result: "Completed" (lowest bit set)
Flag Management
Creating Flag Maps
Define meaningful names for your flags:
defmodule TaskFlags do
  @flag_map %{
    0   => "None",
    1   => "Created",
    2   => "Assigned", 
    4   => "In Progress",
    8   => "Under Review",
    16  => "Completed",
    32  => "Approved",
    64  => "Published",
    128 => "Archived"
  }

  def flag_map, do: @flag_map

  # Define semantic constants
  def none, do: 0
  def created, do: 1
  def assigned, do: 2
  def in_progress, do: 4
  def under_review, do: 8
  def completed, do: 16
  def approved, do: 32
  def published, do: 64
  def archived, do: 128
end
State Representation
Convert between numeric and human-readable formats:
state = 100  # Binary: 0b01100100

# Convert to list of active flags
BitFlags.to_list(state, TaskFlags.flag_map())
# Result: ["Completed", "Approved", "Published"]

# Convert to comma-separated string
BitFlags.to_string(state, TaskFlags.flag_map())
# Result: "Completed, Approved, Published"
Practical Examples
Task Management System
defmodule TaskManager do
  alias BCUtils.BitFlags
  
  @flags %{
    0   => "None",
    1   => "Created",
    2   => "Assigned",
    4   => "In Progress", 
    8   => "Under Review",
    16  => "Completed",
    32  => "Approved",
    64  => "Published",
    128 => "Archived"
  }

  def new_task do
    # Start with "Created" flag
    BitFlags.set(0, 1)
  end

  def assign_task(state) do
    # Add "Assigned" flag
    BitFlags.set(state, 2)
  end

  def start_work(state) do
    # Add "In Progress", remove "Assigned" if present
    state
    |> BitFlags.set(4)
    |> BitFlags.unset(2)
  end

  def submit_for_review(state) do
    # Add "Under Review", remove "In Progress"
    state
    |> BitFlags.set(8)
    |> BitFlags.unset(4)
  end

  def complete_task(state) do
    # Add "Completed", remove "Under Review"
    state
    |> BitFlags.set(16)
    |> BitFlags.unset(8)
  end

  def approve_task(state) do
    # Add "Approved" - requires "Completed"
    if BitFlags.has?(state, 16) do
      BitFlags.set(state, 32)
    else
      {:error, "Task must be completed before approval"}
    end
  end

  def publish_task(state) do
    # Add "Published" - requires "Approved"
    if BitFlags.has?(state, 32) do
      BitFlags.set(state, 64)
    else
      {:error, "Task must be approved before publishing"}
    end
  end

  def archive_task(state) do
    # Add "Archived" - can only archive completed tasks
    if BitFlags.has_any?(state, [16, 64]) do
      BitFlags.set(state, 128)
    else
      {:error, "Task must be completed or published before archiving"}
    end
  end

  def can_edit?(state) do
    # Can edit if not completed, published, or archived
    not BitFlags.has_any?(state, [16, 64, 128])
  end

  def is_in_workflow?(state) do
    # Check if task is actively being worked on
    BitFlags.has_any?(state, [2, 4, 8])
  end

  def get_status(state) do
    # Get human-readable status
    BitFlags.to_string(state, @flags)
  end

  def get_current_stage(state) do
    # Get the highest priority stage
    BitFlags.highest(state, @flags)
  end
end

# Usage example
task = TaskManager.new_task()              # 1 (Created)
task = TaskManager.assign_task(task)       # 3 (Created + Assigned)
task = TaskManager.start_work(task)        # 5 (Created + In Progress)
task = TaskManager.submit_for_review(task) # 9 (Created + Under Review)
task = TaskManager.complete_task(task)     # 17 (Created + Completed)

TaskManager.get_status(task)
# Result: "Created, Completed"

TaskManager.can_edit?(task)
# Result: false
User Permissions System
defmodule UserPermissions do
  alias BCUtils.BitFlags
  
  @permissions %{
    1   => "Read",
    2   => "Write", 
    4   => "Delete",
    8   => "Admin",
    16  => "Moderator",
    32  => "Super Admin",
    64  => "System Access",
    128 => "Audit Access"
  }

  def permissions_map, do: @permissions

  # Permission constants
  def read, do: 1
  def write, do: 2
  def delete, do: 4
  def admin, do: 8
  def moderator, do: 16
  def super_admin, do: 32
  def system_access, do: 64
  def audit_access, do: 128

  # Permission groups
  def basic_user, do: BitFlags.set_all(0, [read()])
  def editor, do: BitFlags.set_all(0, [read(), write()])
  def content_manager, do: BitFlags.set_all(0, [read(), write(), delete()])
  def admin_user, do: BitFlags.set_all(0, [read(), write(), delete(), admin()])
  def full_admin, do: BitFlags.set_all(0, [read(), write(), delete(), admin(), super_admin()])

  def grant_permission(user_permissions, permission) do
    BitFlags.set(user_permissions, permission)
  end

  def revoke_permission(user_permissions, permission) do
    BitFlags.unset(user_permissions, permission)
  end

  def grant_permissions(user_permissions, permissions) do
    BitFlags.set_all(user_permissions, permissions)
  end

  def revoke_permissions(user_permissions, permissions) do
    BitFlags.unset_all(user_permissions, permissions)
  end

  def has_permission?(user_permissions, permission) do
    BitFlags.has?(user_permissions, permission)
  end

  def has_any_permission?(user_permissions, permissions) do
    BitFlags.has_any?(user_permissions, permissions)
  end

  def has_all_permissions?(user_permissions, permissions) do
    BitFlags.has_all?(user_permissions, permissions)
  end

  def can_read?(permissions), do: has_permission?(permissions, read())
  def can_write?(permissions), do: has_permission?(permissions, write())
  def can_delete?(permissions), do: has_permission?(permissions, delete())
  def is_admin?(permissions), do: has_permission?(permissions, admin())
  def is_super_admin?(permissions), do: has_permission?(permissions, super_admin())

  def get_permissions_list(user_permissions) do
    BitFlags.to_list(user_permissions, @permissions)
  end

  def permissions_summary(user_permissions) do
    BitFlags.to_string(user_permissions, @permissions)
  end
end

# Usage example
user = UserPermissions.basic_user()       # 1 (Read only)
user = UserPermissions.grant_permission(user, UserPermissions.write()) # 3 (Read + Write)

UserPermissions.can_write?(user)          # true
UserPermissions.can_delete?(user)         # false
UserPermissions.permissions_summary(user) # "Read, Write"
Feature Flags System
defmodule FeatureFlags do
  alias BCUtils.BitFlags
  
  @features %{
    1   => "Beta Features",
    2   => "Dark Mode",
    4   => "Analytics",
    8   => "Push Notifications", 
    16  => "Advanced Search",
    32  => "Export Functionality",
    64  => "API Access",
    128 => "Premium Features"
  }

  def features_map, do: @features

  def beta_features, do: 1
  def dark_mode, do: 2
  def analytics, do: 4
  def push_notifications, do: 8
  def advanced_search, do: 16
  def export_functionality, do: 32
  def api_access, do: 64
  def premium_features, do: 128

  def enable_feature(user_flags, feature) do
    BitFlags.set(user_flags, feature)
  end

  def disable_feature(user_flags, feature) do
    BitFlags.unset(user_flags, feature)
  end

  def is_enabled?(user_flags, feature) do
    BitFlags.has?(user_flags, feature)
  end

  def enable_premium_tier(user_flags) do
    premium_flags = [
      advanced_search(),
      export_functionality(),
      api_access(),
      premium_features()
    ]
    BitFlags.set_all(user_flags, premium_flags)
  end

  def disable_premium_tier(user_flags) do
    premium_flags = [
      advanced_search(),
      export_functionality(), 
      api_access(),
      premium_features()
    ]
    BitFlags.unset_all(user_flags, premium_flags)
  end

  def has_premium_access?(user_flags) do
    BitFlags.has?(user_flags, premium_features())
  end

  def get_enabled_features(user_flags) do
    BitFlags.to_list(user_flags, @features)
  end
end
Event Sourcing Patterns
Aggregate State Management
defmodule OrderAggregate do
  alias BCUtils.BitFlags
  
  @states %{
    1   => "Created",
    2   => "Payment Pending",
    4   => "Payment Confirmed", 
    8   => "Processing",
    16  => "Shipped",
    32  => "Delivered",
    64  => "Cancelled",
    128 => "Refunded"
  }

  defstruct [:id, :state, :events]

  def new(id) do
    %__MODULE__{
      id: id,
      state: 1,  # Created
      events: []
    }
  end

  # Event handlers
  def apply_event(%__MODULE__{} = aggregate, {:payment_requested, _}) do
    new_state = BitFlags.set(aggregate.state, 2)  # Payment Pending
    %{aggregate | state: new_state}
  end

  def apply_event(%__MODULE__{} = aggregate, {:payment_confirmed, _}) do
    new_state = 
      aggregate.state
      |> BitFlags.unset(2)  # Remove Payment Pending
      |> BitFlags.set(4)    # Add Payment Confirmed
    %{aggregate | state: new_state}
  end

  def apply_event(%__MODULE__{} = aggregate, {:processing_started, _}) do
    new_state = BitFlags.set(aggregate.state, 8)  # Processing
    %{aggregate | state: new_state}
  end

  def apply_event(%__MODULE__{} = aggregate, {:order_shipped, _}) do
    new_state = 
      aggregate.state
      |> BitFlags.unset(8)  # Remove Processing
      |> BitFlags.set(16)   # Add Shipped
    %{aggregate | state: new_state}
  end

  def apply_event(%__MODULE__{} = aggregate, {:order_delivered, _}) do
    new_state = BitFlags.set(aggregate.state, 32)  # Delivered
    %{aggregate | state: new_state}
  end

  def apply_event(%__MODULE__{} = aggregate, {:order_cancelled, _}) do
    new_state = BitFlags.set(aggregate.state, 64)  # Cancelled
    %{aggregate | state: new_state}
  end

  def apply_event(%__MODULE__{} = aggregate, {:refund_processed, _}) do
    new_state = BitFlags.set(aggregate.state, 128)  # Refunded
    %{aggregate | state: new_state}
  end

  # State queries
  def can_cancel?(%__MODULE__{state: state}) do
    # Can cancel if not shipped, delivered, or already cancelled
    not BitFlags.has_any?(state, [16, 32, 64])
  end

  def can_refund?(%__MODULE__{state: state}) do
    # Can refund if payment confirmed and not already refunded
    BitFlags.has?(state, 4) and not BitFlags.has?(state, 128)
  end

  def is_active?(%__MODULE__{state: state}) do
    # Active if not cancelled, delivered, or refunded
    not BitFlags.has_any?(state, [32, 64, 128])
  end

  def get_status(%__MODULE__{state: state}) do
    BitFlags.to_string(state, @states)
  end

  def get_current_stage(%__MODULE__{state: state}) do
    BitFlags.highest(state, @states)
  end
end

# Usage in event sourcing
order = OrderAggregate.new("order-123")
order = OrderAggregate.apply_event(order, {:payment_requested, %{}})
order = OrderAggregate.apply_event(order, {:payment_confirmed, %{}})

OrderAggregate.get_status(order)
# Result: "Created, Payment Confirmed"

OrderAggregate.can_cancel?(order)  # true
OrderAggregate.is_active?(order)   # true
Event Store Integration
defmodule EventStore do
  alias BCUtils.BitFlags

  def save_aggregate_state(aggregate_id, state_flags) do
    # Save the numeric state representation
    # This is very efficient for storage and querying
    :ets.insert(:aggregate_states, {aggregate_id, state_flags})
  end

  def load_aggregate_state(aggregate_id) do
    case :ets.lookup(:aggregate_states, aggregate_id) do
      [{^aggregate_id, state_flags}] -> {:ok, state_flags}
      [] -> {:error, :not_found}
    end
  end

  def query_aggregates_by_state(required_flags) do
    # Find all aggregates that have ALL required flags
    :ets.select(:aggregate_states, [
      {{:"$1", :"$2"}, 
       [{:==, {:band, :"$2", required_flags}, required_flags}], 
       [:"$1"]}
    ])
  end

  def query_aggregates_with_any_state(flag_options) do
    # Find aggregates that have ANY of the specified flags
    :ets.select(:aggregate_states, [
      {{:"$1", :"$2"}, 
       [{:>, {:band, :"$2", flag_options}, 0}], 
       [:"$1"]}
    ])
  end
end

# Usage
EventStore.save_aggregate_state("order-1", 37)  # Created + Payment Confirmed + Shipped
EventStore.save_aggregate_state("order-2", 69)  # Created + Payment Confirmed + Cancelled

# Find all orders that are shipped (flag 16)
shipped_orders = EventStore.query_aggregates_by_state(16)

# Find all orders that are either cancelled or refunded
problem_orders = EventStore.query_aggregates_with_any_state(64 + 128)  # 192
Best Practices
1. Use Powers of Two
Always use powers of 2 for your flag values:
# Good
@flags %{
  1   => "Active",     # 2^0
  2   => "Verified",   # 2^1  
  4   => "Premium",    # 2^2
  8   => "Admin",      # 2^3
  16  => "Suspended",  # 2^4
}

# Bad - these will conflict
@flags %{
  1 => "Active",
  3 => "Verified",   # 3 = 1 + 2, conflicts!
  5 => "Premium",    # 5 = 1 + 4, conflicts!
}
2. Define Constants
Create readable constants for your flags:
defmodule UserStatus do
  # Define flag constants
  def active, do: 1
  def verified, do: 2
  def premium, do: 4
  def admin, do: 8
  def suspended, do: 16

  # Use constants in operations
  def promote_to_admin(user_flags) do
    user_flags
    |> BitFlags.set(admin())
    |> BitFlags.set(verified())  # Admins must be verified
  end
end
3. Validate State Transitions
Ensure state transitions are valid:
defmodule SafeTaskManager do
  alias BCUtils.BitFlags

  def complete_task(state) do
    cond do
      BitFlags.has?(state, 128) ->  # Already archived
        {:error, "Cannot complete archived task"}
      
      not BitFlags.has?(state, 4) ->  # Not in progress
        {:error, "Task must be in progress to complete"}
      
      true ->
        {:ok, BitFlags.set(state, 16)}  # Set completed
    end
  end
end
4. Use Meaningful Flag Names
Choose descriptive names that clearly indicate the state:
# Good
@order_states %{
  1   => "Pending Payment",
  2   => "Payment Confirmed", 
  4   => "In Fulfillment",
  8   => "Shipped",
  16  => "Delivered",
  32  => "Cancelled",
  64  => "Refunded"
}

# Less clear
@order_states %{
  1   => "State1",
  2   => "State2",
  4   => "State3"
}
5. Document Flag Combinations
Document which flag combinations are valid:
defmodule DocumentStatus do
  @moduledoc """
  Document status flags:
  
  Valid combinations:
  - Draft (1): New document
  - Draft + Under Review (1 + 8): Being reviewed
  - Published (16): Live document
  - Published + Featured (16 + 32): Featured content
  - Archived (64): No longer active
  
  Invalid combinations:
  - Draft + Published: Cannot be both
  - Archived + any other: Archived is terminal state
  """
  
  @flags %{
    1  => "Draft",
    2  => "Needs Review", 
    4  => "Approved",
    8  => "Under Review",
    16 => "Published",
    32 => "Featured",
    64 => "Archived"
  }

  def valid_state?(state) do
    cond do
      BitFlags.has_all?(state, [1, 16]) -> false  # Draft + Published
      BitFlags.has?(state, 64) and state != 64 -> false  # Archived + others
      true -> true
    end
  end
end
6. Performance Considerations
BitFlags are very efficient, but consider these optimizations:
# Cache frequently used flag combinations
@admin_flags BitFlags.set_all(0, [1, 2, 4, 8])  # Computed at compile time

# Use pattern matching when possible
def handle_user_action(user_flags) when band(user_flags, 8) != 0 do
  # User is admin - inline bitwise check
  :admin_action
end

# Batch operations when updating multiple flags
def update_user_status(user_flags, changes) do
  {to_set, to_unset} = Enum.split_with(changes, fn {_flag, action} -> action == :set end)
  
  flags_to_set = Enum.map(to_set, fn {flag, _} -> flag end)
  flags_to_unset = Enum.map(to_unset, fn {flag, _} -> flag end)
  
  user_flags
  |> BitFlags.set_all(flags_to_set)
  |> BitFlags.unset_all(flags_to_unset)
end
7. Testing BitFlag Operations
Create comprehensive tests for your flag operations:
defmodule TaskManagerTest do
  use ExUnit.Case
  alias BCUtils.BitFlags

  describe "task state transitions" do
    test "new task starts with created flag" do
      task = TaskManager.new_task()
      assert BitFlags.has?(task, TaskManager.created())
      assert not BitFlags.has?(task, TaskManager.completed())
    end

    test "cannot complete task that is not in progress" do
      task = TaskManager.new_task()
      assert {:error, _} = TaskManager.complete_task(task)
    end

    test "can complete task that is in progress" do
      task = 
        TaskManager.new_task()
        |> TaskManager.start_work()
        
      assert {:ok, completed_task} = TaskManager.complete_task(task)
      assert BitFlags.has?(completed_task, TaskManager.completed())
    end
  end
end
Function Reference
Basic Operations
	Function	Description	Example
	set(target, flag)	Set a single flag	BitFlags.set(0, 4) → 4
	unset(target, flag)	Unset a single flag	BitFlags.unset(7, 4) → 3
	set_all(target, flags)	Set multiple flags	BitFlags.set_all(0, [1, 4]) → 5
	unset_all(target, flags)	Unset multiple flags	BitFlags.unset_all(7, [1, 2]) → 4

Query Operations
	Function	Description	Example
	has?(target, flag)	Check if flag is set	BitFlags.has?(5, 4) → true
	has_not?(target, flag)	Check if flag is not set	BitFlags.has_not?(5, 2) → true
	has_all?(target, flags)	Check if all flags are set	BitFlags.has_all?(7, [1, 2]) → true
	has_any?(target, flags)	Check if any flag is set	BitFlags.has_any?(5, [2, 4]) → true

Conversion Operations
	Function	Description	Example
	to_list(target, flag_map)	Convert to list of descriptions	BitFlags.to_list(5, map) → ["Flag1", "Flag3"]
	to_string(target, flag_map)	Convert to comma-separated string	BitFlags.to_string(5, map) → "Flag1, Flag3"
	decompose(target)	Get power-of-2 components	BitFlags.decompose(7) → [1, 2, 4]

Analysis Operations
	Function	Description	Example
	highest(target, flag_map)	Get highest set flag description	BitFlags.highest(6, map) → "Flag3"
	lowest(target, flag_map)	Get lowest set flag description	BitFlags.lowest(6, map) → "Flag2"

Binary Representation Quick Reference
	Decimal	Binary	Flags Set
	0	0b00000000	None
	1	0b00000001	Flag 0
	2	0b00000010	Flag 1
	3	0b00000011	Flags 0, 1
	4	0b00000100	Flag 2
	5	0b00000101	Flags 0, 2
	7	0b00000111	Flags 0, 1, 2
	15	0b00001111	Flags 0, 1, 2, 3


This guide covers the complete functionality of the BCUtils.BitFlags module. BitFlags are particularly powerful for event sourcing, state machines, and any scenario where you need to efficiently represent multiple boolean states.


  

    Working with Colors in BCUtils

The BCUtils.ColorFuncs module provides a comprehensive set of functions for working with terminal colors and text effects using ANSI escape codes. This guide covers all the capabilities and features of the module.
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Overview
The BCUtils.ColorFuncs module offers:
	73 named colors from basic ANSI to extended 256-color palette
	9 text effects (bold, italic, underline, etc.)
	True color support (24-bit RGB)
	Hex color support for web-style colors
	Auto-generated color combinations for all foreground/background pairs
	Utility functions for easy color manipulation

Basic Usage
Simple Foreground Colors
# Basic usage
ColorFuncs.fg(:red) <> "Red text" <> ColorFuncs.reset()

# With effects
ColorFuncs.fg(:blue, [:bold]) <> "Bold blue text" <> ColorFuncs.reset()

# Multiple effects
ColorFuncs.fg(:green, [:bold, :underline]) <> "Bold underlined green" <> ColorFuncs.reset()
Background Colors
# Simple background
ColorFuncs.bg(:yellow) <> "Text on yellow background" <> ColorFuncs.reset()

# Foreground + background
ColorFuncs.fg(:white) <> ColorFuncs.bg(:black) <> "White on black" <> ColorFuncs.reset()
Convenience Functions
# Wrap text with automatic reset
ColorFuncs.wrap("Hello World", :purple, [:bold])

# Apply effects only
ColorFuncs.effect(:italic) <> "Italic text" <> ColorFuncs.reset()
Color Palette
The module includes 73 carefully selected colors organized into categories:
Standard ANSI Colors (16)
	Basic: black, red, green, yellow, blue, magenta, cyan, white
	Bright: bright_black, bright_red, bright_green, bright_yellow, bright_blue, bright_magenta, bright_cyan, bright_white

Extended Colors (20)
Popular colors for enhanced aesthetics:
	orange, purple, pink, lime, navy, maroon, olive, teal
	silver, gold, coral, salmon, khaki, violet, indigo, crimson
	forest, sky, rose, mint

Vibrant Colors (20)
Rich, saturated colors:
	turquoise, aqua, brown, tan, beige, ivory
	lavender, plum, orchid, peach, apricot, lemon
	chartreuse, emerald, jade, sapphire, ruby, amber, bronze, copper

Nature-Inspired Colors (10)
Earth and nature tones:
	grass, leaf, ocean, sand, stone, clay, earth, bark, moss, fern

Modern/Tech Colors (10)
Cyberpunk and tech aesthetics:
	neon_green, neon_blue, neon_pink, electric, plasma
	laser, matrix, cyber, terminal, hacker

Grayscale (12)
Fine-grained grayscale options:
	gray1 through gray12 (from darkest to lightest)

Text Effects
The module supports 9 text effects that can be combined:
effects = [
  :bold,           # Bold/bright text
  :dim,            # Dimmed text
  :italic,         # Italic text (not universally supported)
  :underline,      # Underlined text
  :blink,          # Slow blink
  :rapid_blink,    # Rapid blink
  :reverse,        # Reverse video (swap fg/bg colors)
  :hidden,         # Hidden text
  :strikethrough   # Strikethrough text
]

# Single effect
ColorFuncs.fg(:red, [:bold])

# Multiple effects
ColorFuncs.fg(:blue, [:bold, :underline, :italic])

# Effect only (no color change)
ColorFuncs.effect(:bold)
Advanced Functions
The tui Function
The main function for creating complex color combinations:
# Basic syntax: tui(foreground, background, effects)
ColorFuncs.tui(:white, :blue, [:bold])
ColorFuncs.tui(:yellow, :red, [:bold, :underline])
ColorFuncs.tui(:green, :black, [])
Utility Functions
# List all available colors
ColorFuncs.available_colors()

# List all available effects  
ColorFuncs.available_effects()

# Reset all formatting
ColorFuncs.reset()
True Color Support
RGB Colors
Use any RGB color combination:
# RGB foreground (values 0-255)
ColorFuncs.rgb_fg(255, 128, 0)    # Orange
ColorFuncs.rgb_fg(64, 224, 208)   # Turquoise
ColorFuncs.rgb_fg(255, 20, 147)   # Deep pink

# RGB background
ColorFuncs.rgb_bg(25, 25, 112)    # Midnight blue
ColorFuncs.rgb_bg(0, 0, 0)        # True black

# Combined usage
text = ColorFuncs.rgb_fg(255, 255, 255) <> 
       ColorFuncs.rgb_bg(0, 0, 0) <> 
       "White on true black" <> 
       ColorFuncs.reset()
Hex Colors
Use web-style hex colors:
# Hex foreground
ColorFuncs.hex_fg("#FF8000")      # Orange
ColorFuncs.hex_fg("#7aa2f7")      # Nice blue
ColorFuncs.hex_fg("#9ece6a")      # Green

# Hex background  
ColorFuncs.hex_bg("#1a1b26")      # Dark background
ColorFuncs.hex_bg("#ff0000")      # Red background

# Both formats supported
ColorFuncs.hex_fg("FF8000")       # Without #
ColorFuncs.hex_fg("#FF8000")      # With #
Auto-Generated Combinations
The module automatically generates functions for all foreground/background color combinations:
# Pattern: {foreground}_on_{background}
ColorFuncs.red_on_white()
ColorFuncs.blue_on_yellow()
ColorFuncs.white_on_black()
ColorFuncs.green_on_gray5()
ColorFuncs.neon_green_on_black()
ColorFuncs.purple_on_bright_white()

# Usage example
header = ColorFuncs.white_on_blue() <> " HEADER " <> ColorFuncs.reset()
error = ColorFuncs.white_on_red() <> " ERROR " <> ColorFuncs.reset()
success = ColorFuncs.black_on_green() <> " SUCCESS " <> ColorFuncs.reset()
This generates 5,329 functions (73 × 73) for instant access to any color combination!
Practical Examples
Creating a Status Bar
defmodule StatusBar do
  alias BCUtils.ColorFuncs, as: CF

  def render(status, message) do
    case status do
      :success -> 
        CF.wrap(" ✓ ", :black, [], :bright_green) <> 
        CF.wrap(" #{message} ", :bright_green)
        
      :error -> 
        CF.wrap(" ✗ ", :white, [], :red) <> 
        CF.wrap(" #{message} ", :red)
        
      :warning -> 
        CF.wrap(" ⚠ ", :black, [], :yellow) <> 
        CF.wrap(" #{message} ", :yellow)
        
      :info -> 
        CF.wrap(" ℹ ", :white, [], :blue) <> 
        CF.wrap(" #{message} ", :blue)
    end
  end
end

# Usage
IO.puts(StatusBar.render(:success, "Database connected"))
IO.puts(StatusBar.render(:error, "Connection failed"))
Syntax Highlighting
defmodule SyntaxHighlight do
  alias BCUtils.ColorFuncs, as: CF

  def keyword(text), do: CF.wrap(text, :purple, [:bold])
  def string(text), do: CF.wrap(text, :green)
  def number(text), do: CF.wrap(text, :cyan)
  def comment(text), do: CF.wrap(text, :gray7, [:italic])
  def function_name(text), do: CF.wrap(text, :blue, [:bold])

  def highlight_elixir(code) do
    code
    |> String.replace(~r/\bdef\b/, keyword("def"))
    |> String.replace(~r/"[^"]*"/, &string/1)
    |> String.replace(~r/\d+/, &number/1)
    |> String.replace(~r/#.*$/, &comment/1)
  end
end
Progress Indicators
defmodule Progress do
  alias BCUtils.ColorFuncs, as: CF

  def bar(percentage, width \\ 50) do
    filled = round(percentage * width / 100)
    empty = width - filled
    
    filled_bar = CF.wrap(String.duplicate("█", filled), :bright_green)
    empty_bar = CF.wrap(String.duplicate("░", empty), :gray3)
    percentage_text = CF.wrap(" #{percentage}% ", :bright_white, [:bold])
    
    "[#{filled_bar}#{empty_bar}]#{percentage_text}"
  end
  
  def spinner(frame) do
    frames = ["⠋", "⠙", "⠹", "⠸", "⠼", "⠴", "⠦", "⠧", "⠇", "⠏"]
    current = Enum.at(frames, rem(frame, length(frames)))
    CF.wrap(current, :cyan) <> " Loading..."
  end
end

# Usage
IO.puts(Progress.bar(75))
IO.puts(Progress.spinner(3))
Log Level Formatting
defmodule LogFormatter do
  alias BCUtils.ColorFuncs, as: CF

  def format_level(:debug), do: CF.wrap("DEBUG", :gray8)
  def format_level(:info),  do: CF.wrap("INFO ", :bright_cyan)
  def format_level(:warn),  do: CF.wrap("WARN ", :yellow, [:bold])
  def format_level(:error), do: CF.wrap("ERROR", :red, [:bold])
  def format_level(:fatal), do: CF.wrap("FATAL", :white, [:bold], :red)

  def format_log(level, module, message) do
    timestamp = CF.wrap(DateTime.utc_now() |> to_string(), :gray6)
    level_text = format_level(level)
    module_text = CF.wrap("[#{module}]", :blue)
    
    "#{timestamp} #{level_text} #{module_text} #{message}"
  end
end
Terminal UI Components
defmodule TerminalUI do
  alias BCUtils.ColorFuncs, as: CF

  def header(title) do
    width = 60
    padding = div(width - String.length(title) - 2, 2)
    
    top = CF.wrap(String.duplicate("═", width), :bright_blue)
    middle = CF.wrap("║", :bright_blue) <> 
             String.duplicate(" ", padding) <>
             CF.wrap(title, :bright_white, [:bold]) <>
             String.duplicate(" ", padding) <>
             CF.wrap("║", :bright_blue)
    bottom = CF.wrap(String.duplicate("═", width), :bright_blue)
    
    [top, middle, bottom] |> Enum.join("\n")
  end

  def menu_item(text, selected \\ false) do
    if selected do
      CF.wrap(" ▶ #{text} ", :black, [:bold], :bright_cyan)
    else
      CF.wrap("   #{text} ", :bright_white)
    end
  end

  def table_row(cells, colors \\ []) do
    cells
    |> Enum.with_index()
    |> Enum.map(fn {cell, idx} ->
      color = Enum.at(colors, idx, :white)
      CF.wrap(String.pad_trailing(cell, 15), color)
    end)
    |> Enum.join(" │ ")
  end
end
Best Practices
1. Always Reset
Always use ColorFuncs.reset() or the wrap/3 function to avoid color bleeding:
# Good
text = ColorFuncs.fg(:red) <> "Error message" <> ColorFuncs.reset()

# Better
text = ColorFuncs.wrap("Error message", :red)
2. Check Terminal Capabilities
Not all terminals support all features:
# Some terminals don't support italic
text = if terminal_supports_italic?() do
  ColorFuncs.wrap("Italic text", :blue, [:italic])
else
  ColorFuncs.wrap("Bold text", :blue, [:bold])
end
3. Use Semantic Color Functions
Create semantic wrappers for better maintainability:
defmodule Colors do
  alias BCUtils.ColorFuncs, as: CF
  
  def error(text), do: CF.wrap(text, :red, [:bold])
  def success(text), do: CF.wrap(text, :green, [:bold])
  def warning(text), do: CF.wrap(text, :yellow, [:bold])
  def info(text), do: CF.wrap(text, :blue)
  def debug(text), do: CF.wrap(text, :gray8)
end
4. Consider Accessibility
Choose colors that work well together and are accessible:
# Good contrast
ColorFuncs.wrap("Important", :bright_white, [:bold], :red)

# Poor contrast (avoid)
ColorFuncs.wrap("Hard to read", :yellow, [], :white)
5. Use Soft Colors for Large Text Blocks
For readability, prefer softer colors over bright ones:
# Better for large text
ColorFuncs.wrap(long_text, :teal)

# Too harsh for large text
ColorFuncs.wrap(long_text, :bright_cyan)
6. Consistent Color Schemes
Define a consistent color scheme for your application:
defmodule AppTheme do
  alias BCUtils.ColorFuncs, as: CF
  
  # Primary colors
  def primary(text), do: CF.wrap(text, :blue, [:bold])
  def secondary(text), do: CF.wrap(text, :teal)
  
  # Status colors
  def success(text), do: CF.wrap(text, :emerald, [:bold])
  def danger(text), do: CF.wrap(text, :crimson, [:bold])
  def warning(text), do: CF.wrap(text, :amber, [:bold])
  
  # Text hierarchy
  def heading(text), do: CF.wrap(text, :bright_white, [:bold])
  def subheading(text), do: CF.wrap(text, :bright_white)
  def body(text), do: CF.wrap(text, :white)
  def muted(text), do: CF.wrap(text, :gray8)
end
Color Reference
Quick Reference Table
	Category	Colors
	Basic	black, red, green, yellow, blue, magenta, cyan, white
	Bright	bright_black, bright_red, bright_green, bright_yellow, bright_blue, bright_magenta, bright_cyan, bright_white
	Extended	orange, purple, pink, lime, navy, maroon, olive, teal, silver, gold, coral, salmon, khaki, violet, indigo, crimson, forest, sky, rose, mint
	Vibrant	turquoise, aqua, brown, tan, beige, ivory, lavender, plum, orchid, peach, apricot, lemon, chartreuse, emerald, jade, sapphire, ruby, amber, bronze, copper
	Nature	grass, leaf, ocean, sand, stone, clay, earth, bark, moss, fern
	Tech	neon_green, neon_blue, neon_pink, electric, plasma, laser, matrix, cyber, terminal, hacker
	Grayscale	gray1, gray2, gray3, gray4, gray5, gray6, gray7, gray8, gray9, gray10, gray11, gray12

Effects Reference
	Effect	Description	Support
	:bold	Bold/bright text	Universal
	:dim	Dimmed text	Most terminals
	:italic	Italic text	Limited
	:underline	Underlined text	Most terminals
	:blink	Slow blink	Limited
	:rapid_blink	Rapid blink	Very limited
	:reverse	Reverse video	Most terminals
	:hidden	Hidden text	Most terminals
	:strikethrough	Strikethrough	Modern terminals

Function Reference
	Function	Description	Example
	fg(color, effects)	Foreground color with effects	fg(:red, [:bold])
	bg(color)	Background color	bg(:blue)
	tui(fg, bg, effects)	Complete formatting	tui(:white, :red, [:bold])
	wrap(text, color, effects)	Wrap with auto-reset	wrap("Hello", :green)
	rgb_fg(r, g, b)	RGB foreground	rgb_fg(255, 128, 0)
	rgb_bg(r, g, b)	RGB background	rgb_bg(0, 0, 255)
	hex_fg(hex)	Hex foreground	hex_fg("#FF8000")
	hex_bg(hex)	Hex background	hex_bg("#0080FF")
	effect(name)	Apply effect only	effect(:bold)
	reset()	Reset all formatting	reset()
	available_colors()	List all colors	available_colors()
	available_effects()	List all effects	available_effects()


This guide covers the complete functionality of the BCUtils.ColorFuncs module. For more examples and updates, check the module documentation and tests.


  

    Resolving Phoenix.PubSub Conflicts

Problem
When multiple applications in the same BEAM VM attempt to start the same Phoenix.PubSub instance, you'll encounter an :already_started error. This commonly occurs when:
	One application includes another as a dependency
	Both applications try to start Phoenix.PubSub with the same name
	Multiple services share the same PubSub instance

Solution: BCUtils.PubSubManager
BCUtils.PubSubManager provides utilities to gracefully handle Phoenix.PubSub conflicts by checking if an instance is already running before attempting to start it.
Quick Start
1. Add Dependencies
# In your mix.exs
defp deps do
  [
    {:bc_utils, "~> 0.6.0"},
    {:phoenix_pubsub, "~> 2.1"}
  ]
end
2. Update Your Supervision Tree
Before (causes conflicts):
defmodule MyApp.Application do
  def start(_type, _args) do
    children = [
      {Phoenix.PubSub, name: :my_pubsub},  # Can cause :already_started error
      # other children...
    ]
    
    Supervisor.start_link(children, strategy: :one_for_one)
  end
end
After (conflict-free):
defmodule MyApp.Application do
  def start(_type, _args) do
    children = [
      BCUtils.PubSubManager.maybe_child_spec(:my_pubsub),
      # other children...
    ]
    |> Enum.filter(& &1)  # Remove nil entries
    
    Supervisor.start_link(children, strategy: :one_for_one)
  end
end
API Reference
maybe_child_spec(pubsub_name, opts \\ [])
Returns a child spec for Phoenix.PubSub if not already started, otherwise nil.
Parameters:
	pubsub_name - Atom name for the PubSub instance, or nil
	opts - Additional options to pass to Phoenix.PubSub

Returns:
	{Phoenix.PubSub, keyword()} - Child spec if PubSub needs to be started
	nil - If PubSub is already running or pubsub_name is nil

Example:
# In a supervision tree
children = [
  BCUtils.PubSubManager.maybe_child_spec(:my_app_pubsub),
  MyApp.SomeWorker,
  MyApp.AnotherWorker
]
|> Enum.filter(& &1)  # Remove nil entries

Supervisor.start_link(children, strategy: :one_for_one)
already_started?(pubsub_name)
Checks if a PubSub instance is already running.
Example:
if BCUtils.PubSubManager.already_started?(:my_pubsub) do
  IO.puts("PubSub is running")
else
  IO.puts("PubSub is not running")
end
ensure_started(pubsub_name, opts \\ [])
Ensures a PubSub instance is available, starting it if necessary.
Example:
case BCUtils.PubSubManager.ensure_started(:my_pubsub) do
  {:ok, pid} -> 
    IO.puts("PubSub ready: #{inspect(pid)}")
  {:error, reason} -> 
    IO.puts("Failed to start PubSub: #{inspect(reason)}")
end
health_check(pubsub_name)
Validates that a PubSub instance is healthy and responding.
Example:
case BCUtils.PubSubManager.health_check(:my_pubsub) do
  :ok -> 
    IO.puts("PubSub is healthy")
  {:error, :not_started} -> 
    IO.puts("PubSub is not running")
  {:error, :unresponsive} -> 
    IO.puts("PubSub is not responding")
end
list_running()
Lists all currently running PubSub processes.
Example:
running_pubsubs = BCUtils.PubSubManager.list_running()
IO.puts("Running PubSub instances: #{inspect(running_pubsubs)}")
Common Use Cases
Case 1: Application with Dependency
When your main application includes another application as a dependency, and both need PubSub:
# Main Application
defmodule MainApp.Application do
  def start(_type, _args) do
    children = [
      BCUtils.PubSubManager.maybe_child_spec(:shared_pubsub),
      MainApp.SomeService
    ]
    |> Enum.filter(& &1)
    
    Supervisor.start_link(children, strategy: :one_for_one)
  end
end

# Dependency Application  
defmodule DepApp.Application do
  def start(_type, _args) do
    children = [
      BCUtils.PubSubManager.maybe_child_spec(:shared_pubsub),  # Same name!
      DepApp.SomeWorker
    ]
    |> Enum.filter(& &1)
    
    Supervisor.start_link(children, strategy: :one_for_one)
  end
end
Result: Only one PubSub instance is started, shared by both applications.
Case 2: Microservices Sharing PubSub
When multiple services in the same VM need to share a PubSub instance:
# Service A
defmodule ServiceA.Application do
  def start(_type, _args) do
    children = [
      BCUtils.PubSubManager.maybe_child_spec(:cluster_pubsub),
      ServiceA.MessageHandler
    ]
    |> Enum.filter(& &1)
    
    Supervisor.start_link(children, strategy: :one_for_one)
  end
end

# Service B
defmodule ServiceB.Application do  
  def start(_type, _args) do
    children = [
      BCUtils.PubSubManager.maybe_child_spec(:cluster_pubsub),  # Reuses existing
      ServiceB.EventProcessor
    ]
    |> Enum.filter(& &1)
    
    Supervisor.start_link(children, strategy: :one_for_one)
  end
end
Case 3: Development vs Production
Use different PubSub configurations based on environment:
defmodule MyApp.Application do
  def start(_type, _args) do
    pubsub_name = Application.get_env(:my_app, :pubsub_name, :my_app_pubsub)
    
    children = [
      BCUtils.PubSubManager.maybe_child_spec(pubsub_name),
      MyApp.Worker
    ]
    |> Enum.filter(& &1)
    
    Supervisor.start_link(children, strategy: :one_for_one)
  end
end
Config:
# config/dev.exs
config :my_app, pubsub_name: :dev_pubsub

# config/prod.exs  
config :my_app, pubsub_name: :prod_pubsub

# config/test.exs
config :my_app, pubsub_name: :test_pubsub
Advanced Usage
Custom PubSub Options
Pass additional options to Phoenix.PubSub:
children = [
  BCUtils.PubSubManager.maybe_child_spec(
    :my_pubsub,
    adapter: Phoenix.PubSub.PG2,
    pool_size: 10
  )
]
|> Enum.filter(& &1)
Health Monitoring
Add PubSub health checks to your application monitoring:
defmodule MyApp.HealthCheck do
  def check_pubsub do
    case BCUtils.PubSubManager.health_check(:my_pubsub) do
      :ok -> 
        %{status: :healthy, timestamp: DateTime.utc_now()}
      {:error, reason} -> 
        %{status: :unhealthy, reason: reason, timestamp: DateTime.utc_now()}
    end
  end
end
Conditional Logic
Handle cases where PubSub availability affects application behavior:
defmodule MyApp.Worker do
  def start_link(opts) do
    pubsub_available = BCUtils.PubSubManager.already_started?(:my_pubsub)
    
    if pubsub_available do
      GenServer.start_link(__MODULE__, {:with_pubsub, opts}, name: __MODULE__)
    else
      GenServer.start_link(__MODULE__, {:without_pubsub, opts}, name: __MODULE__)
    end
  end
  
  def init({:with_pubsub, opts}) do
    Phoenix.PubSub.subscribe(:my_pubsub, "important_events")
    {:ok, %{pubsub: true, opts: opts}}
  end
  
  def init({:without_pubsub, opts}) do
    {:ok, %{pubsub: false, opts: opts}}
  end
end
Testing
Unit Tests
Test PubSub manager functionality:
defmodule BCUtils.PubSubManagerTest do
  use ExUnit.Case
  
  test "maybe_child_spec returns nil when PubSub already running" do
    # Start PubSub manually
    {:ok, _pid} = Phoenix.PubSub.start_link(name: :test_pubsub)
    
    # Should return nil since it's already running
    assert BCUtils.PubSubManager.maybe_child_spec(:test_pubsub) == nil
    
    # Cleanup
    GenServer.stop(:test_pubsub)
  end
  
  test "maybe_child_spec returns child spec when PubSub not running" do
    # Should return child spec
    child_spec = BCUtils.PubSubManager.maybe_child_spec(:not_running_pubsub)
    assert {Phoenix.PubSub, _opts} = child_spec
  end
end
Integration Tests
Test application startup with shared PubSub:
defmodule MyApp.IntegrationTest do
  use ExUnit.Case
  
  test "multiple applications can share PubSub" do
    # Start first application
    {:ok, _pid1} = MyApp.Application.start(:normal, [])
    
    # Start second application (should not conflict)
    {:ok, _pid2} = MyOtherApp.Application.start(:normal, [])
    
    # Verify both can use PubSub
    assert BCUtils.PubSubManager.already_started?(:shared_pubsub)
    assert :ok = BCUtils.PubSubManager.health_check(:shared_pubsub)
  end
end
Error Handling
When Phoenix.PubSub is Not Available
If phoenix_pubsub is not included in dependencies:
# Returns nil gracefully
child_spec = BCUtils.PubSubManager.maybe_child_spec(:my_pubsub)
assert child_spec == nil

# Returns error
{:error, :phoenix_pubsub_not_available} = 
  BCUtils.PubSubManager.ensure_started(:my_pubsub)
Recovery from Failed PubSub
Handle cases where PubSub fails after startup:
defmodule MyApp.PubSubSupervisor do
  use Supervisor
  
  def start_link(opts) do
    Supervisor.start_link(__MODULE__, opts, name: __MODULE__)
  end
  
  def init(opts) do
    children = [
      BCUtils.PubSubManager.maybe_child_spec(:my_pubsub),
      {MyApp.PubSubMonitor, :my_pubsub}
    ]
    |> Enum.filter(& &1)
    
    Supervisor.init(children, strategy: :one_for_one)
  end
end

defmodule MyApp.PubSubMonitor do
  use GenServer
  
  def start_link(pubsub_name) do
    GenServer.start_link(__MODULE__, pubsub_name)
  end
  
  def init(pubsub_name) do
    schedule_health_check()
    {:ok, %{pubsub_name: pubsub_name}}
  end
  
  def handle_info(:health_check, %{pubsub_name: name} = state) do
    case BCUtils.PubSubManager.health_check(name) do
      :ok -> 
        :ok
      {:error, _reason} -> 
        Logger.warning("PubSub #{name} unhealthy, attempting restart")
        BCUtils.PubSubManager.ensure_started(name)
    end
    
    schedule_health_check()
    {:noreply, state}
  end
  
  defp schedule_health_check do
    Process.send_after(self(), :health_check, 30_000)  # 30 seconds
  end
end
Migration Guide
From Manual Conflict Handling
If you previously handled PubSub conflicts manually:
Before:
def start_pubsub(name) do
  case Phoenix.PubSub.start_link(name: name) do
    {:ok, pid} -> {:ok, pid}
    {:error, {:already_started, pid}} -> {:ok, pid}
    error -> error
  end
end
After:
# In supervision tree
BCUtils.PubSubManager.maybe_child_spec(name)

# Or for manual start
BCUtils.PubSubManager.ensure_started(name)
From Hard-coded PubSub
Replace direct Phoenix.PubSub references:
Before:
children = [
  {Phoenix.PubSub, name: :my_pubsub},
  MyApp.Worker
]
After:
children = [
  BCUtils.PubSubManager.maybe_child_spec(:my_pubsub),
  MyApp.Worker
]
|> Enum.filter(& &1)
Best Practices
1. Consistent Naming
Use consistent PubSub names across your applications:
# Good: Use application-specific names
:my_app_pubsub
:user_service_pubsub
:billing_pubsub

# Better: Use configurable names
Application.get_env(:my_app, :pubsub_name, :my_app_pubsub)
2. Resource Management
Monitor PubSub resource usage:
defmodule MyApp.PubSubMetrics do
  def collect_metrics do
    pubsubs = BCUtils.PubSubManager.list_running()
    
    Enum.map(pubsubs, fn name ->
      %{
        name: name,
        status: BCUtils.PubSubManager.health_check(name),
        pid: Process.whereis(name),
        message_count: get_message_count(name)
      }
    end)
  end
  
  defp get_message_count(name) do
    case Process.whereis(name) do
      nil -> 0
      pid -> 
        {:message_queue_len, count} = Process.info(pid, :message_queue_len)
        count
    end
  end
end
3. Graceful Degradation
Design your application to work without PubSub when necessary:
defmodule MyApp.EventBus do
  def broadcast(topic, message) do
    if BCUtils.PubSubManager.already_started?(:my_pubsub) do
      Phoenix.PubSub.broadcast(:my_pubsub, topic, message)
    else
      Logger.warning("PubSub not available, message not broadcast: #{inspect(message)}")
      :pubsub_unavailable
    end
  end
  
  def subscribe(topic) do
    if BCUtils.PubSubManager.already_started?(:my_pubsub) do
      Phoenix.PubSub.subscribe(:my_pubsub, topic)
    else
      Logger.warning("PubSub not available, cannot subscribe to: #{topic}")
      {:error, :pubsub_unavailable}
    end
  end
end
Conclusion
BCUtils.PubSubManager provides a robust solution for handling Phoenix.PubSub conflicts in multi-application environments. By using the conditional startup pattern, you can:
	Eliminate :already_started errors
	Share PubSub instances efficiently
	Maintain clean, conflict-free supervision trees
	Add health monitoring and diagnostics
	Ensure graceful degradation when PubSub is unavailable

The utility is designed to be transparent to your application logic while providing the flexibility to handle complex deployment scenarios.


  

    Filtering Swarm Logs

Problem
Swarm generates a lot of informational logging that can clutter your application logs, making it difficult to see important application messages. Common Swarm log noise includes:
	Node registration/unregistration messages
	Ring rebalancing information
	Distribution strategy updates
	Tracker synchronization messages

Solution: Multi-Layer Filtering
We implement multiple layers of filtering to ensure only Swarm error messages are shown:
1. Application-Level Configuration
Set Swarm's own log level to :error:
# config/config.exs or config/dev.exs
config :swarm,
  log_level: :error,
  logger: true
2. Compile-Time Purging
Remove lower-level messages at compile time for specific Swarm modules:
# config/config.exs
config :logger,
  compile_time_purge_matching: [
    # Swarm modules - only show errors
    [module: Swarm.Distribution.Ring, level_lower_than: :error],
    [module: Swarm.Distribution.Strategy, level_lower_than: :error],
    [module: Swarm.Registry, level_lower_than: :error],
    [module: Swarm.Tracker, level_lower_than: :error],
    [module: Swarm.Distribution.StaticQuorumRing, level_lower_than: :error],
    [module: Swarm.Distribution.Handler, level_lower_than: :error],
    [module: Swarm.IntervalTreeClock, level_lower_than: :error],
    [module: Swarm, level_lower_than: :error]
  ]
3. Runtime Filtering with BCUtils.LoggerFilters
Use the custom logger filter from bc_utils for dynamic filtering:
# config/dev.exs
config :logger, :console,
  format: "$time ($metadata) [$level] $message\\n",
  metadata: [:mfa],
  level: :info,
  # Filter out Swarm noise using BCUtils filter
  filters: [swarm_noise: {BCUtils.LoggerFilters, :filter_swarm}]
BCUtils.LoggerFilters
The BCUtils.LoggerFilters module provides several pre-configured filters:
filter_swarm/1
Filters out all Swarm messages except errors:
config :logger, :console,
  filters: [swarm_filter: {BCUtils.LoggerFilters, :filter_swarm}]
filter_libcluster/1
Similar filtering for LibCluster messages:
config :logger, :console,
  filters: [libcluster_filter: {BCUtils.LoggerFilters, :filter_libcluster}]
filter_verbose_libs/1
Combined filter for both Swarm and LibCluster:
config :logger, :console,
  filters: [verbose_libs: {BCUtils.LoggerFilters, :filter_verbose_libs}]
errors_and_warnings_only/1
More aggressive filtering - only allows errors and warnings from noisy libraries:
config :logger, :console,
  filters: [errors_only: {BCUtils.LoggerFilters, :errors_and_warnings_only}]
Complete Example Configuration
ExESDB Server (config/dev.exs)
import Config

# Swarm configuration - errors only
config :swarm,
  log_level: :error,
  logger: true

# Logger console configuration with Swarm filter
config :logger, :console,
  format: "$time ($metadata) [$level] $message\\n",
  metadata: [:mfa],
  level: :info,
  filters: [swarm_noise: {BCUtils.LoggerFilters, :filter_swarm}]

# Additional logger settings
config :logger,
  level: :info,
  backends: [:console],
  handle_otp_reports: true,
  handle_sasl_reports: false
ExESDB Gateway (config/dev.exs)
import Config

# Swarm configuration - errors only  
config :swarm,
  log_level: :error,
  logger: true

# Logger console configuration with Swarm filter
config :logger, :console,
  format: "$time ($metadata) [$level] $message\\n",
  metadata: [:mfa],
  level: :info,
  filters: [swarm_noise: {BCUtils.LoggerFilters, :filter_swarm}]
Both Applications (config/config.exs)
import Config

# Compile-time purging for Swarm modules
config :logger,
  compile_time_purge_matching: [
    [module: Swarm.Distribution.Ring, level_lower_than: :error],
    [module: Swarm.Distribution.Strategy, level_lower_than: :error],
    [module: Swarm.Registry, level_lower_than: :error],
    [module: Swarm.Tracker, level_lower_than: :error],
    [module: Swarm.Distribution.StaticQuorumRing, level_lower_than: :error],
    [module: Swarm.Distribution.Handler, level_lower_than: :error],
    [module: Swarm.IntervalTreeClock, level_lower_than: :error],
    [module: Swarm, level_lower_than: :error]
  ]
Verification
To verify the configuration is working:
	Start your application and observe the logs
	Look for Swarm messages - you should only see error-level messages
	Test Swarm functionality - workers should still register/unregister properly
	Check log volume - overall log noise should be significantly reduced

Testing Swarm Errors
To verify error messages still come through, you can temporarily create a Swarm error:
# This should still show up in logs as an error
Swarm.register_name(:invalid_name, :invalid_pid)
Troubleshooting
Still Seeing Swarm Messages?
	Check configuration order - Make sure logger filters are applied after other logger config
	Verify bc_utils version - Ensure you're using a version that includes BCUtils.LoggerFilters
	Check for multiple logger configurations - Some configs might override others

Missing Important Swarm Information?
If you need to see more Swarm information temporarily:
# Temporarily increase Swarm log level
config :swarm,
  log_level: :info  # or :debug for very verbose

# Or remove the filter temporarily
config :logger, :console,
  # filters: [swarm_noise: {BCUtils.LoggerFilters, :filter_swarm}]  # commented out
Performance Impact
The logger filters have minimal performance impact:
	Compile-time purging: No runtime cost
	Runtime filters: Very small per-message overhead
	Swarm config: No additional overhead

Environment-Specific Configuration
Development
	Use runtime filters for flexibility
	Allow some Swarm warnings if debugging clustering

Production
	Use compile-time purging for best performance
	Strict error-only filtering
	Consider structured logging for better analysis

Testing
	May want to disable filters to ensure proper Swarm behavior
	Use debug level for integration tests

Summary
This multi-layer approach ensures:
	✅ No Swarm noise in normal operation
	✅ Important errors still visible
	✅ Minimal performance impact
	✅ Easy to adjust per environment
	✅ Reusable across BEAM Campus projects

The configuration significantly improves log readability while maintaining visibility into actual problems.


  

    BEAM Campus Utilities

BCUtils (BEAM Campus Utilities) is a collection of utilities and novelty helpers for Elixir projects.
Installation
If available in Hex, the package can be installed
by adding bc_utils to your list of dependencies in mix.exs:
def deps do
  [
    {:bc_utils, "~> MAJOR.MINOR.PATCH"}
  ]
end
If you want to retrieve the latest version of the package, you can do so by running:
mix hex.info bc_utils



  

    Changelog

v0.9.0 - 2025-07-05
Fixed
Enhanced Swarm Logging Filters
	BCUtils.LoggerFilters: Fixed filter_swarm/1 to properly handle Swarm.Logger module
	Added explicit handling for Swarm.Logger in addition to other Swarm modules
	Updated compile-time purging configurations to include Swarm.Logger
	Resolves issue where Swarm info/debug/warning messages were still appearing despite filtering

Technical Details
	The Swarm.Logger module was generating logs that weren't caught by the original Elixir.Swarm* pattern matching
	Added specific check: module == Swarm.Logger to the is_swarm_module?/1 function
	Updated both ExESDB Server and Gateway configurations to include [module: Swarm.Logger, level_lower_than: :error]

v0.8.0 - 2025-07-05
Added
Phoenix.PubSub Conflict Resolution
	BCUtils.PubSubManager: New module to handle Phoenix.PubSub conflicts when multiple applications try to start the same PubSub instance
	Added maybe_child_spec/2 for conditional PubSub startup in supervision trees
	Added already_started?/1, ensure_started/2, health_check/1, and list_running/0 utilities
	Added phoenix_pubsub ~> 2.1 as optional dependency
	Documentation: New guide "Resolving Phoenix.PubSub Conflicts" with comprehensive usage examples

Swarm Logging Noise Reduction
	BCUtils.LoggerFilters: New module with pre-configured filters to reduce logging noise from verbose libraries
	Added filter_swarm/1 to filter out non-error Swarm messages
	Added filter_libcluster/1 for LibCluster noise reduction
	Added filter_verbose_libs/1 as combined filter for multiple noisy libraries
	Added errors_and_warnings_only/1 for aggressive filtering
	Documentation: New guide "Filtering Swarm Logs" with multi-layer filtering strategies

Benefits
	Eliminates Conflicts: No more :already_started errors when multiple apps use Phoenix.PubSub
	Resource Efficient: Single PubSub instance shared across applications
	Cleaner Logs: Significant reduction in Swarm logging noise while preserving error visibility
	Production Ready: Minimal performance impact with comprehensive error handling
	Reusable: Available to all BEAM Campus projects via bc_utils

Usage Examples
PubSub Conflict Resolution
# In supervision tree - automatically handles conflicts
children = [
  BCUtils.PubSubManager.maybe_child_spec(:my_pubsub),
  # other children...
]
|> Enum.filter(& &1)  # Remove nil entries
Swarm Log Filtering
# In config/dev.exs - only show Swarm errors
config :logger, :console,
  filters: [swarm_noise: {BCUtils.LoggerFilters, :filter_swarm}]
v0.1.0
	Initial release
	introduced BCUtils.Banner



  

    
BCUtils.Banner 
    



      
Provides functionality to display a startup banner.

      


      
        Summary


  
    Functions
  


    
      
        display_banner(service_name, service_description, shoutout, beam_theme_func \\ &sky_blue_on_true_black/1, campus_theme_func \\ &lime_on_true_black/1, description_theme_func \\ &indigo_on_true_black/1)

      


    


    
      
        display_text_banner(service_name, service_description, shoutout, beam_theme_func \\ &sky_blue_on_true_black/1, campus_theme_func \\ &lime_on_true_black/1, description_theme_func \\ &purple_on_true_black/1)

      


          Displays a BEAM Campus flavored, emoji-enabled startup banner.
  ## Parameters



    





      


      
        Functions

        


    

    

    

  
    
      
    
    
      display_banner(service_name, service_description, shoutout, beam_theme_func \\ &sky_blue_on_true_black/1, campus_theme_func \\ &lime_on_true_black/1, description_theme_func \\ &indigo_on_true_black/1)



    

  


  

      

          @spec display_banner(
  service_name :: String.t(),
  service_description :: String.t(),
  shoutout :: String.t(),
  beam_theme_func :: (String.t() -> String.t()),
  campus_theme_func :: (String.t() -> String.t()),
  description_theme_func :: (String.t() -> String.t())
) :: :ok


      



  



    

    

    

  
    
      
    
    
      display_text_banner(service_name, service_description, shoutout, beam_theme_func \\ &sky_blue_on_true_black/1, campus_theme_func \\ &lime_on_true_black/1, description_theme_func \\ &purple_on_true_black/1)



    

  


  

      

          @spec display_text_banner(
  service_name :: String.t(),
  service_description :: String.t(),
  shoutout :: String.t(),
  beam_theme_func :: (String.t() -> String.t()),
  campus_theme_func :: (String.t() -> String.t()),
  description_theme_func :: (String.t() -> String.t())
) :: :ok


      


  Displays a BEAM Campus flavored, emoji-enabled startup banner.
  ## Parameters
* service_name - The name of the service
* service_description - A short description of the service
* shoutout - A shoutout to the BEAM Campus
## Tip
* You can use BCUtils.ColorFuncs to colorize name, description and shoutout.
* Add an emoji to the shoutout for extra fun

  


        

      


  

    
BCUtils.BitFlags 
    



      
  This module is used to manipulate bitwise flags.
  Inspired by: Flags in C#
  Event sourced systems often rely on flags to indicate the state of the aggregate at any given time.
  In essence, an event sourced aggregate is a finite state machine and this state is 
  often represented as a set of flags, to be used as a shorthand for the state of the aggregate.
  In this module, we define a set of functions that can be used to manipulate these flags.

      


      
        Summary


  
    Functions
  


    
      
        decompose(target)

      


    


    
      
        has?(target, flag)

      


          Returs true if the given flag is set in the target state.
  In other words, it returns true if the bit that corresponds to the flag is set.
  GIVEN: original_state is 0b01100100 (integer: 100)
  WHEN the flag to be checked is 0b01000000 (integer: 64)
  THEN the result is true



    


    
      
        has_all?(status, flags)

      


          Returns true if ALL the flags are set in the target state.
  In other words, it returns true if ALL the bits that correspond to the flags are set.
  GIVEN: original_state is 0b01100100 (integer: 100)
  WHEN the flags to be checked are [0b01000000, 0b10000000] (integers: 64, 128)
  THEN the result is true
  AND WHEN the flags to be checked are [0b01000000, 0b00000100] (integers: 64, 8)
  THEN the result is false



    


    
      
        has_any?(status, flags)

      


          Returns true if any of the flags are set in the target state.
  In other words, it returns true if any of the bits that correspond to the flags are set.
  GIVEN: original_state is 0b01100100 (integer: 100)
  WHEN the flags to be checked are [0b01000000, 0b10000000] (integers: 64, 128)
  THEN the result is true



    


    
      
        has_not?(target, flag)

      


          Returns true if the given flag is NOT set in the target state.
  In other words, it returns true if the bit that corresponds to the flag is NOT set.
  GIVEN: original_state is 0b01100100 (integer: 100)
  WHEN the flag to be checked is 0b01000000 (integer: 64)
  THEN the result is false
  AND WHEN the flag to be checked is 0b00000100 (integer: 8)
  THEN the result is true



    


    
      
        highest(n, flag_map)

      


          Returns the highest flag in the target state.
  GIVEN: target_state is 0b01100100 (integer: 100)
  AND the flag_map is



    


    
      
        lowest(n, flag_map)

      


          Returns the lowest flag in the bit flag map.
  GIVEN: target_state is 0b01100100 (integer: 100)
  AND the flag_map is



    


    
      
        set(target, flag)

      


        


    


    
      
        set_all(target, flags)

      


          Returns the bitwise OR of multiple flags against a given state.
  In other words, it sets the bits that corresopnds to the flags
  GIVEN: original_state is 0b00100100 (integer: 36)
  WHEN the flags to be set are [0b01000000, 0b10000000] (integers: 64, 128)
  THEN the result is 0b11100100 (integer: 228)



    


    
      
        to_list(n, flag_map)

      


          Returns a list of flag descriptions that are set in the target state.
  GIVEN: original_state is 0b01100100 (integer: 100)
  AND the flag_map is



    


    
      
        to_string(n, flag_map)

      


          Returns a string representation of the bit flags.
  GIVEN: target_state is 0b01100100 (integer: 100)
  AND the flag_map is



    


    
      
        unset(target, flag)

      


        


    


    
      
        unset_all(target, flags)

      


          Returns the bitwise AND of multiple flags against a given state.
  In other words, it unsets the bits that corresopnds to the flags
  GIVEN: original_state is 0b11100100 (integer: 228)
  WHEN the flags to be unset are [0b01000000, 0b10000000] (integers: 64, 128)
  THEN the result is 0b00100100 (integer: 36)



    





      


      
        Functions

        


  
    
      
    
    
      decompose(target)



    

  


  


  



  
    
      
    
    
      has?(target, flag)



    

  


  

  Returs true if the given flag is set in the target state.
  In other words, it returns true if the bit that corresponds to the flag is set.
  GIVEN: original_state is 0b01100100 (integer: 100)
  WHEN the flag to be checked is 0b01000000 (integer: 64)
  THEN the result is true
  Example:
  iex> BitFlags.has?(100, 64)
  true

  



  
    
      
    
    
      has_all?(status, flags)



    

  


  

  Returns true if ALL the flags are set in the target state.
  In other words, it returns true if ALL the bits that correspond to the flags are set.
  GIVEN: original_state is 0b01100100 (integer: 100)
  WHEN the flags to be checked are [0b01000000, 0b10000000] (integers: 64, 128)
  THEN the result is true
  AND WHEN the flags to be checked are [0b01000000, 0b00000100] (integers: 64, 8)
  THEN the result is false
  Example:
  iex> BitFlags.has_all?(100, [64, 128])
  true
  iex> BitFlags.has_all?(100, [64, 8])
  false

  



  
    
      
    
    
      has_any?(status, flags)



    

  


  

  Returns true if any of the flags are set in the target state.
  In other words, it returns true if any of the bits that correspond to the flags are set.
  GIVEN: original_state is 0b01100100 (integer: 100)
  WHEN the flags to be checked are [0b01000000, 0b10000000] (integers: 64, 128)
  THEN the result is true
  Example:
  iex> BitFlags.has_any?(100, [64, 128])
  true

  



  
    
      
    
    
      has_not?(target, flag)



    

  


  

  Returns true if the given flag is NOT set in the target state.
  In other words, it returns true if the bit that corresponds to the flag is NOT set.
  GIVEN: original_state is 0b01100100 (integer: 100)
  WHEN the flag to be checked is 0b01000000 (integer: 64)
  THEN the result is false
  AND WHEN the flag to be checked is 0b00000100 (integer: 8)
  THEN the result is true
  Example:
  iex> BitFlags.has_not?(100, 64)
  false
  iex> BitFlags.has_not?(100, 8)
  true

  



  
    
      
    
    
      highest(n, flag_map)



    

  


  

  Returns the highest flag in the target state.
  GIVEN: target_state is 0b01100100 (integer: 100)
  AND the flag_map is:
  %{
     0 => "None",
     1 => "Ready",
     2 => "In Progress",
     4 => "Completed",
     8 => "Cancelled",
     16 => "Failed",
     32 => "Archived",
     64 => "Ready to Archive",
     128 => "Ready to Publish",
  }
  THEN the result is Ready to Archive
  Example:
  iex> descriptions = 
  ...>  %{
  ...>       0 => "None",
  ...>       1 => "Ready",
  ...>       2 => "In Progress",
  ...>       4 => "Completed",
  ...>       8 => "Cancelled",
  ...>       16 => "Failed",
  ...>       32 => "Archived",
  ...>       64 => "Ready to Archive",
  ...>       128 => "Ready to Publish",
  ...>  }
  %{
 0 => "None",
 1 => "Ready",
 2 => "In Progress",
 4 => "Completed",
 8 => "Cancelled",
 16 => "Failed",
 32 => "Archived",
 64 => "Ready to Archive",
 128 => "Ready to Publish",
  }
  iex> BitFlags.highest(100, descriptions)
  "Ready to Archive"

  



  
    
      
    
    
      lowest(n, flag_map)



    

  


  

  Returns the lowest flag in the bit flag map.
  GIVEN: target_state is 0b01100100 (integer: 100)
  AND the flag_map is:
  %{
     0 => "None",
     1 => "Ready",
     2 => "In Progress",
     4 => "Completed",
     8 => "Cancelled",
     16 => "Failed",
     32 => "Archived",
     64 => "Ready to Archive",
     128 => "Ready to Publish",
  }
   THEN the result is Ready
  Example:
  iex> descriptions = 
  ...>  %{
  ...>       0 => "None",
  ...>       1 => "Ready",
  ...>       2 => "In Progress",
  ...>       4 => "Completed",
  ...>       8 => "Cancelled",
  ...>       16 => "Failed",
  ...>       32 => "Archived",
  ...>       64 => "Ready to Archive",
  ...>       128 => "Ready to Publish",
  ...>  }
  %{
 0 => "None",
 1 => "Ready",
 2 => "In Progress",
 4 => "Completed",
 8 => "Cancelled",
 16 => "Failed",
 32 => "Archived",
 64 => "Ready to Archive",
 128 => "Ready to Publish",
  }
  iex> BitFlags.lowest(100, descriptions)
  "Ready" 

  



  
    
      
    
    
      set(target, flag)



    

  


  

Description
  Returns the bitwise OR of two flags.
  In other words, it sets the bit that corresopnds to the flag
	GIVEN: original_state is 0b00100100 (integer: 36) 
	WHEN the flag to be set is 0b01000000 (integer: 64)
	THEN the result is 0b01100100 (integer: 100)

Parameters
	target: the integer to be set
	flag: the integer to be set

Output
  The integer representation of the state after setting the flag
Examples
  iex> BitFlags.set(36, 64)
  100

  



  
    
      
    
    
      set_all(target, flags)



    

  


  

  Returns the bitwise OR of multiple flags against a given state.
  In other words, it sets the bits that corresopnds to the flags
  GIVEN: original_state is 0b00100100 (integer: 36)
  WHEN the flags to be set are [0b01000000, 0b10000000] (integers: 64, 128)
  THEN the result is 0b11100100 (integer: 228)
  Example:
  iex> BitFlags.set_all(36, [64, 128])
  228

  



  
    
      
    
    
      to_list(n, flag_map)



    

  


  

  Returns a list of flag descriptions that are set in the target state.
  GIVEN: original_state is 0b01100100 (integer: 100)
  AND the flag_map is:
 %{
    0 => "None",
    1 => "Ready",
    2 => "In Progress",
    4 => "Completed",
    8 => "Cancelled",
    16 => "Failed",
    32 => "Archived",
    64 => "Ready to Archive",
    128 => "Ready to Publish",
    256 => "Published",
    512 => "Unpublished",
 }
  WHEN the target state is 0b01100100 (integer: 100)
  THEN the result is ["Completed", "Archived", "Ready to Archive"]
  Example: 
  iex> descriptions = 
  ...>  %{
  ...>       0 => "None",
  ...>       1 => "Ready",
  ...>       2 => "In Progress",
  ...>       4 => "Completed",
  ...>       8 => "Cancelled",
  ...>       16 => "Failed",
  ...>       32 => "Archived",
  ...>       64 => "Ready to Archive",
  ...>       128 => "Ready to Publish",
  ...>       256 => "Published",
  ...>       512 => "Unpublished",
  ...>  }
  iex> BitFlags.to_list(100, descriptions)
  ["Completed", "Archived", "Ready to Archive"]

  



  
    
      
    
    
      to_string(n, flag_map)



    

  


  

  Returns a string representation of the bit flags.
  GIVEN: target_state is 0b01100100 (integer: 100)
  AND the flag_map is:
   %{
     0 => "None",
     1 => "Ready",
     2 => "In Progress",
     4 => "Completed",
     8 => "Cancelled",
     16 => "Failed",
     32 => "Archived",
     64 => "Ready to Archive",
     128 => "Ready to Publish",
  }
  THEN the result is "Completed, Archived, Ready to Archive"
  Example:
  iex> descriptions =
  ...>  %{
  ...>       0 => "None",
  ...>       1 => "Ready",
  ...>       2 => "In Progress",
  ...>       4 => "Completed",
  ...>       8 => "Cancelled",
  ...>       16 => "Failed",
  ...>       32 => "Archived",
  ...>       64 => "Ready to Archive",
  ...>       128 => "Ready to Publish",
  ...>  }
  iex> BitFlags.to_string(100, descriptions)
  "Completed, Archived, Ready to Archive"

  



  
    
      
    
    
      unset(target, flag)



    

  


  

Description
  Returns the bitwise AND of two flags.
  In other words, it unsets the bit that corresopnds to the flag
	GIVEN: original_state is 0b01100100 (integer: 100)
	WHEN the flag to be unset is 0b01000000 (integer: 64)
	THEN the result is 0b00100100 (integer: 36)

Parameters
- `target`: the integer representation of the state
- `flag`  : the integer representation of the flag
Output
  The integer representation of the state after unsetting the flag
Examples
iex> BitFlags.unset(100, 64)
36

  



  
    
      
    
    
      unset_all(target, flags)



    

  


  

  Returns the bitwise AND of multiple flags against a given state.
  In other words, it unsets the bits that corresopnds to the flags
  GIVEN: original_state is 0b11100100 (integer: 228)
  WHEN the flags to be unset are [0b01000000, 0b10000000] (integers: 64, 128)
  THEN the result is 0b00100100 (integer: 36)
  Example:
  iex> BitFlags.unset_all(228, [64, 128])
  36

  


        

      


  

    
BCUtils.ColorFuncs 
    



      
  This module is used to manipulate colors.
  It offers a set of functions that can be used to 
  change the color of text in the terminal, using ANSI escape codes.
  It covers all color combinations and effects supported by ANSI.

      


      
        Summary


  
    Functions
  


    
      
        amber_on_amber()

      


    


    
      
        amber_on_apricot()

      


    


    
      
        amber_on_aqua()

      


    


    
      
        amber_on_bark()

      


    


    
      
        amber_on_beige()

      


    


    
      
        amber_on_black()

      


    


    
      
        amber_on_blue()

      


    


    
      
        amber_on_bright_black()

      


    


    
      
        amber_on_bright_blue()

      


    


    
      
        amber_on_bright_cyan()

      


    


    
      
        amber_on_bright_green()

      


    


    
      
        amber_on_bright_magenta()

      


    


    
      
        amber_on_bright_red()

      


    


    
      
        amber_on_bright_white()

      


    


    
      
        amber_on_bright_yellow()

      


    


    
      
        amber_on_bronze()

      


    


    
      
        amber_on_brown()

      


    


    
      
        amber_on_chartreuse()

      


    


    
      
        amber_on_clay()

      


    


    
      
        amber_on_copper()

      


    


    
      
        amber_on_coral()

      


    


    
      
        amber_on_crimson()

      


    


    
      
        amber_on_cyan()

      


    


    
      
        amber_on_cyber()

      


    


    
      
        amber_on_earth()

      


    


    
      
        amber_on_electric()

      


    


    
      
        amber_on_emerald()

      


    


    
      
        amber_on_fern()

      


    


    
      
        amber_on_forest()

      


    


    
      
        amber_on_gold()

      


    


    
      
        amber_on_grass()

      


    


    
      
        amber_on_gray1()

      


    


    
      
        amber_on_gray2()

      


    


    
      
        amber_on_gray3()

      


    


    
      
        amber_on_gray4()

      


    


    
      
        amber_on_gray5()

      


    


    
      
        amber_on_gray6()

      


    


    
      
        amber_on_gray7()

      


    


    
      
        amber_on_gray8()

      


    


    
      
        amber_on_gray9()

      


    


    
      
        amber_on_gray10()

      


    


    
      
        amber_on_gray11()

      


    


    
      
        amber_on_gray12()

      


    


    
      
        amber_on_green()

      


    


    
      
        amber_on_hacker()

      


    


    
      
        amber_on_indigo()

      


    


    
      
        amber_on_ivory()

      


    


    
      
        amber_on_jade()

      


    


    
      
        amber_on_khaki()

      


    


    
      
        amber_on_laser()

      


    


    
      
        amber_on_lavender()

      


    


    
      
        amber_on_leaf()

      


    


    
      
        amber_on_lemon()

      


    


    
      
        amber_on_lime()

      


    


    
      
        amber_on_magenta()

      


    


    
      
        amber_on_maroon()

      


    


    
      
        amber_on_matrix()

      


    


    
      
        amber_on_mint()

      


    


    
      
        amber_on_moss()

      


    


    
      
        amber_on_navy()

      


    


    
      
        amber_on_neon_blue()
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        fg(color, effects \\ [])

      


        Creates a foreground color with optional effects.
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Creates a background color.
Examples
iex> ColorFuncs.bg(:blue)
"
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BCUtils.LoggerFilters 
    



      
Custom logger filters for reducing noise from commonly verbose libraries.
This module provides pre-configured filters that can be used to reduce
log noise from libraries like Swarm, LibCluster, and others while still
allowing important error messages through.

      


      
        Summary


  
    Functions
  


    
      
        errors_and_warnings_only(log_event)

      


        Filter that only allows error and warning messages from specified modules.



    


    
      
        filter_libcluster(log_event)

      


        Filter function to reduce LibCluster logging noise.



    


    
      
        filter_swarm(log_event)

      


        Filter function to reduce Swarm logging noise.



    


    
      
        filter_verbose_libs(log_event)

      


        Combined filter for both Swarm and LibCluster noise.



    





      


      
        Functions

        


  
    
      
    
    
      errors_and_warnings_only(log_event)



    

  


  

Filter that only allows error and warning messages from specified modules.
Usage
config :logger, :console,
  filters: [
    errors_only: {BCUtils.LoggerFilters, :errors_and_warnings_only}
  ]

  



  
    
      
    
    
      filter_libcluster(log_event)



    

  


  

Filter function to reduce LibCluster logging noise.
Similar to filter_swarm/1 but for LibCluster modules.

  



  
    
      
    
    
      filter_swarm(log_event)



    

  


  

Filter function to reduce Swarm logging noise.
This filter allows only :error level messages from Swarm modules to pass through,
filtering out :info, :debug, and :warning messages that create noise.
Usage
Add to your logger configuration:
config :logger, :console,
  format: "$time [$level] $message\n",
  metadata: :all,
  filters: [swarm_filter: {BCUtils.LoggerFilters, :filter_swarm}]

  



  
    
      
    
    
      filter_verbose_libs(log_event)



    

  


  

Combined filter for both Swarm and LibCluster noise.
Usage
config :logger, :console,
  filters: [verbose_libs: {BCUtils.LoggerFilters, :filter_verbose_libs}]
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BCUtils.PubSubManager 
    



      
Manages Phoenix.PubSub startup to avoid conflicts when multiple applications
in the same VM try to start the same PubSub instance.
This module provides utilities to:
	Check if a PubSub instance is already running
	Conditionally start PubSub only if needed
	Provide graceful fallbacks for shared PubSub instances
	Health check existing PubSub instances

Usage
In your supervision tree:
children = [
  BCUtils.PubSubManager.maybe_child_spec(:my_pubsub),
  # other children...
]
|> Enum.filter(& &1)  # Remove nil entries
Dependencies
This module requires phoenix_pubsub to be available at runtime.
Add it to your mix.exs:
{:phoenix_pubsub, "~> 2.1"}

      


      
        Summary


  
    Functions
  


    
      
        already_started?(pubsub_name)

      


        Checks if a PubSub instance with the given name is already running.



    


    
      
        ensure_started(pubsub_name, opts \\ [])

      


        Ensures a PubSub instance is available, starting it if necessary.



    


    
      
        health_check(pubsub_name)

      


        Validates that a PubSub instance is healthy and responding.



    


    
      
        list_running()

      


        Lists all currently running PubSub processes.



    


    
      
        maybe_child_spec(pubsub_name, opts \\ [])

      


        Returns a child spec for Phoenix.PubSub if not already started, otherwise nil.



    





      


      
        Functions

        


  
    
      
    
    
      already_started?(pubsub_name)



    

  


  

      

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


      


Checks if a PubSub instance with the given name is already running.
This checks both:
	Process registry (via Process.whereis/1)
	Process health (via Process.alive?/1)

Examples
BCUtils.PubSubManager.already_started?(:my_pubsub)
#=> true | false

  



    

  
    
      
    
    
      ensure_started(pubsub_name, opts \\ [])



    

  


  

      

          @spec ensure_started(
  atom(),
  keyword()
) :: {:ok, pid()} | {:error, term()}


      


Ensures a PubSub instance is available, starting it if necessary.
This is useful when you need to guarantee PubSub availability outside
of a supervision tree context.
Examples
BCUtils.PubSubManager.ensure_started(:my_pubsub)
#=> {:ok, #PID<0.123.0>}

BCUtils.PubSubManager.ensure_started(:my_pubsub, adapter: Phoenix.PubSub.PG2)
#=> {:ok, #PID<0.123.0>}
Returns
	{:ok, pid} if PubSub is running (existing or newly started)
	{:error, reason} if unable to start or find PubSub
	{:error, :phoenix_pubsub_not_available} if Phoenix.PubSub is not loaded


  



  
    
      
    
    
      health_check(pubsub_name)



    

  


  

      

          @spec health_check(atom()) :: :ok | {:error, term()}


      


Validates that a PubSub instance is healthy and responding.
This performs a basic health check by attempting to subscribe and
unsubscribe from a test topic.
Examples
BCUtils.PubSubManager.health_check(:my_pubsub)
#=> :ok | {:error, :not_started} | {:error, :unresponsive}

  



  
    
      
    
    
      list_running()



    

  


  

      

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


      


Lists all currently running PubSub processes.
This scans the process registry for processes that appear to be
Phoenix.PubSub instances.
Examples
BCUtils.PubSubManager.list_running()
#=> [:my_pubsub, :another_pubsub]

  



    

  
    
      
    
    
      maybe_child_spec(pubsub_name, opts \\ [])



    

  


  

      

          @spec maybe_child_spec(
  atom() | nil,
  keyword()
) :: {module(), keyword()} | nil


      


Returns a child spec for Phoenix.PubSub if not already started, otherwise nil.
This is the recommended way to use this module in supervision trees.
Examples
# Will start PubSub if not running
BCUtils.PubSubManager.maybe_child_spec(:my_pubsub)

# Will return nil if already running
BCUtils.PubSubManager.maybe_child_spec(:my_pubsub)

# Usage in supervision tree
children = [
  BCUtils.PubSubManager.maybe_child_spec(:ex_esdb_pubsub),
  # other children...
]
|> Enum.filter(& &1)  # Remove nil entries
Parameters
	pubsub_name - The atom name for the PubSub instance, or nil
	opts - Additional options to pass to Phoenix.PubSub (default: [])

Returns
	{Phoenix.PubSub, keyword()} - Child spec if PubSub needs to be started
	nil - If PubSub is already running or pubsub_name is nil
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