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1. INTRODUCTION

1.1 Purpose

This document provides comprehensive technical design specifications for implementing the HABIBI
Protocol web platform, detailing system architecture, component interactions, data structures,
algorithms, and implementation guidelines.

1.2 Scope

The design encompasses a multi-chain DeFi platform with real-time data processing, complex graph
computations, and high-performance user interfaces supporting 10,000+ concurrent users.

1.3 Design Methodology

Architecture Pattern: Microservices with event-driven communication

Development Paradigm: Domain-Driven Design (DDD)

Deployment Model: Kubernetes-orchestrated containers

Data Architecture: CQRS with Event Sourcing

2. SYSTEM ARCHITECTURE

2.1 High-Level Architecture

┌─────────────────────────────────────────────────────────────────┐┌─────────────────────────────────────────────────────────────────┐
│                        Load Balancer (Cloudflare)                ││                        Load Balancer (Cloudflare)                │
│                    Rate Limiting | DDoS Protection               ││                    Rate Limiting | DDoS Protection               │
└───────────────────────────────┬─────────────────────────────────┘└───────────────────────────────┬─────────────────────────────────┘

                                                                ││
┌───────────────────────────────┴─────────────────────────────────┐┌───────────────────────────────┴─────────────────────────────────┐

│                          API Gateway                             ││                          API Gateway                             │
│                    (Kong/Express Gateway)                        ││                    (Kong/Express Gateway)                        │
│          Authentication | Routing | Request Transformation       ││          Authentication | Routing | Request Transformation       │
└───────────────────────────────┬─────────────────────────────────┘└───────────────────────────────┬─────────────────────────────────┘

                                                                ││



2.2 Component Architecture

2.2.1 Frontend Service Architecture

 

                ┌───────────────┬───────┴────────┬────────────────┐┌───────────────┬───────┴────────┬────────────────┐

                │               │                │                ││               │                │                │
┌───────┴──────┐ ┌─────┴──────┐ ┌──────┴─────┐ ┌────────┴───────┐┌───────┴──────┐ ┌─────┴──────┐ ┌──────┴─────┐ ┌────────┴───────┐
│   Frontend   │ │   Core     │ │  Analytics  │ │   Blockchain   ││   Frontend   │ │   Core     │ │  Analytics  │ │   Blockchain   │
│   Service    │ │   API      │ │  Service    │ │   Service      ││   Service    │ │   API      │ │  Service    │ │   Service      │
│              │ │            │ │             │ │                ││              │ │            │ │             │ │                │
│ Next.js SSR  │ │ GraphQL    │ │ Time Series │ │ Multi-chain    ││ Next.js SSR  │ │ GraphQL    │ │ Time Series │ │ Multi-chain    │
│ React Query  │ │ REST       │ │ Aggregation │ │ RPC Manager    ││ React Query  │ │ REST       │ │ Aggregation │ │ RPC Manager    │
└───────┬──────┘ └─────┬──────┘ └──────┬─────┘ └────────┬───────┘└───────┬──────┘ └─────┬──────┘ └──────┬─────┘ └────────┬───────┘
                │               │                │                ││               │                │                │
                └───────────────┴────────────────┴────────────────┘└───────────────┴────────────────┴────────────────┘
                                                                ││
                                        ┌───────────┴────────────┐┌───────────┴────────────┐

                                        │    Message Queue       ││    Message Queue       │
                                        │   (RabbitMQ/Kafka)     ││   (RabbitMQ/Kafka)     │
                                        └───────────┬────────────┘└───────────┬────────────┘

                                                                ││
                ┌───────────────┬───────┴────────┬────────────────┐┌───────────────┬───────┴────────┬────────────────┐

                │               │                │                ││               │                │                │
┌───────┴──────┐ ┌─────┴──────┐ ┌──────┴─────┐ ┌────────┴───────┐┌───────┴──────┐ ┌─────┴──────┐ ┌──────┴─────┐ ┌────────┴───────┐
│   Database   │ │   Cache    │ │  Search    │ │   Monitoring   ││   Database   │ │   Cache    │ │  Search    │ │   Monitoring   │
│   Cluster    │ │   Layer    │ │  Engine    │ │   Stack        ││   Cluster    │ │   Layer    │ │  Engine    │ │   Stack        │
│              │ │            │ │             │ │                ││              │ │            │ │             │ │                │
│ PostgreSQL   │ │ Redis      │ │ Elastic    │ │ Prometheus     ││ PostgreSQL   │ │ Redis      │ │ Elastic    │ │ Prometheus     │
│ TimescaleDB  │ │ Memcached  │ │ Algolia    │ │ Grafana        ││ TimescaleDB  │ │ Memcached  │ │ Algolia    │ │ Grafana        │
└──────────────┘ └────────────┘ └────────────┘ └────────────────┘└──────────────┘ └────────────┘ └────────────┘ └────────────────┘
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2.2.2 Core API Service Design

// Component Hierarchy// Component Hierarchy
├── src├── src//
│   ├── app│   ├── app//                                        // Next.js 14 App Router// Next.js 14 App Router
│   │   │   │   ├──├──  ((marketingmarketing))//              // Static/SSG pages// Static/SSG pages
│   │   │   ├── page│   │   │   ├── page..tsxtsx              // Landing page// Landing page
│   │   │   └── layout│   │   │   └── layout..tsxtsx          // Marketing layout// Marketing layout
│   │   │   │   ├──├──  ((appapp))//                          // Dynamic/SSR pages// Dynamic/SSR pages
│   │   │   ├── dashboard│   │   │   ├── dashboard//
│   │   │   ├── network│   │   │   ├── network//
│   │   │   └── rewards│   │   │   └── rewards//
│   │   └── api│   │   └── api//                              // API routes// API routes
│   ├── components│   ├── components//
│   │   ├── ui│   │   ├── ui//                                // Base components// Base components
│   │   ├── features│   │   ├── features//                    // Feature components// Feature components
│   │   └── layouts│   │   └── layouts//                      // Layout components// Layout components
│   ├── hooks│   ├── hooks//                                  // Custom React hooks// Custom React hooks
│   ├── lib│   ├── lib//                                      // Utilities// Utilities
│   ├── services│   ├── services//                            // API clients// API clients
│   └── stores│   └── stores//                                // Zustand stores// Zustand stores

// State Management Architecture// State Management Architecture
interfaceinterface  AppStateAppState  {{
  user  user::  UserStateUserState;;
  wallet  wallet::  WalletStateWalletState;;
  network  network::  NetworkStateNetworkState;;
  rebase  rebase::  RebaseStateRebaseState;;
  ui  ui::  UIStateUIState;;
}}

// Render Optimization Strategy// Render Optimization Strategy
--  StaticStatic  GenerationGeneration::  LandingLanding,, docs docs
--  ServerServer--SideSide  RenderingRendering::  DashboardDashboard,, analytics analytics
--  ClientClient--SideSide  RenderingRendering::  NetworkNetwork graph graph,, real real--time datatime data
--  IncrementalIncremental  StaticStatic  RegenerationRegeneration::  LeaderboardsLeaderboards  ((60s60s))
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// GraphQL Schema Architecture// GraphQL Schema Architecture
typetype  QueryQuery  {{
  #   # UserUser queries queries
    useruser((addressaddress::  StringString!!))::  UserUser
    userNetworkuserNetwork((addressaddress::  StringString!!,, depth depth::  IntInt  ==  33))::  NetworkGraphNetworkGraph
    userRewardsuserRewards((addressaddress::  StringString!!,, timeframe timeframe::  TimeFrameTimeFrame!!))::  RewardHistoryRewardHistory
    
  #   # GlobalGlobal queries queries
  globalStats  globalStats::  GlobalStatisticsGlobalStatistics
    leaderboardleaderboard((typetype::  LeaderboardTypeLeaderboardType!!,, limit limit::  IntInt  ==  100100))::  [[LeaderboardEntryLeaderboardEntry!!]]!!
    rebaseHistoryrebaseHistory((chainchain::  ChainChain!!,, limit limit::  IntInt  ==  3030))::  [[RebaseEventRebaseEvent!!]]!!
}}

typetype  MutationMutation  {{
  #   # ReferralReferral operations operations
    registerReferralregisterReferral((codecode::  StringString!!,, signature signature::  StringString!!))::  RegisterResultRegisterResult!!
    
  #   # UserUser operations operations
    updateProfileupdateProfile((inputinput::  ProfileInputProfileInput!!))::  UserUser!!
    claimRewardsclaimRewards((typetype::  RewardTypeRewardType!!))::  ClaimResultClaimResult!!
}}

typetype  SubscriptionSubscription  {{
  #   # RealReal--time updatestime updates
    balanceUpdatesbalanceUpdates((addressaddress::  StringString!!))::  BalanceUpdateBalanceUpdate!!
    rebaseEventsrebaseEvents((chainchain::  ChainChain!!))::  RebaseEventRebaseEvent!!
    networkGrowthnetworkGrowth((addressaddress::  StringString!!))::  NetworkUpdateNetworkUpdate!!
}}

// Service Layer Architecture// Service Layer Architecture
classclass  UserServiceUserService  {{
    constructorconstructor((
        privateprivate db db::  DatabaseServiceDatabaseService,,
        privateprivate cache cache::  CacheServiceCacheService,,
        privateprivate blockchain blockchain::  BlockchainServiceBlockchainService,,
        privateprivate events events::  EventBusEventBus
    ))  {{}}
    
    asyncasync  getUserWithNetworkgetUserWithNetwork((addressaddress::  stringstring,, depth depth::  numbernumber  ==  33))::  PromisePromise<<UserNetworkUserNetwork>>  {{
        // Check L1 cache (Redis)// Check L1 cache (Redis)
        constconst cached  cached ==  awaitawait  thisthis..cachecache..getget((`̀user:network:user:network:${${addressaddress}}::${${depthdepth}}`̀));;
        ifif  ((cachedcached))  returnreturn cached cached;;
        
        // Check L2 cache (Database materialized view)// Check L2 cache (Database materialized view)
        constconst materialized  materialized ==  awaitawait  thisthis..dbdb..getMaterializedNetworkgetMaterializedNetwork((addressaddress,, depth depth));;
        ifif  ((materialized materialized &&&& materialized materialized..updatedAtupdatedAt  >>  DateDate..nownow(())  --  300000300000))  {{
            awaitawait  thisthis..cachecache..setset((`̀user:network:user:network:${${addressaddress}}::${${depthdepth}}`̀,, materialized materialized,,  300300));;
            returnreturn materialized materialized;;
        }}
        
        // Compute fresh// Compute fresh
        constconst network  network ==  awaitawait  thisthis..computeNetworkcomputeNetwork((addressaddress,, depth depth));;
        
        // Update caches asynchronously// Update caches asynchronously
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        thisthis..eventsevents..emitemit(('network:computed''network:computed',,  {{ address address,, depth depth,, network  network }}));;
        
        returnreturn network network;;
    }}
    
    privateprivate  asyncasync  computeNetworkcomputeNetwork((addressaddress::  stringstring,, depth depth::  numbernumber))::  PromisePromise<<UserNetworkUserNetwork>>  {{
        // Parallel data fetching// Parallel data fetching
        constconst  [[useruser,, referrals referrals,, balances balances]]  ==  awaitawait  PromisePromise..allall(([[
            thisthis..blockchainblockchain..getUsergetUser((addressaddress)),,
            thisthis..dbdb..getReferralTreegetReferralTree((addressaddress,, depth depth)),,
            thisthis..blockchainblockchain..getBalancesgetBalances((referralsreferrals..mapmap((r r =>=> r r..addressaddress))))
        ]]));;
        
        // Build network graph// Build network graph
        returnreturn  thisthis..buildNetworkGraphbuildNetworkGraph((useruser,, referrals referrals,, balances balances));;
    }}
}}
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-- Core user table with partitioning-- Core user table with partitioning
CREATECREATE  TABLETABLE users  users ((
    id UUID     id UUID PRIMARYPRIMARY  KEYKEY  DEFAULTDEFAULT gen_random_uuid gen_random_uuid(()),,
    address     address VARCHARVARCHAR((4444))  UNIQUEUNIQUE  NOTNOT  NULLNULL,,
    created_at TIMESTAMPTZ     created_at TIMESTAMPTZ NOTNOT  NULLNULL  DEFAULTDEFAULT  NOWNOW(()),,
    updated_at TIMESTAMPTZ     updated_at TIMESTAMPTZ NOTNOT  NULLNULL  DEFAULTDEFAULT  NOWNOW(()),,
    metadata JSONB     metadata JSONB NOTNOT  NULLNULL  DEFAULTDEFAULT  '{}''{}',,
        
        -- Indexes-- Indexes
        INDEXINDEX idx_users_address  idx_users_address ((addressaddress)),,
        INDEXINDEX idx_users_created_at  idx_users_created_at ((created_atcreated_at))
))  PARTITIONPARTITION  BYBY RANGE  RANGE ((created_atcreated_at));;

-- Create monthly partitions-- Create monthly partitions
CREATECREATE  TABLETABLE users_2024_11  users_2024_11 PARTITIONPARTITION  OFOF users users
        FORFOR  VALUESVALUES  FROMFROM  (('2024-11-01''2024-11-01'))  TOTO  (('2024-12-01''2024-12-01'));;

-- Referral relationships with graph optimization-- Referral relationships with graph optimization
CREATECREATE  TABLETABLE referrals  referrals ((
    id UUID     id UUID PRIMARYPRIMARY  KEYKEY  DEFAULTDEFAULT gen_random_uuid gen_random_uuid(()),,
    referrer_address     referrer_address VARCHARVARCHAR((4444))  NOTNOT  NULLNULL,,
    referee_address     referee_address VARCHARVARCHAR((4444))  NOTNOT  NULLNULL,,
    chain_id     chain_id INTEGERINTEGER  NOTNOT  NULLNULL,,
    created_at TIMESTAMPTZ     created_at TIMESTAMPTZ NOTNOT  NULLNULL  DEFAULTDEFAULT  NOWNOW(()),,
    depth     depth INTEGERINTEGER  NOTNOT  NULLNULL  DEFAULTDEFAULT  11,,
    path_vector     path_vector INTEGERINTEGER[[]]  NOTNOT  NULLNULL,,
        
        -- Constraints-- Constraints
        CONSTRAINTCONSTRAINT uk_referrals  uk_referrals UNIQUEUNIQUE  ((referee_addressreferee_address)),,
        CONSTRAINTCONSTRAINT fk_referrer  fk_referrer FOREIGNFOREIGN  KEYKEY  ((referrer_addressreferrer_address))  
                REFERENCESREFERENCES users users((addressaddress))  ONON  DELETEDELETE  CASCADECASCADE,,
        CONSTRAINTCONSTRAINT fk_referee  fk_referee FOREIGNFOREIGN  KEYKEY  ((referee_addressreferee_address))  
                REFERENCESREFERENCES users users((addressaddress))  ONON  DELETEDELETE  CASCADECASCADE,,
        
        -- Indexes for graph queries-- Indexes for graph queries
        INDEXINDEX idx_referrals_referrer  idx_referrals_referrer ((referrer_addressreferrer_address)),,
        INDEXINDEX idx_referrals_referee  idx_referrals_referee ((referee_addressreferee_address)),,
        INDEXINDEX idx_referrals_depth  idx_referrals_depth ((depthdepth)),,
        INDEXINDEX idx_referrals_path_gin  idx_referrals_path_gin ((path_vectorpath_vector))  USINGUSING GIN GIN
));;

-- Time-series data for analytics-- Time-series data for analytics
CREATECREATE  TABLETABLE user_balances  user_balances ((
    user_address     user_address VARCHARVARCHAR((4444))  NOTNOT  NULLNULL,,
    chain_id     chain_id INTEGERINTEGER  NOTNOT  NULLNULL,,
    balance     balance NUMERICNUMERIC((7878,,  1818))  NOTNOT  NULLNULL,,
    usd_value     usd_value NUMERICNUMERIC((2020,,  22)),,
    recorded_at TIMESTAMPTZ     recorded_at TIMESTAMPTZ NOTNOT  NULLNULL  DEFAULTDEFAULT  NOWNOW(()),,
        
        -- TimescaleDB hypertable-- TimescaleDB hypertable
        PRIMARYPRIMARY  KEYKEY  ((user_addressuser_address,, chain_id chain_id,, recorded_at recorded_at))
));;

SELECTSELECT create_hypertable create_hypertable(('user_balances''user_balances',,  'recorded_at''recorded_at'));;
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-- Materialized view for network statistics-- Materialized view for network statistics
CREATECREATE MATERIALIZED  MATERIALIZED VIEWVIEW mv_user_network_stats  mv_user_network_stats ASAS
WITHWITH RECURSIVE network_tree  RECURSIVE network_tree ASAS  ((
        -- Base case: direct referrals-- Base case: direct referrals
        SELECTSELECT  
        referrer_address        referrer_address,,
        referee_address        referee_address,,
                11  asas depth depth,,
        ARRAY        ARRAY[[referrer_addressreferrer_address,, referee_address referee_address]]  asas path path,,
                11  asas descendant_count descendant_count
        FROMFROM referrals referrals
        
        UNIONUNION  ALLALL
        
        -- Recursive case: indirect referrals-- Recursive case: indirect referrals
        SELECTSELECT  
        nt        nt..referrer_addressreferrer_address,,
        r        r..referee_addressreferee_address,,
        nt        nt..depth depth ++  11,,
        nt        nt..path path |||| r r..referee_addressreferee_address,,
        nt        nt..descendant_count descendant_count ++  11
        FROMFROM network_tree nt network_tree nt
        JOINJOIN referrals r  referrals r ONON r r..referrer_address referrer_address == nt nt..referee_addressreferee_address
        WHEREWHERE nt nt..depth depth <<  77
                ANDAND  NOTNOT r r..referee_address referee_address ==  ANYANY((ntnt..pathpath))  -- Prevent cycles-- Prevent cycles
))
SELECTSELECT  
    referrer_address    referrer_address,,
        COUNTCOUNT((DISTINCTDISTINCT referee_address referee_address))  asas total_referrals total_referrals,,
        MAXMAX((depthdepth))  asas max_depth max_depth,,
        SUMSUM((CASECASE  WHENWHEN depth  depth ==  11  THENTHEN  11  ELSEELSE  00  ENDEND))  asas direct_referrals direct_referrals,,
    array_agg    array_agg((DISTINCTDISTINCT referee_address referee_address))  asas all_referrals all_referrals
FROMFROM network_tree network_tree
GROUPGROUP  BYBY referrer_address referrer_address;;

-- Create indexes on materialized view-- Create indexes on materialized view
CREATECREATE  INDEXINDEX idx_mv_network_stats_address  idx_mv_network_stats_address ONON mv_user_network_stats mv_user_network_stats((referrer_addressreferrer_address));;
CREATECREATE  INDEXINDEX idx_mv_network_stats_count  idx_mv_network_stats_count ONON mv_user_network_stats mv_user_network_stats((total_referrals total_referrals DESCDESC));;
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// Multi-tier caching architecture// Multi-tier caching architecture
interfaceinterface  CacheLayerCacheLayer  {{
    L0_BrowserL0_Browser::  {{
    storage    storage::  'localStorage''localStorage'  ||  'sessionStorage''sessionStorage';;
    ttl    ttl::  300300;;  // 5 minutes// 5 minutes
    size    size::  '5MB''5MB';;
    data    data::  [['user_profile''user_profile',,  'recent_transactions''recent_transactions']];;
    }};;
    
    L1_CDNL1_CDN::  {{
    provider    provider::  'Cloudflare''Cloudflare';;
    ttl    ttl::  36003600;;  // 1 hour// 1 hour
    strategy    strategy::  'Cache-Control headers''Cache-Control headers';;
    data    data::  [['static_assets''static_assets',,  'api_responses''api_responses']];;
    }};;
    
    L2_ApplicationL2_Application::  {{
    provider    provider::  'Redis Cluster''Redis Cluster';;
    ttl    ttl::  900900;;  // 15 minutes// 15 minutes
    eviction    eviction::  'allkeys-lru''allkeys-lru';;
    data    data::  [['session_data''session_data',,  'computed_networks''computed_networks',,  'price_feeds''price_feeds']];;
    }};;
    
    L3_DatabaseL3_Database::  {{
    provider    provider::  'PostgreSQL''PostgreSQL';;
    strategy    strategy::  'Materialized Views''Materialized Views';;
    refresh    refresh::  'CONCURRENTLY''CONCURRENTLY';;
    data    data::  [['network_statistics''network_statistics',,  'leaderboards''leaderboards',,  'analytics''analytics']];;
    }};;
}}

// Cache key patterns// Cache key patterns
constconst  CACHE_KEYSCACHE_KEYS  ==  {{
    USER_PROFILEUSER_PROFILE::  ((addressaddress::  stringstring))  =>=>  `̀user:profile:user:profile:${${addressaddress}}`̀,,
    USER_NETWORKUSER_NETWORK::  ((addressaddress::  stringstring,, depth depth::  numbernumber))  =>=>  `̀user:network:user:network:${${addressaddress}}::${${depthdepth}}`̀,,
    REBASE_HISTORYREBASE_HISTORY::  ((chainchain::  stringstring))  =>=>  `̀rebase:history:rebase:history:${${chainchain}}`̀,,
    GLOBAL_STATSGLOBAL_STATS::  (())  =>=>  'global:stats:current''global:stats:current',,
    PRICE_FEEDPRICE_FEED::  ((tokentoken::  stringstring))  =>=>  `̀price:price:${${tokentoken}}:usd:usd`̀,,
}}  asas  constconst;;

// Cache invalidation strategy// Cache invalidation strategy
classclass  CacheInvalidatorCacheInvalidator  {{
    constructorconstructor((privateprivate redis redis::  RedisRedis,,  privateprivate events events::  EventEmitterEventEmitter))  {{
        thisthis..setupEventListenerssetupEventListeners(());;
    }}
    
    privateprivate  setupEventListenerssetupEventListeners(())  {{
        // Invalidate on blockchain events// Invalidate on blockchain events
        thisthis..eventsevents..onon(('rebase:completed''rebase:completed',,  asyncasync  ((eventevent))  =>=>  {{
            awaitawait  thisthis..invalidatePatterninvalidatePattern((`̀rebase:*:rebase:*:${${eventevent..chainchain}}`̀));;
            awaitawait  thisthis..invalidatePatterninvalidatePattern(('global:stats:*''global:stats:*'));;
        }}));;
        
        // Invalidate on user actions// Invalidate on user actions
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        thisthis..eventsevents..onon(('referral:registered''referral:registered',,  asyncasync  ((eventevent))  =>=>  {{
            awaitawait  thisthis..invalidatePatterninvalidatePattern((`̀user:network:user:network:${${eventevent..referrerreferrer}}:*:*`̀));;
            awaitawait  thisthis..invalidatePatterninvalidatePattern((`̀user:network:user:network:${${eventevent..refereereferee}}:*:*`̀));;
        }}));;
    }}
    
    privateprivate  asyncasync  invalidatePatterninvalidatePattern((patternpattern::  stringstring))  {{
        constconst keys  keys ==  awaitawait  thisthis..redisredis..keyskeys((patternpattern));;
        ifif  ((keyskeys..lengthlength  >>  00))  {{
            awaitawait  thisthis..redisredis..deldel((......keyskeys));;
        }}
    }}
}}
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// RPC Provider management with failover// RPC Provider management with failover
interfaceinterface  RPCConfigRPCConfig  {{
  chains  chains::  {{
    solana    solana::  {{
      primary      primary::  'https://api.mainnet-beta.solana.com''https://api.mainnet-beta.solana.com';;
      fallback      fallback::  [['https://solana-api.projectserum.com''https://solana-api.projectserum.com',,  'https://rpc.ankr.com/solana''https://rpc.ankr.com/solana']];;
      timeout      timeout::  50005000;;
      retries      retries::  33;;
        }};;
    base    base::  {{
      primary      primary::  'https://mainnet.base.org''https://mainnet.base.org';;
      fallback      fallback::  [['https://base.llamarpc.com''https://base.llamarpc.com',,  'https://base.blockpi.network/v1/rpc/public''https://base.blockpi.network/v1/rpc/public']];;
      timeout      timeout::  1000010000;;
      retries      retries::  33;;
        }};;
    arbitrum    arbitrum::  {{
      primary      primary::  'https://arb1.arbitrum.io/rpc''https://arb1.arbitrum.io/rpc';;
      fallback      fallback::  [['https://arbitrum.llamarpc.com''https://arbitrum.llamarpc.com',,  'https://arbitrum.blockpi.network/v1/rpc/public''https://arbitrum.blockpi.network/v1/rpc/public']];;
      timeout      timeout::  1000010000;;
      retries      retries::  33;;
        }};;
    }};;
}}

// Health-check based RPC rotation// Health-check based RPC rotation
classclass  RPCManagerRPCManager  {{
    privateprivate providers providers::  MapMap<<stringstring,,  ProviderPoolProviderPool>>  ==  newnew  MapMap(());;
    privateprivate healthScores healthScores::  MapMap<<stringstring,,  numbernumber>>  ==  newnew  MapMap(());;
    
    constructorconstructor((privateprivate config config::  RPCConfigRPCConfig))  {{
        thisthis..initializeProvidersinitializeProviders(());;
        thisthis..startHealthCheckingstartHealthChecking(());;
    }}
    
    asyncasync  callcall<<TT>>((chainchain::  stringstring,, method method::  stringstring,, params params::  anyany[[]]))::  PromisePromise<<TT>>  {{
        constconst pool  pool ==  thisthis..providersproviders..getget((chainchain));;
        ifif  ((!!poolpool))  throwthrow  newnew  ErrorError((`̀Unsupported chain: Unsupported chain: ${${chainchain}}`̀));;
        
        // Try providers in order of health score// Try providers in order of health score
        constconst providers  providers == pool pool..getHealthyProvidersgetHealthyProviders(());;
        
        forfor  ((constconst provider  provider ofof providers providers))  {{
            trytry  {{
                constconst result  result ==  awaitawait  thisthis..executeWithTimeoutexecuteWithTimeout((
          provider          provider..callcall((methodmethod,, params params)),,
                    thisthis..configconfig..chainschains[[chainchain]]..timeouttimeout
                ));;
                
                // Update health score on success// Update health score on success
                thisthis..updateHealthScoreupdateHealthScore((providerprovider..urlurl,,  truetrue));;
                
                returnreturn result result;;
            }}  catchcatch  ((errorerror))  {{
                // Update health score on failure// Update health score on failure
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                thisthis..updateHealthScoreupdateHealthScore((providerprovider..urlurl,,  falsefalse));;
                
                // Continue to next provider// Continue to next provider
                continuecontinue;;
            }}
        }}
        
        throwthrow  newnew  ErrorError((`̀All RPC providers failed for All RPC providers failed for ${${chainchain}}`̀));;
    }}
    
    privateprivate  startHealthCheckingstartHealthChecking(())  {{
        setIntervalsetInterval((asyncasync  (())  =>=>  {{
            forfor  ((constconst  [[chainchain,, pool pool]]  ofof  thisthis..providersproviders))  {{
                forfor  ((constconst provider  provider ofof pool pool..getAllProvidersgetAllProviders(())))  {{
                    trytry  {{
                        // Chain-specific health check// Chain-specific health check
                        ifif  ((chain chain ======  'solana''solana'))  {{
                            awaitawait provider provider..getSlotgetSlot(());;
                        }}  elseelse  {{
                            awaitawait provider provider..getBlockNumbergetBlockNumber(());;
                        }}
                        thisthis..updateHealthScoreupdateHealthScore((providerprovider..urlurl,,  truetrue));;
                    }}  catchcatch  {{
                        thisthis..updateHealthScoreupdateHealthScore((providerprovider..urlurl,,  falsefalse));;
                    }}
                }}
            }}
        }},,  3000030000));;  // Every 30 seconds// Every 30 seconds
    }}
}}
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// Contract abstraction layer// Contract abstraction layer
abstractabstract  classclass  ContractAdapterContractAdapter  {{
    abstractabstract  asyncasync  getUserBalancegetUserBalance((addressaddress::  stringstring))::  PromisePromise<<BigNumberBigNumber>>;;
    abstractabstract  asyncasync  getReferralDatagetReferralData((addressaddress::  stringstring))::  PromisePromise<<ReferralInfoReferralInfo>>;;
    abstractabstract  asyncasync  registerReferralregisterReferral((refereereferee::  stringstring,, referrer referrer::  stringstring))::  PromisePromise<<TransactionResultTransactionResult>>;;
}}

// Solana implementation// Solana implementation
classclass  SolanaContractAdapterSolanaContractAdapter  extendsextends  ContractAdapterContractAdapter  {{
    constructorconstructor((
        privateprivate connection connection::  ConnectionConnection,,
        privateprivate programId programId::  PublicKeyPublicKey
    ))  {{
        supersuper(());;
    }}
    
    asyncasync  getUserBalancegetUserBalance((addressaddress::  stringstring))::  PromisePromise<<BigNumberBigNumber>>  {{
        constconst pubkey  pubkey ==  newnew  PublicKeyPublicKey((addressaddress));;
        constconst accountInfo  accountInfo ==  awaitawait  thisthis..connectionconnection..getAccountInfogetAccountInfo((pubkeypubkey));;
        
        ifif  ((!!accountInfoaccountInfo))  returnreturn  BigNumberBigNumber..fromfrom((00));;
        
        // Deserialize account data// Deserialize account data
        constconst decoded  decoded ==  UserAccountUserAccount..decodedecode((accountInfoaccountInfo..datadata));;
        returnreturn  BigNumberBigNumber..fromfrom((decodeddecoded..balancebalance..toStringtoString(())));;
    }}
    
    asyncasync  getReferralDatagetReferralData((addressaddress::  stringstring))::  PromisePromise<<ReferralInfoReferralInfo>>  {{
        constconst  [[pdapda]]  ==  awaitawait  PublicKeyPublicKey..findProgramAddressfindProgramAddress((
            [[BufferBuffer..fromfrom(('referral''referral')),,  newnew  PublicKeyPublicKey((addressaddress))..toBuffertoBuffer(())]],,
            thisthis..programIdprogramId
        ));;
        
        constconst account  account ==  awaitawait  thisthis..connectionconnection..getAccountInfogetAccountInfo((pdapda));;
        ifif  ((!!accountaccount))  returnreturn  nullnull;;
        
        returnreturn  ReferralAccountReferralAccount..decodedecode((accountaccount..datadata));;
    }}
    
    asyncasync  registerReferralregisterReferral((refereereferee::  stringstring,, referrer referrer::  stringstring))::  PromisePromise<<TransactionResultTransactionResult>>  {{
        constconst instruction  instruction ==  awaitawait  thisthis..programprogram..methodsmethods
            ..registerReferralregisterReferral(())
            ..accountsaccounts(({{
        referee        referee::  newnew  PublicKeyPublicKey((refereereferee)),,
        referrer        referrer::  newnew  PublicKeyPublicKey((referrerreferrer)),,
        referralAccount        referralAccount::  awaitawait  thisthis..getReferralPDAgetReferralPDA((refereereferee)),,
        systemProgram        systemProgram::  SystemProgramSystemProgram..programIdprogramId,,
            }}))
            ..instructioninstruction(());;
        
        constconst transaction  transaction ==  newnew  TransactionTransaction(())..addadd((instructioninstruction));;
        
        // Add priority fee for better inclusion// Add priority fee for better inclusion
    transaction    transaction..addadd((
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            ComputeBudgetProgramComputeBudgetProgram..setComputeUnitPricesetComputeUnitPrice(({{
        microLamports        microLamports::  10001000,,
            }}))
        ));;
        
        returnreturn  thisthis..sendTransactionsendTransaction((transactiontransaction));;
    }}
}}

// EVM implementation with gas optimization// EVM implementation with gas optimization
classclass  EVMContractAdapterEVMContractAdapter  extendsextends  ContractAdapterContractAdapter  {{
    privateprivate contract contract::  ContractContract;;
    privateprivate gasEstimator gasEstimator::  GasEstimatorGasEstimator;;
    
    constructorconstructor((
        privateprivate provider provider::  ProviderProvider,,
        privateprivate contractAddress contractAddress::  stringstring,,
        privateprivate abi abi::  anyany[[]]
    ))  {{
        supersuper(());;
        thisthis..contractcontract  ==  newnew  ContractContract((contractAddresscontractAddress,, abi abi,, provider provider));;
        thisthis..gasEstimatorgasEstimator  ==  newnew  GasEstimatorGasEstimator((providerprovider));;
    }}
    
    asyncasync  registerReferralregisterReferral((refereereferee::  stringstring,, referrer referrer::  stringstring))::  PromisePromise<<TransactionResultTransactionResult>>  {{
        // Estimate gas with 10% buffer// Estimate gas with 10% buffer
        constconst estimatedGas  estimatedGas ==  awaitawait  thisthis..contractcontract..estimateGasestimateGas..registerReferralregisterReferral((refereereferee,, referrer referrer));;
        constconst gasLimit  gasLimit == estimatedGas estimatedGas..mulmul((110110))..divdiv((100100));;
        
        // Get optimal gas price// Get optimal gas price
        constconst gasPrice  gasPrice ==  awaitawait  thisthis..gasEstimatorgasEstimator..getOptimalGasPricegetOptimalGasPrice(());;
        
        // Execute with retry logic// Execute with retry logic
        returnreturn  thisthis..executeWithRetryexecuteWithRetry((asyncasync  (())  =>=>  {{
            constconst tx  tx ==  awaitawait  thisthis..contractcontract..registerReferralregisterReferral((refereereferee,, referrer referrer,,  {{
        gasLimit        gasLimit,,
        gasPrice        gasPrice,,
            }}));;
            
            returnreturn  {{
        hash        hash:: tx tx..hashhash,,
                waitwait::  (())  =>=> tx tx..waitwait(()),,
            }};;
        }}));;
    }}
}}
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// WebSocket server with horizontal scaling// WebSocket server with horizontal scaling
classclass  RealtimeServiceRealtimeService  {{
    privateprivate io io::  ServerServer;;
    privateprivate redis redis::  RedisAdapterRedisAdapter;;
    privateprivate subscriptions subscriptions::  MapMap<<stringstring,,  SetSet<<stringstring>>>>  ==  newnew  MapMap(());;
    
    constructorconstructor((serverserver::  HttpServerHttpServer))  {{
        thisthis..ioio  ==  newnew  ServerServer((serverserver,,  {{
      cors      cors::  {{
        origin        origin:: process process..envenv..ALLOWED_ORIGINSALLOWED_ORIGINS?.?.splitsplit((','',')),,
        credentials        credentials::  truetrue,,
            }},,
      transports      transports::  [['websocket''websocket',,  'polling''polling']],,
        }}));;
        
        // Enable Redis adapter for multi-instance support// Enable Redis adapter for multi-instance support
        thisthis..redisredis  ==  newnew  RedisAdapterRedisAdapter(({{
      pubClient      pubClient::  createRedisClientcreateRedisClient(()),,
      subClient      subClient::  createRedisClientcreateRedisClient(()),,
        }}));;
        
        thisthis..ioio..adapteradapter((thisthis..redisredis));;
        thisthis..setupEventHandlerssetupEventHandlers(());;
    }}
    
    privateprivate  setupEventHandlerssetupEventHandlers(())  {{
        thisthis..ioio..onon(('connection''connection',,  asyncasync  ((socketsocket))  =>=>  {{
            constconst  {{ address  address }}  == socket socket..handshakehandshake..authauth;;
            
            ifif  ((!!addressaddress))  {{
        socket        socket..disconnectdisconnect(());;
                returnreturn;;
            }}
            
            // Join user-specific room// Join user-specific room
      socket      socket..joinjoin((`̀user:user:${${addressaddress}}`̀));;
            
            // Handle subscriptions// Handle subscriptions
      socket      socket..onon(('subscribe''subscribe',,  asyncasync  ((eventevent::  SubscribeEventSubscribeEvent))  =>=>  {{
                switchswitch  ((eventevent..typetype))  {{
                    casecase  'balance''balance'::
                        awaitawait  thisthis..subscribeToBalancesubscribeToBalance((socketsocket,, address address));;
                        breakbreak;;
                    casecase  'network''network'::
                        awaitawait  thisthis..subscribeToNetworksubscribeToNetwork((socketsocket,, address address));;
                        breakbreak;;
                    casecase  'rebase''rebase'::
                        awaitawait  thisthis..subscribeToRebasesubscribeToRebase((socketsocket,, event event..chainchain));;
                        breakbreak;;
                }}
            }}));;
            
            // Cleanup on disconnect// Cleanup on disconnect
      socket      socket..onon(('disconnect''disconnect',,  (())  =>=>  {{
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                thisthis..cleanupSubscriptionscleanupSubscriptions((socketsocket..idid));;
            }}));;
        }}));;
    }}
    
    privateprivate  asyncasync  subscribeToBalancesubscribeToBalance((socketsocket::  SocketSocket,, address address::  stringstring))  {{
        // Send initial balance// Send initial balance
        constconst balance  balance ==  awaitawait  thisthis..getBalancegetBalance((addressaddress));;
    socket    socket..emitemit(('balance:update''balance:update',, balance balance));;
        
        // Subscribe to updates// Subscribe to updates
        constconst subscription  subscription ==  `̀balance:balance:${${addressaddress}}`̀;;
        thisthis..addSubscriptionaddSubscription((socketsocket..idid,, subscription subscription));;
        
        // Listen for blockchain events// Listen for blockchain events
        thisthis..blockchainEventsblockchainEvents..onon((subscriptionsubscription,,  ((datadata))  =>=>  {{
      socket      socket..emitemit(('balance:update''balance:update',, data data));;
        }}));;
    }}
    
    // Efficient broadcast for global events// Efficient broadcast for global events
    asyncasync  broadcastRebasebroadcastRebase((chainchain::  stringstring,, event event::  RebaseEventRebaseEvent))  {{
        // Use Redis pub/sub for multi-instance coordination// Use Redis pub/sub for multi-instance coordination
        awaitawait  thisthis..redisredis..publishpublish(('rebase:event''rebase:event',,  JSONJSON..stringifystringify(({{ chain chain,, event  event }}))));;
        
        // Local broadcast// Local broadcast
        thisthis..ioio..toto((`̀rebase:rebase:${${chainchain}}`̀))..emitemit(('rebase:completed''rebase:completed',, event event));;
        
        // Update affected user balances// Update affected user balances
        constconst affectedUsers  affectedUsers ==  awaitawait  thisthis..getAffectedUsersgetAffectedUsers((chainchain));;
        
        // Batch updates for efficiency// Batch updates for efficiency
        constconst chunks  chunks ==  thisthis..chunkArraychunkArray((affectedUsersaffectedUsers,,  100100));;
        forfor  ((constconst chunk  chunk ofof chunks chunks))  {{
            constconst updates  updates ==  awaitawait  thisthis..calculateBalanceUpdatescalculateBalanceUpdates((chunkchunk,, event event));;
            
            forfor  ((constconst update  update ofof updates updates))  {{
                thisthis..ioio..toto((`̀user:user:${${updateupdate..addressaddress}}`̀))..emitemit(('balance:update''balance:update',, update update));;
            }}
        }}
    }}
}}
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// Event sourcing for audit trail and replay capability// Event sourcing for audit trail and replay capability
interfaceinterface  DomainEventDomainEvent  {{
  id  id::  stringstring;;
  type  type::  stringstring;;
  aggregateId  aggregateId::  stringstring;;
  payload  payload::  anyany;;
  metadata  metadata::  {{
    timestamp    timestamp::  numbernumber;;
    userId    userId??::  stringstring;;
    correlationId    correlationId::  stringstring;;
    }};;
}}

classclass  EventStoreEventStore  {{
    constructorconstructor((
        privateprivate kafka kafka::  KafkaKafka,,
        privateprivate db db::  DatabaseDatabase
    ))  {{
        thisthis..producerproducer  == kafka kafka..producerproducer(());;
        thisthis..setupConsumerssetupConsumers(());;
    }}
    
    asyncasync  appendappend((eventevent::  DomainEventDomainEvent))::  PromisePromise<<voidvoid>>  {{
        // Store in database for persistence// Store in database for persistence
        awaitawait  thisthis..dbdb..queryquery((
            `̀INSERT INTO events (id, type, aggregate_id, payload, metadata, created_at)INSERT INTO events (id, type, aggregate_id, payload, metadata, created_at)
       VALUES ($1, $2, $3, $4, $5, NOW())       VALUES ($1, $2, $3, $4, $5, NOW())`̀,,
            [[eventevent..idid,, event event..typetype,, event event..aggregateIdaggregateId,, event event..payloadpayload,, event event..metadatametadata]]
        ));;
        
        // Publish to Kafka for real-time processing// Publish to Kafka for real-time processing
        awaitawait  thisthis..producerproducer..sendsend(({{
      topic      topic::  `̀events.events.${${eventevent..typetype}}`̀,,
      messages      messages::  [[{{
        key        key:: event event..aggregateIdaggregateId,,
        value        value::  JSONJSON..stringifystringify((eventevent)),,
        headers        headers::  {{
                    'correlation-id''correlation-id':: event event..metadatametadata..correlationIdcorrelationId,,
                }},,
            }}]],,
        }}));;
    }}
    
    // Event replay for debugging or recovery// Event replay for debugging or recovery
    asyncasync  replayreplay((aggregateIdaggregateId::  stringstring,, fromTimestamp fromTimestamp??::  numbernumber))::  PromisePromise<<DomainEventDomainEvent[[]]>>  {{
        constconst query  query == fromTimestamp fromTimestamp
            ??  `̀SELECT * FROM events WHERE aggregate_id = $1 AND created_at >= $2 ORDER BY created_atSELECT * FROM events WHERE aggregate_id = $1 AND created_at >= $2 ORDER BY created_at`̀
            ::  `̀SELECT * FROM events WHERE aggregate_id = $1 ORDER BY created_atSELECT * FROM events WHERE aggregate_id = $1 ORDER BY created_at`̀;;
        
        constconst result  result ==  awaitawait  thisthis..dbdb..queryquery((queryquery,,  
      fromTimestamp       fromTimestamp ??  [[aggregateIdaggregateId,,  newnew  DateDate((fromTimestampfromTimestamp))]]  ::  [[aggregateIdaggregateId]]
        ));;
        
        returnreturn result result..rowsrows..mapmap((row row =>=>  (({{



      id      id:: row row..idid,,
      type      type:: row row..typetype,,
      aggregateId      aggregateId:: row row..aggregate_idaggregate_id,,
      payload      payload:: row row..payloadpayload,,
      metadata      metadata:: row row..metadatametadata,,
        }}))));;
    }}
}}

// Event handlers for different domains// Event handlers for different domains
classclass  ReferralEventHandlerReferralEventHandler  {{
    asyncasync  handlehandle((eventevent::  DomainEventDomainEvent))::  PromisePromise<<voidvoid>>  {{
        switchswitch  ((eventevent..typetype))  {{
            casecase  'referral.registered''referral.registered'::
                awaitawait  thisthis..handleReferralRegisteredhandleReferralRegistered((eventevent));;
                breakbreak;;
            casecase  'referral.transferred''referral.transferred'::
                awaitawait  thisthis..handleReferralTransferredhandleReferralTransferred((eventevent));;
                breakbreak;;
        }}
    }}
    
    privateprivate  asyncasync  handleReferralRegisteredhandleReferralRegistered((eventevent::  DomainEventDomainEvent))  {{
        constconst  {{ referee referee,, referrer referrer,, chain  chain }}  == event event..payloadpayload;;
        
        // Update graph database// Update graph database
        awaitawait  thisthis..graphDbgraphDb..addEdgeaddEdge((referrerreferrer,, referee referee,,  {{
      chain      chain,,
      timestamp      timestamp:: event event..metadatametadata..timestamptimestamp,,
        }}));;
        
        // Invalidate caches// Invalidate caches
        awaitawait  thisthis..cachecache..invalidateinvalidate(([[
            `̀network:network:${${referrerreferrer}}:*:*`̀,,
            `̀network:network:${${refereereferee}}:*:*`̀,,
        ]]));;
        
        // Calculate rewards// Calculate rewards
        constconst rewards  rewards ==  awaitawait  thisthis..rewardCalculatorrewardCalculator..calculateReferralRewardscalculateReferralRewards((
      referrer      referrer,,
      referee      referee
        ));;
        
        // Emit reward events// Emit reward events
        forfor  ((constconst reward  reward ofof rewards rewards))  {{
            awaitawait  thisthis..eventStoreeventStore..appendappend(({{
        id        id::  generateIdgenerateId(()),,
        type        type::  'reward.calculated''reward.calculated',,
        aggregateId        aggregateId:: reward reward..recipientrecipient,,
        payload        payload:: reward reward,,
        metadata        metadata::  {{
          timestamp          timestamp::  DateDate..nownow(()),,
          correlationId          correlationId:: event event..metadatametadata..correlationIdcorrelationId,,
                }},,
            }}));;
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        }}
    }}
}}
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// Efficient network strength calculation// Efficient network strength calculation
classclass  NetworkCalculatorNetworkCalculator  {{
    privateprivate graphDb graphDb::  Neo4jNeo4j..DriverDriver;;
    privateprivate cache cache::  RedisCacheRedisCache;;
    
    asyncasync  calculateNetworkStrengthcalculateNetworkStrength((addressaddress::  stringstring))::  PromisePromise<<NetworkStrengthNetworkStrength>>  {{
        // Use Neo4j for complex graph queries// Use Neo4j for complex graph queries
        constconst session  session ==  thisthis..graphDbgraphDb..sessionsession(());;
        
        trytry  {{
            // Get network metrics in single query// Get network metrics in single query
            constconst result  result ==  awaitawait session session..runrun((`̀
        MATCH (root:User {address: $address})        MATCH (root:User {address: $address})
        OPTIONAL MATCH path = (root)-[:REFERRED*1..7]->(descendant:User)        OPTIONAL MATCH path = (root)-[:REFERRED*1..7]->(descendant:User)
        WITH root, descendant, length(path) as depth        WITH root, descendant, length(path) as depth
        RETURN         RETURN 
          count(DISTINCT descendant) as totalDescendants,          count(DISTINCT descendant) as totalDescendants,
          sum(descendant.balance * power(0.7, depth)) as weightedBalance,          sum(descendant.balance * power(0.7, depth)) as weightedBalance,
          max(depth) as maxDepth,          max(depth) as maxDepth,
          collect({          collect({
            address: descendant.address,            address: descendant.address,
            balance: descendant.balance,            balance: descendant.balance,
            depth: depth            depth: depth
          })[0..100] as topDescendants          })[0..100] as topDescendants
            `̀,,  {{ address  address }}));;
            
            constconst record  record == result result..recordsrecords[[00]];;
            
            // Calculate network strength score// Calculate network strength score
            constconst strength  strength ==  thisthis..computeStrengthcomputeStrength(({{
        descendants        descendants:: record record..getget(('totalDescendants''totalDescendants')),,
        weightedBalance        weightedBalance:: record record..getget(('weightedBalance''weightedBalance')),,
        maxDepth        maxDepth:: record record..getget(('maxDepth''maxDepth')),,
            }}));;
            
            // Cache result// Cache result
            awaitawait  thisthis..cachecache..setset((
                `̀network:strength:network:strength:${${addressaddress}}`̀,,
        strength        strength,,
                300300  // 5 minutes// 5 minutes
            ));;
            
            returnreturn strength strength;;
        }}  finallyfinally  {{
            awaitawait session session..closeclose(());;
        }}
    }}
    
    privateprivate  computeStrengthcomputeStrength((metricsmetrics::  NetworkMetricsNetworkMetrics))::  numbernumber  {{
        // Logarithmic scaling to prevent extreme values// Logarithmic scaling to prevent extreme values
        constconst descendantScore  descendantScore ==  MathMath..log10log10((metricsmetrics..descendantsdescendants  ++  11))  **  100100;;
        constconst balanceScore  balanceScore ==  MathMath..log10log10((metricsmetrics..weightedBalanceweightedBalance  ++  11))  **  5050;;
        constconst depthScore  depthScore == metrics metrics..maxDepthmaxDepth  **  1010;;
        



        returnreturn  MathMath..minmin((descendantScore descendantScore ++ balanceScore  balanceScore ++ depthScore depthScore,,  1000010000));;
    }}
    
    // Batch processing for rebase calculations// Batch processing for rebase calculations
    asyncasync  calculateRebaseRewardscalculateRebaseRewards((epochepoch::  numbernumber))::  PromisePromise<<RebaseDistributionRebaseDistribution[[]]>>  {{
        constconst session  session ==  thisthis..graphDbgraphDb..sessionsession(());;
        
        trytry  {{
            // Get all users with their network strength// Get all users with their network strength
            constconst result  result ==  awaitawait session session..runrun((`̀
        MATCH (user:User)        MATCH (user:User)
        WHERE user.balance > $minBalance        WHERE user.balance > $minBalance
        OPTIONAL MATCH (user)-[:REFERRED*1..7]->(descendant:User)        OPTIONAL MATCH (user)-[:REFERRED*1..7]->(descendant:User)
        WITH user,         WITH user, 
             count(DISTINCT descendant) as networkSize,             count(DISTINCT descendant) as networkSize,
             sum(descendant.balance * 0.7 ^ length((user)-[:REFERRED*]->(descendant))) as networkValue             sum(descendant.balance * 0.7 ^ length((user)-[:REFERRED*]->(descendant))) as networkValue
        RETURN user.address as address,        RETURN user.address as address,
               user.balance as balance,               user.balance as balance,
               networkSize,               networkSize,
               networkValue,               networkValue,
               user.isVerified as isVerified               user.isVerified as isVerified
        ORDER BY networkValue DESC        ORDER BY networkValue DESC
            `̀,,  {{ minBalance minBalance::  100100  }}));;
            
            // Calculate total distribution// Calculate total distribution
            constconst totalSupply  totalSupply ==  awaitawait  thisthis..getTotalSupplygetTotalSupply(());;
            constconst rebaseAmount  rebaseAmount == totalSupply  totalSupply **  0.020.02;;  // 2% daily// 2% daily
            
            // Weight calculation// Weight calculation
            letlet totalWeight  totalWeight ==  00;;
            constconst weights  weights == result result..recordsrecords..mapmap((record record =>=>  {{
                constconst balance  balance == record record..getget(('balance''balance'));;
                constconst networkValue  networkValue == record record..getget(('networkValue''networkValue'));;
                constconst isVerified  isVerified == record record..getget(('isVerified''isVerified'));;
                
                // Base weight from balance// Base weight from balance
                letlet weight  weight == balance  balance // totalSupply totalSupply;;
                
                // Network multiplier// Network multiplier
        weight         weight *=*=  ((11  ++  MathMath..log10log10((networkValue networkValue ++  11))  **  0.50.5));;
                
                // Verification bonus// Verification bonus
                ifif  ((isVerifiedisVerified)) weight  weight *=*=  1.251.25;;
                
        totalWeight         totalWeight +=+= weight weight;;
                
                returnreturn  {{
          address          address:: record record..getget(('address''address')),,
          weight          weight,,
                }};;
            }}));;
            
            // Distribute rewards proportionally// Distribute rewards proportionally
            returnreturn weights weights..mapmap(((({{ address address,, weight  weight }}))  =>=>  (({{
        address        address,,
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        amount        amount::  ((weight weight // totalWeight totalWeight))  ** rebaseAmount rebaseAmount,,
        epoch        epoch,,
            }}))));;
            
        }}  finallyfinally  {{
            awaitawait session session..closeclose(());;
        }}
    }}
}}
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// 3D network visualization with WebGL// 3D network visualization with WebGL
classclass  NetworkVisualizerNetworkVisualizer  {{
    privateprivate scene scene::  THREETHREE..SceneScene;;
    privateprivate renderer renderer::  THREETHREE..WebGLRendererWebGLRenderer;;
    privateprivate camera camera::  THREETHREE..PerspectiveCameraPerspectiveCamera;;
    privateprivate nodes nodes::  MapMap<<stringstring,,  THREETHREE..MeshMesh>>  ==  newnew  MapMap(());;
    privateprivate edges edges::  THREETHREE..LineSegmentsLineSegments[[]]  ==  [[]];;
    
    constructorconstructor((containercontainer::  HTMLElementHTMLElement))  {{
        thisthis..initializeSceneinitializeScene((containercontainer));;
        thisthis..setupInteractionssetupInteractions(());;
    }}
    
    asyncasync  renderNetworkrenderNetwork((datadata::  NetworkDataNetworkData))  {{
        // Clear existing visualization// Clear existing visualization
        thisthis..clearSceneclearScene(());;
        
        // Create desert rose center node// Create desert rose center node
        constconst centerNode  centerNode ==  thisthis..createRoseNodecreateRoseNode((datadata..rootroot,,  2020));;
    centerNode    centerNode..positionposition..setset((00,,  00,,  00));;
        thisthis..scenescene..addadd((centerNodecenterNode));;
        thisthis..nodesnodes..setset((datadata..rootroot..addressaddress,, centerNode centerNode));;
        
        // Layout algorithm for optimal positioning// Layout algorithm for optimal positioning
        constconst positions  positions ==  thisthis..calculateLayoutcalculateLayout((datadata));;
        
        // Render nodes with animation// Render nodes with animation
        forfor  ((constconst node  node ofof data data..nodesnodes))  {{
            ifif  ((nodenode..addressaddress  ====== data data..rootroot..addressaddress))  continuecontinue;;
            
            constconst position  position == positions positions..getget((nodenode..addressaddress));;
            constconst mesh  mesh ==  thisthis..createNodecreateNode((nodenode,, position position));;
            
            // Animate node appearance// Animate node appearance
      gsap      gsap..fromfrom((meshmesh..scalescale,,  {{
        duration        duration::  0.50.5,,
        x        x::  00,,
        y        y::  00,,
        z        z::  00,,
        ease        ease::  'back.out''back.out',,
        delay        delay:: node node..depthdepth  **  0.10.1,,
            }}));;
            
            thisthis..scenescene..addadd((meshmesh));;
            thisthis..nodesnodes..setset((nodenode..addressaddress,, mesh mesh));;
        }}
        
        // Render edges with gradient// Render edges with gradient
        forfor  ((constconst edge  edge ofof data data..edgesedges))  {{
            constconst line  line ==  thisthis..createEdgecreateEdge((
        positions        positions..getget((edgeedge..fromfrom)),,
        positions        positions..getget((edgeedge..toto)),,
        edge        edge..weightweight
            ));;



            
            // Animate edge drawing// Animate edge drawing
            constconst material  material == line line..materialmaterial  asas  THREETHREE..ShaderMaterialShaderMaterial;;
      gsap      gsap..fromfrom((materialmaterial..uniformsuniforms..progressprogress,,  {{
        duration        duration::  11,,
        value        value::  00,,
        ease        ease::  'power2.inOut''power2.inOut',,
        delay        delay:: edge edge..depthdepth  **  0.10.1,,
            }}));;
            
            thisthis..scenescene..addadd((lineline));;
            thisthis..edgesedges..pushpush((lineline));;
        }}
        
        // Start render loop// Start render loop
        thisthis..animateanimate(());;
    }}
    
    privateprivate  calculateLayoutcalculateLayout((datadata::  NetworkDataNetworkData))::  MapMap<<stringstring,,  THREETHREE..Vector3Vector3>>  {{
        constconst positions  positions ==  newnew  MapMap<<stringstring,,  THREETHREE..Vector3Vector3>>(());;
        
        // Use force-directed layout with constraints// Use force-directed layout with constraints
        constconst simulation  simulation == d3 d3..forceSimulationforceSimulation((datadata..nodesnodes))
            ..forceforce(('link''link',, d3 d3..forceLinkforceLink((datadata..edgesedges))..idid((d d =>=> d d..addressaddress))..distancedistance((5050))))
            ..forceforce(('charge''charge',, d3 d3..forceManyBodyforceManyBody(())..strengthstrength((--300300))))
            ..forceforce(('center''center',, d3 d3..forceCenterforceCenter((00,,  00))))
            ..forceforce(('radial''radial',, d3 d3..forceRadialforceRadial((d d =>=> d d..depthdepth  **  100100,,  00,,  00))))
            ..stopstop(());;
        
        // Run simulation// Run simulation
        forfor  ((letlet i  i ==  00;; i  i <<  100100;; i i++++))  {{
      simulation      simulation..ticktick(());;
        }}
        
        // Convert to 3D positions with depth layers// Convert to 3D positions with depth layers
    data    data..nodesnodes..forEachforEach((node node =>=>  {{
      positions      positions..setset((nodenode..addressaddress,,  newnew  THREETHREE..Vector3Vector3((
        node        node..xx,,
        node        node..yy,,
                --nodenode..depthdepth  **  3030  // Z-depth based on referral depth// Z-depth based on referral depth
            ))));;
        }}));;
        
        returnreturn positions positions;;
    }}
    
    privateprivate  createRoseNodecreateRoseNode((nodenode::  NodeDataNodeData,, size size::  numbernumber))::  THREETHREE..MeshMesh  {{
        // Custom shader for animated desert rose// Custom shader for animated desert rose
        constconst geometry  geometry ==  newnew  THREETHREE..IcosahedronGeometryIcosahedronGeometry((sizesize,,  22));;
        constconst material  material ==  newnew  THREETHREE..ShaderMaterialShaderMaterial(({{
      uniforms      uniforms::  {{
        time        time::  {{ value value::  00  }},,
        color1        color1::  {{ value value::  newnew  THREETHREE..ColorColor((0xe8b4b80xe8b4b8))  }},,  // Rose gold// Rose gold
        color2        color2::  {{ value value::  newnew  THREETHREE..ColorColor((0x6b5b950x6b5b95))  }},,  // Deep purple// Deep purple
            }},,
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      vertexShader      vertexShader::  `̀
        varying vec3 vNormal;        varying vec3 vNormal;
        varying vec3 vPosition;        varying vec3 vPosition;
                
        void main() {        void main() {
          vNormal = normal;          vNormal = normal;
          vPosition = position;          vPosition = position;
          gl_Position = projectionMatrix * modelViewMatrix * vec4(position, 1.0);          gl_Position = projectionMatrix * modelViewMatrix * vec4(position, 1.0);
        }        }
            `̀,,
      fragmentShader      fragmentShader::  `̀
        uniform float time;        uniform float time;
        uniform vec3 color1;        uniform vec3 color1;
        uniform vec3 color2;        uniform vec3 color2;
                
        varying vec3 vNormal;        varying vec3 vNormal;
        varying vec3 vPosition;        varying vec3 vPosition;
                
        void main() {        void main() {
          float pulse = sin(time * 2.0) * 0.5 + 0.5;          float pulse = sin(time * 2.0) * 0.5 + 0.5;
          vec3 color = mix(color1, color2, pulse);          vec3 color = mix(color1, color2, pulse);
                    
          float fresnel = pow(1.0 - dot(vNormal, vec3(0.0, 0.0, 1.0)), 2.0);          float fresnel = pow(1.0 - dot(vNormal, vec3(0.0, 0.0, 1.0)), 2.0);
                    
          gl_FragColor = vec4(color * (0.7 + fresnel * 0.3), 0.9);          gl_FragColor = vec4(color * (0.7 + fresnel * 0.3), 0.9);
        }        }
            `̀,,
      transparent      transparent::  truetrue,,
        }}));;
        
        returnreturn  newnew  THREETHREE..MeshMesh((geometrygeometry,, material material));;
    }}
}}
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// React component optimization// React component optimization
constconst  NetworkDashboardNetworkDashboard  ==  memomemo(((({{ address  address }}::  {{ address address::  stringstring  }}))  =>=>  {{
    // Split code for lazy loading// Split code for lazy loading
    constconst  NetworkGraphNetworkGraph  ==  lazylazy(((())  =>=>  importimport(('./NetworkGraph''./NetworkGraph'))));;
    constconst  RebaseHistoryRebaseHistory  ==  lazylazy(((())  =>=>  importimport(('./RebaseHistory''./RebaseHistory'))));;
    
    // Virtualized list for large datasets// Virtualized list for large datasets
    constconst  VirtualizedLeaderboardVirtualizedLeaderboard  ==  (({{ data  data }}::  {{ data data::  LeaderboardEntryLeaderboardEntry[[]]  }}))  =>=>  {{
        constconst rowRenderer  rowRenderer ==  useCallbackuseCallback(((({{ index index,, style  style }}))  =>=>  {{
            constconst entry  entry == data data[[indexindex]];;
            returnreturn  ((
                <<div stylediv style=={{stylestyle}} className className=="flex items-center p-4""flex items-center p-4">>
                    <<RankDisplayRankDisplay rank rank=={{index index ++  11}}  //>>
                    <<UserDisplayUserDisplay user user=={{entryentry}}  //>>
                    <<BalanceDisplayBalanceDisplay balance balance=={{entryentry..balancebalance}}  //>>
                <<//divdiv>>
            ));;
        }},,  [[datadata]]));;
        
        returnreturn  ((
            <<AutoSizerAutoSizer>>
                {{(({{ height height,, width  width }}))  =>=>  ((
                    <<ListList
            height            height=={{heightheight}}
            width            width=={{widthwidth}}
            rowCount            rowCount=={{datadata..lengthlength}}
            rowHeight            rowHeight=={{8080}}
            rowRenderer            rowRenderer=={{rowRendererrowRenderer}}
            overscanRowCount            overscanRowCount=={{55}}
                    //>>
                ))}}
            <<//AutoSizerAutoSizer>>
        ));;
    }};;
    
    // Optimistic updates for better UX// Optimistic updates for better UX
    constconst  {{ mutate mutate:: registerReferral  registerReferral }}  ==  useMutationuseMutation(({{
    mutationFn    mutationFn:: api api..registerReferralregisterReferral,,
        onMutateonMutate::  asyncasync  ((variablesvariables))  =>=>  {{
            // Cancel outgoing queries// Cancel outgoing queries
            awaitawait queryClient queryClient..cancelQueriescancelQueries(([['network''network',, address address]]));;
            
            // Snapshot previous value// Snapshot previous value
            constconst previousNetwork  previousNetwork == queryClient queryClient..getQueryDatagetQueryData(([['network''network',, address address]]));;
            
            // Optimistically update// Optimistically update
      queryClient      queryClient..setQueryDatasetQueryData(([['network''network',, address address]],,  ((oldold))  =>=>  (({{
                ......oldold,,
        referrals        referrals::  [[......oldold..referralsreferrals,, variables variables..refereereferee]],,
            }}))));;
            
            returnreturn  {{ previousNetwork  previousNetwork }};;
        }},,
        onErroronError::  ((errerr,, variables variables,, context context))  =>=>  {{



2.7.2 API Performance

            // Rollback on error// Rollback on error
      queryClient      queryClient..setQueryDatasetQueryData(([['network''network',, address address]],, context context..previousNetworkpreviousNetwork));;
        }},,
        onSettledonSettled::  (())  =>=>  {{
            // Refetch to ensure consistency// Refetch to ensure consistency
      queryClient      queryClient..invalidateQueriesinvalidateQueries(([['network''network',, address address]]));;
        }},,
    }}));;
    
    returnreturn  ((
        <<SuspenseSuspense fallback fallback=={{<<LoadingSpinnerLoadingSpinner  //>>}}>>
            <<div classNamediv className=="grid grid-cols-12 gap-6""grid grid-cols-12 gap-6">>
                <<div classNamediv className=="col-span-8""col-span-8">>
                    <<NetworkGraphNetworkGraph address address=={{addressaddress}}  //>>
                <<//divdiv>>
                <<div classNamediv className=="col-span-4""col-span-4">>
                    <<RebaseHistoryRebaseHistory  //>>
                    <<VirtualizedLeaderboardVirtualizedLeaderboard data data=={{leaderboardDataleaderboardData}}  //>>
                <<//divdiv>>
            <<//divdiv>>
        <<//SuspenseSuspense>>
    ));;
}}));;

// Image optimization// Image optimization
constconst  OptimizedImageOptimizedImage  ==  (({{ src src,, alt alt,,  ......props props }}::  ImagePropsImageProps))  =>=>  {{
    returnreturn  ((
        <<ImageImage
      src      src=={{srcsrc}}
      alt      alt=={{altalt}}
      loading      loading=="lazy""lazy"
      placeholder      placeholder=="blur""blur"
      blurDataURL      blurDataURL=={{generateBlurDataURLgenerateBlurDataURL((srcsrc))}}
      sizes      sizes=="(max-width: 768px) 100vw, (max-width: 1200px) 50vw, 33vw""(max-width: 768px) 100vw, (max-width: 1200px) 50vw, 33vw"
            {{......propsprops}}
        //>>
    ));;
}};;
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// Request batching and deduplication// Request batching and deduplication
classclass  DataLoaderDataLoader  {{
    privateprivate batchQueue batchQueue::  MapMap<<stringstring,,  SetSet<<stringstring>>>>  ==  newnew  MapMap(());;
    privateprivate batchTimeout batchTimeout::  NodeJSNodeJS..TimeoutTimeout;;
    
    asyncasync  loadUserloadUser((addressaddress::  stringstring))::  PromisePromise<<UserUser>>  {{
        returnreturn  thisthis..loadload(('user''user',, address address));;
    }}
    
    privateprivate  asyncasync  loadload((typetype::  stringstring,, id id::  stringstring))::  PromisePromise<<anyany>>  {{
        // Check cache first// Check cache first
        constconst cached  cached ==  awaitawait  thisthis..cachecache..getget((`̀${${typetype}}::${${idid}}`̀));;
        ifif  ((cachedcached))  returnreturn cached cached;;
        
        // Add to batch queue// Add to batch queue
        ifif  ((!!thisthis..batchQueuebatchQueue..hashas((typetype))))  {{
            thisthis..batchQueuebatchQueue..setset((typetype,,  newnew  SetSet(())));;
        }}
        thisthis..batchQueuebatchQueue..getget((typetype))..addadd((idid));;
        
        // Schedule batch execution// Schedule batch execution
        ifif  ((!!thisthis..batchTimeoutbatchTimeout))  {{
            thisthis..batchTimeoutbatchTimeout  ==  setTimeoutsetTimeout(((())  =>=>  thisthis..executeBatchexecuteBatch(()),,  1010));;
        }}
        
        // Return promise that resolves when batch completes// Return promise that resolves when batch completes
        returnreturn  newnew  PromisePromise((((resolveresolve,, reject reject))  =>=>  {{
            thisthis..pendingRequestspendingRequests..setset((`̀${${typetype}}::${${idid}}`̀,,  {{ resolve resolve,, reject  reject }}));;
        }}));;
    }}
    
    privateprivate  asyncasync  executeBatchexecuteBatch(())  {{
        constconst batches  batches ==  newnew  MapMap((thisthis..batchQueuebatchQueue));;
        thisthis..batchQueuebatchQueue..clearclear(());;
        thisthis..batchTimeoutbatchTimeout  ==  nullnull;;
        
        // Execute batches in parallel// Execute batches in parallel
        awaitawait  PromisePromise..allall((
            ArrayArray..fromfrom((batchesbatches..entriesentries(())))..mapmap((asyncasync  (([[typetype,, ids ids]]))  =>=>  {{
                trytry  {{
                    constconst results  results ==  awaitawait  thisthis..batchFetchbatchFetch((typetype,,  ArrayArray..fromfrom((idsids))));;
                    
                    // Resolve individual promises// Resolve individual promises
          results          results..forEachforEach((((resultresult,, index index))  =>=>  {{
                        constconst id  id ==  ArrayArray..fromfrom((idsids))[[indexindex]];;
                        constconst key  key ==  `̀${${typetype}}::${${idid}}`̀;;
                        
                        // Cache result// Cache result
                        thisthis..cachecache..setset((keykey,, result result,,  300300));;
                        
                        // Resolve promise// Resolve promise
                        constconst pending  pending ==  thisthis..pendingRequestspendingRequests..getget((keykey));;
                        ifif  ((pendingpending))  {{
              pending              pending..resolveresolve((resultresult));;



                            thisthis..pendingRequestspendingRequests..deletedelete((keykey));;
                        }}
                    }}));;
                }}  catchcatch  ((errorerror))  {{
                    // Reject all promises in batch// Reject all promises in batch
          ids          ids..forEachforEach((id id =>=>  {{
                        constconst key  key ==  `̀${${typetype}}::${${idid}}`̀;;
                        constconst pending  pending ==  thisthis..pendingRequestspendingRequests..getget((keykey));;
                        ifif  ((pendingpending))  {{
              pending              pending..rejectreject((errorerror));;
                            thisthis..pendingRequestspendingRequests..deletedelete((keykey));;
                        }}
                    }}));;
                }}
            }}))
        ));;
    }}
}}

// Query optimization with prepared statements// Query optimization with prepared statements
classclass  OptimizedDatabaseOptimizedDatabase  {{
    privateprivate statements statements::  MapMap<<stringstring,,  anyany>>  ==  newnew  MapMap(());;
    
    asyncasync  initializeinitialize(())  {{
        // Prepare frequently used statements// Prepare frequently used statements
        thisthis..statementsstatements..setset(('getUserNetwork''getUserNetwork',,  awaitawait  thisthis..dbdb..prepareprepare((`̀
      WITH RECURSIVE network AS (      WITH RECURSIVE network AS (
        SELECT         SELECT 
          u.address,          u.address,
          u.balance,          u.balance,
          0 as depth,          0 as depth,
          ARRAY[u.address] as path          ARRAY[u.address] as path
        FROM users u        FROM users u
        WHERE u.address = $1        WHERE u.address = $1
                
        UNION ALL        UNION ALL
                
        SELECT         SELECT 
          u.address,          u.address,
          u.balance,          u.balance,
          n.depth + 1,          n.depth + 1,
          n.path || u.address          n.path || u.address
        FROM users u        FROM users u
        JOIN referrals r ON r.referee_address = u.address        JOIN referrals r ON r.referee_address = u.address
        JOIN network n ON n.address = r.referrer_address        JOIN network n ON n.address = r.referrer_address
        WHERE n.depth < $2        WHERE n.depth < $2
          AND NOT u.address = ANY(n.path)          AND NOT u.address = ANY(n.path)
      )      )
      SELECT * FROM network;      SELECT * FROM network;
        `̀))));;
    }}
    
    asyncasync  getUserNetworkgetUserNetwork((addressaddress::  stringstring,, maxDepth maxDepth::  numbernumber  ==  77))::  PromisePromise<<NetworkNodeNetworkNode[[]]>>  {{
        constconst statement  statement ==  thisthis..statementsstatements..getget(('getUserNetwork''getUserNetwork'));;
        returnreturn statement statement..allall((addressaddress,, maxDepth maxDepth));;
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2.8.1 Authentication & Authorization

    }}
}}
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// JWT-based authentication with refresh tokens// JWT-based authentication with refresh tokens
interfaceinterface  AuthTokenAuthToken  {{
  address  address::  stringstring;;
  chainId  chainId::  numbernumber;;
  nonce  nonce::  stringstring;;
  issuedAt  issuedAt::  numbernumber;;
  expiresAt  expiresAt::  numbernumber;;
  signature  signature::  stringstring;;
}}

classclass  AuthServiceAuthService  {{
    privateprivate  readonlyreadonly  ACCESS_TOKEN_TTLACCESS_TOKEN_TTL  ==  900900;;  // 15 minutes// 15 minutes
    privateprivate  readonlyreadonly  REFRESH_TOKEN_TTLREFRESH_TOKEN_TTL  ==  604800604800;;  // 7 days// 7 days
    
    asyncasync  authenticateauthenticate((requestrequest::  AuthRequestAuthRequest))::  PromisePromise<<AuthResponseAuthResponse>>  {{
        // Verify signature// Verify signature
        constconst message  message ==  `̀Sign this message to authenticate with HABIBI Protocol.\n\nNonce: Sign this message to authenticate with HABIBI Protocol.\n\nNonce: ${${requestrequest..noncenonce}}`̀;;
        constconst recovered  recovered == ethers ethers..utilsutils..verifyMessageverifyMessage((messagemessage,, request request..signaturesignature));;
        
        ifif  ((recoveredrecovered..toLowerCasetoLowerCase(())  !==!== request request..addressaddress..toLowerCasetoLowerCase(())))  {{
            throwthrow  newnew  UnauthorizedErrorUnauthorizedError(('Invalid signature''Invalid signature'));;
        }}
        
        // Check nonce to prevent replay attacks// Check nonce to prevent replay attacks
        constconst usedNonce  usedNonce ==  awaitawait  thisthis..redisredis..getget((`̀nonce:nonce:${${requestrequest..noncenonce}}`̀));;
        ifif  ((usedNonceusedNonce))  {{
            throwthrow  newnew  UnauthorizedErrorUnauthorizedError(('Nonce already used''Nonce already used'));;
        }}
        
        // Mark nonce as used// Mark nonce as used
        awaitawait  thisthis..redisredis..setexsetex((`̀nonce:nonce:${${requestrequest..noncenonce}}`̀,,  36003600,,  '1''1'));;
        
        // Generate tokens// Generate tokens
        constconst accessToken  accessToken ==  thisthis..generateAccessTokengenerateAccessToken((requestrequest..addressaddress));;
        constconst refreshToken  refreshToken ==  thisthis..generateRefreshTokengenerateRefreshToken((requestrequest..addressaddress));;
        
        // Store refresh token// Store refresh token
        awaitawait  thisthis..redisredis..setexsetex((
            `̀refresh:refresh:${${refreshTokenrefreshToken}}`̀,,
            thisthis..REFRESH_TOKEN_TTLREFRESH_TOKEN_TTL,,
            JSONJSON..stringifystringify(({{
        address        address:: request request..addressaddress,,
        createdAt        createdAt::  DateDate..nownow(()),,
            }}))
        ));;
        
        returnreturn  {{
      accessToken      accessToken,,
      refreshToken      refreshToken,,
      expiresIn      expiresIn::  thisthis..ACCESS_TOKEN_TTLACCESS_TOKEN_TTL,,
        }};;
    }}
    
    // Rate limiting middleware// Rate limiting middleware



    createRateLimitercreateRateLimiter((optionsoptions::  RateLimitOptionsRateLimitOptions))  {{
        returnreturn  asyncasync  ((reqreq::  RequestRequest,, res res::  ResponseResponse,, next next::  NextFunctionNextFunction))  =>=>  {{
            constconst key  key == options options..keyGeneratorkeyGenerator((reqreq));;
            constconst limit  limit == options options..limitlimit;;
            constconst  windowwindow  == options options..windowwindow;;
            
            // Use sliding window algorithm// Use sliding window algorithm
            constconst now  now ==  DateDate..nownow(());;
            constconst windowStart  windowStart == now  now --  windowwindow  **  10001000;;
            
            // Get request timestamps// Get request timestamps
            constconst timestamps  timestamps ==  awaitawait  thisthis..redisredis..zrangebyscorezrangebyscore((
                `̀ratelimit:ratelimit:${${keykey}}`̀,,
        windowStart        windowStart,,
        now        now
            ));;
            
            ifif  ((timestampstimestamps..lengthlength  >=>= limit limit))  {{
                constconst resetTime  resetTime ==  parseIntparseInt((timestampstimestamps[[00]]))  ++  windowwindow  **  10001000;;
        res        res..setHeadersetHeader(('X-RateLimit-Limit''X-RateLimit-Limit',, limit limit..toStringtoString(())));;
        res        res..setHeadersetHeader(('X-RateLimit-Remaining''X-RateLimit-Remaining',,  '0''0'));;
        res        res..setHeadersetHeader(('X-RateLimit-Reset''X-RateLimit-Reset',,  MathMath..floorfloor((resetTime resetTime //  10001000))..toStringtoString(())));;
                
                returnreturn res res..statusstatus((429429))..jsonjson(({{
          error          error::  'Too many requests''Too many requests',,
          retryAfter          retryAfter::  MathMath..ceilceil((((resetTime resetTime -- now now))  //  10001000)),,
                }}));;
            }}
            
            // Add current request// Add current request
            awaitawait  thisthis..redisredis..zaddzadd((`̀ratelimit:ratelimit:${${keykey}}`̀,, now now,,  `̀${${nownow}}::${${cryptocrypto..randomUUIDrandomUUID(())}}`̀));;
            awaitawait  thisthis..redisredis..expireexpire((`̀ratelimit:ratelimit:${${keykey}}`̀,,  windowwindow));;
            
            // Clean old entries// Clean old entries
            awaitawait  thisthis..redisredis..zremrangebyscorezremrangebyscore((`̀ratelimit:ratelimit:${${keykey}}`̀,,  00,, windowStart windowStart));;
            
            // Set headers// Set headers
      res      res..setHeadersetHeader(('X-RateLimit-Limit''X-RateLimit-Limit',, limit limit..toStringtoString(())));;
      res      res..setHeadersetHeader(('X-RateLimit-Remaining''X-RateLimit-Remaining',,  ((limit limit -- timestamps timestamps..lengthlength  --  11))..toStringtoString(())));;
            
            nextnext(());;
        }};;
    }}
}}

// RBAC implementation// RBAC implementation
classclass  AuthorizationServiceAuthorizationService  {{
    privateprivate permissions  permissions ==  {{
    user    user::  [['read:own_profile''read:own_profile',,  'read:own_network''read:own_network',,  'write:own_referral''write:own_referral']],,
    verified    verified::  [['read:leaderboard''read:leaderboard',,  'write:claim_rewards''write:claim_rewards']],,
    admin    admin::  [['read:all_users''read:all_users',,  'write:system_config''write:system_config',,  'execute:manual_rebase''execute:manual_rebase']],,
    }};;
    
    asyncasync  authorizeauthorize((useruser::  UserUser,, action action::  stringstring,, resource resource??::  anyany))::  PromisePromise<<booleanboolean>>  {{
        constconst userPermissions  userPermissions ==  thisthis..getUserPermissionsgetUserPermissions((useruser));;
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        // Check direct permission// Check direct permission
        ifif  ((userPermissionsuserPermissions..includesincludes((actionaction))))  {{
            returnreturn  truetrue;;
        }}
        
        // Check resource-based permissions// Check resource-based permissions
        ifif  ((resource resource &&&& action action..startsWithstartsWith(('read:own_''read:own_'))  |||| action action..startsWithstartsWith(('write:own_''write:own_'))))  {{
            returnreturn resource resource..addressaddress  ====== user user..addressaddress;;
        }}
        
        returnreturn  falsefalse;;
    }}
    
    privateprivate  getUserPermissionsgetUserPermissions((useruser::  UserUser))::  stringstring[[]]  {{
        constconst roles  roles ==  [['user''user']];;
        
        ifif  ((useruser..isVerifiedisVerified)) roles roles..pushpush(('verified''verified'));;
        ifif  ((useruser..isAdminisAdmin)) roles roles..pushpush(('admin''admin'));;
        
        returnreturn roles roles..flatMapflatMap((role role =>=>  thisthis..permissionspermissions[[rolerole]]  ||||  [[]]));;
    }}
}}
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// Contract interaction security layer// Contract interaction security layer
classclass  SecureContractServiceSecureContractService  {{
    privateprivate  readonlyreadonly  MAX_SLIPPAGEMAX_SLIPPAGE  ==  0.050.05;;  // 5%// 5%
    privateprivate  readonlyreadonly  SIMULATION_REQUIREDSIMULATION_REQUIRED  ==  truetrue;;
    
    asyncasync  executeTransactionexecuteTransaction((paramsparams::  TransactionParamsTransactionParams))::  PromisePromise<<TransactionResultTransactionResult>>  {{
        // 1. Validate contract address// 1. Validate contract address
        ifif  ((!!thisthis..isKnownContractisKnownContract((paramsparams..toto))))  {{
            throwthrow  newnew  SecurityErrorSecurityError(('Unknown contract address''Unknown contract address'));;
        }}
        
        // 2. Simulate transaction// 2. Simulate transaction
        ifif  ((thisthis..SIMULATION_REQUIREDSIMULATION_REQUIRED))  {{
            constconst simulation  simulation ==  awaitawait  thisthis..simulateTransactionsimulateTransaction((paramsparams));;
            
            // Check for unexpected outcomes// Check for unexpected outcomes
            ifif  ((simulationsimulation..revertedreverted))  {{
                throwthrow  newnew  TransactionErrorTransactionError(('Transaction would revert''Transaction would revert',, simulation simulation..reasonreason));;
            }}
            
            // Check for excessive value transfer// Check for excessive value transfer
            ifif  ((simulationsimulation..valueTransferredvalueTransferred  >> params params..expectedValueexpectedValue  **  ((11  ++  thisthis..MAX_SLIPPAGEMAX_SLIPPAGE))))  {{
                throwthrow  newnew  SecurityErrorSecurityError(('Excessive value transfer detected''Excessive value transfer detected'));;
            }}
        }}
        
        // 3. Check for reentrancy// 3. Check for reentrancy
        constconst reentrancyKey  reentrancyKey ==  `̀reentrancy:reentrancy:${${paramsparams..fromfrom}}::${${paramsparams..toto}}`̀;;
        constconst isReentrant  isReentrant ==  awaitawait  thisthis..redisredis..getget((reentrancyKeyreentrancyKey));;
        ifif  ((isReentrantisReentrant))  {{
            throwthrow  newnew  SecurityErrorSecurityError(('Reentrancy detected''Reentrancy detected'));;
        }}
        
        // Set reentrancy lock// Set reentrancy lock
        awaitawait  thisthis..redisredis..setexsetex((reentrancyKeyreentrancyKey,,  3030,,  '1''1'));;
        
        trytry  {{
            // 4. Execute with monitoring// 4. Execute with monitoring
            constconst tx  tx ==  awaitawait  thisthis..sendTransactionsendTransaction((paramsparams));;
            
            // 5. Monitor for frontrunning// 5. Monitor for frontrunning
            thisthis..monitorTransactionmonitorTransaction((txtx..hashhash));;
            
            returnreturn tx tx;;
        }}  finallyfinally  {{
            // Release reentrancy lock// Release reentrancy lock
            awaitawait  thisthis..redisredis..deldel((reentrancyKeyreentrancyKey));;
        }}
    }}
    
    privateprivate  asyncasync  monitorTransactionmonitorTransaction((txHashtxHash::  stringstring))  {{
        constconst tx  tx ==  awaitawait  thisthis..providerprovider..getTransactiongetTransaction((txHashtxHash));;
        constconst block  block ==  awaitawait  thisthis..providerprovider..getBlockgetBlock(('pending''pending'));;
        



        // Check if transaction was frontrun// Check if transaction was frontrun
        constconst suspiciousTransactions  suspiciousTransactions == block block..transactionstransactions..filterfilter((hash hash =>=>  {{
            // Logic to detect similar transactions with higher gas price// Logic to detect similar transactions with higher gas price
            returnreturn  thisthis..isSuspiciousFrontrunisSuspiciousFrontrun((hashhash,, tx tx));;
        }}));;
        
        ifif  ((suspiciousTransactionssuspiciousTransactions..lengthlength  >>  00))  {{
            thisthis..alertServicealertService..sendsend(({{
        type        type::  'FRONTRUN_DETECTED''FRONTRUN_DETECTED',,
        transaction        transaction:: txHash txHash,,
        suspicious        suspicious:: suspiciousTransactions suspiciousTransactions,,
            }}));;
        }}
    }}
}}

// Input validation and sanitization// Input validation and sanitization
classclass  ValidationServiceValidationService  {{
    // Comprehensive input validation schemas// Comprehensive input validation schemas
    privateprivate schemas  schemas ==  {{
    address    address:: z z..stringstring(())
            ..regexregex((//^0x[a-fA-F0-9]{40}$^0x[a-fA-F0-9]{40}$//,,  'Invalid Ethereum address''Invalid Ethereum address'))
            ..oror((zz..stringstring(())..regexregex((//^[1-9A-HJ-NP-Za-km-z]{32,44}$^[1-9A-HJ-NP-Za-km-z]{32,44}$//,,  'Invalid Solana address''Invalid Solana address')))),,
        
    referralCode    referralCode:: z z..stringstring(())
            ..regexregex((//^HABIBI-[A-Z]{3,5}-[A-Z0-9]{8}$^HABIBI-[A-Z]{3,5}-[A-Z0-9]{8}$//,,  'Invalid referral code format''Invalid referral code format')),,
        
    amount    amount:: z z..stringstring(())
            ..regexregex((//^\d+(\.\d{1,18})?$^\d+(\.\d{1,18})?$//,,  'Invalid amount format''Invalid amount format'))
            ..refinerefine((val val =>=>  parseFloatparseFloat((valval))  >>  00,,  'Amount must be positive''Amount must be positive'))
            ..refinerefine((val val =>=>  parseFloatparseFloat((valval))  <<  1e121e12,,  'Amount too large''Amount too large')),,
    }};;
    
    validatevalidate<<TT>>((schemaschema::  keyofkeyof  typeoftypeof  thisthis..schemasschemas,, data data::  unknownunknown))::  TT  {{
        trytry  {{
            returnreturn  thisthis..schemasschemas[[schemaschema]]..parseparse((datadata))  asas  TT;;
        }}  catchcatch  ((errorerror))  {{
            ifif  ((error error instanceofinstanceof  zz..ZodErrorZodError))  {{
                throwthrow  newnew  ValidationErrorValidationError((errorerror..errorserrors[[00]]..messagemessage));;
            }}
            throwthrow error error;;
        }}
    }}
    
    // XSS prevention for user-generated content// XSS prevention for user-generated content
    sanitizeHTMLsanitizeHTML((inputinput::  stringstring))::  stringstring  {{
        returnreturn  DOMPurifyDOMPurify..sanitizesanitize((inputinput,,  {{
            ALLOWED_TAGSALLOWED_TAGS::  [['b''b',,  'i''i',,  'em''em',,  'strong''strong',,  'a''a']],,
            ALLOWED_ATTRALLOWED_ATTR::  [['href''href']],,
            ALLOW_DATA_ATTRALLOW_DATA_ATTR::  falsefalse,,
        }}));;
    }}
    
    // SQL injection prevention (beyond parameterized queries)// SQL injection prevention (beyond parameterized queries)
    sanitizeIdentifiersanitizeIdentifier((identifieridentifier::  stringstring))::  stringstring  {{
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        ifif  ((!!//^[a-zA-Z_][a-zA-Z0-9_]*$^[a-zA-Z_][a-zA-Z0-9_]*$//..testtest((identifieridentifier))))  {{
            throwthrow  newnew  ValidationErrorValidationError(('Invalid identifier''Invalid identifier'));;
        }}
        returnreturn identifier identifier;;
    }}
}}
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// Prometheus metrics setup// Prometheus metrics setup
classclass  MetricsCollectorMetricsCollector  {{
    privateprivate register register::  RegistryRegistry;;
    privateprivate metrics metrics::  {{
    httpDuration    httpDuration::  HistogramHistogram<<stringstring>>;;
    activeUsers    activeUsers::  GaugeGauge<<stringstring>>;;
    referralCount    referralCount::  CounterCounter<<stringstring>>;;
    rebaseAmount    rebaseAmount::  HistogramHistogram<<stringstring>>;;
    errorRate    errorRate::  CounterCounter<<stringstring>>;;
    }};;
    
    constructorconstructor(())  {{
        thisthis..registerregister  ==  newnew  RegistryRegistry(());;
        
        // HTTP request duration// HTTP request duration
        thisthis..metricsmetrics..httpDurationhttpDuration  ==  newnew  HistogramHistogram(({{
      name      name::  'habibi_http_duration_seconds''habibi_http_duration_seconds',,
      help      help::  'Duration of HTTP requests in seconds''Duration of HTTP requests in seconds',,
      labelNames      labelNames::  [['method''method',,  'route''route',,  'status_code''status_code']],,
      buckets      buckets::  [[0.10.1,,  0.50.5,,  11,,  22,,  55]],,
      registers      registers::  [[thisthis..registerregister]],,
        }}));;
        
        // Active users gauge// Active users gauge
        thisthis..metricsmetrics..activeUsersactiveUsers  ==  newnew  GaugeGauge(({{
      name      name::  'habibi_active_users''habibi_active_users',,
      help      help::  'Number of active users''Number of active users',,
      labelNames      labelNames::  [['chain''chain']],,
      registers      registers::  [[thisthis..registerregister]],,
        }}));;
        
        // Referral counter// Referral counter
        thisthis..metricsmetrics..referralCountreferralCount  ==  newnew  CounterCounter(({{
      name      name::  'habibi_referrals_total''habibi_referrals_total',,
      help      help::  'Total number of referrals''Total number of referrals',,
      labelNames      labelNames::  [['chain''chain',,  'status''status']],,
      registers      registers::  [[thisthis..registerregister]],,
        }}));;
        
        // Rebase distribution// Rebase distribution
        thisthis..metricsmetrics..rebaseAmountrebaseAmount  ==  newnew  HistogramHistogram(({{
      name      name::  'habibi_rebase_amount''habibi_rebase_amount',,
      help      help::  'Distribution of rebase amounts''Distribution of rebase amounts',,
      labelNames      labelNames::  [['chain''chain']],,
      buckets      buckets::  [[11,,  1010,,  100100,,  10001000,,  1000010000]],,
      registers      registers::  [[thisthis..registerregister]],,
        }}));;
        
        // Error rate// Error rate
        thisthis..metricsmetrics..errorRateerrorRate  ==  newnew  CounterCounter(({{
      name      name::  'habibi_errors_total''habibi_errors_total',,
      help      help::  'Total number of errors''Total number of errors',,
      labelNames      labelNames::  [['type''type',,  'severity''severity']],,
      registers      registers::  [[thisthis..registerregister]],,



        }}));;
    }}
    
    // Express middleware for automatic HTTP metrics// Express middleware for automatic HTTP metrics
    httpMiddlewarehttpMiddleware(())  {{
        returnreturn  ((reqreq::  RequestRequest,, res res::  ResponseResponse,, next next::  NextFunctionNextFunction))  =>=>  {{
            constconst start  start ==  DateDate..nownow(());;
            
      res      res..onon(('finish''finish',,  (())  =>=>  {{
                constconst duration  duration ==  ((DateDate..nownow(())  -- start start))  //  10001000;;
                
                thisthis..metricsmetrics..httpDurationhttpDuration
                    ..labelslabels((reqreq..methodmethod,, req req..routeroute?.?.path path ||||  'unknown''unknown',, res res..statusCodestatusCode..toStringtoString(())))
                    ..observeobserve((durationduration));;
            }}));;
            
            nextnext(());;
        }};;
    }}
    
    // Custom business metrics// Custom business metrics
    recordReferralrecordReferral((chainchain::  stringstring,, success success::  booleanboolean))  {{
        thisthis..metricsmetrics..referralCountreferralCount
            ..labelslabels((chainchain,, success  success ??  'success''success'  ::  'failed''failed'))
            ..incinc(());;
    }}
    
    recordRebaserecordRebase((chainchain::  stringstring,, amount amount::  numbernumber))  {{
        thisthis..metricsmetrics..rebaseAmountrebaseAmount
            ..labelslabels((chainchain))
            ..observeobserve((amountamount));;
    }}
}}

// Distributed tracing with OpenTelemetry// Distributed tracing with OpenTelemetry
classclass  TracingServiceTracingService  {{
    privateprivate tracer tracer::  TracerTracer;;
    
    constructorconstructor(())  {{
        constconst provider  provider ==  newnew  NodeTracerProviderNodeTracerProvider(({{
      resource      resource::  newnew  ResourceResource(({{
                [[SemanticResourceAttributesSemanticResourceAttributes..SERVICE_NAMESERVICE_NAME]]::  'habibi-api''habibi-api',,
                [[SemanticResourceAttributesSemanticResourceAttributes..SERVICE_VERSIONSERVICE_VERSION]]:: process process..envenv..VERSIONVERSION  ||||  '1.0.0''1.0.0',,
            }})),,
        }}));;
        
        // Add exporters// Add exporters
    provider    provider..addSpanProcessoraddSpanProcessor((
            newnew  BatchSpanProcessorBatchSpanProcessor((
                newnew  JaegerExporterJaegerExporter(({{
          endpoint          endpoint:: process process..envenv..JAEGER_ENDPOINTJAEGER_ENDPOINT,,
                }}))
            ))
        ));;
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    provider    provider..registerregister(());;
        thisthis..tracertracer  == provider provider..getTracergetTracer(('habibi-api''habibi-api'));;
    }}
    
    // Trace async operations// Trace async operations
    asyncasync  traceAsynctraceAsync<<TT>>((
    name    name::  stringstring,,
        fnfn::  ((spanspan::  SpanSpan))  =>=>  PromisePromise<<TT>>,,
    attributes    attributes??::  AttributesAttributes
    ))::  PromisePromise<<TT>>  {{
        constconst span  span ==  thisthis..tracertracer..startSpanstartSpan((namename,,  {{ attributes  attributes }}));;
        
        trytry  {{
            constconst result  result ==  awaitawait  fnfn((spanspan));;
      span      span..setStatussetStatus(({{ code code::  SpanStatusCodeSpanStatusCode..OKOK  }}));;
            returnreturn result result;;
        }}  catchcatch  ((errorerror))  {{
      span      span..setStatussetStatus(({{
        code        code::  SpanStatusCodeSpanStatusCode..ERRORERROR,,
        message        message:: error error..messagemessage,,
            }}));;
      span      span..recordExceptionrecordException((errorerror));;
            throwthrow error error;;
        }}  finallyfinally  {{
      span      span..endend(());;
        }}
    }}
}}
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// Structured logging with context// Structured logging with context
classclass  LoggerLogger  {{
    privateprivate winston winston:: winston winston..LoggerLogger;;
    privateprivate context context::  MapMap<<stringstring,,  anyany>>  ==  newnew  MapMap(());;
    
    constructorconstructor(())  {{
        thisthis..winstonwinston  == winston winston..createLoggercreateLogger(({{
      level      level:: process process..envenv..LOG_LEVELLOG_LEVEL  ||||  'info''info',,
      format      format:: winston winston..formatformat..combinecombine((
        winston        winston..formatformat..timestamptimestamp(()),,
        winston        winston..formatformat..errorserrors(({{ stack stack::  truetrue  }})),,
        winston        winston..formatformat..jsonjson(())
            )),,
      defaultMeta      defaultMeta::  {{
        service        service::  'habibi-api''habibi-api',,
        environment        environment:: process process..envenv..NODE_ENVNODE_ENV,,
            }},,
      transports      transports::  [[
                // Console for development// Console for development
                newnew  winstonwinston..transportstransports..ConsoleConsole(({{
          format          format:: winston winston..formatformat..combinecombine((
            winston            winston..formatformat..colorizecolorize(()),,
            winston            winston..formatformat..simplesimple(())
                    )),,
                }})),,
                
                // File for production// File for production
                newnew  winstonwinston..transportstransports..FileFile(({{
          filename          filename::  'logs/error.log''logs/error.log',,
          level          level::  'error''error',,
          maxsize          maxsize::  1048576010485760,,  // 10MB// 10MB
          maxFiles          maxFiles::  55,,
                }})),,
                
                // CloudWatch for AWS// CloudWatch for AWS
                newnew  WinstonCloudWatchWinstonCloudWatch(({{
          logGroupName          logGroupName::  '/aws/ecs/habibi-api''/aws/ecs/habibi-api',,
          logStreamName          logStreamName::  `̀${${processprocess..envenv..NODE_ENVNODE_ENV}}--${${processprocess..envenv..HOSTNAMEHOSTNAME}}`̀,,
          awsRegion          awsRegion:: process process..envenv..AWS_REGIONAWS_REGION,,
                }})),,
            ]],,
        }}));;
    }}
    
    // Contextual logging// Contextual logging
    childchild((contextcontext::  RecordRecord<<stringstring,,  anyany>>))::  LoggerLogger  {{
        constconst child  child ==  ObjectObject..createcreate((thisthis));;
    child    child..contextcontext  ==  newnew  MapMap(([[......thisthis..contextcontext,,  ......ObjectObject..entriesentries((contextcontext))]]));;
        returnreturn child child;;
    }}
    
    privateprivate  loglog((levellevel::  stringstring,, message message::  stringstring,, meta meta??::  anyany))  {{
        constconst contextObj  contextObj ==  ObjectObject..fromEntriesfromEntries((thisthis..contextcontext));;
        



        thisthis..winstonwinston..loglog((levellevel,, message message,,  {{
            ......contextObjcontextObj,,
            ......metameta,,
      timestamp      timestamp::  newnew  DateDate(())..toISOStringtoISOString(()),,
        }}));;
    }}
    
    // Typed logging methods// Typed logging methods
    infoinfo((messagemessage::  stringstring,, meta meta??::  anyany))  {{
        thisthis..loglog(('info''info',, message message,, meta meta));;
    }}
    
    errorerror((messagemessage::  stringstring,, error error??::  ErrorError,, meta meta??::  anyany))  {{
        thisthis..loglog(('error''error',, message message,,  {{
            ......metameta,,
      error      error:: error  error ??  {{
        message        message:: error error..messagemessage,,
        stack        stack:: error error..stackstack,,
        name        name:: error error..namename,,
            }}  ::  undefinedundefined,,
        }}));;
    }}
    
    // Performance logging// Performance logging
    timetime((labellabel::  stringstring))::  (())  =>=>  voidvoid  {{
        constconst start  start == process process..hrtimehrtime..bigintbigint(());;
        
        returnreturn  (())  =>=>  {{
            constconst end  end == process process..hrtimehrtime..bigintbigint(());;
            constconst duration  duration ==  NumberNumber((end end -- start start))  //  1e61e6;;  // Convert to ms// Convert to ms
            
            thisthis..infoinfo((`̀Timing: Timing: ${${labellabel}}`̀,,  {{
        duration_ms        duration_ms:: duration duration,,
        label        label,,
            }}));;
        }};;
    }}
}}

// Audit logging for compliance// Audit logging for compliance
classclass  AuditLoggerAuditLogger  {{
    asyncasync  logUserActionlogUserAction((actionaction::  AuditActionAuditAction))  {{
        constconst entry entry::  AuditEntryAuditEntry  ==  {{
      id      id::  generateIdgenerateId(()),,
      timestamp      timestamp::  newnew  DateDate(()),,
      userId      userId:: action action..userIduserId,,
      action      action:: action action..typetype,,
      resource      resource:: action action..resourceresource,,
      result      result:: action action..resultresult,,
      metadata      metadata:: action action..metadatametadata,,
      ipAddress      ipAddress:: action action..ipAddressipAddress,,
      userAgent      userAgent:: action action..userAgentuserAgent,,
        }};;
        
        // Store in append-only audit table// Store in append-only audit table
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        awaitawait  thisthis..dbdb..queryquery((
            `̀INSERT INTO audit_log INSERT INTO audit_log 
       (id, timestamp, user_id, action, resource, result, metadata, ip_address, user_agent)       (id, timestamp, user_id, action, resource, result, metadata, ip_address, user_agent)
       VALUES ($1, $2, $3, $4, $5, $6, $7, $8, $9)       VALUES ($1, $2, $3, $4, $5, $6, $7, $8, $9)`̀,,
            ObjectObject..valuesvalues((entryentry))
        ));;
        
        // Also send to SIEM if configured// Also send to SIEM if configured
        ifif  ((thisthis..siemEndpointsiemEndpoint))  {{
            awaitawait  thisthis..sendToSIEMsendToSIEM((entryentry));;
        }}
    }}
}}

yaml



# docker-compose.yml for local development# docker-compose.yml for local development
versionversion::  '3.8''3.8'

servicesservices::
    frontendfrontend::
        buildbuild::
            contextcontext:: ./frontend ./frontend
            dockerfiledockerfile:: Dockerfile Dockerfile
            targettarget:: development development
        environmentenvironment::
            -- NEXT_PUBLIC_API_URL=http NEXT_PUBLIC_API_URL=http:://localhost//localhost::40004000
            -- NEXT_PUBLIC_WS_URL=ws NEXT_PUBLIC_WS_URL=ws:://localhost//localhost::40004000
        volumesvolumes::
            -- ./frontend ./frontend::/app/app
            -- /app/node_modules /app/node_modules
            -- /app/.next /app/.next
        portsports::
            --  "3000:3000""3000:3000"
        commandcommand:: npm run dev npm run dev
        
    apiapi::
        buildbuild::
            contextcontext:: ./api ./api
            dockerfiledockerfile:: Dockerfile Dockerfile
            targettarget:: development development
        environmentenvironment::
            -- NODE_ENV=development NODE_ENV=development
            -- DATABASE_URL=postgresql DATABASE_URL=postgresql:://user//user::pass@postgrespass@postgres::5432/habibi5432/habibi
            -- REDIS_URL=redis REDIS_URL=redis:://redis//redis::63796379
            -- JWT_SECRET=dev JWT_SECRET=dev--secretsecret
        volumesvolumes::
            -- ./api ./api::/app/app
            -- /app/node_modules /app/node_modules
        portsports::
            --  "4000:4000""4000:4000"
        commandcommand:: npm run dev npm run dev
        depends_ondepends_on::
            -- postgres postgres
            -- redis redis
            
    postgrespostgres::
        imageimage:: timescale/timescaledb timescale/timescaledb::latestlatest--pg14pg14
        environmentenvironment::
            -- POSTGRES_USER=user POSTGRES_USER=user
            -- POSTGRES_PASSWORD=pass POSTGRES_PASSWORD=pass
            -- POSTGRES_DB=habibi POSTGRES_DB=habibi
        volumesvolumes::
            -- postgres_data postgres_data::/var/lib/postgresql/data/var/lib/postgresql/data
            -- ./database/init.sql ./database/init.sql::/docker/docker--entrypointentrypoint--initdb.d/init.sqlinitdb.d/init.sql
        portsports::
            --  "5432:5432""5432:5432"
            
    redisredis::
        imageimage:: redis redis::77--alpinealpine



        commandcommand:: redis redis--server server ----appendonly yesappendonly yes
        volumesvolumes::
            -- redis_data redis_data::/data/data
        portsports::
            --  "6379:6379""6379:6379"
            
    kafkakafka::
        imageimage:: confluentinc/cp confluentinc/cp--kafkakafka::latestlatest
        environmentenvironment::
            -- KAFKA_ZOOKEEPER_CONNECT=zookeeper KAFKA_ZOOKEEPER_CONNECT=zookeeper::21812181
            -- KAFKA_ADVERTISED_LISTENERS=PLAINTEXT KAFKA_ADVERTISED_LISTENERS=PLAINTEXT:://localhost//localhost::90929092
            -- KAFKA_OFFSETS_TOPIC_REPLICATION_FACTOR=1 KAFKA_OFFSETS_TOPIC_REPLICATION_FACTOR=1
        depends_ondepends_on::
            -- zookeeper zookeeper
        portsports::
            --  "9092:9092""9092:9092"
            
    zookeeperzookeeper::
        imageimage:: confluentinc/cp confluentinc/cp--zookeeperzookeeper::latestlatest
        environmentenvironment::
            -- ZOOKEEPER_CLIENT_PORT=2181 ZOOKEEPER_CLIENT_PORT=2181
            -- ZOOKEEPER_TICK_TIME=2000 ZOOKEEPER_TICK_TIME=2000
            
volumesvolumes::
    postgres_datapostgres_data::
    redis_dataredis_data::

# Kubernetes production deployment# Kubernetes production deployment
------
apiVersionapiVersion:: apps/v1 apps/v1
kindkind:: Deployment Deployment
metadatametadata::
    namename:: habibi habibi--apiapi
    namespacenamespace:: habibi habibi
specspec::
    replicasreplicas::  33
    selectorselector::
        matchLabelsmatchLabels::
            appapp:: habibi habibi--apiapi
    templatetemplate::
        metadatametadata::
            labelslabels::
                appapp:: habibi habibi--apiapi
        specspec::
            containerscontainers::
            --  namename:: api api
                imageimage:: habibi/api habibi/api::latestlatest
                portsports::
                --  containerPortcontainerPort::  40004000
                envenv::
                --  namename:: NODE_ENV NODE_ENV
                    valuevalue::  "production""production"
                --  namename:: DATABASE_URL DATABASE_URL
                    valueFromvalueFrom::
                        secretKeyRefsecretKeyRef::



                            namename:: habibi habibi--secretssecrets
                            keykey:: database database--urlurl
                resourcesresources::
                    requestsrequests::
                        memorymemory::  "512Mi""512Mi"
                        cpucpu::  "500m""500m"
                    limitslimits::
                        memorymemory::  "1Gi""1Gi"
                        cpucpu::  "1000m""1000m"
                livenessProbelivenessProbe::
                    httpGethttpGet::
                        pathpath:: /health /health
                        portport::  40004000
                    initialDelaySecondsinitialDelaySeconds::  3030
                    periodSecondsperiodSeconds::  1010
                readinessProbereadinessProbe::
                    httpGethttpGet::
                        pathpath:: /ready /ready
                        portport::  40004000
                    initialDelaySecondsinitialDelaySeconds::  55
                    periodSecondsperiodSeconds::  55
------
apiVersionapiVersion:: v1 v1
kindkind:: Service Service
metadatametadata::
    namename:: habibi habibi--apiapi
    namespacenamespace:: habibi habibi
specspec::
    selectorselector::
        appapp:: habibi habibi--apiapi
    portsports::
    --  portport::  8080
        targetPorttargetPort::  40004000
    typetype:: ClusterIP ClusterIP
------
apiVersionapiVersion:: networking.k8s.io/v1 networking.k8s.io/v1
kindkind:: Ingress Ingress
metadatametadata::
    namename:: habibi habibi--ingressingress
    namespacenamespace:: habibi habibi
    annotationsannotations::
        kubernetes.io/ingress.classkubernetes.io/ingress.class:: nginx nginx
        cert-manager.io/cluster-issuercert-manager.io/cluster-issuer:: letsencrypt letsencrypt--prodprod
        nginx.ingress.kubernetes.io/rate-limitnginx.ingress.kubernetes.io/rate-limit::  "100""100"
specspec::
    tlstls::
    --  hostshosts::
        -- api.habibi.finance api.habibi.finance
        secretNamesecretName:: habibi habibi--tlstls
    rulesrules::
    --  hosthost:: api.habibi.finance api.habibi.finance
        httphttp::
            pathspaths::
            --  pathpath:: / /
                pathTypepathType:: Prefix Prefix
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                backendbackend::
                    serviceservice::
                        namename:: habibi habibi--apiapi
                        portport::
                            numbernumber::  8080

yaml



# .github/workflows/deploy.yml# .github/workflows/deploy.yml
namename:: Deploy to Production Deploy to Production

onon::
    pushpush::
        branchesbranches::  [[mainmain]]
    pull_requestpull_request::
        branchesbranches::  [[mainmain]]

envenv::
    REGISTRYREGISTRY:: ghcr.io ghcr.io
    IMAGE_NAMEIMAGE_NAME:: $ ${{{{ github.repository  github.repository }}}}

jobsjobs::
    testtest::
        runs-onruns-on:: ubuntu ubuntu--latestlatest
        stepssteps::
        --  usesuses:: actions/checkout@v3 actions/checkout@v3
        
        --  namename:: Setup Node.js Setup Node.js
            usesuses:: actions/setup actions/setup--node@v3node@v3
            withwith::
                node-versionnode-version::  '18''18'
                cachecache::  'npm''npm'
                
        --  namename:: Install dependencies Install dependencies
            runrun:: npm ci npm ci
            
        --  namename:: Run tests Run tests
            runrun:: npm test  npm test ----  ----coveragecoverage
            
        --  namename:: Run security audit Run security audit
            runrun:: npm audit  npm audit ----productionproduction
            
        --  namename:: SonarCloud Scan SonarCloud Scan
            usesuses:: SonarSource/sonarcloud SonarSource/sonarcloud--githubgithub--action@masteraction@master
            envenv::
                GITHUB_TOKENGITHUB_TOKEN:: $ ${{{{ secrets.GITHUB_TOKEN  secrets.GITHUB_TOKEN }}}}
                SONAR_TOKENSONAR_TOKEN:: $ ${{{{ secrets.SONAR_TOKEN  secrets.SONAR_TOKEN }}}}
                
    buildbuild::
        needsneeds:: test test
        runs-onruns-on:: ubuntu ubuntu--latestlatest
        permissionspermissions::
            contentscontents:: read read
            packagespackages:: write write
            
        stepssteps::
        --  usesuses:: actions/checkout@v3 actions/checkout@v3
        
        --  namename:: Log in to Container Registry Log in to Container Registry
            usesuses:: docker/login docker/login--action@v2action@v2
            withwith::
                registryregistry:: $ ${{{{ env.REGISTRY  env.REGISTRY }}}}
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                usernameusername:: $ ${{{{ github.actor  github.actor }}}}
                passwordpassword:: $ ${{{{ secrets.GITHUB_TOKEN  secrets.GITHUB_TOKEN }}}}
                
        --  namename:: Build and push Docker image Build and push Docker image
            usesuses:: docker/build docker/build--pushpush--action@v4action@v4
            withwith::
                contextcontext:: . .
                pushpush::  truetrue
                tagstags::  ||
          ${{ env.REGISTRY }}/${{ env.IMAGE_NAME }}:latest          ${{ env.REGISTRY }}/${{ env.IMAGE_NAME }}:latest
          ${{ env.REGISTRY }}/${{ env.IMAGE_NAME }}:${{ github.sha }}          ${{ env.REGISTRY }}/${{ env.IMAGE_NAME }}:${{ github.sha }}
                cache-fromcache-from:: type=gha type=gha
                cache-tocache-to:: type=gha type=gha,,mode=maxmode=max
                
    deploydeploy::
        needsneeds:: build build
        runs-onruns-on:: ubuntu ubuntu--latestlatest
        ifif:: github.ref == 'refs/heads/main' github.ref == 'refs/heads/main'
        
        stepssteps::
        --  namename:: Deploy to Kubernetes Deploy to Kubernetes
            usesuses:: azure/k8s azure/k8s--deploy@v4deploy@v4
            withwith::
                manifestsmanifests::  ||
          k8s/deployment.yaml          k8s/deployment.yaml
          k8s/service.yaml          k8s/service.yaml
                imagesimages::  ||
          ${{ env.REGISTRY }}/${{ env.IMAGE_NAME }}:${{ github.sha }}          ${{ env.REGISTRY }}/${{ env.IMAGE_NAME }}:${{ github.sha }}
                kubeconfigkubeconfig:: $ ${{{{ secrets.KUBE_CONFIG  secrets.KUBE_CONFIG }}}}
                
        --  namename:: Run database migrations Run database migrations
            runrun::  ||
        kubectl exec -it deployment/habibi-api -- npm run migrate:prod        kubectl exec -it deployment/habibi-api -- npm run migrate:prod
                
        --  namename:: Verify deployment Verify deployment
            runrun::  ||
        kubectl rollout status deployment/habibi-api        kubectl rollout status deployment/habibi-api
        kubectl get services        kubectl get services
                
        --  namename:: Run smoke tests Run smoke tests
            runrun::  ||
        npm run test:smoke -- --url=https://api.habibi.finance        npm run test:smoke -- --url=https://api.habibi.finance

typescript



// Example unit test for network calculator// Example unit test for network calculator
describedescribe(('NetworkCalculator''NetworkCalculator',,  (())  =>=>  {{
    letlet calculator calculator::  NetworkCalculatorNetworkCalculator;;
    letlet mockGraphDb mockGraphDb:: jest jest..MockedMocked<<Neo4jNeo4j..DriverDriver>>;;
    letlet mockCache mockCache:: jest jest..MockedMocked<<RedisCacheRedisCache>>;;
    
    beforeEachbeforeEach(((())  =>=>  {{
    mockGraphDb     mockGraphDb ==  createMockGraphDbcreateMockGraphDb(());;
    mockCache     mockCache ==  createMockCachecreateMockCache(());;
    calculator     calculator ==  newnew  NetworkCalculatorNetworkCalculator((mockGraphDbmockGraphDb,, mockCache mockCache));;
    }}));;
    
    describedescribe(('calculateNetworkStrength''calculateNetworkStrength',,  (())  =>=>  {{
        itit(('should return cached value if available''should return cached value if available',,  asyncasync  (())  =>=>  {{
            constconst cachedStrength  cachedStrength ==  15001500;;
      mockCache      mockCache..getget..mockResolvedValuemockResolvedValue((cachedStrengthcachedStrength));;
            
            constconst result  result ==  awaitawait calculator calculator..calculateNetworkStrengthcalculateNetworkStrength(('0x123''0x123'));;
            
            expectexpect((resultresult))..toBetoBe((cachedStrengthcachedStrength));;
            expectexpect((mockGraphDbmockGraphDb..sessionsession))..notnot..toHaveBeenCalledtoHaveBeenCalled(());;
        }}));;
        
        itit(('should calculate strength from graph if not cached''should calculate strength from graph if not cached',,  asyncasync  (())  =>=>  {{
      mockCache      mockCache..getget..mockResolvedValuemockResolvedValue((nullnull));;
            
            constconst mockSession  mockSession ==  {{
        run        run:: jest jest..fnfn(())..mockResolvedValuemockResolvedValue(({{
          records          records::  [[{{
            get            get:: jest jest..fnfn(())
                            ..mockReturnValueOncemockReturnValueOnce((100100))  // totalDescendants// totalDescendants
                            ..mockReturnValueOncemockReturnValueOnce((5000050000))  // weightedBalance// weightedBalance
                            ..mockReturnValueOncemockReturnValueOnce((55)),,  // maxDepth// maxDepth
                    }}]],,
                }})),,
        close        close:: jest jest..fnfn(()),,
            }};;
            
      mockGraphDb      mockGraphDb..sessionsession..mockReturnValuemockReturnValue((mockSessionmockSession));;
            
            constconst result  result ==  awaitawait calculator calculator..calculateNetworkStrengthcalculateNetworkStrength(('0x123''0x123'));;
            
            expectexpect((mockSessionmockSession..runrun))..toHaveBeenCalledWithtoHaveBeenCalledWith((
        expect        expect..stringContainingstringContaining(('MATCH (root:User {address: $address})''MATCH (root:User {address: $address})')),,
                {{ address address::  '0x123''0x123'  }}
            ));;
            
            expectexpect((resultresult))..toBeGreaterThantoBeGreaterThan((00));;
            expectexpect((resultresult))..toBeLessThanOrEqualtoBeLessThanOrEqual((1000010000));;
            
            expectexpect((mockCachemockCache..setset))..toHaveBeenCalledWithtoHaveBeenCalledWith((
                'network:strength:0x123''network:strength:0x123',,
        result        result,,
                300300



            ));;
        }}));;
        
        itit(('should handle network with no descendants''should handle network with no descendants',,  asyncasync  (())  =>=>  {{
      mockCache      mockCache..getget..mockResolvedValuemockResolvedValue((nullnull));;
            
            constconst mockSession  mockSession ==  {{
        run        run:: jest jest..fnfn(())..mockResolvedValuemockResolvedValue(({{
          records          records::  [[{{
            get            get:: jest jest..fnfn(())
                            ..mockReturnValueOncemockReturnValueOnce((00))  // totalDescendants// totalDescendants
                            ..mockReturnValueOncemockReturnValueOnce((00))  // weightedBalance// weightedBalance
                            ..mockReturnValueOncemockReturnValueOnce((00)),,  // maxDepth// maxDepth
                    }}]],,
                }})),,
        close        close:: jest jest..fnfn(()),,
            }};;
            
      mockGraphDb      mockGraphDb..sessionsession..mockReturnValuemockReturnValue((mockSessionmockSession));;
            
            constconst result  result ==  awaitawait calculator calculator..calculateNetworkStrengthcalculateNetworkStrength(('0x123''0x123'));;
            
            expectexpect((resultresult))..toBetoBe((00));;
        }}));;
    }}));;
}}));;

// Integration test for referral registration// Integration test for referral registration
describedescribe(('Referral Registration Integration''Referral Registration Integration',,  (())  =>=>  {{
    letlet app app::  ApplicationApplication;;
    letlet db db::  DatabaseServiceDatabaseService;;
    letlet redis redis::  RedisServiceRedisService;;
    
    beforeAllbeforeAll((asyncasync  (())  =>=>  {{
        // Setup test environment// Setup test environment
    app     app ==  awaitawait  createTestAppcreateTestApp(());;
    db     db == app app..getget((DatabaseServiceDatabaseService));;
    redis     redis == app app..getget((RedisServiceRedisService));;
        
        // Run migrations// Run migrations
        awaitawait db db..migratemigrate(());;
    }}));;
    
    afterEachafterEach((asyncasync  (())  =>=>  {{
        // Clean up test data// Clean up test data
        awaitawait db db..queryquery(('TRUNCATE TABLE users, referrals CASCADE''TRUNCATE TABLE users, referrals CASCADE'));;
        awaitawait redis redis..flushallflushall(());;
    }}));;
    
    afterAllafterAll((asyncasync  (())  =>=>  {{
        awaitawait app app..closeclose(());;
    }}));;
    
    itit(('should register referral and update network''should register referral and update network',,  asyncasync  (())  =>=>  {{
        // Create referrer// Create referrer



2.11.2 Load Testing

        constconst referrer  referrer ==  awaitawait  createTestUsercreateTestUser((dbdb,,  {{
      address      address::  '0xreferrer''0xreferrer',,
      balance      balance::  1000010000,,
        }}));;
        
        // Register referee// Register referee
        constconst response  response ==  awaitawait  requestrequest((appapp))
            ..postpost(('/api/referrals/register''/api/referrals/register'))
            ..sendsend(({{
        refereeAddress        refereeAddress::  '0xreferee''0xreferee',,
        referralCode        referralCode::  'HABIBI-SOL-12345678''HABIBI-SOL-12345678',,
        signature        signature::  awaitawait  signMessagesignMessage(('0xreferee''0xreferee',,  'Register referral''Register referral')),,
            }}))
            ..expectexpect((200200));;
        
        expectexpect((responseresponse..bodybody))..toMatchObjecttoMatchObject(({{
      success      success::  truetrue,,
      referee      referee::  '0xreferee''0xreferee',,
      referrer      referrer::  '0xreferrer''0xreferrer',,
        }}));;
        
        // Verify database state// Verify database state
        constconst referral  referral ==  awaitawait db db..queryquery((
            'SELECT * FROM referrals WHERE referee_address = $1''SELECT * FROM referrals WHERE referee_address = $1',,
            [['0xreferee''0xreferee']]
        ));;
        
        expectexpect((referralreferral..rowsrows))..toHaveLengthtoHaveLength((11));;
        expectexpect((referralreferral..rowsrows[[00]]))..toMatchObjecttoMatchObject(({{
      referrer_address      referrer_address::  '0xreferrer''0xreferrer',,
      referee_address      referee_address::  '0xreferee''0xreferee',,
      depth      depth::  11,,
        }}));;
        
        // Verify cache invalidation// Verify cache invalidation
        constconst cachedNetwork  cachedNetwork ==  awaitawait redis redis..getget(('network:0xreferrer:3''network:0xreferrer:3'));;
        expectexpect((cachedNetworkcachedNetwork))..toBeNulltoBeNull(());;
    }}));;
}}));;

javascript



// k6 load test script// k6 load test script
importimport  httphttp  fromfrom  'k6/http''k6/http';;
importimport  {{ check check,, sleep  sleep }}  fromfrom  'k6''k6';;
importimport  {{  RateRate  }}  fromfrom  'k6/metrics''k6/metrics';;

constconst errorRate  errorRate ==  newnew  RateRate(('errors''errors'));;

exportexport  constconst options  options ==  {{
    stagesstages::  [[
        {{  durationduration::  '2m''2m',,  targettarget::  100100  }},,  // Ramp up// Ramp up
        {{  durationduration::  '5m''5m',,  targettarget::  10001000  }},,  // Stay at 1000 users// Stay at 1000 users
        {{  durationduration::  '2m''2m',,  targettarget::  50005000  }},,  // Spike test// Spike test
        {{  durationduration::  '5m''5m',,  targettarget::  10001000  }},,  // Back to normal// Back to normal
        {{  durationduration::  '2m''2m',,  targettarget::  00  }},,  // Ramp down// Ramp down
    ]],,
    thresholdsthresholds::  {{
        http_req_durationhttp_req_duration::  [['p(95)<500''p(95)<500']],,  // 95% of requests under 500ms// 95% of requests under 500ms
        errorserrors::  [['rate<0.01''rate<0.01']],,  // Error rate under 1%// Error rate under 1%
    }},,
}};;

constconst  BASE_URLBASE_URL  ==  'https://api.habibi.finance''https://api.habibi.finance';;

exportexport  defaultdefault  functionfunction  (())  {{
    // Simulate user journey// Simulate user journey
    constconst userAddress  userAddress ==  `̀0x0x${${MathMath..randomrandom(())..toStringtoString((1616))..substrsubstr((22,,  4040))}}`̀;;
    
    // 1. Get user profile// 1. Get user profile
    constconst profileRes  profileRes == http http..getget((`̀${${BASE_URLBASE_URL}}/users//users/${${userAddressuserAddress}}`̀));;
    checkcheck((profileResprofileRes,,  {{
        'profile status 200''profile status 200'::  ((rr))  =>=> r r..statusstatus  ======  200200,,
        'profile response time < 200ms''profile response time < 200ms'::  ((rr))  =>=> r r..timingstimings..durationduration  <<  200200,,
    }}));;
  errorRate  errorRate..addadd((profileResprofileRes..statusstatus  !==!==  200200));;
    
    sleepsleep((11));;
    
    // 2. Get network data// 2. Get network data
    constconst networkRes  networkRes == http http..getget((`̀${${BASE_URLBASE_URL}}/users//users/${${userAddressuserAddress}}/network?depth=3/network?depth=3`̀));;
    checkcheck((networkResnetworkRes,,  {{
        'network status 200''network status 200'::  ((rr))  =>=> r r..statusstatus  ======  200200,,
        'network response time < 500ms''network response time < 500ms'::  ((rr))  =>=> r r..timingstimings..durationduration  <<  500500,,
    }}));;
  errorRate  errorRate..addadd((networkResnetworkRes..statusstatus  !==!==  200200));;
    
    sleepsleep((22));;
    
    // 3. Register referral (write operation)// 3. Register referral (write operation)
    constconst referralRes  referralRes == http http..postpost((
        `̀${${BASE_URLBASE_URL}}/referrals/register/referrals/register`̀,,
        JSONJSON..stringifystringify(({{
            refereeAddressrefereeAddress::  `̀0x0x${${MathMath..randomrandom(())..toStringtoString((1616))..substrsubstr((22,,  4040))}}`̀,,
            referralCodereferralCode::  'HABIBI-SOL-TEST1234''HABIBI-SOL-TEST1234',,
        }})),,



        {{
            headersheaders::  {{
                'Content-Type''Content-Type'::  'application/json''application/json',,
                'Authorization''Authorization'::  `̀Bearer Bearer ${${__ENV__ENV..TEST_TOKENTEST_TOKEN}}`̀,,
            }},,
        }}
    ));;
    
    checkcheck((referralResreferralRes,,  {{
        'referral status 200''referral status 200'::  ((rr))  =>=> r r..statusstatus  ======  200200,,
        'referral response time < 1000ms''referral response time < 1000ms'::  ((rr))  =>=> r r..timingstimings..durationduration  <<  10001000,,
    }}));;
  errorRate  errorRate..addadd((referralResreferralRes..statusstatus  !==!==  200200));;
    
    sleepsleep((MathMath..randomrandom(())  **  33));;
}}

// Spike test for WebSocket connections// Spike test for WebSocket connections
exportexport  functionfunction  websocketTestwebsocketTest(())  {{
    constconst url  url ==  'wss://api.habibi.finance/ws''wss://api.habibi.finance/ws';;
    constconst params  params ==  {{
        headersheaders::  {{
            'Authorization''Authorization'::  `̀Bearer Bearer ${${__ENV__ENV..TEST_TOKENTEST_TOKEN}}`̀,,
        }},,
    }};;
    
    constconst ws  ws == http http..connectconnect((urlurl,, params params,,  functionfunction  ((socketsocket))  {{
    socket    socket..onon(('open''open',,  (())  =>=>  {{
            consoleconsole..loglog(('WebSocket connected''WebSocket connected'));;
            
            // Subscribe to balance updates// Subscribe to balance updates
      socket      socket..sendsend((JSONJSON..stringifystringify(({{
                typetype::  'subscribe''subscribe',,
                channelchannel::  'balance''balance',,
                addressaddress::  `̀0x0x${${MathMath..randomrandom(())..toStringtoString((1616))..substrsubstr((22,,  4040))}}`̀,,
            }}))));;
        }}));;
        
    socket    socket..onon(('message''message',,  ((datadata))  =>=>  {{
            constconst message  message ==  JSONJSON..parseparse((datadata));;
            checkcheck((messagemessage,,  {{
                'received balance update''received balance update'::  ((mm))  =>=> m m..typetype  ======  'balance:update''balance:update',,
            }}));;
        }}));;
        
    socket    socket..onon(('error''error',,  ((ee))  =>=>  {{
            consoleconsole..errorerror(('WebSocket error:''WebSocket error:',, e e));;
      errorRate      errorRate..addadd((11));;
        }}));;
        
        // Keep connection open for 30 seconds// Keep connection open for 30 seconds
    socket    socket..setTimeoutsetTimeout(((())  =>=>  {{
      socket      socket..closeclose(());;
        }},,  3000030000));;
    }}));;



2.12 Disaster Recovery

2.12.1 Backup Strategy

    
    checkcheck((wsws,,  {{
        'WebSocket connection established''WebSocket connection established'::  ((wsws))  =>=> ws ws..statusstatus  ======  101101,,
    }}));;
}}

bash



#!/bin/bash#!/bin/bash
# backup.sh - Automated backup script# backup.sh - Automated backup script

setset -euo pipefail -euo pipefail

# Configuration# Configuration
BACKUP_DIRBACKUP_DIR=="/backups""/backups"
RETENTION_DAYSRETENTION_DAYS==3030
S3_BUCKETS3_BUCKET=="habibi-backups""habibi-backups"
ENCRYPTION_KEY_IDENCRYPTION_KEY_ID=="arn:aws:kms:us-east-1:123456789012:key/12345678-1234-1234-1234-123456789012"arn:aws:kms:us-east-1:123456789012:key/12345678-1234-1234-1234-123456789012

# Create backup directory# Create backup directory
TIMESTAMPTIMESTAMP==$($(datedate +%Y%m%d_%H%M%S +%Y%m%d_%H%M%S))
BACKUP_PATHBACKUP_PATH==""${BACKUP_DIR}${BACKUP_DIR}//${TIMESTAMP}${TIMESTAMP}""
mkdirmkdir -p  -p ""${BACKUP_PATH}${BACKUP_PATH}""

# Backup PostgreSQL# Backup PostgreSQL
echoecho  "Backing up PostgreSQL...""Backing up PostgreSQL..."
PGPASSWORDPGPASSWORD==""${POSTGRES_PASSWORD}${POSTGRES_PASSWORD}"" pg_dump  pg_dump \\
  -h   -h ""${POSTGRES_HOST}${POSTGRES_HOST}""  \\
  -U   -U ""${POSTGRES_USER}${POSTGRES_USER}""  \\
  -d   -d ""${POSTGRES_DB}${POSTGRES_DB}""  \\
  -Fc   -Fc \\
  -f   -f ""${BACKUP_PATH}${BACKUP_PATH}/postgres.dump"/postgres.dump"

# Backup Redis# Backup Redis
echoecho  "Backing up Redis...""Backing up Redis..."
redis-cli -h redis-cli -h ""${REDIS_HOST}${REDIS_HOST}"" --rdb  --rdb ""${BACKUP_PATH}${BACKUP_PATH}/redis.rdb"/redis.rdb"

# Backup Neo4j (if using for graph)# Backup Neo4j (if using for graph)
echoecho  "Backing up Neo4j...""Backing up Neo4j..."
neo4j-admin backup neo4j-admin backup \\
  --database  --database==neo4j neo4j \\
  --backup-dir  --backup-dir==""${BACKUP_PATH}${BACKUP_PATH}/neo4j"/neo4j"

# Create encrypted archive# Create encrypted archive
echoecho  "Creating encrypted archive...""Creating encrypted archive..."
tartar -czf - -C  -czf - -C ""${BACKUP_PATH}${BACKUP_PATH}""  ..  ||  \\
  openssl enc -aes-256-cbc -salt -pass pass:  openssl enc -aes-256-cbc -salt -pass pass:""${BACKUP_PASSWORD}${BACKUP_PASSWORD}""  \\
    >>  ""${BACKUP_PATH}${BACKUP_PATH}.tar.gz.enc".tar.gz.enc"

# Upload to S3 with server-side encryption# Upload to S3 with server-side encryption
echoecho  "Uploading to S3...""Uploading to S3..."
aws s3 aws s3 cpcp  ""${BACKUP_PATH}${BACKUP_PATH}.tar.gz.enc".tar.gz.enc"  \\
    "s3://"s3://${S3_BUCKET}${S3_BUCKET}/backups//backups/${TIMESTAMP}${TIMESTAMP}.tar.gz.enc".tar.gz.enc"  \\
  --storage-class GLACIER   --storage-class GLACIER \\
  --server-side-encryption aws:kms   --server-side-encryption aws:kms \\
  --ssekms-key-id   --ssekms-key-id ""${ENCRYPTION_KEY_ID}${ENCRYPTION_KEY_ID}""

# Clean up local files# Clean up local files
rmrm -rf  -rf ""${BACKUP_PATH}${BACKUP_PATH}""  ""${BACKUP_PATH}${BACKUP_PATH}.tar.gz.enc".tar.gz.enc"

# Remove old backups from S3# Remove old backups from S3
echoecho  "Cleaning up old backups...""Cleaning up old backups..."



2.12.2 Recovery Procedures

aws s3 aws s3 lsls  "s3://"s3://${S3_BUCKET}${S3_BUCKET}/backups/"/backups/"  ||  \\
    whilewhile  readread -r line -r line;;  dodo
        createDatecreateDate==$($(echoecho  ""$line$line""  ||  awkawk  '{print $1" "$2}''{print $1" "$2}'))
        createDatecreateDate==$($(datedate -d  -d ""$createDate$createDate"" +%s +%s))
        olderThanolderThan==$($(datedate -d  -d ""${RETENTION_DAYS}${RETENTION_DAYS} days ago" days ago" +%s +%s))
        
        ifif  [[[[  $createDate$createDate -lt  -lt $olderThan$olderThan  ]]]];;  thenthen
            fileNamefileName==$($(echoecho  ""$line$line""  ||  awkawk  '{print $4}''{print $4}'))
            echoecho  "Deleting "Deleting $fileName$fileName""
      aws s3       aws s3 rmrm  "s3://"s3://${S3_BUCKET}${S3_BUCKET}/backups//backups/$fileName$fileName""
        fifi
    donedone

echoecho  "Backup completed successfully""Backup completed successfully"

# Send notification# Send notification
curlcurl -X POST  -X POST ""${SLACK_WEBHOOK_URL}${SLACK_WEBHOOK_URL}""  \\
  -H   -H 'Content-Type: application/json''Content-Type: application/json'  \\
  -d   -d "{"{\"\"texttext\"\"::\"\"Backup completed successfully: Backup completed successfully: ${TIMESTAMP}${TIMESTAMP}\"\"}"}"

typescript



// Disaster recovery orchestration// Disaster recovery orchestration
classclass  DisasterRecoveryServiceDisasterRecoveryService  {{
    asyncasync  performRecoveryperformRecovery((backupIdbackupId::  stringstring))::  PromisePromise<<RecoveryResultRecoveryResult>>  {{
        constconst steps steps::  RecoveryStepRecoveryStep[[]]  ==  [[
            {{
        name        name::  'Validate Backup''Validate Backup',,
                actionaction::  (())  =>=>  thisthis..validateBackupvalidateBackup((backupIdbackupId)),,
        rollback        rollback::  nullnull,,
            }},,
            {{
        name        name::  'Stop Services''Stop Services',,
                actionaction::  (())  =>=>  thisthis..stopServicesstopServices(()),,
                rollbackrollback::  (())  =>=>  thisthis..startServicesstartServices(()),,
            }},,
            {{
        name        name::  'Restore Database''Restore Database',,
                actionaction::  (())  =>=>  thisthis..restoreDatabaserestoreDatabase((backupIdbackupId)),,
                rollbackrollback::  (())  =>=>  thisthis..restoreDatabaseFromLatestrestoreDatabaseFromLatest(()),,
            }},,
            {{
        name        name::  'Restore Cache''Restore Cache',,
                actionaction::  (())  =>=>  thisthis..restoreCacherestoreCache((backupIdbackupId)),,
        rollback        rollback::  nullnull,,  // Cache can be rebuilt// Cache can be rebuilt
            }},,
            {{
        name        name::  'Verify Data Integrity''Verify Data Integrity',,
                actionaction::  (())  =>=>  thisthis..verifyDataIntegrityverifyDataIntegrity(()),,
        rollback        rollback::  nullnull,,
            }},,
            {{
        name        name::  'Rebuild Materialized Views''Rebuild Materialized Views',,
                actionaction::  (())  =>=>  thisthis..rebuildMaterializedViewsrebuildMaterializedViews(()),,
        rollback        rollback::  nullnull,,
            }},,
            {{
        name        name::  'Warm Caches''Warm Caches',,
                actionaction::  (())  =>=>  thisthis..warmCacheswarmCaches(()),,
        rollback        rollback::  nullnull,,
            }},,
            {{
        name        name::  'Start Services''Start Services',,
                actionaction::  (())  =>=>  thisthis..startServicesstartServices(()),,
                rollbackrollback::  (())  =>=>  thisthis..stopServicesstopServices(()),,
            }},,
            {{
        name        name::  'Run Health Checks''Run Health Checks',,
                actionaction::  (())  =>=>  thisthis..runHealthChecksrunHealthChecks(()),,
        rollback        rollback::  nullnull,,
            }},,
        ]];;
        
        constconst executedSteps executedSteps::  RecoveryStepRecoveryStep[[]]  ==  [[]];;
        
        trytry  {{



            forfor  ((constconst step  step ofof steps steps))  {{
                thisthis..loggerlogger..infoinfo((`̀Executing recovery step: Executing recovery step: ${${stepstep..namename}}`̀));;
                
                awaitawait step step..actionaction(());;
        executedSteps        executedSteps..pushpush((stepstep));;
                
                thisthis..notifyProgressnotifyProgress(({{
          step          step:: step step..namename,,
          status          status::  'completed''completed',,
          progress          progress::  ((executedStepsexecutedSteps..lengthlength  // steps steps..lengthlength))  **  100100,,
                }}));;
            }}
            
            returnreturn  {{
        success        success::  truetrue,,
        duration        duration::  DateDate..nownow(())  -- startTime startTime,,
        stepsCompleted        stepsCompleted:: steps steps..lengthlength,,
            }};;
            
        }}  catchcatch  ((errorerror))  {{
            thisthis..loggerlogger..errorerror((`̀Recovery failed at step: Recovery failed at step: ${${currentStepcurrentStep}}`̀,, error error));;
            
            // Rollback executed steps in reverse order// Rollback executed steps in reverse order
            forfor  ((constconst step  step ofof executedSteps executedSteps..reversereverse(())))  {{
                ifif  ((stepstep..rollbackrollback))  {{
                    trytry  {{
                        awaitawait step step..rollbackrollback(());;
                    }}  catchcatch  ((rollbackErrorrollbackError))  {{
                        thisthis..loggerlogger..errorerror((`̀Rollback failed for step: Rollback failed for step: ${${stepstep..namename}}`̀,, rollbackError rollbackError));;
                    }}
                }}
            }}
            
            throwthrow  newnew  RecoveryErrorRecoveryError((`̀Recovery failed: Recovery failed: ${${errorerror..messagemessage}}`̀,, error error));;
        }}
    }}
    
    privateprivate  asyncasync  verifyDataIntegrityverifyDataIntegrity(())::  PromisePromise<<voidvoid>>  {{
        constconst checks  checks ==  [[
            // Check referral graph consistency// Check referral graph consistency
            {{
        name        name::  'Referral Graph Consistency''Referral Graph Consistency',,
        query        query::  `̀
          SELECT COUNT(*) as orphaned          SELECT COUNT(*) as orphaned
          FROM referrals r          FROM referrals r
          LEFT JOIN users u1 ON r.referrer_address = u1.address          LEFT JOIN users u1 ON r.referrer_address = u1.address
          LEFT JOIN users u2 ON r.referee_address = u2.address          LEFT JOIN users u2 ON r.referee_address = u2.address
          WHERE u1.address IS NULL OR u2.address IS NULL          WHERE u1.address IS NULL OR u2.address IS NULL
                `̀,,
                expectedResultexpectedResult::  ((resultresult))  =>=> result result..rowsrows[[00]]..orphanedorphaned  ======  00,,
            }},,
            
            // Check balance consistency// Check balance consistency
            {{
        name        name::  'Balance Consistency''Balance Consistency',,



        query        query::  `̀
          SELECT           SELECT 
            SUM(balance) as total_balance,            SUM(balance) as total_balance,
            (SELECT total_supply FROM global_stats) as recorded_supply            (SELECT total_supply FROM global_stats) as recorded_supply
          FROM user_balances          FROM user_balances
          WHERE chain_id = $1          WHERE chain_id = $1
                `̀,,
        params        params::  [[11]],,  // Solana// Solana
                expectedResultexpectedResult::  ((resultresult))  =>=>  {{
                    constconst diff  diff ==  MathMath..absabs((resultresult..rowsrows[[00]]..total_balancetotal_balance  -- result result..rowsrows[[00]]..recorded_supplyrecorded_supply));;
                    returnreturn diff  diff <<  0.010.01;;  // Allow 0.01 token difference// Allow 0.01 token difference
                }},,
            }},,
            
            // Check for circular references// Check for circular references
            {{
        name        name::  'Circular Reference Check''Circular Reference Check',,
        query        query::  `̀
          WITH RECURSIVE ref_path AS (          WITH RECURSIVE ref_path AS (
            SELECT             SELECT 
              referrer_address,              referrer_address,
              referee_address,              referee_address,
              ARRAY[referrer_address, referee_address] as path              ARRAY[referrer_address, referee_address] as path
            FROM referrals            FROM referrals
                        
            UNION ALL            UNION ALL
                        
            SELECT             SELECT 
              rp.referrer_address,              rp.referrer_address,
              r.referee_address,              r.referee_address,
              rp.path || r.referee_address              rp.path || r.referee_address
            FROM ref_path rp            FROM ref_path rp
            JOIN referrals r ON rp.referee_address = r.referrer_address            JOIN referrals r ON rp.referee_address = r.referrer_address
            WHERE NOT r.referee_address = ANY(rp.path)            WHERE NOT r.referee_address = ANY(rp.path)
              AND array_length(rp.path, 1) < 10              AND array_length(rp.path, 1) < 10
          )          )
          SELECT COUNT(*) as circular_refs          SELECT COUNT(*) as circular_refs
          FROM ref_path          FROM ref_path
          WHERE referrer_address = referee_address          WHERE referrer_address = referee_address
                `̀,,
                expectedResultexpectedResult::  ((resultresult))  =>=> result result..rowsrows[[00]]..circular_refscircular_refs  ======  00,,
            }},,
        ]];;
        
        forfor  ((constconst check  check ofof checks checks))  {{
            constconst result  result ==  awaitawait  thisthis..dbdb..queryquery((checkcheck..queryquery,, check check..paramsparams  ||||  [[]]));;
            
            ifif  ((!!checkcheck..expectedResultexpectedResult((resultresult))))  {{
                throwthrow  newnew  IntegrityErrorIntegrityError((`̀Data integrity check failed: Data integrity check failed: ${${checkcheck..namename}}`̀));;
            }}
        }}
    }}
}}



3. APPENDICES

A. Technology Stack Summary

Frontend: Next.js 14, TypeScript, Tailwind CSS, Framer Motion

Backend: Node.js, GraphQL, REST API

Databases: PostgreSQL, TimescaleDB, Redis, Neo4j

Blockchain: Solana Web3.js, Ethers.js, LayerZero

Infrastructure: Kubernetes, Docker, AWS/GCP

Monitoring: Prometheus, Grafana, OpenTelemetry

B. Performance Benchmarks

Page Load: <2s (P95)

API Response: <200ms (P95)

WebSocket Latency: <50ms

Concurrent Users: 10,000+

Transactions/sec: 1,000+

C. Security Compliance

SOC 2 Type II ready

GDPR compliant architecture

Smart contract audits required

Penetration testing quarterly

D. Estimated Resources

Development Team: 8-10 engineers

Timeline: 4-6 months

Infrastructure Cost: $10-20k/month

Third-party Services: $5-10k/month


