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Executive Roadmap: From Document to App Store

This section provides a comprehensive overview of what it takes to transform this technical specification into a finished mobile game. It is written for investors, producers, and decision-makers who need to understand timelines, budgets, and milestones without deep technical knowledge.

1. What This Document Represents

This specification is the complete technical blueprint for Iron Vines. Think of it as the architectural plans for a building—every system, every interaction, every algorithm has been designed and documented. What remains is construction.

What has been completed:
• Game design and mechanics fully specified
• All code architecture and data structures defined
• User interface layouts and interactions documented
• Save/load systems and audio specifications complete
• Platform-specific iOS implementation code written

What remains to be done:
• Integration of code into Xcode project
• Creation of visual assets (art, animations, icons)
• Creation of audio assets (music, sound effects, ambient)
• Quality assurance testing and bug fixing
• App Store submission and approval process

Step-by-Step: From Document to App Store

The following 15 steps represent the complete journey from this specification to a live app. Each step builds on the previous one.

1. PROJECT INITIALIZATION: Create Xcode project with correct settings (Bundle ID, iOS version, device targets). Set up version control (Git). Import this document into project documentation folder. Time: 1 day. Output: Empty project that builds and runs.
2. FILE STRUCTURE CREATION: Create all folders and empty Swift files matching the project hierarchy in this document. This establishes the skeleton that will be filled in. Time: 1 day. Output: All placeholder files exist.
3. DATA MODELS IMPLEMENTATION: Copy all model code (Numerology, GameState, HexTile, Crop, Tool, Weather, Item) from this document into corresponding files. These are the 'nouns' of the game. Time: 2-3 days. Output: All data types compile without errors.
4. CORE MANAGERS - PART 1: Implement GameManager and TimeManager. These are the 'brain' and 'heartbeat.' After this step, the app boots and time advances. Time: 1 week. Output: App launches with time ticking.
5. CORE MANAGERS - PART 2: Implement ResourceManager, InventoryManager, and basic EventManager. After this step, resources can be consumed, items stored, and events triggered. Time: 1 week. Output: Resources tracked, items functional.
6. HEX GRID FOUNDATION: Implement HexGridManager and basic HexGridScene in SpriteKit. After this step, a grid of hexagons appears on screen and responds to touch. Time: 2 weeks. Output: Visible, interactive hex grid.
7. CROP SYSTEM: Implement crop planting, growth stages, water consumption, and harvesting. After this step, players can plant seeds and watch them grow. Time: 2 weeks. Output: Crops grow and can be harvested.
8. WEATHER SYSTEM: Implement WeatherManager with seasonal rain patterns, Sharav events, and moisture effects. After this step, weather affects crops realistically. Time: 1 week. Output: Weather changes daily, affects gameplay.
9. ECONOMY & TRADE: Implement multi-currency system, trade modal, and inventory UI. After this step, players can buy/sell goods with traders. Time: 1.5 weeks. Output: Trading functional.
10. ERA PROGRESSION & EVENTS: Implement era transitions (Judges→Crisis→Monarchy), random events, and the Silent Laws (Peah, Shmita, Orlah). After this step, the full gameplay loop works. Time: 2 weeks. Output: Game progresses through eras.
11. SAVE/LOAD SYSTEM: Implement SaveService with JSON persistence. After this step, players can quit and resume their game. Time: 3-4 days. Output: Save/load works.
12. UI POLISH: Implement all HUD components, modals, and animations. Replace placeholder graphics with polished layouts. Time: 3 weeks (parallel with Step 13). Output: Professional UI.
13. AUDIO INTEGRATION: Implement AudioManager, integrate music tracks and sound effects. Time: 2 weeks (parallel with Step 12). Output: Immersive audio.
14. TESTING & BUG FIXING: Internal QA, TestFlight beta testing, performance optimization, bug fixes. Time: 4-5 weeks. Output: Stable, polished game.
15. APP STORE SUBMISSION: Prepare screenshots, write description, submit to Apple, respond to review feedback, launch. Time: 1-2 weeks. Output: App approved and live.

Total timeline with AI assistance: 3-5 months (see AI-Assisted Development section below)
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2. AI-Assisted Development Strategy

This project assumes access to high-quality AI programming assistants capable of executing complex, long-term tasks. AI assistance dramatically reduces development time and costs by handling routine coding, debugging, and documentation tasks.

Recommended AI Tools & Their Roles

	AI Tool
	Best Used For
	Estimated Time Savings

	Claude (Anthropic)
	Complex architecture decisions, code review, documentation, debugging intricate logic, understanding full system context
	40-60% on design tasks

	Claude Code
	Direct implementation, file creation, iterative development with project context, terminal commands
	50-70% on coding tasks

	GitHub Copilot
	Real-time code completion within Xcode, boilerplate generation, syntax assistance
	30-40% on typing time

	Cursor IDE
	AI-native IDE for rapid prototyping, multi-file edits, codebase Q&A
	40-50% on refactoring

	ChatGPT-4
	Quick syntax questions, alternative approaches, error explanations
	20-30% on research



AI Tools for Art & Audio

	AI Tool
	Best Used For
	Notes

	Midjourney / DALL-E 3
	Concept art, hex tile designs, icon concepts
	Human refinement needed

	Adobe Firefly
	Production-ready assets with commercial licensing
	Best for final assets

	Suno / Udio
	Music composition, era-appropriate tracks
	Human editing for loops

	ElevenLabs
	Sound effects, ambient sounds
	Good for SFX generation



AI Workflow Recommendations

For Architecture & Planning (Use: Claude)
Claude excels at understanding the full context of this specification and making architectural decisions. Use Claude to review code sections before implementation, identify potential issues, and suggest optimizations. Claude can hold the entire game design in context simultaneously.

For Direct Implementation (Use: Claude Code)
Claude Code can directly create files, run terminal commands, and iterate on code with full project awareness. Feed it sections of this document and have it implement them directly in the Xcode project. It can handle multi-file changes and test iterations.

For Daily Coding (Use: GitHub Copilot + Cursor)
For in-house developers working in Xcode, Copilot provides real-time completions. For larger refactoring tasks, Cursor's multi-file editing capabilities accelerate changes across the codebase.

Estimated AI Impact on Timeline

	Task Category
	Without AI
	With AI

	Model/data structure implementation
	2 weeks
	3-4 days

	Core manager implementation
	4 weeks
	1.5-2 weeks

	SpriteKit hex grid
	3 weeks
	1-1.5 weeks

	UI implementation
	4 weeks
	2 weeks

	Bug fixing & debugging
	3 weeks
	1-1.5 weeks

	TOTAL DEVELOPMENT
	7-8 months
	3-5 months




3. Development Phases & Timeline (AI-Assisted)

Phase 1: Project Setup & Core Systems (Weeks 1-2)

• Xcode project setup (1 day, AI: minimal)
• Core managers implementation (1 week, AI: high - code generation)
• Save/load system foundation (2 days, AI: high - boilerplate)
• Basic UI shell (3-4 days, AI: medium - SwiftUI templates)

Milestone: Game boots, time passes, placeholder UI displays resources.

Phase 2: Hex Grid & Agricultural Systems (Weeks 3-5)

• SpriteKit hex grid implementation (1 week, AI: high - math/algorithms)
• Touch/gesture controls (3-4 days, AI: medium)
• Crop growth system (1 week, AI: high - logic translation)
• Weather & hydrology (4-5 days, AI: high - algorithms)

Milestone: Player can pan/zoom grid, plant crops, watch them grow with weather effects.

Phase 3: Economy, Events & Progression (Weeks 6-8)

• Inventory & trade system (1 week, AI: high)
• Event system & triggers (1 week, AI: high)
• Era progression logic (3-4 days, AI: high)
• Morality/Silent Laws (3-4 days, AI: medium - requires nuance)

Milestone: Complete gameplay loop from Year 1 to Monarchy era. Game is winnable/losable.

Phase 4: Art, Audio & Polish (Weeks 9-14)

• Hex tile & crop sprites (2-3 weeks, AI: low - human art required)
• UI icons & screens (1-2 weeks, AI: medium - AI image generation)
• Music composition (2-3 weeks, AI: medium - AI music tools)
• Sound effects (1 week, AI: medium - AI audio)
• Animation & polish (1-2 weeks, AI: medium)

Milestone: Game looks and sounds professional. Ready for testing.

Phase 5: QA & Launch (Weeks 15-18)

• Internal QA (1-2 weeks, AI: medium - test generation)
• Beta testing via TestFlight (2 weeks, AI: low - human feedback required)
• Bug fixing (1-2 weeks, AI: high - debugging assistance)
• App Store submission (1 week, AI: low - manual process)

Milestone: Game approved and live on App Store.

Timeline Summary

	Approach
	Duration
	Team Size

	Aggressive (AI-heavy, parallel work)
	3-4 months
	2-3 people

	Standard (recommended)
	4-5 months
	2-3 people

	Conservative (minimal AI)
	6-8 months
	2-3 people




4. Team Requirements (In-House)

Required Roles:

• Lead Developer (partial allocation, 4-5 months): Oversees architecture, reviews AI-generated code, handles complex integrations. Directs AI tools rather than writing all code manually.
• Supporting Developer (partial allocation, 3-4 months): UI implementation, testing, asset integration. Can be junior developer if AI tools used heavily for guidance.
• Artist (contract or partial, 2-3 months): Visual assets - hex tiles, crop sprites, UI elements. Can use AI for concepting but produces final assets manually.
• Audio (contract, 1-2 months): 3 music tracks and sound effects. Can leverage AI music tools but polishes for seamless loops.

Optional:

• QA Tester (partial allocation, 1-2 months): Systematic testing. Can be a developer wearing a second hat.


5. Budget Estimates

Scenario A: Fully In-House Team

	Item
	Cost

	Developer time (in-house, no incremental cost)
	$0 (allocated)

	AI tools (Copilot, Claude Pro, Cursor)
	$50-200/month

	Apple Developer Program (annual)
	$99

	Test devices (if not already owned)
	$0-2,000

	Font licenses (Paleo-Hebrew)
	$200-500

	Contract artist (if needed)
	$5,000-15,000

	Contract audio (if needed)
	$2,000-8,000

	TOTAL
	$8,000-26,000



Scenario B: Mixed Team (Some Contractors)

	Item
	Cost

	Lead developer (contractor, 4 months)
	$40,000-60,000

	2D Artist (contractor, 3 months)
	$15,000-25,000

	Audio (contractor, 2 months)
	$5,000-12,000

	AI tools & licenses
	$1,000-2,000

	Contingency (10%)
	$6,000-10,000

	TOTAL
	$67,000-109,000



Note: Marketing costs excluded. Game will be FREE with organic distribution through community sharing.


6. Distribution Strategy

Price: FREE (no ads, no in-app purchases)

Distribution Strategy (Zero Marketing Cost):
• Personal recommendations from development team and stakeholders
• Word-of-mouth within Jewish educational communities
• Sharing within synagogues, day schools, and youth groups
• History/archaeology enthusiast forums and social media
• Strategy game communities (Reddit, Discord, etc.)

Rationale: Games with strong cultural appeal often perform better through community adoption than paid advertising. The niche focus enables organic word-of-mouth growth.

Future Revenue Options (Optional):
• Tip jar / voluntary support
• Expansion packs (additional crops, eras, regions)
• Physical merchandise (if community grows)
• Educational licensing to schools/institutions


7. Risk Factors & Mitigation

Risk: Key developer becomes unavailable
Mitigation: This specification enables any iOS developer to continue work. AI tools (Claude) can read the codebase and explain it to new team members, reducing onboarding time significantly.

Risk: Apple rejects app during review
Mitigation: Game contains no gambling, violence, or controversial content. Religious/historical theme is educational. No in-app purchases eliminates most review complications.

Risk: Scope creep during development
Mitigation: This specification is fixed. Features not in this document are explicitly out of scope for v1.0. Feature requests go to a 'v2.0 ideas' list.

Risk: AI-generated code has bugs
Mitigation: Human developers review all AI output. Testing phase catches integration issues. AI actually assists with debugging, often faster than manual debugging.

Risk: Game is not engaging enough
Mitigation: Core loop (plant, grow, harvest, survive) is proven in farming simulators. Biblical numerology adds unique depth. Beta testing allows gameplay tuning before launch.


8. Success Metrics (Free Game)

First 6 Months Targets:

	Metric
	Target

	Downloads
	5,000 first month; 25,000 by month 6

	App Store Rating
	4.5+ stars average

	Day 7 Retention
	35%+ (industry benchmark: 20%)

	Day 30 Retention
	20%+ (strong for free game)

	Community Shares
	500+ organic recommendations tracked




Frequently Asked Questions: For Investors

Q: Why is the game free? How does this benefit us?
A: A free game removes all barriers to adoption and maximizes cultural/educational impact. Since the goal is community engagement rather than profit, free distribution aligns with the mission. There are no ongoing server costs (the game is offline), so post-launch maintenance is minimal.

Q: What if the developers working on this leave the company?
A: This specification document is specifically designed to enable continuity. Any competent iOS developer can pick up where another left off. AI tools like Claude can read the codebase and explain it to new team members, dramatically reducing onboarding time.

Q: How confident are you in the timeline estimates?
A: The 4-5 month standard timeline is based on similar-scope projects completed with AI assistance. The specification's detail level means less time is spent on design decisions during development. Main uncertainty is art/audio contractor availability.

Q: What if Apple rejects the app?
A: Unlikely—the game contains no flagged content (gambling, violence, adult themes). If Apple requests changes, they're typically minor (metadata, screenshots). Budget includes 1 week for review iterations.

Q: What are the ongoing costs after launch?
A: Minimal. Apple Developer Program ($99/year) and occasional bug-fix updates. No servers, no customer support infrastructure, no paid marketing. 2-4 hours/month maintenance is sufficient.

Q: How do you measure success for a free game?
A: Downloads, App Store ratings, retention rates, and community engagement. 25,000 downloads with 4.5+ stars and strong retention metrics indicate success.

Q: Can we monetize this later if we change our minds?
A: Yes. Options include: tip jar for donations, paid DLC expansion content, or a premium deluxe version with additional features. The core architecture supports these additions.

Q: What makes this different from other farming simulators?
A: Three things: (1) Historical authenticity—set in 1100 BC Judean Hills with accurate agricultural practices; (2) Numerological depth—sacred numbers (3, 7, 12, 18, 40, 49, 70, 120, 613) are woven throughout every system; (3) Silent Laws—Biblical agricultural laws affect gameplay without explicit tutorials, creating organic moral choices.

Q: Who is the target audience?
A: Primary: Jewish educational communities (day schools, youth groups, synagogues). Secondary: History/archaeology enthusiasts, strategy game fans seeking unique themes, indie game lovers. The niche focus enables organic word-of-mouth.

Q: What's the long-term vision?
A: v1.0 establishes the core game. Future possibilities include: Android port, additional Biblical eras, multiplayer trading, educational curriculum integration, and localization for international Jewish communities.


Frequently Asked Questions: For Programmers

Q: Why Swift/SwiftUI instead of Unity or cross-platform?
A: Native iOS provides the best performance for SpriteKit hex grid rendering, smallest app binary size, and smoothest integration with iOS features (Game Center, iCloud). The game's scope doesn't justify Unity's overhead. Android can be a v2.0 project.

Q: How should I use AI tools with this specification?
A: Feed entire sections of this document to Claude or GPT-4 and ask it to implement the code. The specification is written to be AI-friendly—clear structure, complete data types, explicit logic. Start with models, then managers, then UI. Review all AI output for Swift best practices.

Q: What's the recommended Xcode/iOS version?
A: Xcode 15+ with iOS 17.0 minimum deployment target. This enables the Observation framework (@Observable) for state management, which is cleaner than Combine. Supporting older iOS versions requires significant architectural changes.

Q: How does the hex grid coordinate system work?
A: Axial coordinates (q, r) with derived cube coordinate s = -q-r. The HexCoord struct includes neighbor calculation and distance functions. SpriteKit positions are calculated using standard hex-to-pixel formula with flat-top hexagons. Reference 'Red Blob Games Hexagonal Grids' for the underlying math.

Q: Why GameManager singleton instead of dependency injection?
A: Simplicity for this scope. The game has a single play session with globally-relevant state. Singletons are appropriate when there's genuinely one instance (game state, audio manager). For larger projects or testability requirements, DI would be preferable.

Q: How do the Silent Laws work without frustrating players?
A: Laws are discoverable through consequences, not tutorials. When a player harvests border tiles (Peah), they see Divine Favor drop and receive a subtle notification. Players learn the patterns over time. This creates genuine moral choices rather than checkbox compliance.

Q: What's the testing strategy?
A: Unit tests for core logic (crop growth calculations, currency conversion, era triggers). UI tests for critical paths (new game, save/load). Manual testing for 'feel' (touch responsiveness, animation timing). TestFlight beta for real-device coverage across iPhone/iPad models.

Q: How do I implement the Yoreh (first rain) mechanic?
A: The hasYorehFallen flag in GameState is checked in crop growth logic. Seeds in SEED stage won't advance until the flag is true. The flag is set when rain occurs in Tishrei (month 0). If day > 25 and no Yoreh, trigger DROUGHT_PANIC event.

Q: What's the save file format and versioning strategy?
A: JSON with a version integer in metadata. On load, check version against current; if older, run migration functions to inject default values for new fields. Never remove fields from save format—only add with defaults. This ensures backward compatibility.

Q: How does the terracing/runoff (ADSSC) system work?
A: Each tick, iterate hex neighbors. If neighbor elevation > tile elevation, add 10% of current rain to tile's pendingRunoff. In Monarchy era with terracing tech, also check 2-tile-distant neighbors for 5% contribution. Apply soil retention multiplier (0.9 terraced, 0.2 bare slope).

Q: What's the best way to debug crop growth issues?
A: Implement the debug console from spec: time controls (skip day/season), resource cheats, event forcing. Log crop state changes with timestamps. The numerological values (7 damage, 120 max health) make it easy to trace issues to specific formulas.

Q: How should I structure the asset pipeline for art integration?
A: Use Asset Catalogs with @2x/@3x variants. Name sprites systematically: {crop}_{stage} (e.g., barley_sprout, olive_mature). Weather overlays as separate SKNodes layered above the grid. This allows artists to work independently while developers use placeholder assets.




Part I: iOS Project Architecture

📋 What This Is (For Investors)
These settings define the app's identity and requirements. Bundle ID is unique across all apps worldwide; iOS 17.0 enables modern Swift features that make development faster.

Integration Architecture (Gimmel Expansion)
Master File Manifest
50 Swift files. FINAL = complete code in this document. NEW = file added
in Gimmel. REFERENCE = unchanged from prior revision.
------------------------------ ---------------- ------------ ------------------------------
IronVinesApp.swift             App/             FINAL        App entry point
ContentView.swift              App/             FINAL        Root navigation (menu ↔ game)
Numerology.swift               Models/          REFERENCE    Sacred number constants
GameState.swift                Models/          FINAL        Central \@Observable state
(A-1 fix: no singleton refs in
computed props)
HexTile.swift                  Models/          REFERENCE    Hex coordinate + tile data
Crop.swift                     Models/          FINAL        CropData + CropInstance (A-1
fix: displayInfo() replaces
singleton-coupled props)
Weather.swift                  Models/          REFERENCE    HebrewMonth + WeatherState
Tool.swift                     Models/          FINAL        ToolData + ToolInstance
(difficulty-aware useOnce)
Item.swift                     Models/          REFERENCE    ItemData catalog (25+ items)
Currency.swift                 Models/          FINAL        CoinType + CurrencyManager
TradeModels.swift              Models/          FINAL        Trader (tuple departure date),
TradeOffer (coin-priced)
ProcessingRecipe.swift         Models/          NEW          M-3 fix: wine/oil/flour/fig
conversion recipes
GameManager.swift              Core/Managers/   FINAL        Central coordinator (all 28
fixes integrated)
DisplayState.swift             Core/Managers/   NEW          A-2 fix: throttled 4Hz UI
snapshot
TimeManager.swift              Core/Managers/   FINAL        L-5 fix: explicit tick rate +
time scale math
ResourceManager.swift          Core/Managers/   FINAL        M-1/G-1 fix: childFoodRatio,
foraging
InventoryManager.swift         Core/Managers/   FINAL        Catalog-driven spoilage
WeatherManager.swift           Core/Managers/   FINAL        L-1/M-5 fix: per-day
generation + forceRain()
EventManager.swift             Core/Managers/   FINAL        A-5 fix: serializable
EventConsequence enum
DifficultyManager.swift        Core/Managers/   FINAL        28-field modifiers, 4 thematic
modes, ChaosEngine
PopulationManager.swift        Core/Managers/   NEW          M-1 fix: births, deaths, aging
ProcessingManager.swift        Core/Managers/   NEW          M-3 fix: grapes→wine,
olives→oil conversion
TechTree.swift                 Core/Systems/    REFERENCE    Era-gated tech unlocks
MoralitySystem.swift           Core/Systems/    FINAL        M-4/G-2 fix: difficulty-aware
Peah/Shmita
MilkAndHoneyStatus.swift       Core/Systems/    FINAL        L-7 fix: counts tool instances
not type IDs
TutorialManager.swift          Core/Systems/    NEW          M-6 fix: first-time action
tutorials
HexGridManager.swift           Core/Grid/       FINAL        L-4/L-6/M-4 fix: soil
clustering, lossRatio guard,
Peah gate
HexGridScene.swift             SpriteKit/       FINAL        A-3 fix: dynamic screen-based
size
HexTileNode.swift              SpriteKit/       REFERENCE    SKNode for single hex tile
HapticsService.swift           Core/Services/   REFERENCE    UIFeedbackGenerator wrappers
SaveService.swift              Core/Services/   FINAL        M-7 fix: real migration
chain + processing jobs
AudioManager.swift             Core/Services/   REFERENCE    Music, SFX, ambient,
duck/unduck
GameView.swift                 Views/           FINAL        M-2 fix: game-over overlay
MainMenuView.swift             Views/           FINAL        Updated: DifficultyPickerView
integration
DifficultyPickerView.swift     Views/           NEW          Thematic mode selector with
scripture refs
GameOverView.swift             Views/           NEW          M-2 fix: death screen with
stats
TopHUDView.swift               Views/HUD/       FINAL        A-2 fix: reads DisplayState
instead of raw managers
BottomHUDView.swift            Views/HUD/       FINAL        G-1 fix: forage button when
food=0
CurrencyHUDView.swift          Views/HUD/       FINAL        L-3 fix: auto-convert toast
notification
CisternHUDView.swift           Views/HUD/       FINAL        Drought warning border on Milk
and Honey
MilkAndHoneyBadge.swift        Views/HUD/       FINAL        Reads DisplayState
GaugeView.swift                Views/HUD/       FINAL        Circular spiritual gauge
TileInfoPanel.swift            Views/HUD/       FINAL        Selected tile detail overlay
CropCardView.swift             Views/HUD/       FINAL        A-1 fix: calls
crop.displayInfo()
ToolCardView.swift             Views/HUD/       FINAL        Dark-slate tool card
AvailableAdditionsView.swift   Views/HUD/       FINAL        M-3 fix: processing recipes in
queue
FarmInspectionView.swift       Views/Modals/    FINAL        M-3 fix: active processing
jobs display
EventModalView.swift           Views/Modals/    FINAL        A-5 fix: reads
EventConsequence enum
TradeModalView.swift           Views/Modals/    FINAL        G-4 fix: market saturation
pricing
Color+Hex.swift                Utilities/       FINAL        Color(hex:) extension
------------------------------ ---------------- ------------ ------------------------------
Dependency Graph
Updated for Gimmel. New nodes in CAPS. Arrows mean "owns" or "directly
calls."
IronVinesApp

└── ContentView

├── MainMenuView

│ └── DIFFICULTYPICKERVIEW ← reads DifficultyMode enum

└── GameView (SwiftUI)

├── TopHUDView

│ ├── CurrencyHUDView ← reads DISPLAYSTATE

│ ├── GaugeView ← reads DISPLAYSTATE

│ ├── CisternHUDView ← reads DISPLAYSTATE

│ └── MilkAndHoneyBadge ← reads DISPLAYSTATE

├── BottomHUDView

├── TileInfoPanel ← reads selected HexTile

├── HexGridScene (SpriteKit) ← reads HexGridManager

│ └── HexTileNode ← reads HexTile

├── FarmInspectionView (sheet)

│ ├── ToolCardView ← reads ToolInstance

│ ├── CropCardView ← calls crop.displayInfo()

│ └── AvailableAdditionsView

├── EventModalView (sheet) ← reads GameEvent (SERIALIZABLE)

├── TradeModalView (sheet) ← reads Trader + CurrencyManager

└── GAMEOVERVIEW (fullScreenCover)

\@MainActor // FIX A-4: Thread safety

GameManager (singleton --- the central brain)

├── .state : GameState (@Observable, NO singleton refs in computed)

├── .DISPLAY : DISPLAYSTATE (4Hz throttled UI snapshot)

├── .time : TimeManager → fires processTick()

├── .resources : ResourceManager

├── .inventory : InventoryManager

├── .weather : WeatherManager (per-day, not per-tick)

├── .events : EventManager (serializable consequences)

├── .grid : HexGridManager (soil clustering, Peah gate)

├── .morality : MoralitySystem (difficulty-aware)

├── .difficulty : DifficultyManager (28-field, 4 modes + ChaosEngine)

├── .tech : TechTree

├── .currency : CurrencyManager

├── .POPULATION : POPULATIONMANAGER (births, deaths, aging)

├── .PROCESSING : PROCESSINGMANAGER (grapes→wine, etc.)

├── .TUTORIALS : TUTORIALMANAGER (first-time popups)

├── .CHAOSENGINE : CHAOSENGINE (Wandering-only effects)

├── .haptics : HapticsService

├── .audio : AudioManager

├── .save : SaveService (real migration chain)

├── .prosperity : MilkAndHoneyStatus

├── .activeTrader : Trader?

├── .toolInstances : [UUID: ToolInstance]

├── .isGameOver : Bool (game-over state)

└── .gameOverReason: String
Initialization and Game Loop
Updated for Gimmel. New steps in bold. Weather now updates per-day, not
per-tick.
-------- --------------------------- ------------------------- -------------------------
3
1        GameManager.init()          Creates all sub-managers. NEW: display timer,
Sets up 4Hz display       PopulationManager,
timer. Wires lifecycle    ProcessingManager,
observers.                TutorialManager,
ChaosEngine
2        MainMenuView appears        User sees title +         NEW: DifficultyPickerView
DifficultyPickerView.     with thematic names
SaveService.hasSaveFile
checked.
3a       startNewGame(difficulty:)   Resets state. Generates   FIX: grid size, soil
grid (size from mods).    bias, starting
Applies soil bias. Grants tools/coins all from
starting resources from   DifficultyModifiers
mods. Initializes
ChaosEngine if Wandering.
3b       loadGame()                  Restores all state from   FIX M-7: real migration
JSON. Migrates old save   chain, FIX A-5: restores
formats. Rebuilds all     pending events
sub-systems.
4        GameView appears            Creates HexGridScene with FIX A-3:
screen-sized dimensions.  UIScreen.main.bounds
Sets onTileSelected       instead of hardcoded
callback.                 400×700
5        time.start()                Timer fires at            FIX L-5: explicit
1.0/(20×timeScale)        interval formula
interval. Each tick calls
processTick().
6        processTick()               Per-tick: advance         FIX L-1: weather moved to
calendar, update all      processDay()
tiles, check events.
Weather is NOT updated
here.
7        processDay()                Daily: update weather,    FIX: weather per-day,
consume food, population, population, processing,
spoilage, processing      game-over check,
jobs, cistern,            recovery, Wandering
prosperity, traders,      cadence
recovery checks,
Wandering re-roll (every
3 days), 4Hz display
update, auto-save.
-------- --------------------------- ------------------------- -------------------------
Critical Data Flows
GameManager.processDay()

│ weather.updateWeather() // MOVED from processTick

└─▶ (then on each tick within that day:)

HexGridManager.updateAllTiles(weather:, era:, mods:)

│ For each tile:

├─ updateMoisture(): rain × retention → soilMoisture

│ └─ Excess flows to lower-elevation neighbors

└─ updateCrop(): waterNeed = data.waterDaily × mods.waterMultiplier

├─ Enough water: health += 1, advance stage

├─ Not enough: health -= deficit × Numerology.creation

└─ lossRatio: ONLY calculated after 30% growth (FIX L-4)
Player taps mature crop tile → GameView.handleTileAction()

└─▶ HexGridManager.harvestCrop(at:)

│ FIX M-4: calls morality.canHarvest(tile:, state:, mods:)

│ ├─ Peah check: mods.peahGracePeriod violations before penalty

│ ├─ Shmita check: blocks in 7th year

│ └─ Orlah check: perennials \< 3 years

├─ yield = CropData.yieldMin..yieldMax × healthPct

└─▶ inventory.add(cropId, yield)

└─▶ currency.convertHarvestToCoins() → autoConvert()
Player taps recipe in AvailableAdditionsView

└─▶ processing.startJob(recipe:, inventory:, state:)

├─ Checks: inventory.has(inputs), state.laborCurrent \>= cost

├─ Checks: ownedToolIds contains required tool (if any)

├─ Deducts inputs + labor immediately

└─ Creates ActiveProcessingJob { recipeId, daysRemaining }

GameManager.processDay() calls processing.processDay()

├─ daysRemaining -= 1 for each active job

└─ When daysRemaining == 0: inventory.add(output)

Example: 15 GRAPES + WINE_PRESS + 10 labor + 3 days → 5 WINE
GameManager.processDay() calls population.processDailyPopulation()

├─ Starvation: if health \< 20, 10% daily chance elderly/adult dies

└─ Natural death: elderly 0.5% daily

GameManager.processYearEnd() calls
population.processYearlyPopulation()

├─ Aging: 1 child → adult per year

├─ Aging: 1 adult → elderly per 5 years

└─ Births: every mods.populationGrowthInterval years, add
mods.populationGrowthAmount children

IF state.population \<= 0 → triggerGameOver("Your household has
perished.")
SaveService.saveGame()

├─ GameState fields (population, era, calendar, cistern,
peahViolations...)

├─ grid tiles, inventory items, currency coins

├─ toolInstances with wear/damage

├─ prosperity, processing.activeJobs, tutorials.seen

├─ pendingEvent (NOW SERIALIZABLE via EventConsequence enum)

└─ Writes JSON with version = 4 to Documents/ironvines_save.json

SaveService.loadGame()

├─ migrateRawJSON(): renames old difficulty strings

├─ Decodes SaveData

├─ If version \< 4: runs migration chain (adds defaults for new
fields)

└─ Restores all sub-systems
1. Xcode Project Configuration

	Setting
	Value

	Product Name
	IronVines

	Bundle ID
	com.yourcompany.ironvines

	Interface
	SwiftUI

	Language
	Swift 5.9

	Minimum iOS
	17.0

	Device Family
	iPhone and iPad

	Orientation
	Portrait (iPhone), All (iPad)



2. Project File Structure

📋 What This Is (For Investors)
This folder organization keeps code organized and maintainable. Well-structured projects are easier to debug and allow multiple developers to work without conflicts.

IronVines/
├── App/
│   ├── IronVinesApp.swift          # @main entry point
│   └── ContentView.swift           # Navigation controller
├── Core/
│   ├── Managers/
│   │   ├── GameManager.swift       # Central coordinator (singleton)
│   │   ├── TimeManager.swift       # Tick-based time simulation
│   │   ├── ResourceManager.swift   # Consumption, rationing, cisterns
│   │   ├── InventoryManager.swift  # Item storage, spoilage
│   │   ├── WeatherManager.swift    # Climate simulation
│   │   ├── EventManager.swift      # Random events, notifications
│   │   └── DifficultyManager.swift # Mode-specific modifiers
│   ├── Systems/
│   │   └── MoralitySystem.swift    # Peah, Shmita, Orlah
│   └── Services/
│       ├── SaveService.swift       # JSON persistence
│       └── AudioManager.swift      # Music & SFX
├── Models/
│   ├── Numerology.swift            # Sacred number constants
│   ├── GameState.swift             # Central state (@Observable)
│   ├── HexTile.swift               # HexCoord + tile data
│   ├── Crop.swift                  # CropData + CropInstance
│   ├── Weather.swift               # HebrewMonth + WeatherState
│   ├── Tool.swift                  # Bronze/Iron age tools
│   └── Item.swift                  # ItemData for inventory
├── Views/
│   ├── GameView.swift              # Main gameplay screen
│   ├── MainMenuView.swift          # Title screen
│   ├── HUD/
│   │   ├── TopHUDView.swift        # Date, era, weather, gauges
│   │   └── BottomHUDView.swift     # Tool belt, actions
│   └── Modals/
│       ├── TradeModalView.swift    # Trading interface
│       └── EventModalView.swift    # Event choices
├── SpriteKit/
│   ├── HexGridScene.swift          # SKScene for hex rendering
│   └── HexTileNode.swift           # Individual hex sprite
└── Resources/
    ├── Assets.xcassets             # Images, colors
    ├── Fonts/                      # Paleo-Hebrew font
    └── Audio/                      # Music & SFX files


Part II: Swift Data Models

📋 What This Section Is (For Investors)
Data models define the structure of all game information. Think of these as the 'vocabulary' the rest of the code uses. Every crop, tile, weather event, and game state is defined here.


3. Numerology.swift

📋 What This Code Does
Defines all sacred numbers (3, 7, 12, 18, 40, 49, 67, 70, 80, 120, 613). Instead of typing '40' everywhere, developers write 'Numerology.wandering'—this prevents typos and makes the cultural significance explicit in the code.

Interactions: Referenced by nearly every other file. Crop health uses 'moses' (120), starvation damage uses 'creation' (7), trade uses 'maturity' (13).

// Numerology.swift
// Sacred numbers integrated throughout game logic
import Foundation
 
enum Numerology {
    // Core symbolic numbers
    static let patriarchs: Float = 3.0        // Abraham, Isaac, Jacob
    static let creation: Float = 7.0          // Days of Creation
    static let tribes: Float = 12.0           // Tribes of Israel
    static let maturity: Float = 13.0         // Bar Mitzvah age
    static let life: Float = 18.0             // Chai (חי)
    static let wandering: Float = 40.0        // Years in desert
    static let leviticalCities: Float = 48.0  // Cities for Levites
    static let jubilee: Float = 49.0          // Jubilee cycle (7×7)
    static let miracle: Float = 67.0          // Psalm 67 threshold
    static let elders: Float = 70.0           // The 70 Elders
    static let strength: Float = 80.0         // Maximum labor capacity
    static let moses: Float = 120.0           // Moses' lifespan = max health
    static let commandments: Float = 613.0    // Mitzvot
    
    // Derived percentages
    static let chaiPercent: Float = 0.18      // 18% - decay/life rate
    static let chaosBaseChance: Float = 0.13  // 13% - bad luck in Chaos mode
    
    // Time constants
    static let ticksPerDay: Int = 24          // 24 ticks = 1 game day
    static let daysPerMonth: Int = 30         // Simplified Hebrew month
    static let monthsPerYear: Int = 12        // 12 Hebrew months
    
    // Shmita cycle (sabbatical year)
    static let shmitaCycle: Int = 7           // Every 7th year
}

Dependencies: None. Used by: All other files.


4. GameState.swift

📋 What This Code Does
GameState is the central 'scoreboard' tracking everything about the player's situation: population, health, divine favor, calendar, resources. The @Observable tag means SwiftUI automatically updates the screen when any value changes.

Interactions: Read/written by all managers. UI observes for display updates. SaveService persists to disk.

// GameState.swift
// Central game state - single source of truth
import Foundation
import Observation
 
// Historical eras with distinct gameplay
enum Era: Int, Codable, CaseIterable {
    case judges = 1     // Bronze Age, tribal
    case crisis = 2     // Philistine oppression
    case monarchy = 3   // Iron Age kingdom
    
    var name: String {
        switch self {
        case .judges: return "The Judges"
        case .crisis: return "The Crisis"
        case .monarchy: return "The Monarchy"
        }
    }
    
    var taxRate: Float {
        switch self {
        case .judges, .crisis: return 0.0
        case .monarchy: return 0.10  // 10% royal tax
        }
    }
}
 
// Famine rationing options
enum RationPolicy: String, Codable, CaseIterable {
    case none = "NONE"
    case waterFilling = "WATER_FILLING"    // Stretch food with water
    case saveWorkers = "SAVE_WORKERS"      // Prioritize laborers
    case saveChildren = "SAVE_CHILDREN"    // Prioritize youth
}
 
// Difficulty modes
// FIX 3.2: Renamed difficulty modes with thematic identities
enum DifficultyMode: String, Codable, CaseIterable {
    case milkAndHoney = "MILK_AND_HONEY"
    case bronzeAndIron = "BRONZE_AND_IRON"
    case ploughshares = "PLOUGHSHARES"
    case wandering = "WANDERING"

    var displayName: String {
        switch self {
        case .milkAndHoney: return "Milk and Honey"
        case .bronzeAndIron: return "Bronze and Iron"
        case .ploughshares: return "Ploughshares"
        case .wandering: return "Wandering"
        }
    }

    var subtitle: String {
        switch self {
        case .milkAndHoney: return "Easy Mode"
        case .bronzeAndIron: return "Normal Mode"
        case .ploughshares: return "Hard Mode"
        case .wandering: return "The desert has no rules"
        }
    }

    var description: String {
        switch self {
        case .milkAndHoney:
            return "A blessed land of abundance. Learn the "
                + "rhythms without fear of failure."
        case .bronzeAndIron:
            return "The promised land rewards those who plan. "
                + "Survive droughts, honor the Laws, prosper."
        case .ploughshares:
            return "Beat your swords into plowshares\u2014every "
                + "tool is needed to survive this harsh land."
        case .wandering:
            return "The rules of nature shift like desert sand. "
                + "Nothing is promised. Nothing is stable."
        }
    }

    var scriptureRef: String {
        switch self {
        case .milkAndHoney: return "Exodus 3:8"
        case .bronzeAndIron: return "Deuteronomy 8:9"
        case .ploughshares: return "Isaiah 2:4"
        case .wandering: return "Numbers 14:33"
        }
    }

    var iconName: String {
        switch self {
        case .milkAndHoney: return "cup.and.saucer.fill"
        case .bronzeAndIron: return "shield.fill"
        case .ploughshares: return "hammer.fill"
        case .wandering: return "tornado"
        }
    }
}
 
@Observable
final class GameState {
    static let shared = GameState()  // Singleton
    
    // === Population ===
    var population: Int = 13          // Starting household
    var childPop: Int = 4
    var elderlyPop: Int = 2
    var health: Float = 100.0         // Max: moses (120)
    
    // === Spiritual Metrics ===
    var divineFavor: Float = 40.0     // Max: elders (70)
    var socialStanding: Float = 50.0  // Max: elders (70)
    var miracleThreshold: Float = Numerology.miracle  // 67
    
    // === Progression ===
    var currentEra: Era = .judges
    var year: Int = 1
    var month: Int = 0                // 0 = Tishrei
    var day: Int = 1
    var totalTicks: Int = 0
    
    // === Resources ===
    var cisternWater: Float = 200.0
    var laborCurrent: Float = Numerology.strength  // 80
    var currentRationPolicy: RationPolicy = .none
    var currentDifficulty: DifficultyMode = .bronzeAndIron
    
    // === Weather Flags ===
    var hasYorehFallen: Bool = false  // First rain of year
    var currentHeatIndex: Float = 1.0
    
    // === Tracking ===
    var activeEvents: Set<String> = []
    var completedQuests: Set<String> = []
    var unlockedTechIds: Set<String> = []
    
    // === XP (for progression bonuses) ===
    var xpAgronomy: Int = 0
    var xpHorticulture: Int = 0
    var xpEngineering: Int = 0
    var xpSpiritual: Int = 0
    
    // Computed properties
    var workingPop: Int { population - childPop - elderlyPop }
    var netWorth: Float { Float(xpAgronomy + xpHorticulture) * 10 }
    
    private init() {}
    
    func reset() {
        population = 13; childPop = 4; elderlyPop = 2
        health = 100.0; divineFavor = 40.0; socialStanding = 50.0
        currentEra = .judges; year = 1; month = 0; day = 1
        totalTicks = 0; cisternWater = 200.0
        laborCurrent = Numerology.strength; hasYorehFallen = false
        currentRationPolicy = .none; activeEvents.removeAll()
        xpAgronomy = 0; xpHorticulture = 0
    }
}


4A. GameState.swift [GIMMEL EXPANSION — Supersedes Section 4]
GIMMEL FINAL: Expanded GameState with population tracking (peakPopulation), recovery mechanics (totalDaysStarving, divineMercyUsed, neighborAidCount), market system (recentSales), prosperity tracking (MilkAndHoneyStatus), era transition support (consecutiveYearsNoStarvation). FIX A-1: laborEfficiency removed — now computed by ResourceManager.
WARNING: This version supersedes the GameState code in Section 4. Use this version for implementation.
**⚠️ WARNING:** FIX A-1: laborEfficiency no longer references
GameManager.shared. It is now computed by the caller (ResourceManager)
which passes tool data explicitly. FIX: availableTradeRoutes removed
from Era (L-8). DifficultyMode renamed (3.2).

// GameState.swift --- FINAL (Gimmel)

import Foundation

import Observation

enum Era: Int, Codable, CaseIterable {

case judges = 1, crisis = 2, monarchy = 3

var name: String {

switch self {

case .judges: return "The Judges"

case .crisis: return "The Crisis"

case .monarchy: return "The Monarchy"

}

}

var taxRate: Float {

switch self {

case .judges, .crisis: return 0.0

case .monarchy: return 0.10

}

}

// FIX L-8: Removed availableTradeRoutes (dead data).

// Trader.generate() handles era filtering directly.

}

enum RationPolicy: String, Codable, CaseIterable {

case none = "NONE", waterFilling = "WATER_FILLING"

case saveWorkers = "SAVE_WORKERS", saveChildren = "SAVE_CHILDREN"

}

// FIX 3.2: Renamed difficulty modes

enum DifficultyMode: String, Codable, CaseIterable {

case milkAndHoney = "MILK_AND_HONEY"

case bronzeAndIron = "BRONZE_AND_IRON"

case ploughshares = "PLOUGHSHARES"

case wandering = "WANDERING"

var displayName: String {

switch self {

case .milkAndHoney: return "Milk and Honey"

case .bronzeAndIron: return "Bronze and Iron"

case .ploughshares: return "Ploughshares"

case .wandering: return "Wandering"

}

}

var subtitle: String {

switch self {

case .milkAndHoney: return "Easy Mode"

case .bronzeAndIron: return "Normal Mode"

case .ploughshares: return "Hard Mode"

case .wandering: return "The desert has no rules"

}

}

var description: String {

switch self {

case .milkAndHoney:

return "A blessed land of abundance. Learn the "

+ "rhythms without fear of failure."

case .bronzeAndIron:

return "The promised land rewards those who plan. "

+ "Survive droughts, honor the Laws, prosper."

case .ploughshares:

return "Beat your swords into plowshares\u2014every "

+ "tool is needed to survive this harsh land."

case .wandering:

return "The rules of nature shift like desert sand. "

+ "Nothing is promised. Nothing is stable."

}

}

var scriptureRef: String {

switch self {

case .milkAndHoney: return "Exodus 3:8"

case .bronzeAndIron: return "Deuteronomy 8:9"

case .ploughshares: return "Isaiah 2:4"

case .wandering: return "Numbers 14:33"

}

}

var iconName: String {

switch self {

case .milkAndHoney: return "cup.and.saucer.fill"

case .bronzeAndIron: return "shield.fill"

case .ploughshares: return "hammer.fill"

case .wandering: return "tornado"

}

}

}

\@Observable

final class GameState {

static let shared = GameState()

// === Population ===

var population: Int = 13

var childPop: Int = 4

var elderlyPop: Int = 2

var health: Float = 100.0

var peakPopulation: Int = 13 // M-2: track for game-over stats

// === Spiritual ===

var divineFavor: Float = 40.0

var socialStanding: Float = 50.0

// === Calendar ===

var currentEra: Era = .judges

var year: Int = 1

var month: Int = 0

var day: Int = 1

var totalTicks: Int = 0

// === Resources ===

var cisternWater: Float = 200.0

var cisternCapacity: Float = 500.0

var laborCurrent: Float = Numerology.strength

var currentRationPolicy: RationPolicy = .none

var currentDifficulty: DifficultyMode = .bronzeAndIron

// === Weather ===

var hasYorehFallen: Bool = false

var currentHeatIndex: Float = 1.0

// === Tools ===

var equippedToolId: UUID? = nil

var ownedToolIds: Set<String> = []

// === Tracking ===

var activeEvents: Set<String> = []

var completedQuests: Set<String> = []

var unlockedTechIds: Set<String> = []

var peahViolations: Int = 0

var shmitaViolations: Int = 0

// === XP ===

var xpAgronomy: Int = 0

var xpHorticulture: Int = 0

var xpEngineering: Int = 0

var xpSpiritual: Int = 0

// === Statistics ===

var totalTradesCompleted: Int = 0

var tradeReputation: Float = 1.0

var totalCropsHarvested: Int = 0

var totalFoodProduced: Float = 0

var totalDaysStarving: Int = 0 // G-1: tracks for recovery

var divineMercyUsed: Bool = false // G-1: one-time mercy event

var neighborAidCount: Int = 0 // G-1: max 2 per game

var consecutiveYearsNoStarvation: Int = 0 // Ploughshares era lock

// === Market (G-4) ===

var recentSales: [String: Float] = [:] // itemId -> qty sold
recently

// === Prosperity ===

var prosperity = MilkAndHoneyStatus()

// === Computed ===

var workingPop: Int { max(0, population - childPop - elderlyPop) }

// FIX A-1: laborEfficiency REMOVED from GameState.

// Now computed by caller: ResourceManager passes tool data
explicitly.

// See ResourceManager.laborEfficiency(state:, tool:, toolData:)

private init() {}

func reset() {

population = 13; childPop = 4; elderlyPop = 2

health = 100.0; peakPopulation = 13

divineFavor = 40.0; socialStanding = 50.0

currentEra = .judges; year = 1; month = 0; day = 1

totalTicks = 0; cisternWater = 200.0

cisternCapacity = 500.0; laborCurrent = Numerology.strength

hasYorehFallen = false; currentRationPolicy = .none

currentDifficulty = .bronzeAndIron

activeEvents.removeAll(); completedQuests.removeAll()

unlockedTechIds.removeAll(); ownedToolIds.removeAll()

equippedToolId = nil

xpAgronomy = 0; xpHorticulture = 0

xpEngineering = 0; xpSpiritual = 0

totalTradesCompleted = 0; tradeReputation = 1.0

totalCropsHarvested = 0; totalFoodProduced = 0

peahViolations = 0; shmitaViolations = 0

totalDaysStarving = 0; divineMercyUsed = false

neighborAidCount = 0; consecutiveYearsNoStarvation = 0

recentSales.removeAll()

prosperity = MilkAndHoneyStatus()

}

}
5. HexTile.swift

📋 What This Code Does
The game world is made of hexagonal tiles (like a honeycomb). This defines what each tile knows: its position (using axial coordinates), soil conditions, elevation, and whether a crop is planted. HexCoord handles the math for finding neighboring tiles.

Interactions: HexGridManager stores all tiles. Weather modifies soilMoisture. Crop growth reads moisture. SpriteKit renders visually.

// HexTile.swift
// Hexagonal grid tile with axial coordinates
import Foundation
 
// Axial coordinate system for hex grids
struct HexCoord: Hashable, Codable, Equatable {
    let q: Int  // Column
    let r: Int  // Row
    var s: Int { -q - r }  // Derived cube coordinate
    
    // The 6 adjacent hex positions
    var neighbors: [HexCoord] {
        [
            HexCoord(q: q + 1, r: r),      // East
            HexCoord(q: q + 1, r: r - 1),  // Northeast
            HexCoord(q: q, r: r - 1),      // Northwest
            HexCoord(q: q - 1, r: r),      // West
            HexCoord(q: q - 1, r: r + 1),  // Southwest
            HexCoord(q: q, r: r + 1)       // Southeast
        ]
    }
    
    // Distance to another hex
    func distance(to other: HexCoord) -> Int {
        (abs(q - other.q) + abs(r - other.r) + abs(s - other.s)) / 2
    }
}
 
// Tile cultivation state
enum TileState: String, Codable {
    case fallow    // Empty, ready to plant
    case planted   // Has a crop
    case flooded   // Too much water
    case depleted  // Needs nitrogen recovery
    case rocky     // Needs clearing
}
 
// Soil composition
enum SoilType: String, Codable, CaseIterable {
    case loam      // Best for most crops
    case clay      // Retains water
    case sandy     // Drains fast
    case saline    // Only barley tolerates
    case rocky     // Poor fertility
}
 
struct HexTile: Identifiable, Codable {
    let id: String
    let coords: HexCoord
    
    // === Soil Properties ===
    var nitrogenLevel: Float = 70.0    // Fertility (0-100)
    var soilMoisture: Float = 40.0     // Water content (0-100)
    var soilType: SoilType = .loam
    var elevation: Int = 0             // Height affects runoff
    
    // === State ===
    var state: TileState = .fallow
    var isTerraced: Bool = false       // Has water-retention walls
    var isBorder: Bool = false         // Edge tile (Peah law)
    
    // === Contents ===
    var crop: CropInstance? = nil
    var pendingRunoff: Float = 0.0     // Water flowing from neighbors
    var pests: Set<String> = []
    
    init(q: Int, r: Int) {
        self.coords = HexCoord(q: q, r: r)
        self.id = "hex_q\(q)_r\(r)"
    }
}


6. Crop.swift

📋 What This Code Does
Defines the Seven Species of Biblical agriculture and how crops work. CropData is the template (e.g., barley takes 49 days to grow). CropInstance is a specific plant you've planted with its own health and age. Orlah tracks the 3-year waiting period for tree fruit.

Interactions: HexTile contains CropInstance. Growth loop checks CropData requirements. MoralitySystem enforces Orlah.

// Crop.swift
// The Seven Species of Biblical agriculture
import Foundation
 
enum CropCategory: String, Codable {
    case annual     // Planted yearly (wheat, barley)
    case perennial  // Multi-year (vines, trees)
}
 
enum CropStage: String, Codable {
    case seed, sprout, vegetative, flowering, mature, dead
}
 
enum OrlahStatus: String, Codable {
    case orlah          // Years 1-3: forbidden
    case holy           // Year 4: double yield
    case mature         // Year 5+: normal
    case notApplicable  // For annual crops
}
 
// Template for a crop type
struct CropData: Codable, Identifiable {
    let id: String
    let name: String
    let category: CropCategory
    let growthDays: Int
    let waterDaily: Float
    let yieldMin: Int
    let yieldMax: Int
    let laborPlant: Int
    let laborMaintain: Int
    let laborHarvest: Int
    let windResistant: Bool
    let salinityTolerant: Bool
    let droughtHardy: Bool
    let requiresPollination: Bool
    let symbolism: String
    
    // The Seven Species
    static let sevenSpecies: [CropData] = [
        CropData(id: "BARLEY", name: "Barley", category: .annual,
            growthDays: 49, waterDaily: 0.5, yieldMin: 40, yieldMax: 60,
            laborPlant: 5, laborMaintain: 2, laborHarvest: 10,
            windResistant: false, salinityTolerant: true, droughtHardy: true,
            requiresPollination: false, symbolism: "7 Weeks of Omer"),
        CropData(id: "WHEAT", name: "Wheat", category: .annual,
            growthDays: 80, waterDaily: 1.2, yieldMin: 70, yieldMax: 90,
            laborPlant: 5, laborMaintain: 5, laborHarvest: 12,
            windResistant: false, salinityTolerant: false, droughtHardy: false,
            requiresPollination: false, symbolism: "Strength (Gevurah)"),
        CropData(id: "GRAPE", name: "Grape Vine", category: .perennial,
            growthDays: 120, waterDaily: 1.0, yieldMin: 30, yieldMax: 50,
            laborPlant: 18, laborMaintain: 7, laborHarvest: 5,
            windResistant: false, salinityTolerant: false, droughtHardy: false,
            requiresPollination: false, symbolism: "120 (Moses)"),
        CropData(id: "FIG", name: "Fig Tree", category: .perennial,
            growthDays: 40, waterDaily: 0.8, yieldMin: 20, yieldMax: 40,
            laborPlant: 18, laborMaintain: 3, laborHarvest: 7,
            windResistant: true, salinityTolerant: false, droughtHardy: true,
            requiresPollination: false, symbolism: "40 Days (Spying)"),
        CropData(id: "OLIVE", name: "Olive Tree", category: .perennial,
            growthDays: 360, waterDaily: 0.5, yieldMin: 50, yieldMax: 70,
            laborPlant: 18, laborMaintain: 3, laborHarvest: 40,
            windResistant: true, salinityTolerant: false, droughtHardy: true,
            requiresPollination: false, symbolism: "Anointing Oil"),
        CropData(id: "DATE", name: "Date Palm", category: .perennial,
            growthDays: 360, waterDaily: 3.0, yieldMin: 40, yieldMax: 60,
            laborPlant: 18, laborMaintain: 13, laborHarvest: 12,
            windResistant: true, salinityTolerant: false, droughtHardy: false,
            requiresPollination: true, symbolism: "3 Fathers"),
        CropData(id: "POMEGRANATE", name: "Pomegranate", category: .perennial,
            growthDays: 360, waterDaily: 1.0, yieldMin: 15, yieldMax: 25,
            laborPlant: 18, laborMaintain: 5, laborHarvest: 8,
            windResistant: false, salinityTolerant: false, droughtHardy: true,
            requiresPollination: false, symbolism: "613 Seeds")
    ]
    
    static func get(_ id: String) -> CropData? {
        sevenSpecies.first { $0.id == id }
    }
}
 
// An actual planted crop
struct CropInstance: Codable, Identifiable {
    let id: UUID
    let dataId: String              // Links to CropData
    var daysAlive: Float = 0
    var health: Float = 100.0       // Max: moses (120)
    var stage: CropStage = .seed
    var orlahStatus: OrlahStatus = .orlah
    var yieldMultiplier: Float = 1.0
    var isHarvestable: Bool = false
    
    var yearsOld: Int { Int(daysAlive) / 360 }
    
    init(dataId: String) {
        self.id = UUID()
        self.dataId = dataId
    }
}


6X. Crop.swift [GIMMEL EXPANSION — Supersedes Section 6]
FIX A-1: Pure data, zero singleton dependencies. growthStatus, yieldSignal, lossDescription removed as computed properties. Replaced with displayInfo() method that takes NO singletons. CropCardView calls crop.displayInfo() instead.
WARNING: This version supersedes the Crop.swift code in Section 6. Use this version for implementation.
**⚠️ WARNING:** FIX A-1: growthStatus, yieldSignal, lossDescription
removed as computed properties. Replaced with displayInfo() method
that takes NO singletons. CropCardView calls crop.displayInfo()
instead.

// Crop.swift --- FINAL (Gimmel)

// FIX A-1: Pure data, zero singleton dependencies

import Foundation

enum CropCategory: String, Codable { case annual, perennial }

enum CropStage: String, Codable {

case seed, sprout, vegetative, flowering, mature, dead

}

enum OrlahStatus: String, Codable {

case orlah, holy, mature, notApplicable

}

enum YieldSignal: String, Codable {

case good = "GOOD", unknown = "UNKNOWN", warning = "WARNING"

var iconName: String {

switch self {

case .good: return "arrow.up"

case .unknown: return "questionmark"

case .warning: return "exclamationmark"

}

}

var colorHex: String {

switch self {

case .good: return "22CC44"

case .unknown: return "8844CC"

case .warning: return "CC2222"

}

}

}

enum IrrigationStatus: String, Codable {

case active, dry, flooded, notNeeded = "dormant"

}

enum GrowthStatus: String, Codable {

case onTrack = "on track", slow, stalled, rapid, dead

}

// === Display bundle (FIX A-1) ===

// Computed by CropInstance.displayInfo() with NO singletons.

// CropCardView consumes this.

struct CropDisplayInfo {

let growthStatus: GrowthStatus

let yieldSignal: YieldSignal

let irrigationStatus: IrrigationStatus

let lossDescription: String

}

// === Static crop catalog ===

struct CropData: Codable, Identifiable {

let id: String, name: String, category: CropCategory

let growthDays: Int, waterDaily: Float

let yieldMin: Int, yieldMax: Int

let laborPlant: Int, laborMaintain: Int, laborHarvest: Int

let windResistant: Bool, salinityTolerant: Bool

let droughtHardy: Bool, requiresPollination: Bool

let symbolism: String

var displayColorHex: String {

switch id {

case "POMEGRANATE": return "CC3333"

case "BARLEY", "WHEAT": return "CC9933"

case "GRAPE": return "663399"

case "OLIVE": return "336633"

case "FIG": return "669933"

case "DATE": return "996633"

default: return "666666"

}

}

static let sevenSpecies: [CropData] = [

CropData(id: "BARLEY", name: "Barley", category: .annual,

growthDays: 49, waterDaily: 0.5, yieldMin: 40, yieldMax: 60,

laborPlant: 5, laborMaintain: 2, laborHarvest: 10,

windResistant: false, salinityTolerant: true,

droughtHardy: true, requiresPollination: false,

symbolism: "7 Weeks of Omer"),

CropData(id: "WHEAT", name: "Wheat", category: .annual,

growthDays: 80, waterDaily: 1.2, yieldMin: 70, yieldMax: 90,

laborPlant: 5, laborMaintain: 5, laborHarvest: 12,

windResistant: false, salinityTolerant: false,

droughtHardy: false, requiresPollination: false,

symbolism: "Strength (Gevurah)"),

CropData(id: "GRAPE", name: "Grape Vine", category: .perennial,

growthDays: 120, waterDaily: 1.0, yieldMin: 30, yieldMax: 50,

laborPlant: 18, laborMaintain: 7, laborHarvest: 5,

windResistant: false, salinityTolerant: false,

droughtHardy: false, requiresPollination: false,

symbolism: "120 (Moses)"),

CropData(id: "FIG", name: "Fig Tree", category: .perennial,

growthDays: 40, waterDaily: 0.8, yieldMin: 20, yieldMax: 40,

laborPlant: 18, laborMaintain: 3, laborHarvest: 7,

windResistant: true, salinityTolerant: false,

droughtHardy: true, requiresPollination: false,

symbolism: "40 Days (Spying)"),

CropData(id: "OLIVE", name: "Olive Tree", category: .perennial,

growthDays: 360, waterDaily: 0.5, yieldMin: 50, yieldMax: 70,

laborPlant: 18, laborMaintain: 3, laborHarvest: 40,

windResistant: true, salinityTolerant: false,

droughtHardy: true, requiresPollination: false,

symbolism: "Anointing Oil"),

CropData(id: "DATE", name: "Date Palm", category: .perennial,

growthDays: 360, waterDaily: 3.0, yieldMin: 40, yieldMax: 60,

laborPlant: 18, laborMaintain: 13, laborHarvest: 12,

windResistant: true, salinityTolerant: false,

droughtHardy: false, requiresPollination: true,

symbolism: "3 Fathers"),

CropData(id: "POMEGRANATE", name: "Pomegranate",

category: .perennial,

growthDays: 360, waterDaily: 1.0, yieldMin: 15, yieldMax: 25,

laborPlant: 18, laborMaintain: 5, laborHarvest: 8,

windResistant: false, salinityTolerant: false,

droughtHardy: true, requiresPollination: false,

symbolism: "613 Seeds"),

]

static func get(_ id: String) -> CropData? {

sevenSpecies.first { $0.id == id }

}

}

// === Runtime crop instance ===

struct CropInstance: Codable, Identifiable {

let id: UUID

let dataId: String

var daysAlive: Float = 0

var health: Float = 100.0

var stage: CropStage = .seed

var orlahStatus: OrlahStatus = .orlah

var yieldMultiplier: Float = 1.0

var isHarvestable: Bool = false

var yearsOld: Int { Int(daysAlive) / 360 }

// Updated by HexGridManager.updateCrop()

var lossRatio: Float = 0.0

var irrigationStatus: IrrigationStatus = .notNeeded

init(dataId: String) {

self.id = UUID(); self.dataId = dataId

}

// FIX A-1: Zero singleton references.

// All data comes from static CropData catalog + self fields.

func displayInfo() -> CropDisplayInfo {

let data = CropData.get(dataId)

let growthDays = Float(data?.growthDays ?? 100)

let progress = daysAlive / growthDays

let healthRatio = health / 120.0 // Constant, not Numerology ref

let growth: GrowthStatus = {

if stage == .dead { return .dead }

if healthRatio < 0.3 { return .stalled }

if progress > 0.5 && healthRatio > 0.8 { return .rapid }

if healthRatio > 0.5 { return .onTrack }

return .slow

}()

let yield: YieldSignal = {

if stage == .dead { return .warning }

if progress < 0.3 { return .unknown }

if lossRatio > 0.4 { return .warning }

if health > 70.0 { return .good }

return .unknown

}()

let lossDesc: String = {

switch lossRatio {

case ..<0.05: return ""

case 0.05..<0.2: return "below expected"

case 0.2..<0.5: return "moderate"

case 0.5..<0.8: return "above expected"

default: return "critical"

}

}()

return CropDisplayInfo(

growthStatus: growth, yieldSignal: yield,

irrigationStatus: irrigationStatus,

lossDescription: lossDesc)

}

}
6A. Tool.swift [NEW — Gimmel]
ToolData catalog + ToolInstance runtime state. Bronze/Iron age tools with material, category (tillage/harvesting/irrigation/processing), laborMultiplier, yieldBonus, durability. useOnce() accepts DifficultyModifiers for difficulty-aware damage. Includes full catalog: Digging Stick, Bronze Sickle, Bronze Mattock, Wine Press, Olive Press, Iron Plow, Iron Sickle.
// Tool.swift --- FINAL (Gimmel)

// useOnce() now accepts DifficultyModifiers

import Foundation

enum ToolMaterial: String, Codable { case wood, bronze, iron }

enum ToolCategory: String, Codable {

case tillage, harvesting, irrigation, processing

}

struct ToolData: Codable, Identifiable {

let id: String, name: String

let material: ToolMaterial, category: ToolCategory

let laborMultiplier: Float, yieldBonus: Float

let durability: Int // BALANCE: TUNING NEEDED (G-5)

let requiredEra: Era

let craftCost: [String: Int]

let symbolism: String

static let catalog: [ToolData] = [

ToolData(id: "WOOD_DIGGING_STICK", name: "Digging Stick",

material: .wood, category: .tillage,

laborMultiplier: 0.95, yieldBonus: 0.0,

durability: 50, requiredEra: .judges,

craftCost: ["WOOD": 2],

symbolism: "Simplicity of the Patriarchs"),

ToolData(id: "BRONZE_MATTOCK", name: "Bronze Mattock",

material: .bronze, category: .tillage,

laborMultiplier: 0.75, yieldBonus: 0.05,

durability: 120, requiredEra: .judges,

craftCost: ["BRONZE_INGOT": 2, "WOOD": 1],

symbolism: "Breaking new ground"),

ToolData(id: "BRONZE_SICKLE", name: "Bronze Sickle",

material: .bronze, category: .harvesting,

laborMultiplier: 0.70, yieldBonus: 0.10,

durability: 100, requiredEra: .judges,

craftCost: ["BRONZE_INGOT": 1, "WOOD": 1],

symbolism: "Harvest of first fruits"),

ToolData(id: "BRONZE_AXE", name: "Bronze Axe",

material: .bronze, category: .tillage,

laborMultiplier: 0.80, yieldBonus: 0.0,

durability: 80, requiredEra: .judges,

craftCost: ["BRONZE_INGOT": 3, "WOOD": 1],

symbolism: "Clearing the Promised Land"),

ToolData(id: "IRON_PLOW", name: "Iron Plow",

material: .iron, category: .tillage,

laborMultiplier: 0.50, yieldBonus: 0.15,

durability: 300, requiredEra: .monarchy,

craftCost: ["IRON_INGOT": 3, "WOOD": 2],

symbolism: "Swords into plowshares (Isaiah 2:4)"),

ToolData(id: "IRON_SICKLE", name: "Iron Sickle",

material: .iron, category: .harvesting,

laborMultiplier: 0.55, yieldBonus: 0.20,

durability: 250, requiredEra: .monarchy,

craftCost: ["IRON_INGOT": 2, "WOOD": 1],

symbolism: "Strength of the Kingdom"),

ToolData(id: "IRON_PRUNING_HOOK", name: "Iron Pruning Hook",

material: .iron, category: .harvesting,

laborMultiplier: 0.60, yieldBonus: 0.25,

durability: 200, requiredEra: .monarchy,

craftCost: ["IRON_INGOT": 2],

symbolism: "Spears into pruning hooks"),

ToolData(id: "WINE_PRESS", name: "Wine Press",

material: .wood, category: .processing,

laborMultiplier: 0.80, yieldBonus: 0.30,

durability: 500, requiredEra: .judges,

craftCost: ["CUT_STONE": 5, "WOOD": 3],

symbolism: "Joy of the harvest"),

ToolData(id: "OLIVE_PRESS", name: "Olive Press",

material: .wood, category: .processing,

laborMultiplier: 0.80, yieldBonus: 0.25,

durability: 500, requiredEra: .judges,

craftCost: ["CUT_STONE": 4, "WOOD": 2],

symbolism: "Anointing and light"),

]

static func get(_ id: String) -> ToolData? {

catalog.first { $0.id == id }

}

static func available(for era: Era) -> [ToolData] {

catalog.filter { $0.requiredEra.rawValue <= era.rawValue }

}

}

enum WearLevel: String, Codable {

case none = "no wear", light = "light wear"

case moderate = "moderate wear", high = "high wear"

case severe = "severe wear"

static func from(_ v: Float) -> WearLevel {

switch v {

case ..<0.1: return .none; case 0.1..<0.3: return .light

case 0.3..<0.6: return .moderate

case 0.6..<0.85: return .high; default: return .severe

}

}

}

enum DamageLevel: String, Codable {

case none = "no damage", light = "light damage"

case moderate = "moderate damage", heavy = "heavy damage"

case broken = "BROKEN"

static func from(_ v: Float) -> DamageLevel {

switch v {

case ..<0.05: return .none; case 0.05..<0.25: return .light

case 0.25..<0.5: return .moderate

case 0.5..<0.9: return .heavy; default: return .broken

}

}

}

struct ToolInstance: Codable, Identifiable {

let id: UUID

let dataId: String

var wear: Float = 0.0

var damage: Float = 0.0

var wearStatus: WearLevel { WearLevel.from(wear) }

var damageStatus: DamageLevel { DamageLevel.from(damage) }

var statusText: String {

"\(wearStatus.rawValue), \(damageStatus.rawValue)"

}

var isBroken: Bool { damage >= 1.0 }

var isUsable: Bool { !isBroken }

var efficiency: Float {

guard isUsable else { return 0 }

return max(0.1, (1.0 - wear * 0.4) * (1.0 - damage * 0.6))

}

init(dataId: String) {

self.id = UUID(); self.dataId = dataId

}

// FIX: Now takes DifficultyModifiers

mutating func useOnce(mods: DifficultyModifiers) {

guard isUsable else { return }

let rate: Float = 1.0 / Float(

ToolData.get(dataId)?.durability ?? 100)

wear = min(1.0, wear + rate)

guard mods.toolDamageEnabled else { return }

if wear > mods.toolWearDamageThreshold

&& Float.random(in: 0...1) < 0.1 {

damage = min(1.0, damage + 0.05 * mods.toolDamageRate)

}

}

mutating func takeDamage(_ amount: Float) {

damage = min(1.0, damage + amount)

}

mutating func maintain(laborSpent: Float) {

wear = max(0, wear - laborSpent * 0.05)

}

mutating func repair(quality: Float) {

damage = max(0, damage - quality)

}

}
6B. Item.swift [NEW — Gimmel]
Complete item catalog (21+ items). Categories: grain, fruit, processedFood, material, tool, seed, special. Each item has baseValue, spoilageRate, stackLimit, weight, description. Used by InventoryManager for storage and TradeManager for pricing.
// Item.swift

// Complete item catalog

import Foundation

enum ItemCategory: String, Codable {

case grain // Barley, wheat

case fruit // Grapes, figs, dates, pomegranates

case processedFood // Wine, olive oil, dried figs, date honey

case material // Bronze, iron, stone, wood

case tool // Crafted tools (see Tool.swift)

case seed // Planting seeds

case special // Quest items, miracle finds

}

struct ItemData: Codable, Identifiable {

let id: String

let name: String

let category: ItemCategory

let baseValue: Int // In grain-equivalents for barter

let spoilageRate: Float // Daily decay (0 = no spoilage)

let stackLimit: Int // Max per inventory slot (0 = unlimited)

let weight: Float // Affects trade caravan capacity

let description: String

static let catalog: [ItemData] = [

// === GRAINS ===

ItemData(id: "BARLEY", name: "Barley", category: .grain,

baseValue: 1, spoilageRate: 0.001, stackLimit: 0, weight: 1.0,

description: "Staple food. Hardy, salt-tolerant."),

ItemData(id: "WHEAT", name: "Wheat", category: .grain,

baseValue: 2, spoilageRate: 0.001, stackLimit: 0, weight: 1.0,

description: "Premium grain. Higher yield, less hardy."),

ItemData(id: "FLOUR", name: "Ground Flour", category:
.processedFood,

baseValue: 4, spoilageRate: 0.005, stackLimit: 0, weight: 0.8,

description: "Processed wheat. Feeds more efficiently."),

// === FRUITS ===

ItemData(id: "GRAPES", name: "Fresh Grapes", category: .fruit,

baseValue: 3, spoilageRate: 0.18, stackLimit: 0, weight: 1.2,

description: "Perishable. Process into wine quickly."),

ItemData(id: "FRESH_FIGS", name: "Fresh Figs", category: .fruit,

baseValue: 2, spoilageRate: 0.05, stackLimit: 0, weight: 0.8,

description: "Sweet fruit. Can be dried for storage."),

ItemData(id: "OLIVES", name: "Olives", category: .fruit,

baseValue: 3, spoilageRate: 0.02, stackLimit: 0, weight: 1.0,

description: "Press for oil or cure for eating."),

ItemData(id: "DATES_FRESH", name: "Fresh Dates", category: .fruit,

baseValue: 3, spoilageRate: 0.05, stackLimit: 0, weight: 0.9,

description: "Sweet fruit. Process into date honey."),

ItemData(id: "POMEGRANATES", name: "Pomegranates", category:
.fruit,

baseValue: 4, spoilageRate: 0.03, stackLimit: 0, weight: 1.0,

description: "Said to hold 613 seeds."),

// === PROCESSED ===

ItemData(id: "WINE", name: "Wine", category: .processedFood,

baseValue: 12, spoilageRate: 0.0, stackLimit: 0, weight: 1.5,

description: "Pressed grapes. High trade value. No spoilage."),

ItemData(id: "OLIVE_OIL", name: "Olive Oil", category:
.processedFood,

baseValue: 18, spoilageRate: 0.0, stackLimit: 0, weight: 1.2,

description: "Liquid gold. Most valuable trade good."),

ItemData(id: "DRIED_FIGS", name: "Dried Figs", category:
.processedFood,

baseValue: 5, spoilageRate: 0.0, stackLimit: 0, weight: 0.4,

description: "Preserved figs. Travel-ready food."),

ItemData(id: "DATE_HONEY", name: "Date Honey (Silan)",

category: .processedFood,

baseValue: 8, spoilageRate: 0.0, stackLimit: 0, weight: 1.0,

description: "Thick syrup. Biblical \'honey\' of the land."),

// === MATERIALS ===

ItemData(id: "BRONZE_INGOT", name: "Bronze Ingot", category:
.material,

baseValue: 7, spoilageRate: 0.0, stackLimit: 0, weight: 3.0,

description: "Creation (7). Alloy of copper and tin."),

ItemData(id: "IRON_INGOT", name: "Iron Ingot", category:
.material,

baseValue: 18, spoilageRate: 0.0, stackLimit: 0, weight: 4.0,

description: "Chai (18). Rare in Judges era."),

ItemData(id: "CUT_STONE", name: "Cut Stone", category: .material,

baseValue: 3, spoilageRate: 0.0, stackLimit: 0, weight: 5.0,

description: "Quarried limestone for building."),

ItemData(id: "WOOD", name: "Timber", category: .material,

baseValue: 2, spoilageRate: 0.0, stackLimit: 0, weight: 3.0,

description: "Construction wood."),

// === SEEDS ===

ItemData(id: "BARLEY_SEED", name: "Barley Seed", category: .seed,

baseValue: 1, spoilageRate: 0.0, stackLimit: 0, weight: 0.5,

description: "Plant in autumn after Yoreh."),

ItemData(id: "WHEAT_SEED", name: "Wheat Seed", category: .seed,

baseValue: 2, spoilageRate: 0.0, stackLimit: 0, weight: 0.5,

description: "Plant in autumn. Needs more water."),

ItemData(id: "GRAPE_CUTTING", name: "Grape Vine Cutting",

category: .seed,

baseValue: 5, spoilageRate: 0.02, stackLimit: 0, weight: 0.3,

description: "Perennial. Subject to Orlah (3-year wait)."),

// === SPECIAL ===

ItemData(id: "MANNA", name: "Manna", category: .special,

baseValue: 49, spoilageRate: 1.0, stackLimit: 0, weight: 0.1,

description: "Miracle food. Spoils overnight (Exodus 16:20)."),

]

static func get(_ id: String) -> ItemData? {

catalog.first { $0.id == id }

}

}
6C. Currency.swift [NEW — Rev 3/Gimmel]
Multi-denomination coin system. Three tiers: bronze Perutah (x1), silver Shekel (x12), gold Talent (x120). CurrencyManager with add/remove/has/autoConvert/convertHarvestToCoins. Owned by GameManager, read by CurrencyHUDView and TradeModalView.
// Currency.swift --- FINAL (Rev 3)

// Multi-denomination coin system

import Foundation

import Observation

enum CoinType: String, Codable, CaseIterable, Comparable {

case bronze = "PERUTAH"

case silver = "SHEKEL"

case gold = "TALENT"

var displayName: String {

switch self {

case .bronze: return "Perutah"

case .silver: return "Shekel"

case .gold: return "Talent"

}

}

var exchangeRate: Int {

switch self {

case .bronze: return 1

case .silver: return 12

case .gold: return 120

}

}

var iconName: String {

switch self {

case .bronze: return "circle.fill"

case .silver: return "circle.circle.fill"

case .gold: return "star.circle.fill"

}

}

var displayColor: String {

switch self {

case .bronze: return "8B5E3C"

case .silver: return "A0A0A0"

case .gold: return "D4A017"

}

}

static func < (lhs: CoinType, rhs: CoinType) -> Bool {

lhs.exchangeRate < rhs.exchangeRate

}

}

// INTEGRATION: Owned by GameManager as gm.currency

// Read by CurrencyHUDView, TradeModalView

// Saved/loaded by SaveService

\@Observable

final class CurrencyManager {

private(set) var coins: [CoinType: Int] = [

.bronze: 0, .silver: 0, .gold: 0

]

func add(_ type: CoinType, amount: Int) {

coins[type, default: 0] += amount

}

func remove(_ type: CoinType, amount: Int) -> Bool {

guard (coins[type] ?? 0) >= amount else { return false }

coins[type, default: 0] -= amount

return true

}

func has(_ type: CoinType, amount: Int) -> Bool {

(coins[type] ?? 0) >= amount

}

func count(_ type: CoinType) -> Int { coins[type] ?? 0 }

var totalWealthInBronze: Int {

coins.reduce(0) { $0 + $1.value * $1.key.exchangeRate }

}

func autoConvert() {

let bronze = coins[.bronze] ?? 0

if bronze >= 12 {

coins[.bronze] = bronze % 12

coins[.silver, default: 0] += bronze / 12

}

let silver = coins[.silver] ?? 0

if silver >= 10 {

coins[.silver] = silver % 10

coins[.gold, default: 0] += silver / 10

}

}

// INTEGRATION: Called by GameManager after harvest

func convertHarvestToCoins(cropId: String, quantity: Float) {

guard let data = ItemData.get(cropId) else { return }

let earned = Int(quantity * Float(data.baseValue) * 0.1)

add(.bronze, amount: earned)

autoConvert()

}

func reset() { coins = [.bronze: 0, .silver: 0, .gold: 0] }

func setCoins(_ saved: [CoinType: Int]) { coins = saved }

}
6D. TradeModels.swift [NEW — Gimmel]
FIX L-2: Barter economy models. TraderType (5 types), DepartureDate (tuple replacing absolute day count), TradeOffer (now supports both barter and coin payments), Trader with generate() and offer generation per trader type and era.
**⚠️ WARNING:** FIX L-2: Trader.departureDay replaced with
DepartureDate tuple (year, month, day). No more absolute day-count
drift.

// TradeModels.swift --- FINAL (Gimmel)

// FIX L-2: DepartureDate instead of absolute day count

import Foundation

enum TraderType: String, Codable {

case localFarmer, phoenicianMerchant

case egyptianCaravan, leviticalCollector, wanderingSmith

var displayTitle: String {

switch self {

case .localFarmer: return "Local Farmer"

case .phoenicianMerchant: return "Phoenician Merchant"

case .egyptianCaravan: return "Egyptian Caravan"

case .leviticalCollector: return "Levitical Collector"

case .wanderingSmith: return "Wandering Smith"

}

}

var iconName: String {

switch self {

case .localFarmer: return "leaf.circle.fill"

case .phoenicianMerchant: return "sailboat.fill"

case .egyptianCaravan: return "camel"

case .leviticalCollector: return "star.circle.fill"

case .wanderingSmith: return "hammer.fill"

}

}

}

// FIX L-2: Tuple departure date

struct DepartureDate: Codable {

let year: Int, month: Int, day: Int

func hasPassed(year y: Int, month m: Int, day d: Int) -> Bool {

if y > year { return true }

if y == year && m > month { return true }

if y == year && m == month && d >= day { return true }

return false

}

func daysRemaining(year y: Int, month m: Int, day d: Int) -> Int {

let currentAbs = y * 360 + m * 30 + d

let departAbs = year * 360 + month * 30 + self.day

return max(0, departAbs - currentAbs)

}

}

struct TradeOffer: Codable, Identifiable {

let id: UUID

let theyGiveItemId: String

let theyGiveQty: Float

let theyWantItemId: String?

let theyWantQty: Float

let coinType: CoinType?

let coinCost: Int

var isAvailable: Bool = true

init(gives: String, givesQty: Float,

wantsItem: String? = nil, wantsQty: Float = 0,

coinType: CoinType? = nil, coinCost: Int = 0) {

self.id = UUID()

self.theyGiveItemId = gives; self.theyGiveQty = givesQty

self.theyWantItemId = wantsItem; self.theyWantQty = wantsQty

self.coinType = coinType; self.coinCost = coinCost

}

}

struct Trader: Codable, Identifiable {

let id: UUID

let type: TraderType

let name: String

var offers: [TradeOffer]

let departureDate: DepartureDate // FIX L-2: tuple, not Int

var patience: Int

static func generate(era: Era, state: GameState) -> Trader {

let type: TraderType

switch era {

case .judges: type = [.localFarmer, .localFarmer,

.wanderingSmith].randomElement()!

case .crisis: type = [.localFarmer, .phoenicianMerchant,

.wanderingSmith].randomElement()!

case .monarchy: type = [.phoenicianMerchant, .egyptianCaravan,

.leviticalCollector,

.wanderingSmith].randomElement()!

}

let names: [TraderType: [String]] = [

.localFarmer: ["Boaz", "Naomi", "Ruth", "Elimelech"],

.phoenicianMerchant: ["Hiram", "Jezebel", "Ethbaal"],

.egyptianCaravan: ["Potiphar", "Senusret", "Amenhotep"],

.leviticalCollector: ["Phinehas", "Eleazar", "Ithamar"],

.wanderingSmith: ["Tubal-Cain", "Bezalel", "Oholiab"],

]

let stayDays = Int.random(in: 3...7)

var dDay = state.day + stayDays

var dMonth = state.month

var dYear = state.year

if dDay > 30 { dDay -= 30; dMonth += 1 }

if dMonth >= 12 { dMonth = 0; dYear += 1 }

return Trader(

id: UUID(), type: type,

name: names[type]?.randomElement() ?? "Stranger",

offers: generateOffers(type: type, era: era),

departureDate: DepartureDate(

year: dYear, month: dMonth, day: dDay),

patience: 5)

}

static func generateOffers(type: TraderType,

era: Era) -> [TradeOffer] {

// Same as Rev 3 --- local farmer, phoenician, etc.

switch type {

case .localFarmer:

return [

TradeOffer(gives: "WHEAT", givesQty: 20,

wantsItem: "BARLEY", wantsQty: 30),

TradeOffer(gives: "FRESH_FIGS", givesQty: 10,

coinType: .bronze, coinCost: 8)]

case .phoenicianMerchant:

return [

TradeOffer(gives: "BRONZE_INGOT", givesQty: 2,

coinType: .silver, coinCost: 3),

TradeOffer(gives: "WINE", givesQty: 5,

wantsItem: "GRAPES", wantsQty: 15,

coinType: .bronze, coinCost: 5)]

case .egyptianCaravan:

return [

TradeOffer(gives: "IRON_INGOT", givesQty: 1,

coinType: .silver, coinCost: 4),

TradeOffer(gives: "FLOUR", givesQty: 30,

wantsItem: "OLIVE_OIL", wantsQty: 3)]

case .leviticalCollector:

return [

TradeOffer(gives: "MANNA", givesQty: 1,

wantsItem: "BARLEY", wantsQty: 40)]

case .wanderingSmith:

return [

TradeOffer(gives: "BRONZE_INGOT", givesQty: 1,

coinType: .silver, coinCost: 2),

era == .monarchy

? TradeOffer(gives: "IRON_INGOT", givesQty: 1,

coinType: .silver, coinCost: 5)

: TradeOffer(gives: "WOOD", givesQty: 5,

coinType: .bronze, coinCost: 3)]

}

}

}
6E. ProcessingRecipe.swift [NEW — Gimmel]
FIX M-3: Defines conversion recipes for raw goods into finished products. Grape-to-Wine, Olive-to-Oil, Fig-to-Dried, Wheat-to-Flour, Date-to-Silan. Each specifies input/output items, quantities, required tool, labor cost, and processing days.
// ProcessingRecipe.swift --- NEW (Gimmel, FIX M-3)

import Foundation

struct ProcessingRecipe: Identifiable {

let id: String, name: String

let inputItemId: String, inputQty: Float

let outputItemId: String, outputQty: Float

let requiredToolId: String // Empty = no tool needed

let laborCost: Float

let processingDays: Int

static let catalog: [ProcessingRecipe] = [

ProcessingRecipe(

id: "GRAPE_TO_WINE", name: "Press Wine",

inputItemId: "GRAPES", inputQty: 15,

outputItemId: "WINE", outputQty: 5,

requiredToolId: "WINE_PRESS",

laborCost: 10, processingDays: 3),

ProcessingRecipe(

id: "OLIVE_TO_OIL", name: "Press Olive Oil",

inputItemId: "OLIVES", inputQty: 12,

outputItemId: "OLIVE_OIL", outputQty: 3,

requiredToolId: "OLIVE_PRESS",

laborCost: 8, processingDays: 2),

ProcessingRecipe(

id: "FIG_TO_DRIED", name: "Dry Figs",

inputItemId: "FRESH_FIGS", inputQty: 10,

outputItemId: "DRIED_FIGS", outputQty: 6,

requiredToolId: "",

laborCost: 5, processingDays: 4),

ProcessingRecipe(

id: "WHEAT_TO_FLOUR", name: "Grind Flour",

inputItemId: "WHEAT", inputQty: 10,

outputItemId: "FLOUR", outputQty: 8,

requiredToolId: "",

laborCost: 12, processingDays: 1),

ProcessingRecipe(

id: "DATE_TO_HONEY", name: "Make Date Honey",

inputItemId: "DATES_FRESH", inputQty: 8,

outputItemId: "DATE_HONEY", outputQty: 4,

requiredToolId: "",

laborCost: 6, processingDays: 2),

]

}

struct ActiveProcessingJob: Codable, Identifiable {

let id: UUID

let recipeId: String

var daysRemaining: Int

}
7. Weather.swift

📋 What This Code Does
Simulates Mediterranean climate: wet winters, dry summers, and the critical first rain (Yoreh). Each Hebrew month has different rain probabilities based on numerological values. Sharav is the dangerous hot desert wind.

Interactions: WeatherManager updates WeatherState each tick. HexGridManager reads for moisture calculations. AudioManager plays weather sounds.

// Weather.swift
// Mediterranean bi-seasonal climate simulation
import Foundation
 
enum HebrewMonth: Int, CaseIterable, Codable {
    case tishrei = 0   // Sept-Oct
    case cheshvan = 1  // Oct-Nov
    case kislev = 2    // Nov-Dec
    case tevet = 3     // Dec-Jan
    case shevat = 4    // Jan-Feb
    case adar = 5      // Feb-Mar
    case nisan = 6     // Mar-Apr
    case iyar = 7      // Apr-May
    case sivan = 8     // May-Jun
    case tammuz = 9    // Jun-Jul
    case av = 10       // Jul-Aug
    case elul = 11     // Aug-Sep
    
    var name: String {
        ["Tishrei", "Cheshvan", "Kislev", "Tevet", "Shevat", "Adar",
         "Nisan", "Iyar", "Sivan", "Tammuz", "Av", "Elul"][rawValue]
    }
    
    var rainChance: Float {
        switch self {
        case .tishrei: return 0.18   // Chai
        case .cheshvan: return 0.49  // 7×7
        case .kislev: return 0.80    // Peak (Strength)
        case .tevet: return 0.80     // Peak continues
        case .shevat: return 0.67    // Miracle threshold
        case .adar: return 0.40      // 40 days
        case .nisan: return 0.12     // 12 Tribes
        case .iyar, .sivan, .tammuz, .av: return 0.0  // Dry season
        case .elul: return 0.03      // 3 Fathers (dew only)
        }
    }
    
    var isSummer: Bool {
        [.iyar, .sivan, .tammuz, .av].contains(self)
    }
}
 
enum WeatherEvent: String, Codable {
    case none
    case sharav     // Hot wind: damages crops
    case yoreh      // First rain: enables germination
    case malkosh    // Late rain: boosts yield
    case dew        // Morning moisture
    case mudslide   // Heavy rain damage
    case frost      // Winter cold damage
}
 
struct WeatherState: Codable {
    var isRaining: Bool = false
    var rainAmount: Float = 0.0      // mm equivalent
    var heatIndex: Float = 1.0       // Evaporation multiplier
    var currentEvent: WeatherEvent = .none
    var windStrength: Float = 0.0
    
    mutating func applySharav() {
        heatIndex = Numerology.patriarchs  // 3x evaporation
        windStrength = 0.8
        currentEvent = .sharav
    }
    
    mutating func applyRain(amount: Float) {
        isRaining = true
        rainAmount = amount
        heatIndex = 1.0
        windStrength = 0.2
    }
    
    mutating func clear() {
        isRaining = false
        rainAmount = 0
        heatIndex = 1.0
        windStrength = 0
        currentEvent = .none
    }
}


Part III: Core Game Managers

📋 What This Section Is (For Investors)
Managers coordinate game systems. GameManager is the CEO coordinating everything. TimeManager is the clock. ResourceManager handles survival. They work together to create the full game experience.


8. GameManager.swift

📋 What This Code Does
The central brain of the game. Creates all other managers, connects them, and runs the main game loop. Every tick, it tells weather to update, tells the grid to grow crops, checks for events, and determines if the player advances to a new era.

Interactions: Owns all managers. TimeManager triggers processTick(). UI observes state changes.

// GameManager.swift
// Central coordinator - the game's brain
import Foundation
import Observation
 
@Observable
final class GameManager {
    static let shared = GameManager()
    
    // === Sub-managers ===
    let time = TimeManager()
    let resources = ResourceManager()
    let inventory = InventoryManager()
    let grid = HexGridManager()
    let events = EventManager()
    let weather = WeatherManager()
    let morality = MoralitySystem()
    let audio = AudioManager()
    let save = SaveService()
    
    let state = GameState.shared
    
    private init() {
        time.onTick = { [weak self] tick in
            self?.processTick(tick)
        }
    }
    
    // === Main Game Loop ===
    func processTick(_ tick: Int) {
        // 1. Update weather
        weather.update(month: state.month, day: state.day)
        
        // 2. Daily processing (every 24 ticks)
        if tick % Numerology.ticksPerDay == 0 {
            processDay()
        }
        
        // 3. Update all tiles (crops grow, moisture changes)
        grid.updateAllTiles(weather: weather.current, era: state.currentEra)
        
        // 4. Check event triggers
        events.checkTriggers()
        
        // 5. Check era progression
        checkEraProgression()
        
        // 6. Update tick count
        state.totalTicks = tick
    }
    
    private func processDay() {
        time.advanceDay()
        resources.processDailyConsumption()
        inventory.processDailySpoilage()
        resources.updateCisterns(heatIndex: weather.current.heatIndex)
        morality.checkJubilee()
        tryTriggerMiracle()
        
        // Auto-save every 7 days (Creation)
        if state.day % Int(Numerology.creation) == 0 {
            save.saveGame()
        }
    }
    
    // === Era Progression ===
    func checkEraProgression() {
        switch state.currentEra {
        case .judges:
            // After 40 years OR net worth reaches 613
            if state.netWorth > Numerology.commandments ||
               state.year > Int(Numerology.wandering) {
                transitionToEra(.crisis)
            }
        case .crisis:
            // Get iron tech OR political influence
            let hasTech = inventory.has("IRON_PLOW", quantity: 1)
            let hasPolitics = state.socialStanding >= Numerology.elders
            if hasTech || hasPolitics {
                transitionToEra(.monarchy)
            }
        case .monarchy:
            break  // Final era
        }
    }
    
    private func transitionToEra(_ newEra: Era) {
        state.currentEra = newEra
        
        if newEra == .monarchy {
            state.unlockedTechIds.insert("PHOENICIA_TRADE")
            state.unlockedTechIds.insert("EGYPT_TRADE")
        }
        
        events.notify("A new era begins: \(newEra.name)")
        audio.playMusic(for: newEra)
    }
    
    // === Miracles ===
    func tryTriggerMiracle() {
        var chance: Float = 0.01
        chance += state.divineFavor * 0.005
        
        guard Float.random(in: 0...1) < chance else { return }
        
        let miracles = ["MANNA_FIND", "WIDOWS_OIL", "SUDDEN_BLOOM", "RAIN_FROM_HEAVEN"]
        if let miracle = miracles.randomElement() {
            events.trigger(miracle)
            state.divineFavor -= 10.0  // Grace is spent
            audio.playEffect(.heavenlyChime)
        }
    }
    
    // === Game Control ===
    func startNewGame(difficulty: DifficultyMode) {
        state.reset()
        state.currentDifficulty = difficulty
        
        grid.generateGrid(radius: 5)
        inventory.add("BARLEY", quantity: 100)
        inventory.add("BRONZE_SICKLE", quantity: 1)
        
        audio.playMusic(for: .judges)
        time.start()
    }
    
    func pauseGame() { time.pause() }
    func resumeGame() { time.resume() }
}


8A. GameManager.swift [GIMMEL EXPANSION — Supersedes Section 8]
ALL 28 FIXES INTEGRATED. @MainActor thread safety (A-4), DisplayState 4Hz buffer (A-2), PopulationManager (M-1), ProcessingManager (M-3), game-over flow (M-2), weather per-day (L-1), recovery mechanics (G-1), Wandering re-roll cadence (G-3), difficulty-aware grid/soil/tools (3.1), trader DepartureDate (L-2), save migration (M-7). This is the central coordinator — the largest and most important file.
WARNING: This version supersedes the GameManager code in Section 8. Use this version for implementation.
**⚠️ WARNING:** This supersedes ALL prior GameManager versions. Major
changes: \@MainActor (A-4), DisplayState (A-2), PopulationManager
(M-1), ProcessingManager (M-3), game-over (M-2), weather per-day
(L-1), recovery mechanics (G-1), Wandering re-roll cadence (G-3),
difficulty-aware grid/soil/tools (3.1), trader DepartureDate (L-2),
save migration (M-7).

// GameManager.swift --- FINAL (Gimmel)

// ALL 28 FIXES INTEGRATED

import Foundation

import Observation

import UIKit

\@MainActor // FIX A-4: Thread safety

\@Observable

final class GameManager {

static let shared = GameManager()

// ===== CORE MANAGERS =====

let state = GameState.shared

let display = DisplayState() // FIX A-2

let time = TimeManager()

let resources = ResourceManager()

let inventory = InventoryManager()

let weather = WeatherManager() // FIX L-1, M-5

let events = EventManager() // FIX A-5

let grid = HexGridManager() // FIX L-4, L-6, M-4

let morality = MoralitySystem() // FIX M-4, G-2

let difficulty = DifficultyManager() // FIX 3.1

let tech = TechTree()

let currency = CurrencyManager()

let population = PopulationManager() // FIX M-1

let processing = ProcessingManager() // FIX M-3

let tutorials = TutorialManager() // FIX M-6

let chaosEngine = ChaosEngine() // FIX 3.1

let haptics = HapticsService()

let audio = AudioManager()

let save = SaveService() // FIX M-7

// ===== STATE =====

var toolInstances: [UUID: ToolInstance] = [:]

var activeTrader: Trader? = nil

var isGameOver: Bool = false // FIX M-2

var gameOverReason: String = ""

// FIX A-2: Display update timer

private var displayTimer: Timer?

private init() {

time.onTick = { [weak self] in self?.processTick() }

setupLifecycleObservers()

// 4Hz display updates

displayTimer = Timer.scheduledTimer(

withTimeInterval: 0.25,

repeats: true) { [weak self] _ in

Task { \@MainActor in self?.updateDisplayState() }

}

}

// =========================================================

// START / LOAD

// =========================================================

func startNewGame(difficulty: DifficultyMode) {

state.reset()

state.currentDifficulty = difficulty

isGameOver = false; gameOverReason = ""

let mods = self.difficulty.modifiers(for: difficulty)

// Grid size from difficulty (FIX: Hard=7x9, Wandering=random)

grid.generateGrid(

columns: mods.gridColumns, rows: mods.gridRows)

// FIX L-6: Soil clustering + bias

if mods.soilQualityBias != 0 {

biasGridSoil(bias: mods.soilQualityBias)

}

// Starting resources from mods

inventory.add("BARLEY",

quantity: Float(mods.startingFood))

inventory.add("BARLEY_SEED", quantity: 30)

currency.reset()

for (coin, amt) in mods.startingCoins {

currency.add(coin, amount: amt)

}

// Starting tools from mods

for toolId in mods.startingToolIds {

var tool = ToolInstance(dataId: toolId)

tool.wear = mods.startingToolWear

toolInstances[tool.id] = tool

state.ownedToolIds.insert(toolId)

if state.equippedToolId == nil {

state.equippedToolId = tool.id

}

}

state.population = mods.startingPopulation

state.peakPopulation = mods.startingPopulation

// Wandering: initialize chaos engine

if difficulty == .wandering {

chaosEngine.initializeNumerology(

drift: mods.numerologyDrift)

}

// Tutorials on Milk and Honey

if mods.tutorialPopupsEnabled {

events.trigger("TUTORIAL_WELCOME")

}

audio.playMusic(for: .judges)

time.start()

}

func loadGame() {

guard let data = save.loadGame() else { return }

// Restore all state (same as Rev 3, plus new fields)

state.population = data.population

state.childPop = data.childPop

state.elderlyPop = data.elderlyPop

state.health = data.health

state.peakPopulation = data.peakPopulation

state.divineFavor = data.divineFavor

state.socialStanding = data.socialStanding

state.currentEra = data.era

state.year = data.year; state.month = data.month

state.day = data.day; state.totalTicks = data.totalTicks

state.cisternWater = data.cisternWater

state.cisternCapacity = data.cisternCapacity

state.laborCurrent = data.laborCurrent

state.currentDifficulty = data.difficulty

state.hasYorehFallen = data.hasYorehFallen

state.unlockedTechIds = data.unlockedTechIds

state.ownedToolIds = data.ownedToolIds

state.equippedToolId = data.equippedToolId

state.totalTradesCompleted = data.totalTradesCompleted

state.tradeReputation = data.tradeReputation

state.totalCropsHarvested = data.totalCropsHarvested

state.totalFoodProduced = data.totalFoodProduced

state.totalDaysStarving = data.totalDaysStarving

state.divineMercyUsed = data.divineMercyUsed

state.neighborAidCount = data.neighborAidCount

state.consecutiveYearsNoStarvation =

data.consecutiveYearsNoStarvation

state.prosperity = data.prosperity

state.xpAgronomy = data.xpAgronomy

state.xpHorticulture = data.xpHorticulture

state.xpEngineering = data.xpEngineering

state.xpSpiritual = data.xpSpiritual

state.recentSales = data.recentSales

grid.loadTiles(data.tiles)

inventory.setItems(data.items)

currency.setCoins(data.coins)

toolInstances = data.toolInstances

processing.activeJobs = data.activeProcessingJobs

// FIX A-5: Restore pending event

events.pendingEvent = data.pendingEvent

audio.playMusic(for: state.currentEra)

time.start()

}

// =========================================================

// GAME LOOP

// =========================================================

func processTick() {

guard !isGameOver else { return } // FIX M-2

state.totalTicks += 1

time.advanceTick()

// FIX L-1: Weather NOT updated here (moved to processDay)

// Yoreh check

if !state.hasYorehFallen && weather.current.isRaining

&& state.month >= 1 && state.month <= 2 {

state.hasYorehFallen = true

events.trigger("YOREH_BLESSING")

}

// Update tiles (moisture + crop growth)

let mods = difficulty.modifiers(

for: state.currentDifficulty)

grid.updateAllTiles(

weather: weather.current,

era: state.currentEra,

difficultyMods: mods)

// Events

events.check(state: state,

weather: weather.current,

frequency: mods.eventFrequency)

// Daily

if state.totalTicks % Numerology.ticksPerDay == 0 {

processDay()

}

}

private func processDay() {

state.day += 1

if state.day > Numerology.daysPerMonth {

state.day = 1; state.month += 1

if state.month >= Numerology.monthsPerYear {

state.month = 0; processYearEnd()

}

}

let mods = difficulty.modifiers(

for: state.currentDifficulty)

// FIX L-1: Weather updated ONCE per day

weather.updateWeather(

month: state.month, day: state.day)

// Food

resources.consumeFood(

inventory: inventory, state: state, mods: mods)

resources.restoreLabor(state: state)

// FIX M-1: Population

population.processDailyPopulation(

state: state, mods: mods)

// FIX M-2: Game over check

if state.population <= 0 {

triggerGameOver(

reason: "Your household has perished. "

+ "The land returns to dust.")

return

}

// Spoilage

inventory.processDailySpoilage(mods: mods)

// FIX M-3: Processing jobs

processing.processDay(inventory: inventory)

// Cistern

let evap = weather.current.heatIndex * 0.5

state.cisternWater = max(0, state.cisternWater - evap)

if weather.current.isRaining {

state.cisternWater = min(state.cisternCapacity,

state.cisternWater

+ weather.current.rainAmount * 10)

}

// Tech

tech.checkUnlocks(state: state)

// Prosperity

state.prosperity.update(

state: state, inventory: inventory,

grid: grid, currency: currency)

// Favor decay

if state.divineFavor < mods.miracleThreshold {

state.divineFavor = max(0,

state.divineFavor - mods.favorDecayRate)

}

// Milk and Honey Shabbat bonus

if state.currentDifficulty == .milkAndHoney

&& state.day % 7 == 0 {

inventory.add("BARLEY", quantity: 5)

}

// FIX G-1: Recovery mechanisms

checkRecoveryMechanisms(mods: mods)

// Drought chain (Ploughshares)

if mods.droughtChainChance > 0

&& state.activeEvents.contains("DROUGHT_PANIC")

&& Float.random(in: 0...1) < mods.droughtChainChance {

events.trigger("DROUGHT_PANIC")

}

// FIX G-3: Wandering re-roll every 3 days

if state.currentDifficulty == .wandering

&& state.day % 3 == 0 {

difficulty.refreshWanderingModifiers()

chaosEngine.applyFavorVolatility(

state: state, range: mods.favorVolatility)

if let ce = chaosEngine.rollChaosEvent() {

events.trigger(ce)

}

}

// Trader

checkTrader(mods: mods)

// G-4: Decay recent sales (market saturation fades)

for key in state.recentSales.keys {

state.recentSales[key]! *= 0.95

if state.recentSales[key]! < 1 {

state.recentSales.removeValue(forKey: key)

}

}

// Auto-save

saveGame()

}

private func processYearEnd() {

state.year += 1

state.hasYorehFallen = false

morality.processYearEnd(state: state, grid: grid)

tech.onEraTransition(state: state)

events.resetYear()

let mods = difficulty.modifiers(

for: state.currentDifficulty)

// FIX M-1: Yearly population

population.processYearlyPopulation(

state: state, mods: mods)

// Starvation tracking for Ploughshares era lock

if state.totalDaysStarving == 0 {

state.consecutiveYearsNoStarvation += 1

} else {

state.consecutiveYearsNoStarvation = 0

}

state.totalDaysStarving = 0 // Reset for new year

// FIX G-2: Shmita warning 2 years before

if (state.year + 2) % Numerology.shmitaCycle == 0 {

events.trigger("SHMITA_WARNING")

}

// Wandering year-end

if state.currentDifficulty == .wandering {

chaosEngine.rerollSoilTiles(

grid: grid, count: mods.gridSoilRerollCount)

if let regressed = chaosEngine.checkEraRegression(

chance: mods.eraRegressionChance,

currentEra: state.currentEra) {

state.currentEra = regressed

audio.playMusic(for: regressed)

events.trigger("ERA_REGRESSION")

}

}

checkEraProgression(mods: mods)

}

// FIX G-1: Recovery mechanics

private func checkRecoveryMechanisms(

mods: DifficultyModifiers

) {

let foodQty = inventory.getQuantity("BARLEY")

+ inventory.getQuantity("WHEAT")

// Divine mercy (once per game, favor > 50, 3 days starving)

if foodQty <= 0 && state.totalDaysStarving >= 3

&& state.divineFavor > 50

&& !state.divineMercyUsed {

events.trigger("DIVINE_MERCY")

}

// Neighbor aid (max 2, standing > 40, 5 days starving)

if foodQty <= 0 && state.totalDaysStarving >= 5

&& state.socialStanding > 40

&& state.neighborAidCount < 2 {

events.trigger("NEIGHBOR_AID")

}

}

func forage() -> Float {

guard inventory.getQuantity("BARLEY")

+ inventory.getQuantity("WHEAT") <= 0,

state.laborCurrent >= 30

else { return 0 }

state.laborCurrent -= 30

let yield = Float.random(in: 5...15)

inventory.add("BARLEY", quantity: yield)

return yield

}

private func checkEraProgression(mods: DifficultyModifiers) {

switch state.currentEra {

case .judges:

var canProgress = state.population >= mods.eraPopulationReq

// Ploughshares: starvation lock

if state.currentDifficulty == .ploughshares {

canProgress = canProgress

&& state.consecutiveYearsNoStarvation >= 3

}

if canProgress { transitionEra(to: .crisis) }

case .crisis:

if currency.totalWealthInBronze >= mods.eraWealthReq {

transitionEra(to: .monarchy)

}

case .monarchy: break

}

}

private func transitionEra(to era: Era) {

state.currentEra = era

audio.playMusic(for: era)

haptics.eraTransition()

}

private func checkTrader(mods: DifficultyModifiers) {

// Departure check (FIX L-2: tuple date)

if let trader = activeTrader,

trader.departureDate.hasPassed(

year: state.year, month: state.month,

day: state.day) {

activeTrader = nil

}

// Arrival

if activeTrader == nil

&& Float.random(in: 0...1) < mods.traderVisitChance {

activeTrader = Trader.generate(

era: state.currentEra, state: state)

}

}

func triggerGameOver(reason: String) {

isGameOver = true; gameOverReason = reason

display.isGameOver = true

time.pause(); haptics.death(); audio.stopAll()

}

func craftTool(_ dataId: String) -> Bool {

guard let data = ToolData.get(dataId),

data.requiredEra.rawValue

<= state.currentEra.rawValue

else { return false }

for (itemId, qty) in data.craftCost {

guard inventory.has(itemId, quantity: Float(qty))

else { return false }

}

for (itemId, qty) in data.craftCost {

inventory.remove(itemId, quantity: Float(qty))

}

let tool = ToolInstance(dataId: dataId)

toolInstances[tool.id] = tool

state.ownedToolIds.insert(dataId)

if state.equippedToolId == nil {

state.equippedToolId = tool.id

}

haptics.toolUse(); return true

}

func useEquippedTool() {

guard let id = state.equippedToolId,

var tool = toolInstances[id], tool.isUsable

else { return }

let mods = difficulty.modifiers(

for: state.currentDifficulty)

tool.useOnce(mods: mods)

toolInstances[id] = tool

}

// FIX A-2: Display state snapshot

private func updateDisplayState() {

display.formattedDate = time.formattedDate

display.eraName = state.currentEra.name

display.year = state.year

display.divineFavor = state.divineFavor

display.socialStanding = state.socialStanding

display.cisternPercent = Int(

state.cisternWater / max(1, state.cisternCapacity) * 100)

display.isRaining = weather.current.isRaining

display.bronzeCoins = currency.count(.bronze)

display.silverCoins = currency.count(.silver)

display.goldCoins = currency.count(.gold)

display.prosperityScore = state.prosperity.overallProsperity

display.isFlowing = state.prosperity.isFlowing

display.difficultyName = state.currentDifficulty.displayName

display.population = state.population

display.health = state.health

display.hasTrader = activeTrader != nil

}

private func biasGridSoil(bias: Float) {

for coord in grid.tiles.keys {

guard var tile = grid.tiles[coord] else { continue }

if bias > 0 {

if Float.random(in: 0...1) < bias {

tile.soilType = .loam

}

} else {

if Float.random(in: 0...1) < abs(bias) {

tile.soilType = [.rocky, .saline, .sandy]

.randomElement() ?? .rocky

}

}

grid.tiles[coord] = tile

}

}

// App lifecycle

private func setupLifecycleObservers() {

NotificationCenter.default.addObserver(

forName: UIApplication.didEnterBackgroundNotification,

object: nil, queue: .main

) { [weak self] _ in

self?.time.pause()

self?.saveGame()

self?.audio.duck()

}

NotificationCenter.default.addObserver(

forName: UIApplication.willEnterForegroundNotification,

object: nil, queue: .main

) { [weak self] _ in self?.audio.unduck() }

}

func saveGame() {

save.saveGame(

state: state,

tiles: grid.allTilesArray(),

items: inventory.allItems(),

coins: currency.coins,

tools: toolInstances,

prosperity: state.prosperity,

activeProcessingJobs: processing.activeJobs,

pendingEvent: events.pendingEvent,

recentSales: state.recentSales)

}

}
9. TimeManager.swift

📋 What This Code Does
Manages the game clock. 24 ticks = 1 day. Calls GameManager.processTick() on each tick. Supports speed control (1x to 100x) for players who want faster gameplay.

Interactions: Triggers GameManager.processTick(). UI displays formattedDate.

// TimeManager.swift
// Game clock - the heartbeat
import Foundation
 
final class TimeManager: ObservableObject {
    @Published var currentTick: Int = 0
    @Published var isPaused: Bool = true
    @Published var timeScale: Float = 1.0
    
    var onTick: ((Int) -> Void)?
    
    private var timer: Timer?
    private let baseInterval: TimeInterval = 1.0
    
    func start() {
        isPaused = false
        scheduleTimer()
    }
    
    func pause() {
        isPaused = true
        timer?.invalidate()
        timer = nil
    }
    
    func resume() {
        guard isPaused else { return }
        isPaused = false
        scheduleTimer()
    }
    
    func setTimeScale(_ scale: Float) {
        timeScale = min(max(scale, 1.0), 100.0)
        if !isPaused { scheduleTimer() }
    }
    
    private func scheduleTimer() {
        timer?.invalidate()
        let interval = baseInterval / TimeInterval(timeScale)
        timer = Timer.scheduledTimer(withTimeInterval: interval, repeats: true) { [weak self] _ in
            self?.tick()
        }
    }
    
    private func tick() {
        guard !isPaused else { return }
        currentTick += 1
        onTick?(currentTick)
    }
    
    func advanceDay() {
        let state = GameState.shared
        state.day += 1
        
        if state.day > Numerology.daysPerMonth {
            state.day = 1
            state.month += 1
            
            if state.month >= Numerology.monthsPerYear {
                state.month = 0
                state.year += 1
                state.hasYorehFallen = false  // Reset for new year
            }
        }
    }
    
    var formattedDate: String {
        let state = GameState.shared
        let monthName = HebrewMonth(rawValue: state.month)?.name ?? "Unknown"
        return "Year \(state.year), \(monthName) \(state.day)"
    }
    
    // Debug helpers
    func skipToNextDay() {
        for _ in 0..<Numerology.ticksPerDay { tick() }
    }
    
    func skipToNextSeason() {
        for _ in 0..<(Numerology.ticksPerDay * Numerology.daysPerMonth * 3) { tick() }
    }
}


10. ResourceManager.swift

📋 What This Code Does
Handles survival—feeding the population daily. Calculates how much food is needed, applies rationing policies if active, consumes food from inventory, and damages health if there isn't enough. Starvation damage uses the numerological value 7 (Days of Creation).

Interactions: Called by GameManager.processDay(). Reads/writes inventory and GameState. Can trigger HUNGER_PANGS event.

// ResourceManager.swift
// Survival mechanics - feeding your people
import Foundation
 
final class ResourceManager {
    private var state: GameState { GameState.shared }
    private var inventory: InventoryManager { GameManager.shared.inventory }
    private var events: EventManager { GameManager.shared.events }
    
    func processDailyConsumption() {
        // Base need: 2 food per person
        var caloricNeed = Float(state.population) * 2.0
        
        // === Rationing Policies ===
        switch state.currentRationPolicy {
        case .none:
            break
            
        case .waterFilling:
            // Requires 40 units water, reduces food 25%, damages health
            if inventory.has("WATER", quantity: Numerology.wandering) {
                caloricNeed *= 0.75
                inventory.remove("WATER", quantity: Numerology.tribes)  // 12
                state.health -= 0.02  // Malnutrition
            }
            
        case .saveWorkers:
            // Don't feed elderly/children - major moral penalty
            caloricNeed -= Float(state.elderlyPop + state.childPop) * 2.0
            state.divineFavor -= 5.0
            
        case .saveChildren:
            // Don't feed elderly - lesser moral penalty
            caloricNeed -= Float(state.elderlyPop) * 2.0
            state.divineFavor -= 3.0
        }
        
        // === Consumption ===
        if inventory.has("BARLEY", quantity: caloricNeed) {
            inventory.remove("BARLEY", quantity: caloricNeed)
            // Recover health (max 120 = Moses)
            state.health = min(Numerology.moses, state.health + 0.5)
        } else {
            // STARVATION: 7 damage (Days of Creation)
            state.health -= Numerology.creation
            events.trigger("HUNGER_PANGS")
            
            if state.health <= 0 {
                processPopulationLoss()
            }
        }
    }
    
    private func processPopulationLoss() {
        state.population = max(1, state.population - 1)
        state.health = 50.0  // Survivor partially recovers
        events.notify("A member of your household has perished.")
    }
    
    func updateCisterns(heatIndex: Float) {
        // Evaporation based on heat
        let evapRate = heatIndex * 5.0 * 0.5
        state.cisternWater = max(0, state.cisternWater - evapRate)
        
        if state.cisternWater <= 0 && heatIndex > 2.0 {
            events.trigger("CISTERN_DRY")
        }
    }
    
    func consumeLabor(_ amount: Float) {
        state.laborCurrent = max(0, state.laborCurrent - amount)
    }
    
    func restoreLabor() {
        // Labor restores daily based on health
        let recovery = (state.health / Numerology.moses) * 20.0
        state.laborCurrent = min(Numerology.strength, state.laborCurrent + recovery)
    }
}


11. InventoryManager.swift

📋 What This Code Does
Stores items with quantity tracking and handles daily spoilage. Grapes rot at 18% per day (the numerological Chai value representing life's transience).

Interactions: Used by ResourceManager for food consumption. Trade system for buying/selling. SaveService persists item counts.

// InventoryManager.swift
// Item storage with spoilage
import Foundation
import Observation
 
@Observable
final class InventoryManager {
    private var items: [String: Float] = [:]
    
    func add(_ itemId: String, quantity: Float) {
        items[itemId, default: 0] += quantity
    }
    
    func remove(_ itemId: String, quantity: Float) {
        guard let current = items[itemId], current >= quantity else { return }
        items[itemId] = current - quantity
        if items[itemId] == 0 { items.removeValue(forKey: itemId) }
    }
    
    func has(_ itemId: String, quantity: Float = 1) -> Bool {
        (items[itemId] ?? 0) >= quantity
    }
    
    func getQuantity(_ itemId: String) -> Float {
        items[itemId] ?? 0
    }
    
    func processDailySpoilage() {
        // Grapes rot at 18% per day (Chai)
        if let grapes = items["GRAPES"], grapes > 0 {
            let rot = grapes * Numerology.chaiPercent
            items["GRAPES"] = max(0, grapes - rot)
        }
        
        // Other perishables at lower rate
        let perishables = ["FRESH_FIGS", "DATES_FRESH"]
        for itemId in perishables {
            if let amount = items[itemId], amount > 0 {
                items[itemId] = max(0, amount * 0.95)  // 5% decay
            }
        }
    }
    
    func allItems() -> [String: Float] {
        items
    }
    
    func clear() {
        items.removeAll()
    }
}

12. WeatherManager.swift

📋 What This Code Does
Determines daily weather based on Hebrew month. Handles the critical Yoreh (first rain) mechanic that gates crop germination, and Sharav (hot desert wind) that can devastate crops.

Interactions: Called by GameManager each tick. Affects HexGridManager moisture. Sets GameState.hasYorehFallen.

// WeatherManager.swift
// Mediterranean climate simulation
import Foundation
import Observation
 
@Observable
final class WeatherManager {
    var current = WeatherState()
    
    func update(month: Int, day: Int) {
        guard let hebrewMonth = HebrewMonth(rawValue: month) else { return }
        
        current.clear()
        
        // Summer is always dry
        if hebrewMonth.isSummer {
            current.heatIndex = Numerology.patriarchs  // 3x evaporation
            
            // 15% chance of Sharav in peak summer
            if hebrewMonth == .tammuz && Float.random(in: 0...1) < 0.15 {
                current.applySharav()
                GameManager.shared.events.notify("The Sharav blows from the desert!")
            }
            return
        }
        
        // Check for rain
        let rainChance = hebrewMonth.rainChance + 
            (GameState.shared.divineFavor * 0.005)  // Favor helps
        
        if Float.random(in: 0...1) < rainChance {
            current.applyRain(amount: Float.random(in: 10...30))
            
            // First rain of year (Tishrei) is Yoreh
            if hebrewMonth == .tishrei && !GameState.shared.hasYorehFallen {
                current.currentEvent = .yoreh
                GameState.shared.hasYorehFallen = true
                GameManager.shared.events.notify(
                    "The Yoreh has fallen! Seeds may now germinate.")
            }
            
            // Late rain (Adar) is Malkosh
            if hebrewMonth == .adar {
                current.currentEvent = .malkosh
            }
        }
        
        // Drought anxiety: late Tishrei without rain
        if hebrewMonth == .tishrei && day > 25 && 
           !GameState.shared.hasYorehFallen {
            GameManager.shared.events.trigger("DROUGHT_PANIC")
        }
    }
}


13. EventManager.swift

📋 What This Code Does
Manages random events (droughts, locusts, traders) and player notifications. Events can be triggered by game conditions or randomly based on difficulty mode.

Interactions: Called by GameManager. Reads GameState for triggers. Displays notifications to player.

// EventManager.swift
// Random events and notifications
import Foundation
import Observation
 
@Observable
final class EventManager {
    var currentNotification: String? = nil
    private var notificationTimer: Timer?
    
    private var state: GameState { GameState.shared }
    
    func trigger(_ eventId: String) {
        state.activeEvents.insert(eventId)
        
        switch eventId {
        case "HUNGER_PANGS":
            notify("Your household cries out from hunger!")
        case "CISTERN_DRY":
            notify("The cisterns have run dry!")
        case "DROUGHT_PANIC":
            notify("The Yoreh has not come. The people grow anxious.")
        case "LOCUST_SWARM":
            notify("Locusts darken the sky!")
            applyLocustDamage()
        case "TRADER_ARRIVAL":
            notify("A Phoenician trader has arrived!")
        default:
            break
        }
    }
    
    func notify(_ message: String) {
        currentNotification = message
        
        notificationTimer?.invalidate()
        notificationTimer = Timer.scheduledTimer(withTimeInterval: 5.0, repeats: false) { [weak self] _ in
            self?.currentNotification = nil
        }
    }
    
    func checkTriggers() {
        // Random event chance based on difficulty
        let baseChance: Float
        switch state.currentDifficulty {
        case .milkAndHoney: baseChance = 0.005
        case .bronzeAndIron: baseChance = 0.01
        case .ploughshares: baseChance = 0.02
        case .wandering: baseChance = Numerology.chaosBaseChance  // 0.13
        }
        
        // Check for locust swarm
        if Float.random(in: 0...1) < baseChance * 0.1 {
            let protection = state.divineFavor * 0.01
            if Float.random(in: 0...1) > protection {
                trigger("LOCUST_SWARM")
            }
        }
        
        // Check for trader (good event)
        if Float.random(in: 0...1) < 0.02 {
            trigger("TRADER_ARRIVAL")
        }
    }
    
    private func applyLocustDamage() {
        let grid = GameManager.shared.grid
        for coord in grid.tiles.keys {
            if var tile = grid.tiles[coord], tile.crop != nil {
                if Float.random(in: 0...1) < 0.3 {  // 30% of crops affected
                    tile.pests.insert("LOCUST")
                    if var crop = tile.crop {
                        crop.health -= Numerology.wandering  // 40 damage
                        tile.crop = crop
                    }
                    grid.tiles[coord] = tile
                }
            }
        }
    }
}


Part IV: Hex Grid System

📋 What This Section Is (For Investors)
The visual heart of the game—the farm itself. HexGridManager creates the grid and updates all tiles each tick. HexGridScene renders it using Apple's SpriteKit game engine. This is where players spend most of their time.


13X. EventManager.swift [GIMMEL EXPANSION — Supersedes Section 13]
GIMMEL FINAL: Expanded event system with difficulty-aware triggers, DepartureDate for traders, recovery mechanics (G-1 divine mercy, neighbor aid), conquest/miracle/market crash events, structured notification queue with 5-second auto-dismiss.
WARNING: This version supersedes the EventManager code in Section 13. Use this version for implementation.
**⚠️ WARNING:** This replaces the Rev 3 EventManager entirely.
Consequence closures are gone.

// EventManager.swift --- FINAL (Gimmel, FIX A-5)

import Foundation

import Observation

// Serializable consequence type

enum EventConsequence: String, Codable {

// Drought

case prayForRain, digWells, acceptDrought

// Locusts

case fightLocusts, prayLocusts, endureLocusts

// Yoreh

case giveYorehThanks

// Chaos-only

case gatherManna, refuseManna

case acceptTimeSkip

case acceptStranger, refuseStranger

case endureRegression

// Shmita warning

case acknowledgeShmita

// Peah punishment (Ploughshares)

case acceptPeahPunishment

// Recovery

case acceptMercy, acceptNeighborAid

// Tutorial dismiss

case dismissTutorial

}

struct EventChoice: Codable {

let label: String

let description: String

let consequence: EventConsequence

}

struct GameEvent: Codable, Identifiable {

let id: String

let title: String

let description: String

let iconName: String

let choices: [EventChoice]

}

\@Observable

final class EventManager {

var pendingEvent: GameEvent? = nil

private var triggeredThisYear: Set<String> = []

func check(state: GameState, weather: WeatherState,

frequency: Float) {

guard pendingEvent == nil,

Float.random(in: 0...1) < frequency

else { return }

if weather.heatIndex > 2.5

&& !triggeredThisYear.contains("DROUGHT_PANIC") {

trigger("DROUGHT_PANIC")

} else if state.month >= 3 && state.month <= 5

&& Float.random(in: 0...1) < 0.02 {

trigger("LOCUST_SWARM")

}

}

func trigger(_ eventId: String) {

triggeredThisYear.insert(eventId)

switch eventId {

case "DROUGHT_PANIC":

pendingEvent = GameEvent(

id: "DROUGHT_PANIC",

title: "The Wells Run Dry",

description: "Weeks without rain. The elders "

+ "gather to decide what to do.",

iconName: "sun.max.trianglebadge.exclamationmark",

choices: [

EventChoice(label: "Pray for Rain",

description: "Costs 15 divine favor",

consequence: .prayForRain),

EventChoice(label: "Dig Emergency Wells",

description: "Costs 30 labor",

consequence: .digWells),

EventChoice(label: "Accept the Drought",

description: "Social standing drops",

consequence: .acceptDrought),

])

case "LOCUST_SWARM":

pendingEvent = GameEvent(

id: "LOCUST_SWARM",

title: "Locusts Darken the Sky",

description: "A swarm descends on your fields.",

iconName: "ant.fill",

choices: [

EventChoice(label: "Fight with Fire",

description: "20 labor, 15% crop damage",

consequence: .fightLocusts),

EventChoice(label: "Pray for Deliverance",

description: "20 divine favor",

consequence: .prayLocusts),

EventChoice(label: "Endure the Swarm",

description: "30% crop damage",

consequence: .endureLocusts),

])

case "YOREH_BLESSING":

pendingEvent = GameEvent(

id: "YOREH_BLESSING",

title: "The Yoreh Has Fallen!",

description: "The first rain blesses the land.",

iconName: "cloud.rain.fill",

choices: [

EventChoice(label: "Give Thanks",

description: "+5 divine favor",

consequence: .giveYorehThanks),

])

case "SHMITA_WARNING":

pendingEvent = GameEvent(

id: "SHMITA_WARNING",

title: "The Shmita Approaches",

description: "In 2 years, the land must rest. "

+ "Stockpile preserved food now.",

iconName: "calendar.badge.exclamationmark",

choices: [

EventChoice(label: "We will prepare",

description: "Acknowledged",

consequence: .acknowledgeShmita),

])

default: break

}

}

// FIX A-5: Runtime consequence executor

func executeConsequence(_ c: EventConsequence) {

let gm = GameManager.shared

switch c {

case .prayForRain:

gm.state.divineFavor -= 15

if Float.random(in: 0...1) < 0.5 {

gm.weather.forceRain(days: 3)

gm.haptics.miracle()

}

case .digWells:

gm.state.laborCurrent -= 30

gm.state.cisternWater += 100

case .acceptDrought:

gm.state.socialStanding -= 10

case .fightLocusts:

gm.state.laborCurrent -= 20

applyLocustDamage(severity: 0.15)

case .prayLocusts:

gm.state.divineFavor -= 20

let sev: Float = gm.state.divineFavor

> Numerology.miracle ? 0.05 : 0.25

applyLocustDamage(severity: sev)

if sev == 0.05 { gm.haptics.miracle() }

case .endureLocusts:

applyLocustDamage(severity: 0.30)

case .giveYorehThanks:

gm.state.divineFavor += 5

case .gatherManna:

// Replace food with manna

for item in gm.inventory.allItems() {

if let data = ItemData.get(item.key),

[.grain, .fruit].contains(data.category) {

gm.inventory.remove(item.key, quantity: item.value)

}

}

gm.inventory.add("MANNA", quantity: 200)

gm.state.divineFavor += 10

case .refuseManna:

gm.state.divineFavor -= 15

case .acceptTimeSkip:

let days = Int.random(in: 30...90)

for _ in 0..<(days * Numerology.ticksPerDay) {

gm.processTick()

}

case .acceptStranger:

if gm.state.cisternWater

< gm.state.cisternCapacity * 0.3 {

gm.state.cisternWater =

gm.state.cisternCapacity * 0.8

} else { gm.inventory.add("WHEAT", quantity: 80) }

if Bool.random() {

gm.state.divineFavor = min(Numerology.elders,

gm.state.divineFavor * 2)

} else { gm.state.divineFavor *= 0.5 }

case .refuseStranger:

gm.state.divineFavor += 3

case .endureRegression:

for (id, var tool) in gm.toolInstances {

if ToolData.get(tool.dataId)?.material == .iron {

tool.damage = max(tool.damage, 0.9)

gm.toolInstances[id] = tool

}

}

case .acknowledgeShmita, .dismissTutorial:

break // UI-only events

case .acceptPeahPunishment:

// Blight 30% of tiles

gm.grid.boostAllCrops(healthBonus: -30)

case .acceptMercy:

gm.inventory.add("BARLEY", quantity: 30)

gm.state.divineMercyUsed = true

case .acceptNeighborAid:

gm.inventory.add("BARLEY", quantity: 20)

gm.state.socialStanding -= 10

gm.state.neighborAidCount += 1

}

pendingEvent = nil

}

func dismissEvent() { pendingEvent = nil }

func resetYear() { triggeredThisYear.removeAll() }

private func applyLocustDamage(severity: Float) {

let gm = GameManager.shared

for coord in gm.grid.tiles.keys {

guard var tile = gm.grid.tiles[coord],

var crop = tile.crop else { continue }

crop.health -= crop.health * severity

if crop.health <= 0 { crop.stage = .dead }

tile.crop = crop; gm.grid.tiles[coord] = tile

}

}

}
13A. DifficultyManager.swift [FULL CODE — Gimmel]
Centralizes all difficulty-dependent numbers. DifficultyModifiers struct with 9 fields (waterMultiplier, yieldMultiplier, spoilageMultiplier, eventFrequency, startingFood, startingPopulation, healthRecoveryRate, tradeMarkup, locustProtectionBonus). Four mode tables. Wandering mode uses random ranges.
NOTE: Gimmel expands this to 28-field struct with ChaosEngine. See Gimmel Section 2.1 for the complete expanded version.
**⚠️ WARNING:** This supersedes ALL prior DifficultyManager versions.
The Rev 3.1 document contains the full code (Section 3). Copy from
there. Key change from 3.1: refreshWanderingModifiers() is called
every 3 days instead of daily, and only 3--4 randomly selected
modifiers are re-rolled per cycle.
// DifficultyManager.swift --- Rev 2 Base Version

// NOTE: Gimmel expands this to 28-field DifficultyModifiers struct

// with 4 thematic modes and ChaosEngine. See Gimmel integration notes
above.

import Foundation

struct DifficultyModifiers {

let waterMultiplier: Float // Crop water needs

let yieldMultiplier: Float // Harvest output

let spoilageMultiplier: Float // Decay rate

let eventFrequency: Float // Random event chance per tick

let startingFood: Float // Initial barley

let startingPopulation: Int

let healthRecoveryRate: Float // Daily health regen

let tradeMarkup: Float // Price inflation (> 1 = more expensive)

let locustProtectionBonus: Float

}

final class DifficultyManager {

func modifiers(for mode: DifficultyMode) -> DifficultyModifiers {

switch mode {

case .easy:

return DifficultyModifiers(

waterMultiplier: 0.7, yieldMultiplier: 1.4,

spoilageMultiplier: 0.0, eventFrequency: 0.005,

startingFood: 200, startingPopulation: 13,

healthRecoveryRate: 1.0, tradeMarkup: 0.8,

locustProtectionBonus: 0.3)

case .normal:

return DifficultyModifiers(

waterMultiplier: 1.0, yieldMultiplier: 1.0,

spoilageMultiplier: 1.0, eventFrequency: 0.01,

startingFood: 100, startingPopulation: 13,

healthRecoveryRate: 0.5, tradeMarkup: 1.0,

locustProtectionBonus: 0.0)

case .hard:

return DifficultyModifiers(

waterMultiplier: 1.3, yieldMultiplier: 0.8,

spoilageMultiplier: 1.5, eventFrequency: 0.02,

startingFood: 70, startingPopulation: 10,

healthRecoveryRate: 0.3, tradeMarkup: 1.3,

locustProtectionBonus: -0.1)

case .chaos:

return DifficultyModifiers(

waterMultiplier: Float.random(in: 0.5...2.0),

yieldMultiplier: Float.random(in: 0.5...1.5),

spoilageMultiplier: Float.random(in: 0.5...2.0),

eventFrequency: Numerology.chaosBaseChance,

startingFood: Float.random(in: 30...200),

startingPopulation: Int.random(in: 7...18),

healthRecoveryRate: Float.random(in: 0.1...1.0),

tradeMarkup: Float.random(in: 0.5...2.0),

locustProtectionBonus: 0.0)

}

}

}

**⚡ INTEGRATION:** FIX G-3 DELTA from Rev 3.1: In the
wanderingModifiers() function, instead of re-rolling ALL fields, keep
a Set<String> of field keys. Each 3-day re-roll picks 3--4 random
keys and only re-randomizes those. Other fields persist from the
previous roll. This creates partially stable conditions the player can
react to.

**⚡ INTEGRATION:** FIX G-6: In ChaosEngine.initializeNumerology(),
after applying drift, clamp: moses >= 80, elders >= 50, strength >=
50, creation >= 3. Add: assert(value > 0) in debug builds.
13B. DisplayState.swift [NEW — Gimmel]
FIX A-2: 4Hz UI update buffer. Views read DisplayState (updated 4x/sec) instead of polling managers directly. Eliminates view stutter and thread contention.
// DisplayState.swift --- NEW (Gimmel, FIX A-2)

import Foundation

import Observation

\@Observable

final class DisplayState {

// Calendar

var formattedDate: String = ""

var eraName: String = ""

var year: Int = 1

// Spiritual gauges

var divineFavor: Float = 0

var socialStanding: Float = 0

// Cistern

var cisternPercent: Int = 0

var isRaining: Bool = false

// Currency

var bronzeCoins: Int = 0

var silverCoins: Int = 0

var goldCoins: Int = 0

// Prosperity

var prosperityScore: Float = 0

var isFlowing: Bool = false

// Difficulty display

var difficultyName: String = ""

// Population

var population: Int = 0

var health: Float = 0

// Active trader

var hasTrader: Bool = false

// Game over

var isGameOver: Bool = false

}
13C. PopulationManager.swift [NEW — Gimmel]
FIX M-1: Dedicated population lifecycle. Handles births (fertility based on food surplus + social standing), deaths (age, starvation, disease), and aging (children grow up, adults become elderly). Called once per tick by GameManager.
// PopulationManager.swift --- NEW (Gimmel, FIX M-1)

import Foundation

final class PopulationManager {

func processDailyPopulation(

state: GameState, mods: DifficultyModifiers

) {

// Starvation deaths

if state.health < 20 && Float.random(in: 0...1) < 0.1 {

if state.elderlyPop > 0 {

state.elderlyPop -= 1; state.population -= 1

} else if state.workingPop > 0 {

state.population -= 1

}

}

// Elderly natural death

if state.elderlyPop > 0

&& Float.random(in: 0...1) < 0.005 {

state.elderlyPop -= 1; state.population -= 1

}

// Track peak

state.peakPopulation = max(

state.peakPopulation, state.population)

}

func processYearlyPopulation(

state: GameState, mods: DifficultyModifiers

) {

// Children age into adults

if state.childPop > 0 { state.childPop -= 1 }

// Adults age into elderly

if state.year % 5 == 0 && state.workingPop > 2 {

state.elderlyPop += 1

}

// Births

if state.year % mods.populationGrowthInterval == 0

&& state.health > 50 {

let births = Int.random(in: mods.populationGrowthAmount)

state.childPop += births; state.population += births

}

}

}
13D. ProcessingManager.swift [NEW — Gimmel]
FIX M-3: Raw-to-finished goods processing. Tracks active processing jobs, advances them each tick, and deposits outputs into InventoryManager when complete. Works with ProcessingRecipe catalog.
// ProcessingManager.swift --- NEW (Gimmel, FIX M-3)

import Foundation

import Observation

\@Observable

final class ProcessingManager {

var activeJobs: [ActiveProcessingJob] = []

func canStart(_ recipe: ProcessingRecipe,

inventory: InventoryManager,

state: GameState) -> Bool {

guard inventory.has(recipe.inputItemId,

quantity: recipe.inputQty),

state.laborCurrent >= recipe.laborCost

else { return false }

if !recipe.requiredToolId.isEmpty {

guard state.ownedToolIds.contains(recipe.requiredToolId)

else { return false }

}

return true

}

func startJob(_ recipe: ProcessingRecipe,

inventory: InventoryManager,

state: GameState) {

inventory.remove(recipe.inputItemId, quantity: recipe.inputQty)

state.laborCurrent -= recipe.laborCost

activeJobs.append(ActiveProcessingJob(

id: UUID(), recipeId: recipe.id,

daysRemaining: recipe.processingDays))

}

func processDay(inventory: InventoryManager) {

var completed: [UUID] = []

for i in activeJobs.indices {

activeJobs[i].daysRemaining -= 1

if activeJobs[i].daysRemaining <= 0 {

if let recipe = ProcessingRecipe.catalog

.first(where: { $0.id == activeJobs[i].recipeId }) {

inventory.add(recipe.outputItemId,

quantity: recipe.outputQty)

}

completed.append(activeJobs[i].id)

}

}

activeJobs.removeAll { completed.contains($0.id) }

}

}
13E. TutorialManager.swift [NEW — Gimmel]
NEW: Contextual tutorial overlays. Shows hints at key moments (first plant, first harvest, first trade, first Shmita year). Tracks which tutorials have been seen. Non-intrusive — overlays dismiss on tap.
// TutorialManager.swift --- NEW (Gimmel, FIX M-6)

import Foundation

final class TutorialManager {

private let key = "ironvines_tutorials_seen"

var seen: Set<String> {

didSet {

UserDefaults.standard.set(

Array(seen), forKey: key)

}

}

init() {

let arr = UserDefaults.standard.stringArray(

forKey: key) ?? []

seen = Set(arr)

}

static let tutorialIds = [

"TUTORIAL_WELCOME", "TUTORIAL_PLANT",

"TUTORIAL_HARVEST", "TUTORIAL_TRADE",

"TUTORIAL_SHMITA", "TUTORIAL_PEAH"

]

func shouldShow(_ id: String,

mods: DifficultyModifiers) -> Bool {

mods.tutorialPopupsEnabled && !seen.contains(id)

}

func markSeen(_ id: String) { seen.insert(id) }

func reset() { seen.removeAll() }

}
14. HexGridManager.swift

📋 What This Code Does
Generates the hex grid and updates all tiles each tick. Implements the ADSSC terracing system (water flows downhill, terraces capture it). Handles crop planting and growth.

Interactions: Owns all HexTiles. Weather provides rain amounts. Crops grow based on moisture. SpriteKit renders visually.

// HexGridManager.swift
// Agricultural grid with ADSSC water mechanics
import Foundation
import Observation
 
@Observable
final class HexGridManager {
    var tiles: [HexCoord: HexTile] = [:]
    private(set) var gridRadius: Int = 5
    
    func generateGrid(radius: Int) {
        gridRadius = radius
        tiles.removeAll()
        
        for q in -radius...radius {
            let r1 = max(-radius, -q - radius)
            let r2 = min(radius, -q + radius)
            
            for r in r1...r2 {
                var tile = HexTile(q: q, r: r)
                
                // Mark edge tiles for Peah law
                if abs(q) == radius || r == r1 || r == r2 {
                    tile.isBorder = true
                }
                
                // Random terrain
                tile.elevation = Int.random(in: 0...3)
                tile.soilType = SoilType.allCases.randomElement() ?? .loam
                tile.nitrogenLevel = Float.random(in: 50...90)
                
                tiles[tile.coords] = tile
            }
        }
    }
    
    func getTile(at coord: HexCoord) -> HexTile? { tiles[coord] }
    
    func getNeighbors(of coord: HexCoord) -> [HexTile] {
        coord.neighbors.compactMap { tiles[$0] }
    }
    
    func updateAllTiles(weather: WeatherState, era: Era) {
        for coord in tiles.keys {
            guard var tile = tiles[coord] else { continue }
            
            updateMoisture(tile: &tile, weather: weather, era: era)
            
            if tile.crop != nil {
                updateCrop(tile: &tile)
            }
            
            // Shmita recovery
            if GameState.shared.year % Numerology.shmitaCycle == 0 && tile.crop == nil {
                tile.nitrogenLevel = min(100, tile.nitrogenLevel + 0.5)
            }
            
            tiles[coord] = tile
        }
    }
    
    private func updateMoisture(tile: inout HexTile, weather: WeatherState, era: Era) {
        // Add pending runoff
        tile.soilMoisture += tile.pendingRunoff
        tile.pendingRunoff = 0
        
        // Rain
        if weather.isRaining {
            let retention = tile.isTerraced ? 0.9 : (tile.elevation > 0 ? 0.2 : 1.0)
            tile.soilMoisture += weather.rainAmount * retention
            
            // Runoff to lower neighbors
            for neighbor in getNeighbors(of: tile.coords) {
                if tile.elevation > neighbor.elevation {
                    tiles[neighbor.coords]?.pendingRunoff += weather.rainAmount * 0.1
                }
            }
        }
        
        // Evaporation
        tile.soilMoisture -= weather.heatIndex * 2.0
        tile.soilMoisture = max(0, min(100, tile.soilMoisture))
    }
    
    private func updateCrop(tile: inout HexTile) {
        guard var crop = tile.crop,
              let data = CropData.get(crop.dataId) else { return }
        let state = GameState.shared
        
        // Seeds wait for Yoreh
        if crop.stage == .seed && !state.hasYorehFallen { return }
        
        // Water check
        if tile.soilMoisture >= data.waterDaily {
            crop.health = min(Numerology.moses, crop.health + 1)
            tile.soilMoisture -= data.waterDaily
            crop.daysAlive += 0.5
        } else {
            crop.health -= (data.waterDaily - tile.soilMoisture) * Numerology.creation
        }
        
        // Update stage
        if crop.health <= 0 {
            crop.stage = .dead
        } else {
            let progress = crop.daysAlive / Float(data.growthDays)
            switch progress {
            case ..<0.1: crop.stage = .seed
            case 0.1..<0.3: crop.stage = .sprout
            case 0.3..<0.6: crop.stage = .vegetative
            case 0.6..<0.9: crop.stage = .flowering
            default: crop.stage = .mature; crop.isHarvestable = true
            }
        }
        
        // Orlah for perennials
        if data.category == .perennial {
            GameManager.shared.morality.updateOrlahStatus(crop: &crop)
        }
        
        tile.crop = crop
    }
    
    func plantCrop(at coord: HexCoord, cropId: String) -> Bool {
        guard var tile = tiles[coord],
              tile.crop == nil, tile.state == .fallow,
              GameManager.shared.morality.canPlant() else { return false }
        
        var crop = CropInstance(dataId: cropId)
        if let data = CropData.get(cropId) {
            crop.orlahStatus = data.category == .perennial ? .orlah : .notApplicable
        }
        
        tile.crop = crop
        tile.state = .planted
        tiles[coord] = tile
        return true
    }
}


Part V: The Silent Laws

📋 What This Section Is (For Investors)
The 'Silent Laws' are Biblical agricultural rules that affect gameplay without explicit tutorials. Players discover Peah (leave corners for poor), Shmita (land rests every 7 years), and Orlah (tree fruit forbidden 3 years) through consequences, creating organic moral choices.


14A. HexGridScene.swift [NEW — Rev 2]
The SpriteKit scene that renders the hex grid on screen. Handles camera panning (drag), zooming (pinch), and tile selection (tap). Renders 91 hexagons at 60fps. Hosted inside GameView via SpriteView. Reads tile data from HexGridManager. Communicates selected tile back to SwiftUI via onTileSelected callback.
// HexGridScene.swift

// SpriteKit rendering of the hex grid

import SpriteKit

final class HexGridScene: SKScene {

// === Configuration ===

static let hexSize: CGFloat = 40.0 // Radius of hexagon

private let minZoom: CGFloat = 0.4

private let maxZoom: CGFloat = 2.0

// === Nodes ===

private let worldNode = SKNode() // Parent for all tiles

private let weatherLayer = SKNode() // Rain/sun particles

private var tileNodes: [HexCoord: HexTileNode] = [:]

private var selectionRing: SKShapeNode?

// === Camera ===

private let cameraNode = SKCameraNode()

private var lastPanPoint: CGPoint = .zero

private var isPanning = false

// === Callbacks ===

var onTileSelected: ((HexCoord) -> Void)?

// === Init ===

override func didMove(to view: SKView) {

backgroundColor = SKColor(red: 0.12, green: 0.10, blue: 0.08, alpha:
1)

// Camera

addChild(cameraNode)

camera = cameraNode

// World

addChild(worldNode)

worldNode.addChild(weatherLayer)

weatherLayer.zPosition = 100

// Build hex grid

buildGrid()

// Gestures

let pan = UIPanGestureRecognizer(target: self, action:
#selector(handlePan))

let pinch = UIPinchGestureRecognizer(target: self, action:
#selector(handlePinch))

let tap = UITapGestureRecognizer(target: self, action:
#selector(handleTap))

view.addGestureRecognizer(pan)

view.addGestureRecognizer(pinch)

view.addGestureRecognizer(tap)

}

// === Grid Construction ===

private func buildGrid() {

let grid = GameManager.shared.grid

for (coord, tile) in grid.tiles {

let node = HexTileNode(tile: tile, hexSize: Self.hexSize)

let pos = hexToPixel(coord)

node.position = pos

worldNode.addChild(node)

tileNodes[coord] = node

}

}

// Flat-top hex -> pixel conversion

private func hexToPixel(_ coord: HexCoord) -> CGPoint {

let size = Self.hexSize

let x = size * (3.0 / 2.0 * CGFloat(coord.q))

let y = size * (sqrt(3) / 2.0 * CGFloat(coord.q)

+ sqrt(3) * CGFloat(coord.r))

return CGPoint(x: x, y: y)

}

// Pixel -> nearest hex coordinate

private func pixelToHex(_ point: CGPoint) -> HexCoord {

let size = Self.hexSize

let q = (2.0 / 3.0 * point.x) / size

let r = (-1.0 / 3.0 * point.x + sqrt(3) / 3.0 * point.y) / size

return hexRound(q: Double(q), r: Double(r))

}

private func hexRound(q: Double, r: Double) -> HexCoord {

let s = -q - r

var rq = q.rounded(); var rr = r.rounded(); let rs = s.rounded()

let dq = abs(rq - q); let dr = abs(rr - r); let ds = abs(rs - s)

if dq > dr && dq > ds { rq = -rr - rs }

else if dr > ds { rr = -rq - rs }

return HexCoord(q: Int(rq), r: Int(rr))

}

// === Gesture Handlers ===

\@objc private func handlePan(_ gesture: UIPanGestureRecognizer) {

guard let view = self.view else { return }

let translation = gesture.translation(in: view)

let scale = cameraNode.xScale

cameraNode.position.x -= translation.x * scale

cameraNode.position.y += translation.y * scale // SpriteKit Y is
inverted

gesture.setTranslation(.zero, in: view)

}

\@objc private func handlePinch(_ gesture: UIPinchGestureRecognizer)
{

if gesture.state == .changed {

let newScale = cameraNode.xScale / gesture.scale

let clamped = max(minZoom, min(maxZoom, newScale))

cameraNode.setScale(clamped)

gesture.scale = 1.0

}

}

\@objc private func handleTap(_ gesture: UITapGestureRecognizer) {

guard let view = self.view else { return }

let viewPoint = gesture.location(in: view)

let scenePoint = convertPoint(fromView: viewPoint)

let worldPoint = worldNode.convert(scenePoint, from: self)

let coord = pixelToHex(worldPoint)

guard GameManager.shared.grid.tiles[coord] != nil else { return }

// Visual feedback

selectionRing?.removeFromParent()

let ring = SKShapeNode(circleOfRadius: Self.hexSize * 0.95)

ring.strokeColor = .yellow

ring.lineWidth = 3

ring.fillColor = .clear

ring.position = hexToPixel(coord)

ring.zPosition = 50

worldNode.addChild(ring)

selectionRing = ring

// Haptic feedback

GameManager.shared.haptics.tileSelect()

// Notify SwiftUI

onTileSelected?(coord)

}

// === Per-Frame Update ===

override func update(_ currentTime: TimeInterval) {

let grid = GameManager.shared.grid

for (coord, node) in tileNodes {

if let tile = grid.tiles[coord] {

node.updateVisuals(tile: tile)

}

}

}

}
14B. HexTileNode.swift [NEW — Rev 2/Gimmel]
The visual representation of a single hex tile. Colors change based on soil moisture (dry = brown, wet = blue-green) and crop state (planted = green shades, dead = gray). Includes soil color mapping per SoilType, crop stage colors, moisture overlay, Peah border glow, and accessibility labels.
// HexTileNode.swift

// Individual hex tile sprite

import SpriteKit

final class HexTileNode: SKNode {

private let hexShape: SKShapeNode

private let cropSprite: SKSpriteNode

private let moistureOverlay: SKShapeNode

private let borderGlow: SKShapeNode

private let coord: HexCoord

init(tile: HexTile, hexSize: CGFloat) {

self.coord = tile.coords

// Hex polygon (flat-top)

let path = HexTileNode.hexPath(size: hexSize)

hexShape = SKShapeNode(path: path)

hexShape.lineWidth = 1.5

hexShape.strokeColor = SKColor(white: 0.3, alpha: 0.6)

hexShape.zPosition = 0

// Crop sprite (placeholder, replaced by art assets)

cropSprite = SKSpriteNode()

cropSprite.size = CGSize(width: hexSize * 1.2, height: hexSize *
1.2)

cropSprite.zPosition = 10

cropSprite.isHidden = true

// Moisture shimmer

moistureOverlay = SKShapeNode(path: path)

moistureOverlay.fillColor = SKColor.blue.withAlphaComponent(0.0)

moistureOverlay.strokeColor = .clear

moistureOverlay.zPosition = 5

// Border glow for Peah tiles

borderGlow = SKShapeNode(path: path)

borderGlow.fillColor = .clear

borderGlow.strokeColor = tile.isBorder

? SKColor.orange.withAlphaComponent(0.4) : .clear

borderGlow.lineWidth = 2

borderGlow.zPosition = 15

super.init()

addChild(hexShape)

addChild(cropSprite)

addChild(moistureOverlay)

addChild(borderGlow)

// Accessibility

isAccessibilityElement = true

accessibilityLabel = "Hex tile at \(tile.coords.q),
\(tile.coords.r)"

updateVisuals(tile: tile)

}

required init?(coder aDecoder: NSCoder) { fatalError() }

func updateVisuals(tile: HexTile) {

// Soil color based on type + moisture

let baseColor = soilColor(tile.soilType, elevation: tile.elevation)

let moistureTint = SKColor(

red: 0, green: 0.1, blue: 0.3,

alpha: CGFloat(tile.soilMoisture / 200.0))

hexShape.fillColor = baseColor.blended(

withFraction: CGFloat(tile.soilMoisture / 100.0),

of: moistureTint) ?? baseColor

// Crop sprite

if let crop = tile.crop {

cropSprite.isHidden = false

cropSprite.color = cropStageColor(crop.stage)

cropSprite.colorBlendFactor = 1.0

// Scale by growth progress

let scale = max(0.3, CGFloat(crop.daysAlive) /

CGFloat(CropData.get(crop.dataId)?.growthDays ?? 100))

cropSprite.setScale(min(1.0, scale))

accessibilityLabel = "\(crop.dataId) - \(crop.stage.rawValue)"

} else {

cropSprite.isHidden = true

accessibilityLabel = "\(tile.state.rawValue) tile"

}

// Depleted/flooded visual state

if tile.state == .depleted {

hexShape.alpha = 0.5

} else if tile.state == .flooded {

moistureOverlay.fillColor =

SKColor.blue.withAlphaComponent(0.3)

} else {

hexShape.alpha = 1.0

moistureOverlay.fillColor =

SKColor.blue.withAlphaComponent(0.0)

}

}

// === Color Helpers ===

private func soilColor(_ type: SoilType, elevation: Int) -> SKColor
{

let base: SKColor

switch type {

case .loam: base = SKColor(red: 0.45, green: 0.35, blue: 0.20, alpha:
1)

case .clay: base = SKColor(red: 0.55, green: 0.30, blue: 0.15, alpha:
1)

case .sandy: base = SKColor(red: 0.65, green: 0.55, blue: 0.35, alpha:
1)

case .saline: base = SKColor(red: 0.60, green: 0.58, blue: 0.50,
alpha: 1)

case .rocky: base = SKColor(red: 0.40, green: 0.38, blue: 0.35, alpha:
1)

}

// Elevation lightens

let factor = CGFloat(elevation) * 0.05

return base.blended(withFraction: factor, of: .white) ?? base

}

private func cropStageColor(_ stage: CropStage) -> SKColor {

switch stage {

case .seed: return SKColor(red: 0.4, green: 0.3, blue: 0.1, alpha: 1)

case .sprout: return SKColor(red: 0.3, green: 0.6, blue: 0.2, alpha:
1)

case .vegetative: return SKColor(red: 0.2, green: 0.7, blue: 0.2,
alpha: 1)

case .flowering: return SKColor(red: 0.8, green: 0.7, blue: 0.2,
alpha: 1)

case .mature: return SKColor(red: 0.7, green: 0.5, blue: 0.1, alpha:
1)

case .dead: return SKColor(red: 0.3, green: 0.3, blue: 0.3, alpha: 1)

}

}

// Flat-top hex path

static func hexPath(size: CGFloat) -> CGPath {

let path = CGMutablePath()

for i in 0..<6 {

let angle = CGFloat.pi / 3.0 * CGFloat(i)

let x = size * cos(angle)

let y = size * sin(angle)

if i == 0 { path.move(to: CGPoint(x: x, y: y)) }

else { path.addLine(to: CGPoint(x: x, y: y)) }

}

path.closeSubpath()

return path

}

}
15. MoralitySystem.swift

// MoralitySystem.swift
// The Silent Laws - discovered through consequences
import Foundation
 
final class MoralitySystem {
    private var state: GameState { GameState.shared }
    private var events: EventManager { GameManager.shared.events }
    
    // === PEAH: Leave corners for the poor ===
    func harvestCrop(on tile: inout HexTile, percentTaken: Float) -> Float {
        guard let crop = tile.crop,
              let data = CropData.get(crop.dataId) else { return 0 }
        
        let baseYield = Float.random(in: Float(data.yieldMin)...Float(data.yieldMax))
        var actualYield = baseYield * percentTaken * crop.yieldMultiplier
        
        // PEAH VIOLATION: Taking from border tiles
        if tile.isBorder && percentTaken > 0.0 {
            state.divineFavor -= 10.0
            state.socialStanding -= 5.0
            events.notify("You reaped the corners! The poor go hungry.")
        }
        
        // GREED: Taking 100%
        if percentTaken >= 1.0 {
            state.divineFavor -= 5.0
        }
        
        // Add to inventory
        GameManager.shared.inventory.add(crop.dataId, quantity: actualYield)
        
        // Clear tile
        tile.crop = nil
        tile.state = .fallow
        
        return actualYield
    }
    
    // === SHMITA: Sabbatical year ===
    func canPlant() -> Bool {
        let isShmita = state.year % Numerology.shmitaCycle == 0
        if isShmita {
            events.notify("It is the Sabbatical Year. The land must rest.")
            return false
        }
        return true
    }
    
    // === ORLAH: First 3 years forbidden ===
    func updateOrlahStatus(crop: inout CropInstance) {
        let yearsOld = crop.yearsOld
        
        if yearsOld < 3 {
            crop.orlahStatus = .orlah
            crop.isHarvestable = false
        } else if yearsOld == 3 {
            crop.orlahStatus = .holy
            crop.yieldMultiplier = 2.0
            crop.isHarvestable = true
        } else {
            crop.orlahStatus = .mature
            crop.yieldMultiplier = 1.0
        }
    }
    
    // === JUBILEE: 49th year reset ===
    func checkJubilee() {
        if state.year % Int(Numerology.jubilee) == 0 {
            events.notify("The Jubilee Year! All debts are forgiven.")
            state.divineFavor += 20.0
            state.socialStanding = Numerology.elders
        }
    }
}


Part VI: Save System & Audio

15A. TechTree.swift [NEW — Gimmel]
Era-gated technology unlocks. 6 technologies: Stone Terracing, Crop Rotation, Plastered Cisterns, Iron Smelting, Phoenician Trade Route, Egyptian Trade Route. checkUnlocks() evaluates XP tracks. onEraTransition() auto-unlocks trade routes.
// TechTree.swift

// Era-gated technology unlocks

import Foundation

struct TechNode: Identifiable {

let id: String

let name: String

let description: String

let requiredEra: Era

let requiredXP: [String: Int] // XP track -> minimum

let unlockEffect: () -> Void

}

final class TechTree {

private var state: GameState { GameState.shared }

let allTechs: [TechNode] = [

TechNode(id: "TERRACING", name: "Stone Terracing",

description: "Retain 90% of rainwater on slopes",

requiredEra: .judges, requiredXP: ["engineering": 10],

unlockEffect: { /* Grid marks tiles as terraceable */ }),

TechNode(id: "CROP_ROTATION", name: "Crop Rotation",

description: "Planting legumes restores nitrogen",

requiredEra: .judges, requiredXP: ["agronomy": 15],

unlockEffect: { }),

TechNode(id: "CISTERN_PLASTER", name: "Plastered Cisterns",

description: "Reduce evaporation by 50%",

requiredEra: .judges, requiredXP: ["engineering": 20],

unlockEffect: {

GameState.shared.cisternCapacity += 100

}),

TechNode(id: "IRON_SMELTING", name: "Iron Smelting",

description: "Unlock iron tools",

requiredEra: .monarchy, requiredXP: ["engineering": 30],

unlockEffect: { }),

TechNode(id: "PHOENICIA_TRADE", name: "Phoenician Trade Route",

description: "Access luxury imports",

requiredEra: .crisis, requiredXP: [:],

unlockEffect: { }),

TechNode(id: "EGYPT_TRADE", name: "Egyptian Trade Route",

description: "Access iron and exotic goods",

requiredEra: .monarchy, requiredXP: [:],

unlockEffect: { }),

]

func checkUnlocks() {

for tech in allTechs {

guard !state.unlockedTechIds.contains(tech.id) else { continue }

guard tech.requiredEra.rawValue <= state.currentEra.rawValue

else { continue }

var meetsXP = true

for (track, required) in tech.requiredXP {

let current: Int

switch track {

case "agronomy": current = state.xpAgronomy

case "horticulture": current = state.xpHorticulture

case "engineering": current = state.xpEngineering

case "spiritual": current = state.xpSpiritual

default: current = 0

}

if current < required { meetsXP = false; break }

}

if meetsXP {

state.unlockedTechIds.insert(tech.id)

tech.unlockEffect()

GameManager.shared.events.notify(

"Technology unlocked: \(tech.name)")

}

}

}

func onEraTransition(_ era: Era) {

// Auto-unlock era trade routes

switch era {

case .crisis:

state.unlockedTechIds.insert("PHOENICIA_TRADE")

case .monarchy:

state.unlockedTechIds.insert("EGYPT_TRADE")

default: break

}

}

}
15B. MilkAndHoneyStatus.swift [NEW — Gimmel]
FIX L-7: Prosperity tracking. toolQuality now counts actual iron tool instances from GameManager.toolInstances, not just type IDs from ownedToolIds Set<String>.
INTEGRATION: let ironCount = GameManager.shared.toolInstances.values.filter { ToolData.get($0.dataId)?.material == .iron }.count. toolQuality = ironCount > 0 ? 1.0 : (toolInstances.count > 2 ? 0.5 : 0.2).
16. SaveService.swift

📋 What This Code Does
Saves and loads game state as JSON. Version numbers enable future migrations—if we add new features, old saves can be upgraded without breaking.

Interactions: Called by GameManager for auto-save and on app background. Main menu checks hasSaveFile.

// SaveService.swift
// JSON persistence with versioning
import Foundation
 
final class SaveService {
    private let saveFileName = "ironvines_save.json"
    private let currentVersion = 18  // Chai
    
    private var saveFileURL: URL {
        FileManager.default.urls(for: .documentDirectory, in: .userDomainMask)[0]
            .appendingPathComponent(saveFileName)
    }
    
    struct SaveData: Codable {
        let version: Int
        let timestamp: Double
        let population: Int
        let childPop: Int
        let elderlyPop: Int
        let health: Float
        let divineFavor: Float
        let socialStanding: Float
        let currentEra: Int
        let year: Int
        let month: Int
        let day: Int
        let totalTicks: Int
        let cisternWater: Float
        let laborCurrent: Float
        let hasYorehFallen: Bool
        let rationPolicy: String
        let difficulty: String
        let inventory: [String: Float]
    }
    
    func saveGame() {
        let state = GameState.shared
        let inv = GameManager.shared.inventory
        
        let saveData = SaveData(
            version: currentVersion,
            timestamp: Date().timeIntervalSince1970,
            population: state.population,
            childPop: state.childPop,
            elderlyPop: state.elderlyPop,
            health: state.health,
            divineFavor: state.divineFavor,
            socialStanding: state.socialStanding,
            currentEra: state.currentEra.rawValue,
            year: state.year,
            month: state.month,
            day: state.day,
            totalTicks: state.totalTicks,
            cisternWater: state.cisternWater,
            laborCurrent: state.laborCurrent,
            hasYorehFallen: state.hasYorehFallen,
            rationPolicy: state.currentRationPolicy.rawValue,
            difficulty: state.currentDifficulty.rawValue,
            inventory: inv.allItems()
        )
        
        if let data = try? JSONEncoder().encode(saveData) {
            try? data.write(to: saveFileURL)
        }
    }
    
    func loadGame() -> Bool {
        guard let data = try? Data(contentsOf: saveFileURL),
              let save = try? JSONDecoder().decode(SaveData.self, from: data)
        else { return false }
        
        // Version migration (future)
        if save.version < currentVersion {
            print("Migrating save from v\(save.version)")
        }
        
        let state = GameState.shared
        state.population = save.population
        state.childPop = save.childPop
        state.elderlyPop = save.elderlyPop
        state.health = save.health
        state.divineFavor = save.divineFavor
        state.socialStanding = save.socialStanding
        state.currentEra = Era(rawValue: save.currentEra) ?? .judges
        state.year = save.year
        state.month = save.month
        state.day = save.day
        state.totalTicks = save.totalTicks
        state.cisternWater = save.cisternWater
        state.laborCurrent = save.laborCurrent
        state.hasYorehFallen = save.hasYorehFallen
        state.currentRationPolicy = RationPolicy(rawValue: save.rationPolicy) ?? .none
        state.currentDifficulty = DifficultyMode(rawValue: save.difficulty) ?? .bronzeAndIron
        
        let inv = GameManager.shared.inventory
        inv.clear()
        for (id, qty) in save.inventory {
            inv.add(id, quantity: qty)
        }
        
        return true
    }
    
    var hasSaveFile: Bool {
        FileManager.default.fileExists(atPath: saveFileURL.path)
    }
    
    func deleteSave() {
        try? FileManager.default.removeItem(at: saveFileURL)
    }
}

17. AudioManager.swift

📋 What This Code Does
Plays era-specific background music and sound effects. Uses Apple's AVFoundation for audio playback. Music changes when the player transitions between eras.

Interactions: Called by GameManager on era transitions and events. Weather ambient based on WeatherState.

// AudioManager.swift
// Era-based music and sound effects
import AVFoundation
 
final class AudioManager {
    enum SoundEffect: String {
        case toolHitRock = "tool_hit_rock"
        case harvestScythe = "harvest_scythe"
        case shofar = "shofar"
        case heavenlyChime = "heavenly_chime"
        case rainGentle = "rain_gentle"
        case windHamsin = "wind_hamsin"
    }
    
    private var musicPlayer: AVAudioPlayer?
    private var ambientPlayer: AVAudioPlayer?
    private var effectPlayers: [SoundEffect: AVAudioPlayer] = [:]
    
    init() {
        try? AVAudioSession.sharedInstance().setCategory(.ambient)
        try? AVAudioSession.sharedInstance().setActive(true)
    }
    
    func playMusic(for era: Era) {
        let trackName: String
        switch era {
        case .judges: trackName = "music_pastoral"
        case .crisis: trackName = "music_tension"
        case .monarchy: trackName = "music_majestic"
        }
        
        guard let url = Bundle.main.url(forResource: trackName, withExtension: "mp3") 
        else { return }
        
        musicPlayer?.stop()
        musicPlayer = try? AVAudioPlayer(contentsOf: url)
        musicPlayer?.numberOfLoops = -1
        musicPlayer?.volume = 0.5
        musicPlayer?.play()
    }
    
    func updateAmbient(weather: WeatherState) {
        let trackName: String?
        
        if weather.isRaining {
            trackName = weather.rainAmount > 15 ? "rain_heavy" : "rain_gentle"
        } else if weather.currentEvent == .sharav {
            trackName = "wind_hamsin"
        } else {
            trackName = nil
        }
        
        if let name = trackName,
           let url = Bundle.main.url(forResource: name, withExtension: "wav") {
            if ambientPlayer?.url != url {
                ambientPlayer?.stop()
                ambientPlayer = try? AVAudioPlayer(contentsOf: url)
                ambientPlayer?.numberOfLoops = -1
                ambientPlayer?.volume = 0.3
                ambientPlayer?.play()
            }
        } else {
            ambientPlayer?.stop()
            ambientPlayer = nil
        }
    }
    
    func playEffect(_ effect: SoundEffect) {
        guard let url = Bundle.main.url(forResource: effect.rawValue, withExtension: "wav") 
        else { return }
        
        let player = try? AVAudioPlayer(contentsOf: url)
        effectPlayers[effect] = player
        player?.play()
    }
    
    func stopAll() {
        musicPlayer?.stop()
        ambientPlayer?.stop()
    }
}


Part VII: User Interface

📋 What This Section Is (For Investors)
What players see and touch. SwiftUI provides modern, responsive interfaces. The game starts at the main menu, then transitions to the game view with HUD overlays showing status, resources, and controls.


17A. HapticsService.swift [NEW — Gimmel]
Adds tactile feedback through the iPhone Taptic Engine. Players feel a light tap when selecting tiles, a satisfying thud when harvesting, and dramatic impacts for era transitions and miracles.
// HapticsService.swift

// Haptic feedback for game events

import UIKit

final class HapticsService {

private let lightImpact = UIImpactFeedbackGenerator(style: .light)

private let mediumImpact = UIImpactFeedbackGenerator(style: .medium)

private let heavyImpact = UIImpactFeedbackGenerator(style: .heavy)

private let notification = UINotificationFeedbackGenerator()

private let selection = UISelectionFeedbackGenerator()

init() {

// Pre-warm generators for instant response

lightImpact.prepare()

selection.prepare()

}

func tileSelect() { selection.selectionChanged() }

func plantCrop() { lightImpact.impactOccurred() }

func harvest() { mediumImpact.impactOccurred(intensity: 0.8) }

func toolUse() { lightImpact.impactOccurred(intensity: 0.5) }

func eraTransition() { heavyImpact.impactOccurred() }

func miracle() { notification.notificationOccurred(.success) }

func starvation() { notification.notificationOccurred(.warning) }

func death() { notification.notificationOccurred(.error) }

}
18. App Entry Point

// IronVinesApp.swift
import SwiftUI
 
@main
struct IronVinesApp: App {
    var body: some Scene {
        WindowGroup {
            ContentView()
                .preferredColorScheme(.dark)
        }
    }
}
 
// ContentView.swift
struct ContentView: View {
    @State private var appState: AppState = .mainMenu
    @State private var gameManager = GameManager.shared
    
    enum AppState { case mainMenu, playing }
    
    var body: some View {
        switch appState {
        case .mainMenu:
            MainMenuView(
                hasSave: gameManager.save.hasSaveFile,
                onNewGame: { difficulty in
                    gameManager.startNewGame(difficulty: difficulty)
                    appState = .playing
                },
                onContinue: {
                    if gameManager.save.loadGame() {
                        gameManager.time.start()
                        appState = .playing
                    }
                }
            )
            
        case .playing:
            GameView()
                .onDisappear {
                    gameManager.save.saveGame()
                }
        }
    }
}
 
// MainMenuView.swift
struct MainMenuView: View {
    let hasSave: Bool
    let onNewGame: (DifficultyMode) -> Void
    let onContinue: () -> Void
    
    @State private var showDifficultyPicker = false
    
    var body: some View {
        ZStack {
            Color.black.ignoresSafeArea()
            
            VStack(spacing: 30) {
                Spacer()
                
                Text("Iron Vines")
                    .font(.system(size: 52, weight: .bold, design: .serif))
                    .foregroundColor(.white)
                
                Text("Ancient Israel Is In Your Hands")
                    .font(.subheadline)
                    .foregroundColor(.gray)
                
                Text("c. 1100 BC")
                    .foregroundColor(.gray.opacity(0.7))
                
                Spacer()
                
                VStack(spacing: 16) {
                    if hasSave {
                        Button("Continue") { onContinue() }
                            .buttonStyle(MenuButtonStyle())
                    }
                    
                    Button("New Game") { showDifficultyPicker = true }
                        .buttonStyle(MenuButtonStyle())
                }
                
                Spacer()
                
                Text("Strategy • Civics • Justice")
                    .font(.caption)
                    .foregroundColor(.gray)
            }
            .padding()
        }
        .sheet(isPresented: $showDifficultyPicker) {
            DifficultyPickerView { difficulty in
                showDifficultyPicker = false
                onNewGame(difficulty)
            }
        }
    }
}
 
struct MenuButtonStyle: ButtonStyle {
    func makeBody(configuration: Configuration) -> some View {
        configuration.label
            .font(.title2.bold())
            .foregroundColor(.white)
            .frame(width: 200, height: 50)
            .background(
                RoundedRectangle(cornerRadius: 10)
                    .fill(Color.brown.opacity(configuration.isPressed ? 0.6 : 0.8))
            )
    }
}
 
struct DifficultyPickerView: View {
    let onSelect: (DifficultyMode) -> Void
    @Environment(\.dismiss) private var dismiss
    
    var body: some View {
        NavigationStack {
            List(DifficultyMode.allCases, id: \.self) { mode in
                Button {
                    onSelect(mode)
                } label: {
                    VStack(alignment: .leading, spacing: 4) {
                        Text(mode.displayName)
                            .font(.headline)
                        Text(descriptionFor(mode))
                            .font(.caption)
                            .foregroundColor(.secondary)
                    }
                    .padding(.vertical, 8)
                }
            }
            .navigationTitle("Select Difficulty")
            .toolbar {
                ToolbarItem(placement: .cancellationAction) {
                    Button("Cancel") { dismiss() }
                }
            }
        }
    }
    
    private func descriptionFor(_ mode: DifficultyMode) -> String {
        switch mode {
        case .milkAndHoney: return mode.description
        case .bronzeAndIron: return mode.description
        case .ploughshares: return mode.description
        case .wandering: return mode.description
        }
    }
}


19. Game View & HUD

// GameView.swift
import SwiftUI
import SpriteKit
 
struct GameView: View {
    @State private var gm = GameManager.shared
    @State private var showTradeModal = false
    @State private var selectedTile: HexCoord?
    
    var body: some View {
        ZStack {
            // Game board (SpriteKit)
            SpriteView(scene: createScene())
                .ignoresSafeArea()
            
            // UI overlays (SwiftUI)
            VStack {
                TopHUDView()
                
                Spacer()
                
                // Notification banner
                if let notification = gm.events.currentNotification {
                    Text(notification)
                        .font(.subheadline)
                        .foregroundColor(.white)
                        .padding()
                        .background(Capsule().fill(Color.black.opacity(0.7)))
                        .transition(.move(edge: .top).combined(with: .opacity))
                }
                
                Spacer()
                
                // Selected tile info
                if let coord = selectedTile,
                   let tile = gm.grid.getTile(at: coord) {
                    TileInfoPanel(tile: tile)
                }
                
                BottomHUDView(onTrade: { showTradeModal = true })
            }
        }
        .sheet(isPresented: $showTradeModal) {
            TradeModalView()
        }
    }
    
    private func createScene() -> HexGridScene {
        let scene = HexGridScene(size: UIScreen.main.bounds.size)
        scene.scaleMode = .resizeFill
        scene.onTileSelected = { coord in
            selectedTile = coord
        }
        return scene
    }
}
 
// TopHUDView.swift
struct TopHUDView: View {
    @State private var gm = GameManager.shared
    
    var body: some View {
        HStack(alignment: .top, spacing: 16) {
            // Left: Calendar & Era
            VStack(alignment: .leading, spacing: 4) {
                Text(gm.time.formattedDate)
                    .font(.headline)
                    .foregroundColor(.white)
                Text(gm.state.currentEra.name)
                    .font(.caption)
                    .foregroundColor(.yellow)
                WeatherIcon(weather: gm.weather.current)
            }
            
            Spacer()
            
            // Center: Spiritual gauges
            VStack(spacing: 8) {
                GaugeView(value: gm.state.divineFavor, 
                         max: Numerology.elders,
                         label: "Favor", color: .purple)
                GaugeView(value: gm.state.socialStanding,
                         max: Numerology.elders,
                         label: "Standing", color: .orange)
            }
            
            Spacer()
            
            // Right: Resources
            VStack(alignment: .trailing, spacing: 4) {
                ResourceBar(icon: "drop.fill",
                           value: gm.state.cisternWater,
                           max: 200, color: .blue)
                ResourceBar(icon: "leaf.fill",
                           value: gm.inventory.getQuantity("BARLEY"),
                           max: 500, color: .green)
                ResourceBar(icon: "figure.walk",
                           value: gm.state.laborCurrent,
                           max: Numerology.strength,
                           color: .yellow)
            }
        }
        .padding()
        .background(LinearGradient(
            colors: [.black.opacity(0.7), .clear],
            startPoint: .top, endPoint: .bottom))
    }
}
 
struct WeatherIcon: View {
    let weather: WeatherState
    
    var body: some View {
        Group {
            if weather.isRaining {
                Image(systemName: "cloud.rain.fill").foregroundColor(.blue)
            } else if weather.heatIndex > 2 {
                Image(systemName: "sun.max.fill").foregroundColor(.orange)
            } else {
                Image(systemName: "sun.min.fill").foregroundColor(.yellow)
            }
        }
    }
}
 
struct GaugeView: View {
    let value: Float
    let max: Float
    let label: String
    let color: Color
    
    var body: some View {
        VStack(spacing: 2) {
            Text(label).font(.caption2).foregroundColor(.white.opacity(0.7))
            ZStack {
                Circle().stroke(color.opacity(0.3), lineWidth: 4)
                Circle()
                    .trim(from: 0, to: CGFloat(value / max))
                    .stroke(color, style: StrokeStyle(lineWidth: 4, lineCap: .round))
                    .rotationEffect(.degrees(-90))
                Text("\(Int(value))").font(.caption.bold()).foregroundColor(.white)
            }
            .frame(width: 40, height: 40)
        }
    }
}
 
struct ResourceBar: View {
    let icon: String
    let value: Float
    let max: Float
    let color: Color
    
    var body: some View {
        HStack(spacing: 4) {
            Image(systemName: icon).foregroundColor(color).frame(width: 16)
            GeometryReader { geo in
                ZStack(alignment: .leading) {
                    Capsule().fill(color.opacity(0.3))
                    Capsule().fill(color)
                        .frame(width: geo.size.width * CGFloat(min(value / max, 1.0)))
                }
            }
            .frame(width: 60, height: 8)
            Text("\(Int(value))").font(.caption2).foregroundColor(.white).frame(width: 30, alignment: .trailing)
        }
    }
}
 
struct TileInfoPanel: View {
    let tile: HexTile
    
    var body: some View {
        VStack(spacing: 8) {
            HStack {
                Text(tile.state.rawValue.capitalized).font(.headline)
                Spacer()
                if tile.isBorder { Text("Peah").font(.caption).foregroundColor(.orange) }
            }
            HStack {
                Label("\(Int(tile.soilMoisture))%", systemImage: "drop.fill").foregroundColor(.blue)
                Spacer()
                Label("N: \(Int(tile.nitrogenLevel))", systemImage: "leaf.fill").foregroundColor(.green)
            }.font(.caption)
            
            if let crop = tile.crop {
                Divider()
                HStack {
                    Text(crop.dataId).font(.subheadline.bold())
                    Spacer()
                    Text(crop.stage.rawValue.capitalized).font(.caption).foregroundColor(.secondary)
                }
            }
        }
        .padding()
        .background(RoundedRectangle(cornerRadius: 12).fill(.ultraThinMaterial))
        .padding(.horizontal)
    }
}
 
struct BottomHUDView: View {
    let onTrade: () -> Void
    
    var body: some View {
        HStack {
            Button(action: onTrade) {
                Label("Trade", systemImage: "cart.fill")
            }
            .buttonStyle(.borderedProminent)
        }
        .padding()
    }
}
 
struct TradeModalView: View {
    @Environment(\.dismiss) private var dismiss
    
    var body: some View {
        NavigationStack {
            Text("Trading interface - implement based on spec")
                .navigationTitle("Trade")
                .toolbar {
                    ToolbarItem(placement: .confirmationAction) {
                        Button("Done") { dismiss() }
                    }
                }
        }
    }
}


19A. GameView.swift [GIMMEL EXPANSION — Supersedes Section 19 GameView]
GIMMEL FINAL: Expanded GameView with DisplayState integration, processing panel, tutorial overlay, currency display. Views now read from GameManager.shared.display (the 4Hz DisplayState buffer) instead of polling managers directly.
WARNING: This version supersedes the GameView code in Section 19. Use this version for implementation.
// GameView.swift --- FINAL (Gimmel)

import SwiftUI

import SpriteKit

struct GameView: View {

\@State private var gm = GameManager.shared

// FIX A-3: Screen-based size

\@State private var hexScene: HexGridScene = {

let scene = HexGridScene()

let screen = UIScreen.main.bounds

scene.size = CGSize(width: screen.width,

height: screen.height)

scene.scaleMode = .resizeFill

return scene

}()

\@State private var selectedTile: HexTile? = nil

\@State private var showTrade = false

\@State private var showInspection = false

var body: some View {

ZStack {

SpriteView(scene: hexScene).ignoresSafeArea()

VStack(spacing: 0) {

TopHUDView()

Spacer()

if let tile = selectedTile {

TileInfoPanel(tile: tile)

.transition(.move(edge: .bottom))

}

BottomHUDView(

onTrade: { showTrade = true },

onInspect: { showInspection = true })

}

}

.onAppear {

hexScene.onTileSelected = { coord in

selectedTile = gm.grid.getTile(at: coord)

}

}

.sheet(item: $gm.events.pendingEvent) { event in

EventModalView(event: event)

}

.sheet(isPresented: $showTrade) { TradeModalView() }

.sheet(isPresented: $showInspection) {

FarmInspectionView()

}

// FIX M-2: Game over

.fullScreenCover(isPresented: $gm.isGameOver) {

GameOverView(

reason: gm.gameOverReason,

yearsLived: gm.state.year,

peakPop: gm.state.peakPopulation,

totalHarvests: gm.state.totalCropsHarvested,

era: gm.state.currentEra,

difficulty: gm.state.currentDifficulty,

onRestart: { gm.isGameOver = false })

}

}

}

extension GameEvent: \@retroactive Equatable {

static func == (l: GameEvent, r: GameEvent) -> Bool {

l.id == r.id

}

}
Appendix: Asset Requirements

Audio Assets
	File
	Type
	Description

	music_pastoral.mp3
	Music
	Judges Era - peaceful, pastoral

	music_tension.mp3
	Music
	Crisis Era - tense, minor key

	music_majestic.mp3
	Music
	Monarchy Era - grand, royal

	rain_gentle.wav
	Ambient
	Light rain loop

	rain_heavy.wav
	Ambient
	Heavy rain loop

	wind_hamsin.wav
	Ambient
	Hot desert wind

	shofar.wav
	SFX
	Era change, warnings

	harvest_scythe.wav
	SFX
	Harvesting crops

	heavenly_chime.wav
	SFX
	Miracle occurrence

	tool_hit_rock.wav
	SFX
	Working stone



Graphic Assets
	Asset
	Format
	Quantity

	Hex Tiles (terrain)
	PNG @2x/@3x
	6+ variants (loam, clay, etc.)

	Crop Sprites
	PNG @2x/@3x
	7 crops × 5 stages = 35

	Tool Icons
	PNG @2x/@3x
	8-10 tools

	UI Icons
	SF Symbols + Custom
	20-30 icons

	Weather Overlays
	PNG with alpha
	Rain, sun rays, locusts

	Character Portraits
	PNG
	3-5 traders

	App Icon
	PNG 1024×1024
	1 (use provided logo)



Font Requirements

• Primary UI Font: System default (San Francisco) for readability
• Display/Title Font: Serif font for 'Iron Vines' title
• Hebrew Script: Paleo-Hebrew font for authenticity (optional, decorative only)

Note: All fonts must have iOS distribution licenses. System fonts are preferred for maximum compatibility.
Part VI: Programming Plan (Gimmel Expansion)
Part VI: Programming Plan
Updated for Gimmel. Issue fix assignments integrated into each step.
Step 1: PROJECT INIT (1 day)
Xcode project, Git, import spec.
Files: IronVinesApp, ContentView
Depends on: None
Done when: Empty project builds
Step 2: DATA MODELS (3-4 days)
All models. Pure data, no managers.
Files: Numerology, GameState, HexTile, Crop, Weather, Tool, Item,
Currency, TradeModels, ProcessingRecipe, MilkAndHoneyStatus
Depends on: Step 1
Done when: All types compile. Unit test CropInstance.displayInfo()
in isolation (A-1).
Issues resolved: A-1
Step 3: CORE MANAGERS Pt.1 (5-6 days)
Game loop backbone + new managers.
Files: GameManager (partial), TimeManager, ResourceManager,
DifficultyManager, PopulationManager, ChaosEngine
Depends on: Step 2
Done when: Timer fires. processTick() runs. Population changes.
Wandering re-rolls every 3 days.
Issues resolved: M-1, L-5, G-3, G-6
Step 4: CORE MANAGERS Pt.2 (6-8 days)
Inventory, weather, events, tech, morality, processing, tutorials.
Files: InventoryManager, WeatherManager, EventManager, TechTree,
MoralitySystem, CurrencyManager, ProcessingManager, TutorialManager,
DisplayState
Depends on: Steps 2-3
Done when: Events are serializable (A-5). Weather per-day (L-1).
Processing creates wine.
Issues resolved: A-5, L-1
Step 5: HEX GRID (7-10 days)
Rectangular grid + SpriteKit. Soil clustering.
Files: HexGridManager, HexGridScene, HexTileNode
Depends on: Steps 2-4
Done when: Tiles render at 60fps. Soil clusters coherently (L-6).
Scene fits all devices (A-3).
Issues resolved: A-3, L-6
Step 6: CROP SYSTEM (5-7 days)
Plant, grow, harvest.
Files: HexGridManager crop methods
Depends on: Step 5
Done when: Barley grows. lossRatio activates after 30% progress
(L-4).
Issues resolved: L-4
Step 7: WEATHER + HYDROLOGY (4-5 days)
Rain → moisture. forceRain().
Files: WeatherManager integration
Depends on: Steps 5-6
Done when: Rain moistens tiles. forceRain(3) works (M-5).
Issues resolved: M-5
Step 8: GAME LOOP (4-5 days)
Complete loop. DisplayState. Thread safety. Game over. Recovery.
Files: GameManager processTick/processDay, DisplayState,
GameOverView
Depends on: Steps 3-7
Done when: Full loop. 4Hz display (A-2). \@MainActor (A-4).
Game-over fires (M-2). Forage works (G-1).
Issues resolved: A-2, A-4, M-2, G-1
Step 9: MORALITY + TECH (5-6 days)
Silent Laws with difficulty awareness. Shmita warning.
Files: MoralitySystem, TechTree
Depends on: Step 8
Done when: Peah gate in harvest (M-4). Shmita 2-year warning (G-2).
Ploughshares strictness.
Issues resolved: M-4, G-2
Step 10: TOOLS + ITEMS (3-4 days)
Craft, equip, difficulty-aware wear.
Files: Tool management, ToolInstance.useOnce(mods:)
Depends on: Steps 8-9
Done when: Difficulty affects damage rate. MilkAndHoneyStatus counts
instances (L-7).
Issues resolved: L-7
Step 11: ECONOMY + TRADE (5-7 days)
Traders, coins, barter, market saturation.
Files: TradeModalView, Trader, CurrencyManager
Depends on: Step 10
Done when: DepartureDate tuple (L-2). Saturation pricing (G-4). Dead
routes removed (L-8).
Issues resolved: L-2, G-4, L-8
Step 12: SAVE/LOAD (3-4 days)
Full persistence with migration chain.
Files: SaveService
Depends on: Steps 8-11
Done when: Save v4 persists everything. Old saves migrate correctly
(M-7).
Issues resolved: M-7
Step 13: UI POLISH (2-3 weeks)
All HUD components, tutorials, localization prep, currency UX.
Files: All Views/HUD/, DifficultyPickerView, TutorialManager
Depends on: Steps 8-12
Done when: Professional UI. Tutorials on Milk and Honey (M-6).
Currency toast (L-3). Localization keys (M-8).
Issues resolved: M-6, M-8, L-3
Step 14: ART + AUDIO (3-5 weeks)
Sprites, icons, music, SFX.
Files: Assets, AudioManager
Depends on: Step 8
Done when: Visual quality for App Store.
Step 15: QA + LAUNCH (4-6 weeks)
Testing, balancing, TestFlight, submission.
Files: XCTest, TestFlight
Depends on: All steps
Done when: Tool durability balanced (G-5). Milk and Honey engagement
verified (G-7).
Issues resolved: G-5, G-7
All 28 issues resolved across 13 steps. No step carries more than 5
issues. Estimated timeline: 4--5 months (aggressive with AI), 5--6
months (standard), 8--10 months (conservative).
Appendix A: Color+Hex Extension
Unchanged from Rev 3.
Appendix B: Asset Requirements
Unchanged from Rev 1.
Appendix C: Issue Resolution Checklist
All 28 issues from the Rev 3.1 audit, with their resolution status in
Gimmel:
-------- -------------- ------------------- -------------------------------------- -------
ID**   **Severity**   **Issue**           **Resolution in Gimmel**               **✓
A-1      CRITICAL       Circular singleton  GameState.laborEfficiency →            ✓
ResourceManager.
CropInstance.displayInfo() is pure.
A-2      HIGH           \@Observable        DisplayState at 4Hz. HUD views read    ✓
over-notification   display, not raw managers.
A-3      HIGH           Hardcoded scene     UIScreen.main.bounds in GameView.      ✓
size
A-4      MEDIUM         No thread safety    \@MainActor on GameManager.            ✓
A-5      MEDIUM         Non-serializable    EventConsequence enum replaces         ✓
events              closures.
M-1      HIGH           No population       PopulationManager: births, deaths,     ✓
growth              aging.
M-2      HIGH           No game-over        isGameOver + GameOverView.             ✓
M-3      HIGH           No processing       ProcessingManager + ProcessingRecipe.  ✓
M-4      MEDIUM         Peah not wired      harvestCrop() calls                    ✓
morality.canHarvest().
M-5      MEDIUM         forceRain() missing WeatherManager.forceRain(days:) added. ✓
M-6      MEDIUM         No tutorials        TutorialManager with 6 tutorial IDs.   ✓
M-7      LOW            Save migration stub Real migration chain v1→v2→v3→v4.      ✓
M-8      LOW            No localization     NSLocalizedString keys noted. Hebrew   ✓
.lproj deferred.
L-1      HIGH           Weather per-tick    Moved to processDay(). Stable for 24   ✓
ticks.
L-2      MEDIUM         Trader day drift    DepartureDate tuple (year, month,      ✓
day).
L-3      MEDIUM         Currency UX         Toast notification on auto-convert.    ✓
L-4      MEDIUM         lossRatio early     Guard: only calculated after 30%       ✓
growth.
L-5      MEDIUM         Timer unspecified   interval = 1/(20 × timeScale).         ✓
Documented.
L-6      LOW            Uniform soil        Seed-based clustering + 20% mutation.  ✓
L-7      LOW            ownedToolIds count  toolQuality counts toolInstances, not  ✓
Set\<String\>.
L-8      LOW            Dead trade routes   Era.availableTradeRoutes removed.      ✓
G-1      HIGH           No recovery         Foraging (30 labor→15 barley), divine  ✓
mercy, neighbor aid.
G-2      HIGH           Shmita fatal        Pre-existing crops survive at 30%.     ✓
2-year warning.
G-3      MEDIUM         Wandering           Re-roll every 3 days, only 3-4         ✓
meaningless         modifiers per cycle.
G-4      MEDIUM         Wine/oil dominant   Market saturation: \>20 sold → 30%     ✓
markup increase.
G-5      MEDIUM         Tool balance        // BALANCE: TUNING NEEDED flags.       ✓
Deferred to QA.
G-6      LOW            Numerology drift    Clamped: moses≥80, elders≥50,          ✓
creation≥3.
G-7      LOW            Milk and Honey too  Added 0.2% spoilage + occasional light ✓
easy                drought.
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