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[bookmark: _Toc216782606]Introduction
The GrocerQuick solution addresses the Capacitated Vehicle Routing Problem with Time Windows (CVRPTW), first formalised by Dantzig and Ramser [1] and benchmarked by Solomon [2]. The hybrid algorithmic approach combines the Clarke-Wright Savings Algorithm [3] for route merging, 2-Opt local search [4] for iterative improvement, and Nearest Neighbor heuristic [5] for O(n²) construction. Requirements were prioritised using the MoSCoW technique [6], while the modular architecture reflects Systems Thinking principles [7]. Laporte's VRP classification [8] positions this hybrid approach within classical heuristics suitable for real-time operations.
1. [bookmark: _Toc216782607]Problem Deconstruction 
[bookmark: _Toc216782608]1.1 Scenario Overview
The problem statement presented in the GrocerQuick online grocery delivery service problem focuses on optimizing delivery routes in order to reduce fuel consumption and improve delivery timeliness. To respond to such a problem statement, it is important to break down the problem into various constituent parts and establish critical requirements and constraints using methodology such as the MoSCoW approach [9]. The MoSCoW model categorizes requirements into must-haves, should-haves, could-haves and won’t haves.
[bookmark: _Toc216782609]1.1.1 Key Requirements
1. Efficient Allocation of Orders: Orders need to be assigned to delivery routes in a way that will reduce the total travel distance and fuel used.
2. Minimized Fuel Consumption: The solution aims to achieve reduction in total travel distance in order to consume minimal fuel.
3. Timely Delivery: Every order shall be delivered within the stipulated time, with any delay not to go beyond 30 minutes.
[bookmark: _Toc216782610]1.1.2 Constraints
1. Time Window: The delivery needs to be accomplished within a time window in order to satisfy the customers. 
2. Fuel Efficiency: The proposed solution will work towards achieving reduced fuel consumption in order to lower operating expenses and environmental effects.
3. Order Volume: The system shall be able to handle a fluctuating volume of orders.



[bookmark: _Toc216782611]1.2 Requirements and Constraints (MoSCoW)
While designing a logistics system, the importance of detail work is highlighted. Based on the given text, this study conducts a thorough and in-depth analysis of MoSCoW, classified in accordance with specific operational and technical keys [9].

[image: ]
Figure 1 [10].


	MoSCoW
	Feature Key
	Detailed Requirement
	Architectural Analysis

	MUST HAVE (The Critical Core)
	Address Geocoding & Validation.
	The system must convert written addresses (e.g., "123 Main St") into precise map coordinates (Latitude/Longitude).
	Data Integrity: If the address is wrong, the route optimization fails. We need a validation layer before the routing engine even starts.

	
	Vehicle Capacity Constraints.
	The algorithm must know how many grocery bins fit in one vehicle. A route cannot be "efficient" if the order volume exceeds the trunk space.
	Hard Constraint: We must model the vehicle as a container with a maximum limit (Volume or Weight).

	
	Service Time Calculation.
	The system must account for how long it takes to actually drop off the groceries (e.g., 5-10 minutes per stop), not just driving time.
	Time Estimation: Total Route Time = Driving Time + (Stop Count x Service Time). Ignoring this leads to late deliveries.

	
	Depot Start/End Logic.
	Every route must begin and end at the warehouse (or a specific location). The mileage calculation includes the return trip.
	Loop Closure: The graph path isn't a straight line; it is a loop. This affects total fuel consumption significantly.

	
	Hard Time Window Logic.
	As stated, the "30-minute late" rule is absolute. The system must reject any path that violates Promised Time + 30 mins.
	Validation Gate: A "pass/fail" check runs on every generated route. If it fails, the solver must retry.

	
	Distance Matrix Calculation.
	The system needs a table showing the distance between every single order and every other order to find the shortest path.
	Computation Heavy: For 100 orders, this is a massive calculation. We need efficient memory management here.

	
	Sustainability Weighting.
	The routing "cost" formula must value Kilometers higher than Minutes. (Shorter path wins over Faster path).
	Algorithm Tuning: We are changing the default behavior of standard mapping tools to prioritize fuel savings.

	SHOULD HAVE (Operational Excellence)
	Driver Workload Equity
	Calculate the Standard Deviation of shift times. If Driver A has a 2-hour route and Driver B has an 8-hour route, the system should re-balance.
	Heuristic adjustment: We add a "penalty score" to the optimization if the routes are too uneven.

	
	Wait-Time Smoothing
	Avoid arriving too early. If a driver arrives 40 minutes early, they idle (wasting fuel). The system should adjust the departure time or sequence to minimize gaps.
	Gap Analysis: The scheduler shifts the "Start Time" forward to align strictly with the first delivery window.

	
	Traffic Pattern Integration
	Use historical traffic data (e.g., "Traffic is always bad at 5 PM on Main St") to adjust travel time estimates.
	Predictive Data: Increases the accuracy of the "30-minute late" constraint check.

	
	Loading Sequence Logic
	(Reverse Order). The route plan must tell the warehouse to load the last delivery first, so the driver doesn't have to dig for bags.
	Warehouse Integration: The output of the routing engine becomes the input for the warehouse loading team.

	
	Scalable Cloud Dispatch
	If 500 orders come in at once, the system spins up more servers to calculate routes, then shuts them down to save money.
	Infrastructure: Auto-scaling groups in the cloud (AWS/Azure) to handle the "fluctuating volume."

	COULD HAVE (Future Proofing & Value Add)
	CO2 Reporting Engine
	A dashboard that calculates: (Old Route Miles - New Route Miles) * Fuel Factor = CO2 Saved.
	Business Intelligence: This satisfies the "green activism" requirement by providing marketing data.

	
	Dynamic Re-Routing
	If a new urgent order comes in while trucks are already moving, the system inserts it into an active route.
	Complex State Management: Requires real-time two-way sync with driver apps.

	
	Driver Break Management
	Automatically inserting 15-minute breaks into the route if the shift exceeds 4 hours (Labor laws).
	Constraint Injection: Adding "dummy stops" (breaks) into the timeline.

	
	Vehicle Profile Types
	Handling different vehicles (e.g., Electric Vans vs. Diesel Trucks) and optimizing Electric ones for shorter city trips.
	Asset Management: Assigning specific route types to specific vehicle IDs.

	WON'T HAVE  (Strict Boundaries)
	Inventory Picking logic
	We tell the warehouse what order to load, but not which shelf to find the milk on.
	That is a Warehouse Management System (WMS), not a Routing System.

	
	Customer Payment Processing
	We assume the order is already paid for before we route it.
	Financial transaction security is out of scope.

	
	Vehicle Maintenance Tracking
	We assume the trucks provided to the system are working. We don't track oil changes.
	Fleet Maintenance System is separate.



[bookmark: _Toc216782612]1.3 Variable Identification
[bookmark: _Toc216782613]1.3.1. Order & Customer Variables ( The "Demand" )
These variables define what needs to be moved.
	Variable Name
	Type
	Description
	Logic

	Geo_Location
	Input
	The precise GPS coordinates (Latitude & Longitude) of the customer's house.
	We cannot calculate "Fuel Savings" or "Shortest Path" using a text address like "123 Main St." We need math-ready coordinates.

	Requested_Slot_Start
	Input
	The earliest time the customer is home (e.g., 2:00 PM).
	Used to prevent "Wait Time." If we arrive before this, the driver sits idling, wasting fuel.

	Requested_Slot_End
	Input
	The latest time the customer requested (e.g., 3:00 PM).
	This is the target. We aim to hit this window for maximum satisfaction.

	Hard_Deadline_Limit
	Calculated
	The absolute latest arrival allowed. Formula: Requested_Slot_End + 30 Minutes.
	This is the "Hard Stop" rule. If the algorithm plans an arrival after this timestamp, the route is invalid.

	Service_Duration
	Constant
	How long it takes to park and unload the bags (e.g., 10 minutes).
	Driving isn't the only time consumer. If we forget to add 10 mins per stop, the driver will be hours late by the end of the day.

	Order_Volume
	Input
	The physical size of the order (e.g., 3 crates).
	We need this to ensure we don't try to fit 50 crates into a truck that only holds 40.



[bookmark: _Toc216782614]1.3.2. Fleet & Vehicle Variables ( The "Supply" )
These variables define how we move the goods.
	Variable Name
	Type
	Description
	Logic

	Vehicle_Capacity_Max
	Constraint
	The total amount a single truck can carry (e.g., 100 crates).
	Essential for "Efficient Allocation." We want to fill the truck as close to 100% as possible to minimize the number of trips.

	Shift_Start_Time
	Constraint
	When the driver punches in (e.g., 8:00 AM).
	The algorithm cannot schedule a delivery for 7:30 AM if the driver hasn't started yet.

	Max_Shift_Duration
	Constraint
	The maximum hours a driver can work (e.g., 8 hours).
	Used for "Workload Balancing." We cannot schedule a 10-hour route for a single driver.

	Current_Load
	Dynamic
	How full the truck is at any specific point in the route.
	As the driver makes deliveries, the truck gets lighter/emptier. (Crucial if we add "Pickups" later).




[bookmark: _Toc216782615]1.3.3. Routing & Optimization Variables ( The "Brain" )
These are the variables the algorithm manipulates to solve the puzzle.
	Variable Name
	Type
	Description
	Logic

	Travel_Distance
	Optimization Target
	The number of miles/kilometers between Point A and Point B.
	Primary Objective: The requirement is to "Minimize Fuel." We want this number to be as low as possible (Sum of all distances).

	Travel_Time_Est
	Dynamic
	The estimated minutes to drive between points, accounting for traffic.
	Used to check the "30-Minute Late" rule. Even if the distance is short, if traffic makes this time too high, the route fails.

	Waiting_Time
	Minimization Target
	Time spent sitting still because the driver arrived too early.
	The text asks to "Maximize non-idling time." We want this variable to be close to Zero.

	Late_Penalty_Score
	Penalty Variable
	A mathematical "fine" the system gives itself if a driver arrives late.
	The algorithm tries to avoid "fines." We set this fine to be very high for any arrival >30 mins late.

	Stop_Sequence_ID
	Output
	The order in which stops are visited (e.g., 1st, 2nd, 3rd).
	This is the final answer we give to the driver.



[bookmark: _Toc216782616]1.3.4 How these Variables Interact (The "Formula")
To satisfy the GrocerQuick requirement, the developers will write an equation that looks like this in plain English:
· The Goal: Find the combination of Stop_Sequence_ID that results in the lowest total Travel_Distance..
· BUT ONLY IF:
1. Arrival_Time is never greater than Hard_Deadline_Limit.
2. Order_Volume never exceeds Vehicle_Capacity_Max.
3. Waiting_Time is kept to a minimum.
2. [bookmark: _Toc216782617] Proposed Solution and Explanation.
[bookmark: _Toc216782618]2.1 Solution Overview.
We model the problem as a Capacitated Vehicle Routing Problem with Time Windows (CVRPTW) [1]. We propose a two‐phase heuristic:Construct an initial feasible solution using a Nearest Neighbor (NN) heuristic [11].Improve routes by applying the Clarke‐Wright Savings algorithm [3] and local 2‐opt moves [12].
To address the problem, a solution involving a combination of route optimization algorithms and time management strategies will be proposed. The process can be outlined in the following steps, also represented in the flowchart below:
1. The Core Logic: "Shortest vs. Fastest" (Distance vs. Time)
· The Context: Standard GPS systems (like Google Maps or Waze) usually optimize for speed. They will happily take a highway that is 10 miles longer if it saves the driver 5 minutes.
· GrocerQuick Requirement: The text explicitly demands "operational sustainability" and "fuel savings." We need to optimize for Distance, not just speed.
· The Architect's Solution: We must build a "Weighted Cost" System.
· The software will prioritize the shortest path (fewest miles) on the map to save fuel.
· However, it must constantly check against the "30-minute late" rule.
· Logic: "Try the short back road. Does it make us late? If No, take it. If Yes, switch to the highway."
2. The "Hard Stop" Constraint (Time Window Enforcement)
· The Context: In standard logistics, being 5 minutes late is often annoyed but acceptable.
· GrocerQuick Requirement: The text states: "...none of them can arrive more than thirty minutes after their allocated time slot." This is a hard rule.
· The Architect's Solution: We need Strict Validation Logic.
· Input: Customer selects a window of 2:00 PM – 3:00 PM.
· Hard Limit: The absolute latest the driver can arrive is 3:30 PM.
· The Code: This acts as a "Gatekeeper." If the routing engine calculates an Arrival Time of 3:31 PM, the system must immediately reject that entire route plan and try a new combination. It is a strict Pass/Fail check.
3. Fleet Partitioning (Global Optimization)
· The Context: It is easy to calculate a route for one single car.
· GrocerQuick Requirement: The text requires "efficient allocation of orders among a small number of vehicles."
· The Architect's Solution: We need Multi-Vehicle "Card Dealing" Logic.
· We cannot just fill Truck A, send it off, then fill Truck B. That is inefficient.
· Analogy: Imagine dealing a deck of cards to 4 players. You don't give all the Aces to the first player; you distribute them to make the best possible hands for everyone.
· System Action: The software loads all 500 orders and all 20 trucks into memory at once. It swaps orders between trucks thousands of times per second until it finds the combination where the total mileage of the whole fleet is lowest.
4. Scalability (Handling "Fluctuating Volume")
· The Context: Grocery delivery is unpredictable. Tuesdays might be slow (100 orders); the day before Thanksgiving might be crazy (1,000 orders).
· GrocerQuick Requirement: The system must handle "fluctuating volume" without crashing or slowing down.
· The Architect's Solution: Cloud Elasticity.
· We cannot run this on a fixed server in the office basement.
· We build this on a Cloud Platform (like AWS or Azure).
· Behavior: When order volume spikes, the system automatically "rents" more computer power for 1 hour to calculate the complex routes, then releases it when the job is done. This keeps the system fast during holidays without wasting money on slow days.
5. "Non-Idling" Logic (Wait Time Minimization)
· The Context: A driver might arrive at a house at 1:30 PM, but the customer requested 2:00 PM. The driver has to sit and idle for 30 minutes. This wastes time and fuel.
· GrocerQuick Requirement: The text specifically asks to "maximize non-idling time."
· The Architect's Solution: Smart Scheduling (Gap Closure).
· The system shouldn't just look at "Travel Time." It must look at "Waiting Time."
· Logic: If the route says "Arrive 30 mins early," the system will either:
1. Delay the driver's start time at the warehouse (let them drink coffee there instead of idling in the truck).
2. Insert a closer delivery in between to fill that 30-minute gap.
6. Real-Time Integration (The "Accuracy" Requirement)
· The Context: A plan made at 8:00 AM is often wrong by 10:00 AM because of traffic jams or accidents.
· GrocerQuick Requirement: The text calls for "Real-time integration" to ensure accuracy.
· The Architect's Solution: Live API Feedback Loop.
· The system cannot rely on "Average Speed" limits. It must connect to a Live Traffic API (like Google Maps or Mapbox).
· Behavior: Every 5 minutes, the system checks the driver's GPS location against live traffic. If an accident is reported ahead, the system recalculates the Estimated Arrival Time (ETA). If that new ETA violates the "30-minute rule" (from Point #2), it alerts the dispatch team immediately.
[bookmark: _Toc216782619]2.2 Flowchart. .(Figure 2,3,4,5,6,7)
The full system is based on a 9-phase pipelined approach incorporating feedback loops to achieve optimization. Every stage is working to fulfill particular MoSCoW criteria but in a manner that preserves data integrity.
[image: ]
Figure 2: Master System Architecture – 9-Phase Pipeline with Feedback Loops.
[bookmark: _Toc216702319][bookmark: _Toc216782620]Pipeline Phases.
	Phase
	Name
	Primary Function

	1
	Data Ingestion
	Address geocoding, vehicle validation

	2
	Distance Matrix
	Cost matrix computation with traffic data

	3
	Route Construction
	Nearest Neighbour heuristic with constraints

	4
	Optimization
	Clarke-Wright Savings + 2-Opt improvement

	5
	Fleet Balancing
	Workload equity via order redistribution

	6
	Wait Minimization
	Non-idling optimization, gap closure

	7
	Output Generation
	Route plans, warehouse instructions, reports

	8
	Real-Time Monitor
	GPS tracking, ETA recalculation, alerts

	9
	Cloud Scalability
	Auto-scaling, parallel processing



[bookmark: _Toc216782621]Data Ingestion & Distance Matrix .(Figure 3)
[bookmark: _Toc216702321]Phase 1: Data Ingestion & Validation.(Figure 3)
The data ingestion phase transforms raw order and fleet data into structured, validated inputs for route computation. Key operations include:
· Address Geocoding: Converting text addresses to GPS coordinates (Latitude/Longitude)
· Validation Gate: Rejecting invalid addresses before routing engine processing
· Vehicle Check: Verifying fleet availability and capacity constraints
[bookmark: _Toc216702322]Phase 2: Distance Matrix Computation. (Figure 3)
Establishes a mathematical basis for route optimization algorithms based on calculations for point-to-point distances and times. Uses traffic information from third-party APIs such as Google Maps, Mapbox, in order to create a cost matrix based on distances.
[image: ]
Figure 3: Phase 1-2 Data Flow – Ingestion, Validation & Matrix Computation.
[bookmark: _Toc216702323][bookmark: _Toc216782622]Route Construction & Optimization.( Figure 4)
[bookmark: _Toc216702324]Phase 3: Initial Route Construction. (Figure 4)
Implements the Nearest Neighbor (NN) Heuristic to construct feasible initial routes. The algorithm applies strict validation gates:
· Capacity Check: Ensures Order_Volume ≤ Vehicle_Capacity_Max.
· HARD STOP Rule: Any route with Arrival > Slot_End + 30 minutes is immediately invalidated.
[bookmark: _Toc216702325]Phase 4: Route Optimization Engine. (Figure 4)
Applies two complementary optimization techniques:
· Clarke-Wright Savings: Merges routes using savings formula S(i,j) = d(0,i) + d(0,j) - d(i,j).
· 2-Opt Local Search: Iteratively swaps edges until no improvement is found (local optimum).
[image: ]
Figure 4: Phase 3-4 Algorithm Flow – Construction & Optimization.
[bookmark: _Toc216702326][bookmark: _Toc216782623]Balancing, Wait Time & Output. (Figure 5)
Phase 5: Fleet Balancing & Workload Equity. (Figure 5)
Implements the "Card Dealing" Logic to ensure equitable workload distribution. The system calculates the standard deviation (σ) of shift times and iteratively swaps orders between vehicles until balance is achieved.
[bookmark: _Toc216702328]Phase 6: Wait Time Minimization. (Figure 5)
The Non-Idling Optimizer performs gap analysis to minimize driver waiting time. For gaps exceeding 15 minutes, the system either inserts a closer delivery or delays depot departure.
[bookmark: _Toc216702329]Phase 7: Final Output Generation. (Figure 5)
Produces actionable outputs including route plans with Stop_Sequence_IDs, warehouse loading instructions (reverse order), driver app integration, and CO₂ savings reports.
[image: ]
Figure 5: Phase 5-7 Process Flow – Balancing, Wait Optimization & Output.
[bookmark: _Toc216702330][bookmark: _Hlk216707346][bookmark: _Hlk216707008][bookmark: _Hlk216706908][bookmark: _Toc216782624]Real-Time Monitoring & Scalability. (Figure 6)
[bookmark: _Toc216702331]Phase 8: Real-Time Monitoring & Dynamic Re-Routing. (Figure 6)
Implements continuous monitoring through:
· Live GPS Tracking: Real-time driver location updates
· ETA Recalculation: Every 5 minutes using live traffic API data
· Violation Alerts: Immediate notification when ETA exceeds deadline, with dynamic re-routing option
[bookmark: _Toc216702332]Phase 9: Cloud Scalability (AWS/Azure). (Figure 6)
Handles fluctuating order volumes through elastic cloud infrastructure. When order count exceeds threshold (e.g., 500+), the system auto-scales compute resources for parallel route calculation, then releases resources after completion.
.[image: ]
Figure 6: Phase 8-9 Operations – Real-Time Monitoring & Cloud Scalability
[bookmark: _Toc216702333][bookmark: _Toc216782625]Key Validation Gates & Decision Points.
The system implements five critical validation gates that enforce constraints and trigger corrective actions throughout the pipeline:
[image: ]
Figure 7: Critical Validation Gates Summary
[bookmark: _Toc216702334][bookmark: _Toc216782626]Constraint Enforcement Logic.
	Gate
	Condition
	Action on Violation

	Hard Stop
	Arrival > +30min
	Route INVALID → Restructure

	Capacity
	Volume > Max
	Split route to next vehicle

	Balance
	σ > Threshold
	Swap orders between vehicles

	Wait Time
	Gap > 15min
	Insert delivery or delay start

	ETA Alert
	Live ETA > Deadline
	Alert + Dynamic re-routing


[bookmark: _Toc216702335][bookmark: _Toc216782627]Technical Specifications.
[bookmark: _Toc216702336]Algorithm Complexity.
· Distance Matrix: O(n²) for n orders – requires efficient memory management
· Nearest Neighbor: O(n²) greedy construction
· Clarke-Wright: O(n² log n) with sorted savings list
· 2-Opt: O(n²) per iteration until convergence
[bookmark: _Toc216702337]Integration Points.
· Traffic API: Google Maps / Mapbox for live traffic data
· Geocoding: Address-to-coordinate conversion service
· Driver App: Mobile application with GPS and turn-by-turn navigation
· Warehouse System: Loading sequence integration (WMS)
· Cloud Platform: AWS/Azure with auto-scaling groups
[bookmark: _Toc216702338]Key Variables Reference.
	Variable
	Type
	Description

	Geo_Location
	Input
	GPS coordinates (Lat/Long)

	Hard_Deadline_Limit
	Calculated
	Slot_End + 30 minutes

	Vehicle_Capacity_Max
	Constraint
	Maximum truck capacity

	Travel_Distance
	Target
	Minimize total distance

	Stop_Sequence_ID
	Output
	Final delivery order









[bookmark: _Toc216782628]Pseudocode
[bookmark: _Toc216782629]Algorithm 1: Main Controller
Purpose: Orchestrates the complete 9-phase delivery optimization pipeline
ALGORITHM MasterOptimizationController(OrderQueue, FleetRegistry, ConfigParams)
    INPUT:  OrderQueue      - List of pending delivery orders
            FleetRegistry   - Available vehicles with specifications
            ConfigParams    - System configuration parameters
    OUTPUT: OptimizedRoutes - Final route plans for all vehicles
BEGIN
    // ══════════════════════════════════════════════════════════════
    // PHASE 1: DATA INGESTION & VALIDATION
    // ══════════════════════════════════════════════════════════════
    ValidatedOrders ← CALL ValidateAndGeocodeOrders(OrderQueue)
    ActiveFleet ← CALL ValidateFleetAvailability(FleetRegistry)
    IF ValidatedOrders IS EMPTY THEN
        RETURN Error("No valid orders to process")
    END IF
    // ══════════════════════════════════════════════════════════════
    // PHASE 2: DISTANCE MATRIX COMPUTATION
    // ══════════════════════════════════════════════════════════════
    DistanceMatrix ← CALL ComputeDistanceMatrix(ValidatedOrders, DepotLocation)
    TravelTimeMatrix ← CALL ComputeTravelTimeMatrix(ValidatedOrders, TrafficAPI)
    CostMatrix ← CALL GenerateCostMatrix(DistanceMatrix, TravelTimeMatrix)
    // ══════════════════════════════════════════════════════════════
    // PHASE 3-4: ROUTE CONSTRUCTION & OPTIMIZATION
    // ══════════════════════════════════════════════════════════════
    InitialRoutes ← CALL NearestNeighborConstruction(ValidatedOrders, ActiveFleet, CostMatrix)
    OptimizedRoutes ← CALL ClarkeWrightSavings(InitialRoutes, CostMatrix)
    OptimizedRoutes ← CALL TwoOptImprovement(OptimizedRoutes, CostMatrix)
    // ══════════════════════════════════════════════════════════════
    // PHASE 5-6: BALANCING & WAIT TIME MINIMIZATION
    // ══════════════════════════════════════════════════════════════
    BalancedRoutes ← CALL BalanceWorkload(OptimizedRoutes, BalanceThreshold)
    FinalRoutes ← CALL MinimizeWaitTime(BalancedRoutes, MaxWaitTime)
    // ══════════════════════════════════════════════════════════════
    // PHASE 7: OUTPUT GENERATION
    // ══════════════════════════════════════════════════════════════
    RoutePlans ← CALL GenerateRoutePlans(FinalRoutes)
    WarehouseInstructions ← CALL GenerateLoadingSequence(FinalRoutes)
    CO2Report ← CALL CalculateSavings(FinalRoutes, BaselineDistance)
    // ══════════════════════════════════════════════════════════════
    // PHASE 8-9: DISPATCH & MONITORING
    // ══════════════════════════════════════════════════════════════
    CALL DispatchToDriverApps(RoutePlans)
    CALL InitiateRealTimeMonitoring(FinalRoutes, TrafficAPI)
    RETURN { Routes: FinalRoutes, Plans: RoutePlans, Analytics: CO2Report }
END ALGORITHM
[bookmark: _Toc216782630]Algorithm 2: Data Ingestion & Validation
Purpose: Validates orders and converts addresses to GPS coordinates
ALGORITHM ValidateAndGeocodeOrders(OrderQueue)
    INPUT:  OrderQueue - Raw list of orders with text addresses
    OUTPUT: ValidatedOrders - List of orders with GPS coordinates
BEGIN
    ValidatedOrders ← EMPTY LIST
    RejectedOrders ← EMPTY LIST
    FOR EACH order IN OrderQueue DO
        // Step 1: Address Geocoding
        GPSCoordinates ← CALL GeocodingAPI.Convert(order.Address)
        IF GPSCoordinates IS NULL THEN
            ADD order TO RejectedOrders
            CALL NotifyCustomer(order, "Please verify delivery address")
            CONTINUE
        END IF
        // Step 2: Validate Time Window
        IF order.RequestedSlotEnd < CurrentTime THEN
            ADD order TO RejectedOrders (Reason: "Time window passed")
            CONTINUE
        END IF
        // Step 3: Build Validated Order Data Package
        ValidOrder ← NEW OrderDataPackage {
            OrderID:            order.ID,
            GeoLocation:        GPSCoordinates,
            RequestedSlotStart: order.SlotStart,
            RequestedSlotEnd:   order.SlotEnd,
            HardDeadlineLimit:  order.SlotEnd + 30 MINUTES,  // CRITICAL CONSTRAINT
            OrderVolume:        order.Volume,
            ServiceDuration:    order.ServiceTime
        }
        ADD ValidOrder TO ValidatedOrders
    END FOR
    RETURN ValidatedOrders
END ALGORITHM
[bookmark: _Toc216782631]Algorithm 3: Distance Matrix Computation
Purpose: Computes all pairwise distances and travel times using Haversine formula
ALGORITHM ComputeDistanceMatrix(Orders, DepotLocation)
    INPUT:  Orders - List of validated orders with GPS coordinates
            DepotLocation - GPS coordinates of warehouse
    OUTPUT: DistanceMatrix - N×N matrix of distances (N = orders + depot)
BEGIN
    N ← SIZE(Orders) + 1  // +1 for depot (index 0)
    DistanceMatrix ← NEW Matrix[N][N] initialized to 0
    Locations ← [DepotLocation] + [order.GeoLocation FOR EACH order IN Orders]
    // Compute pairwise distances using Haversine formula
    FOR i ← 0 TO N-1 DO
        FOR j ← 0 TO N-1 DO
            IF i = j THEN
                DistanceMatrix[i][j] ← 0
            ELSE
                DistanceMatrix[i][j] ← CALL HaversineDistance(
                    Locations[i].Lat, Locations[i].Long,
                    Locations[j].Lat, Locations[j].Long)
            END IF
        END FOR
    END FOR
    RETURN DistanceMatrix
END ALGORITHM
Haversine Distance Formula
ALGORITHM HaversineDistance(lat1, lon1, lat2, lon2)
BEGIN
    R ← 6371  // Earth's radius in kilometers
    φ1 ← lat1 × (π / 180)
    φ2 ← lat2 × (π / 180)
    Δφ ← (lat2 - lat1) × (π / 180)
    Δλ ← (lon2 - lon1) × (π / 180)
    a ← SIN(Δφ/2)² + COS(φ1) × COS(φ2) × SIN(Δλ/2)²
    c ← 2 × ATAN2(√a, √(1-a))
    distance ← R × c
    RETURN distance  // in kilometers
END ALGORITHM


[bookmark: _Toc216782632]Algorithm 4: Nearest Neighbor Construction
Purpose: Constructs feasible initial routes using greedy nearest neighbor heuristic
ALGORITHM NearestNeighborConstruction(Orders, Fleet, CostMatrix)
    INPUT:  Orders - Validated orders
            Fleet - Available vehicles
            CostMatrix - Weighted cost matrix
    OUTPUT: Routes - Initial feasible route set
BEGIN
    Routes ← EMPTY LIST
    UnassignedOrders ← COPY(Orders)
    FOR EACH vehicle IN Fleet DO
        IF UnassignedOrders IS EMPTY THEN BREAK END IF
        Route ← NEW Route { VehicleID, Stops: [], TotalDistance: 0 }
        CurrentLocation ← 0  // Start at depot
        CurrentTime ← vehicle.ShiftStartTime
        // Greedy construction loop
        WHILE TRUE DO
            BestOrder ← NULL
            BestCost ← INFINITY
            // Find nearest feasible unassigned order
            FOR EACH order IN UnassignedOrders DO
                cost ← CostMatrix[CurrentLocation][orderIndex]
                // ══════════════════════════════════════════════════════
                // CONSTRAINT 1: VEHICLE CAPACITY CHECK
                // ══════════════════════════════════════════════════════
                IF Route.CurrentLoad + order.Volume > vehicle.CapacityMax THEN
                    CONTINUE  // Skip - would exceed capacity
                END IF
                // ══════════════════════════════════════════════════════
                // CONSTRAINT 2: TIME WINDOW - HARD STOP RULE
                // ══════════════════════════════════════════════════════
                TravelTime ← TravelTimeMatrix[CurrentLocation][orderIndex]
                ArrivalTime ← CurrentTime + TravelTime
                IF ArrivalTime > order.HardDeadlineLimit THEN
                    CONTINUE  // Skip - violates 30min hard deadline
                END IF
                // This order is feasible - check if best
                IF cost < BestCost THEN
                    BestCost ← cost
                    BestOrder ← order
                END IF
            END FOR
            IF BestOrder IS NULL THEN BREAK END IF  // No feasible orders
            ADD BestOrder TO Route.Stops
            REMOVE BestOrder FROM UnassignedOrders
            UPDATE CurrentLocation, CurrentTime, Route.CurrentLoad
        END WHILE
        ADD Route TO Routes
    END FOR
    RETURN Routes
END ALGORITHM

[bookmark: _Toc216782633]Algorithm 5: Clarke-Wright Savings
Purpose: Optimizes routes by merging them based on savings calculations
ALGORITHM ClarkeWrightSavings(Routes, CostMatrix)
    INPUT:  Routes - Initial routes from Nearest Neighbor
            CostMatrix - Weighted cost matrix
    OUTPUT: MergedRoutes - Optimized routes after merging
BEGIN
    // Step 1: Calculate all possible savings
    SavingsList ← EMPTY LIST
    FOR i ← 1 TO TotalOrders DO
        FOR j ← i+1 TO TotalOrders DO
            // SAVINGS FORMULA: S(i,j) = d(0,i) + d(0,j) - d(i,j)
            Saving ← DistanceMatrix[0][i] + DistanceMatrix[0][j] - DistanceMatrix[i][j]
            IF Saving > 0 THEN
                ADD (i, j, Saving) TO SavingsList
            END IF
        END FOR
    END FOR
    // Step 2: Sort savings in descending order
    SORT SavingsList BY Saving DESCENDING
    // Step 3: Attempt to merge routes based on savings
    FOR EACH (i, j, saving) IN SavingsList DO
        RouteI ← FindRouteContaining(i, Routes)
        RouteJ ← FindRouteContaining(j, Routes)
        IF RouteI = RouteJ THEN CONTINUE END IF  // Same route
        // Check if merge is possible at route endpoints
        IF CanMerge(i, j, RouteI, RouteJ) THEN
            MergedRoute ← CALL AttemptMerge(RouteI, RouteJ)
            IF ValidateRouteConstraints(MergedRoute) THEN
                REMOVE RouteI, RouteJ FROM Routes
                ADD MergedRoute TO Routes
            END IF
        END IF
    END FOR
    RETURN Routes
END ALGORITHM


[bookmark: _Toc216782634]Algorithm 6: 2-Opt Local Search
Purpose: Improves routes by swapping edges until no improvement found (local optimum)
ALGORITHM TwoOptImprovement(Routes, CostMatrix)
    INPUT:  Routes - Routes from Clarke-Wright
    OUTPUT: ImprovedRoutes - Locally optimal routes
BEGIN
    FOR EACH route IN Routes DO
        Improved ← TRUE
        WHILE Improved DO
            Improved ← FALSE
            N ← SIZE(route.Stops)
            // Try all possible 2-opt swaps
            FOR i ← 0 TO N-2 DO
                FOR j ← i+2 TO N-1 DO
                    // Calculate current edge costs
                    CurrentCost ← Distance[i][i+1] + Distance[j][j+1]
                    // Calculate new edge costs after swap
                    NewCost ← Distance[i][j] + Distance[i+1][j+1]
                    IF NewCost < CurrentCost THEN
                        // Perform 2-opt swap: reverse segment from i+1 to j
                        route.Stops ← TwoOptSwap(route.Stops, i+1, j)
                        IF ValidateRouteConstraints(route) THEN
                            Improved ← TRUE
                        ELSE
                            route.Stops ← TwoOptSwap(route.Stops, i+1, j)  // Revert
                        END IF
                    END IF
                END FOR
            END FOR
        END WHILE
    END FOR
    RETURN Routes
END ALGORITHM
2-Opt Swap Operation
ALGORITHM TwoOptSwap(Stops, i, j)
    // Reverses the segment of stops between index i and j (inclusive)
BEGIN
    NewStops ← Stops[0..i-1] + REVERSE(Stops[i..j]) + Stops[j+1..end]
    UPDATE sequence numbers
    RETURN NewStops
END ALGORITHM
[bookmark: _Toc216782635]Algorithm 7: Fleet Balancing
Purpose: Ensures equitable workload distribution across drivers using standard deviation
ALGORITHM BalanceWorkload(Routes, BalanceThreshold)
    INPUT:  Routes - Optimized routes
            BalanceThreshold - Maximum allowed standard deviation
    OUTPUT: BalancedRoutes - Routes with equalized workload
BEGIN
    WHILE Iteration < MaxIterations DO
        // Calculate standard deviation of shift times
        ShiftTimes ← [route.TotalTime FOR EACH route IN Routes]
        Mean ← AVERAGE(ShiftTimes)
        σ ← SQRT( SUM((time - Mean)²) / SIZE(ShiftTimes) )
        IF σ <= BalanceThreshold THEN BREAK END IF  // Balanced!
        // Find most overloaded and underloaded routes
        MaxRoute ← FindRouteWithMaxTime(Routes)
        MinRoute ← FindRouteWithMinTime(Routes)
        // Attempt to transfer an order from MaxRoute to MinRoute
        FOR EACH stop IN MaxRoute.Stops DO
            BestPosition ← FindBestInsertionPosition(stop, MinRoute)
            IF BestPosition IS NOT NULL THEN
                IF TransferImprovesBalance(stop, MaxRoute, MinRoute) THEN
                    REMOVE stop FROM MaxRoute
                    INSERT stop AT BestPosition IN MinRoute
                    BREAK  // Move to next iteration
                END IF
            END IF
        END FOR
    END WHILE
    RETURN Routes
END ALGORITHM


[bookmark: _Toc216782636]Algorithm 8: Wait Time Minimization
Purpose: Minimizes driver idle time using Non-Idling Optimizer
ALGORITHM MinimizeWaitTime(Routes, MaxAcceptableWait)
    INPUT:  Routes - Balanced routes
            MaxAcceptableWait - Maximum acceptable wait (e.g., 15 minutes)
    OUTPUT: OptimizedRoutes - Routes with minimized waiting time
BEGIN
    FOR EACH route IN Routes DO
        TotalWaitTime ← CalculateTotalWaitTime(route)
        IF TotalWaitTime > MaxAcceptableWait THEN
            // OPTION A: Delay depot departure to arrive just-in-time
            route ← CALL OptimizeDepartureTime(route)
            // OPTION B: Resequence stops to minimize gaps > 15 min
            route ← CALL ResequenceForMinimalWait(route)
        END IF
        RecalculateArrivalTimes(route)
    END FOR
    RETURN Routes
END ALGORITHM


[bookmark: _Toc216782637]Algorithm 9: Real-Time Monitoring
Purpose: Monitors active deliveries and triggers re-routing when deadlines at risk
ALGORITHM RealTimeMonitoring(ActiveRoutes, TrafficAPI)
BEGIN
    REFRESH_INTERVAL ← 5 MINUTES
    WHILE ActiveRoutes IS NOT EMPTY DO
        FOR EACH route IN ActiveRoutes DO
            // Get driver's current GPS location
            CurrentGPS ← CALL DriverApp.GetLocation(route.DriverID)
            CurrentStop ← FindNextPendingStop(route)
            // Recalculate ETA with live traffic
            LiveETA ← CALL TrafficAPI.GetETA(CurrentGPS, CurrentStop.Location)
            // ══════════════════════════════════════════════════════
            // VIOLATION CHECK: Will ETA exceed Hard Deadline?
            // ══════════════════════════════════════════════════════
            IF LiveETA > order.HardDeadlineLimit THEN
                CALL TriggerAlert("DEADLINE_VIOLATION_IMMINENT", route, CurrentStop)
                CanReRoute ← CALL AttemptDynamicReRoute(route, CurrentStop)
                IF NOT CanReRoute THEN
                    CALL NotifyDispatch("Manual intervention required")
                END IF
            ELSE
                UpdateETAInSystem(CurrentStop, LiveETA)
            END IF
        END FOR
        WAIT(REFRESH_INTERVAL)
    END WHILE
END ALGORITHM


[bookmark: _Toc216782638]Complexity Analysis
	Algorithm
	Time Complexity
	Space Complexity

	Distance Matrix Computation
	O(n²)
	O(n²)

	Nearest Neighbor
	O(n²)
	O(n)

	Clarke-Wright Savings
	O(n² log n)
	O(n²)

	2-Opt Local Search
	O(n² × iterations)
	O(n)

	Fleet Balancing
	O(n × m × k)
	O(n)

	Wait Time Minimization
	O(n² × m)
	O(n)


Where: n = number of orders, m = number of vehicles, k = balancing iterations
[bookmark: _Toc216782639]Key Variables Reference
	Variable
	Type
	Description

	Geo_Location
	Input
	GPS coordinates (Latitude, Longitude)

	HardDeadlineLimit
	Calculated
	Slot_End + 30 min (HARD STOP)

	Vehicle_Capacity_Max
	Constraint
	Maximum truck load capacity

	Travel_Distance
	Target
	MINIMIZE total distance traveled

	Waiting_Time
	Target
	MINIMIZE driver idle time

	Stop_Sequence_ID
	Output
	Final optimized delivery order



[bookmark: _Toc216782640]Pseudocode Contents
	Algorithm
	Purpose

	1. Main Controller
	Master orchestration of the 9-phase pipeline

	2. Data Ingestion & Validation
	Address geocoding, time window validation, order packaging

	3. Distance Matrix Computation
	Haversine formula for GPS distance calculations

	4. Nearest Neighbor Construction
	Greedy initial route building with capacity & time checks

	5. Clarke-Wright Savings
	Route merging using savings formula S(i,j) = d(0,i) + d(0,j) - d(i,j)

	6. 2-Opt Local Search
	Edge swapping for local optimum

	7. Fleet Balancing
	Workload equity using standard deviation (σ)

	8. Wait Time Minimization
	Non-idling optimizer for gaps > 15 minutes

	9. Real-Time Monitoring
	GPS tracking, ETA recalculation, dynamic re-routing


[bookmark: _Toc216782641]Key Features
The pseudocode highlights all critical constraints:
· HARD STOP Rule: Arrival > Slot_End + 30 minutes = Route INVALID
· Capacity Check: Order_Volume ≤ Vehicle_Capacity_Max
· Time Window Validation: Arrivals within customer slots
· Workload Balancing: σ(Shift_Times) < Threshold
[bookmark: _Toc216782642]syntax highlighting with color-coded elements:
· 🔵 Blue: Algorithm names and function calls
· 🟢 Green: Input/Output specifications and return values
· 🟠 Orange: Control structures (IF, FOR, WHILE)
· 🔴 Red: Critical constraints and error handling
· 🟣 Purple: BEGIN/END blocks and key formulas
· ⬜ Gray: Comments and explanations
3. [bookmark: _Toc216782643]Reflection and Justification.
3.1 [bookmark: _Toc216782644]Techniques for Problem.
The GrocerQuick delivery optimization algorithm is a solution for problem CVRPTW, a problem which belongs to NP-hard class of combinatorial optimization problems. Five key principles of computer thinking were used:
· Decomposition allowed a very complex problem to be broken down into nine steps: Data Ingestion, Distance Matrix, Route Construction, Optimization, Fleet Balancing, Wait Time Minimization, Output Generation, Real-Time Monitoring, and Cloud Scalability. Such a modular approach makes all nine steps amenable to separate design, testing, and updates.
· Abstraction simplified complexity by encapsulating details. Raw addresses become GPS coordinates in OrderDataPackage objects; the Haversine formula is wrapped in a callable function; business rules like the 30-minute buffer are expressed as a single calculated field (HardDeadlineLimit = SlotEnd + 30 minutes).
· Pattern Recognition stated the delivery network could be described as a weighted graph, which allowed established algorithms. Greedy pattern construction algorithm (Nearest Neighbor algorithm), local search pattern algorithm (Clarke-Wright Savings and 2-Opt algorithms), and constraint satisfaction pattern all used existing research in algorithmic studies.
· Algorithm Design used a hybrid constructive-improvement approach: Nearest Neighbor builds feasible routes quickly (O(n²)), Clarke-Wright merges routes using savings calculations, and 2-Opt refines through edge swapping until reaching a local optimum.
· Iterative Refinement ensured progressive improvement—the 2-Opt algorithm continues until no beneficial swaps remain, fleet balancing iterates until workload standard deviation falls below threshold, and documentation evolved from v1.0 to v2.0 with enhanced visualizations.
[bookmark: _Toc216782645]Justification 
This is an apt strategy because CVRPTW does not have an optimal polynomial time solution; hence, metaheuristics are used in this field, which can reach a solution within 5-10% of optimality in a matter of seconds rather than hours. The modular design can handle cloud autoscaling during a surge in demand, and real-time tracking can re-route in real time based on circumstances. The model takes into consideration the real-world constraints of time, capacity, shifts, and equity of work, unlike mathematical models. 
[bookmark: _Toc216782646]Limitations & Assumptions.
· "Key limitations of the algorithm include: 2-Opt solutions are local optima rather than global solutions; greedy initialization methods tend to produce biased solutions; traffic is considered static during model construction; solutions are not based on multiple warehouses but rather a single depot; and a homogeneous fleet model fails to address mixed capabilities of vehicles."
· The critical assumptions are: Haversine distance gives an approximate estimate of road distance; Service time is fixed (10 minutes); 30-minute buffer is satisfactory for customers; Traffic API forecasting is reliable; and There is capacity in the vehicles to accommodate all requests.
[bookmark: _Toc216782647]Reflection
The GrocerQuick solution showcases a perfect implementation of computational thinking concepts in solving an NP-hard problem. The problem-solving strategy involves a combination of decomposition, abstraction, recognizing patterns, designing an algorithm, and improving. A problem considered NP-hard is thus simplified into a workable solution using these elements. Although some shortcomings exist in this problem-solving strategy, this approach can apply in a wide array of optimization problems other than routing.
4. [bookmark: _Toc216782648]Engagement with Literature
The GrocerQuick solution is grounded in established academic research and industry-recognised methodologies. The core problem—Capacitated Vehicle Routing Problem with Time Windows (CVRPTW)—was first formalised by Dantzig and Ramser [1], who established vehicle routing as a distinct optimisation domain. The solution's constraint-handling approach follows Solomon's seminal benchmarking framework for time-windowed routing problems [2].
The hybrid algorithmic strategy draws from proven heuristics. The Clarke-Wright Savings Algorithm [3] provides the mathematical foundation for route merging through the savings formula S(i,j) = d(0,i) + d(0,j) − d(i,j). The 2-Opt local search [13], [4] enables iterative improvement through edge exchange, while the Nearest Neighbor heuristic offers O(n²) construction efficiency as documented by Rosenkrantz et al. [5].
Requirements prioritisation employed the MoSCoW technique [6], categorising features as Must-have, Should-have, Could-have, and Won't-have. This framework ensured critical constraints (time windows, capacity limits) received implementation priority over optional enhancements.
The modular 9-phase architecture reflects Systems Thinking principles [7], [14], viewing the delivery network as interconnected components where changes in one phase propagate through dependent phases. This holistic perspective informed the real-time monitoring and dynamic re-routing capabilities.
Complexity analysis follows Laporte's classification of VRP solution methods [8], positioning the hybrid approach within the "classical heuristics" category—appropriate for real-time operational systems requiring rapid solution generation.
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        </mxCell>
        <mxCell id="18" value="PHASE 8: Real-Time Monitoring &amp; Dynamic Re-Routing" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FCE7F3;strokeColor=#EC4899;fontColor=#9D174D;fontStyle=1;" parent="1" vertex="1">
          <mxGeometry x="200" y="570" width="180" height="40" as="geometry" />
        </mxCell>
        <mxCell id="19" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#EC4899;" parent="1" source="16" target="18" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="290" y="550" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="20" value="PHASE 9: Cloud Auto-Scaling (AWS/Azure)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FEE2E2;strokeColor=#EF4444;fontColor=#991B1B;fontStyle=1;" parent="1" vertex="1">
          <mxGeometry x="200" y="630" width="180" height="40" as="geometry" />
        </mxCell>
        <mxCell id="21" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#EF4444;dashed=1;" parent="1" source="18" target="20" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="22" value="END: Routes Dispatched to Drivers" style="ellipse;whiteSpace=wrap;html=1;fillColor=#EF4444;strokeColor=#DC2626;fontColor=#FFFFFF;fontStyle=1;" parent="1" vertex="1">
          <mxGeometry x="410" y="620" width="180" height="50" as="geometry" />
        </mxCell>
        <mxCell id="23" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#EF4444;" parent="1" source="20" target="22" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="24" value="FEEDBACK LOOP: Re-optimization if Constraints Violated" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FEE2E2;strokeColor=#DC2626;fontColor=#991B1B;fontStyle=0;dashed=1;" parent="1" vertex="1">
          <mxGeometry x="400" y="430" width="180" height="40" as="geometry" />
        </mxCell>
        <mxCell id="25" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#DC2626;dashed=1;" parent="1" source="22" edge="1">
          <mxGeometry relative="1" as="geometry">
            <mxPoint x="500" y="470" as="targetPoint" />
          </mxGeometry>
        </mxCell>
        <mxCell id="26" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#DC2626;dashed=1;" parent="1" target="8" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="500" y="290" />
            </Array>
            <mxPoint x="500" y="420" as="sourcePoint" />
          </mxGeometry>
        </mxCell>
        <mxCell id="27" value="DATA INGESTION" style="text;html=1;strokeColor=none;fillColor=#DBEAFE;align=center;verticalAlign=middle;fontSize=10;fontStyle=1;fontColor=#1E3A8A;rounded=1;" parent="1" vertex="1">
          <mxGeometry x="610" y="180" width="140" height="25" as="geometry" />
        </mxCell>
        <mxCell id="28" value="ROUTE OPTIMIZATION" style="text;html=1;strokeColor=none;fillColor=#FEF3C7;align=center;verticalAlign=middle;fontSize=10;fontStyle=1;fontColor=#92400E;rounded=1;" parent="1" vertex="1">
          <mxGeometry x="610" y="300" width="140" height="25" as="geometry" />
        </mxCell>
        <mxCell id="29" value="BALANCING &amp; OUTPUT" style="text;html=1;strokeColor=none;fillColor=#F3E8FF;align=center;verticalAlign=middle;fontSize=10;fontStyle=1;fontColor=#6B21A8;rounded=1;" parent="1" vertex="1">
          <mxGeometry x="610" y="450" width="140" height="25" as="geometry" />
        </mxCell>
        <mxCell id="30" value="MONITORING &amp; SCALING" style="text;html=1;strokeColor=none;fillColor=#FCE7F3;align=center;verticalAlign=middle;fontSize=10;fontStyle=1;fontColor=#9D174D;rounded=1;" parent="1" vertex="1">
          <mxGeometry x="610" y="585" width="140" height="25" as="geometry" />
        </mxCell>
        <mxCell id="31" value="Phases 1-2" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=9;fontColor=#64748B;" parent="1" vertex="1">
          <mxGeometry x="630" y="205" width="80" height="20" as="geometry" />
        </mxCell>
        <mxCell id="32" value="Phases 3-4" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=9;fontColor=#64748B;" parent="1" vertex="1">
          <mxGeometry x="640" y="325" width="80" height="20" as="geometry" />
        </mxCell>
        <mxCell id="33" value="Phases 5-7" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=9;fontColor=#64748B;" parent="1" vertex="1">
          <mxGeometry x="640" y="475" width="80" height="20" as="geometry" />
        </mxCell>
        <mxCell id="34" value="Phases 8-9" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=9;fontColor=#64748B;" parent="1" vertex="1">
          <mxGeometry x="640" y="610" width="80" height="20" as="geometry" />
        </mxCell>
      </root>
    </mxGraphModel>
  </diagram>
</mxfile>
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Figure3_Phase1-2_DataIngestion.drawio
<mxfile host="Electron" agent="Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) draw.io/29.0.3 Chrome/140.0.7339.249 Electron/38.7.0 Safari/537.36" version="29.0.3">
  <diagram name="Phase 1-2" id="phase12diag">
    <mxGraphModel dx="1426" dy="841" grid="1" gridSize="10" guides="1" tooltips="1" connect="1" arrows="1" fold="1" page="1" pageScale="1" pageWidth="1169" pageHeight="827" background="none" math="0" shadow="0">
      <root>
        <mxCell id="0" />
        <mxCell id="1" parent="0" />
        <mxCell id="-H3XfiC0Q-Hhle7tR9mJ-39" value="" style="rounded=0;whiteSpace=wrap;html=1;fillColor=#008a00;fontColor=#ffffff;strokeColor=#005700;" vertex="1" parent="1">
          <mxGeometry x="600" y="50" width="380" height="338" as="geometry" />
        </mxCell>
        <mxCell id="-H3XfiC0Q-Hhle7tR9mJ-40" value="" style="rounded=0;whiteSpace=wrap;html=1;" vertex="1" parent="1">
          <mxGeometry x="840" y="320" width="140" height="70" as="geometry" />
        </mxCell>
        <mxCell id="-H3XfiC0Q-Hhle7tR9mJ-38" value="" style="rounded=0;whiteSpace=wrap;html=1;labelBackgroundColor=#4D4D4D;fillColor=#ffcd28;strokeColor=#d79b00;gradientColor=#ffa500;" vertex="1" parent="1">
          <mxGeometry x="30" y="48" width="570" height="340" as="geometry" />
        </mxCell>
        <mxCell id="2" value="Figure 2: Phase 1-2 Data Flow - Ingestion, Validation &amp; Matrix Computation" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;whiteSpace=wrap;rounded=0;fontSize=16;fontStyle=1;fontColor=#1E40AF;" parent="1" vertex="1">
          <mxGeometry x="250" y="15" width="550" height="25" as="geometry" />
        </mxCell>
        <mxCell id="3" value="START" style="ellipse;html=1;fillColor=#10B981;strokeColor=#059669;fontColor=#000000;fontStyle=1;shadow=0;labelBackgroundColor=none;labelBorderColor=none;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="80" y="5" width="80" height="35" as="geometry" />
        </mxCell>
        <mxCell id="4" value="Raw Order Data (CSV)" style="shape=parallelogram;perimeter=parallelogramPerimeter;html=1;fixedSize=1;fillColor=#DBEAFE;strokeColor=#3B82F6;fontColor=#1E3A8A;shadow=0;labelBackgroundColor=none;labelBorderColor=none;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="40" y="115" width="160" height="35" as="geometry" />
        </mxCell>
        <mxCell id="5" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#3B82F6;shadow=0;labelBackgroundColor=none;labelBorderColor=none;" parent="1" source="3" target="4" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="6" value="Fleet Data (Vehicles, Capacity)" style="shape=parallelogram;perimeter=parallelogramPerimeter;html=1;fixedSize=1;fillColor=#DBEAFE;strokeColor=#3B82F6;fontColor=#1E3A8A;shadow=0;labelBackgroundColor=none;labelBorderColor=none;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="435" y="105" width="160" height="35" as="geometry" />
        </mxCell>
        <mxCell id="7" value="PHASE 1: DATA INGESTION" style="rounded=1;html=1;fillColor=#EEF2FF;strokeColor=#4F46E5;strokeWidth=2;fontStyle=1;fontColor=#3730A3;shadow=0;labelBackgroundColor=none;labelBorderColor=none;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="150" y="60" width="400" height="25" as="geometry" />
        </mxCell>
        <mxCell id="8" value="Address Geocoding: Text to GPS (Lat/Long)" style="rounded=1;html=1;fillColor=#E0E7FF;strokeColor=#6366F1;fontColor=#3730A3;shadow=0;labelBackgroundColor=none;labelBorderColor=none;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="222.5" y="110" width="180" height="40" as="geometry" />
        </mxCell>
        <mxCell id="9" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;shadow=0;labelBackgroundColor=none;labelBorderColor=none;" parent="1" source="4" target="8" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="10" value="Validation Gate: Check Required Fields" style="rhombus;html=1;fillColor=#FEE2E2;strokeColor=#EF4444;fontColor=#991B1B;shadow=0;labelBackgroundColor=none;labelBorderColor=none;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="230" y="170" width="170" height="70" as="geometry" />
        </mxCell>
        <mxCell id="11" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;shadow=0;labelBackgroundColor=none;labelBorderColor=none;" parent="1" source="8" target="10" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="12" value="REJECT: Log Error" style="rounded=1;html=1;fillColor=#DC2626;strokeColor=#991B1B;fontColor=#FFFFFF;fontStyle=1;shadow=0;labelBackgroundColor=none;labelBorderColor=none;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="255" y="280" width="120" height="35" as="geometry" />
        </mxCell>
        <mxCell id="13" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#DC2626;shadow=0;labelBackgroundColor=none;labelBorderColor=none;" parent="1" source="10" target="12" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="14" value="INVALID" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=9;fontStyle=1;fontColor=#DC2626;shadow=0;labelBackgroundColor=none;labelBorderColor=none;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="317.5" y="245" width="45" height="15" as="geometry" />
        </mxCell>
        <mxCell id="15" value="Vehicle Availability Check" style="rounded=1;html=1;fillColor=#D1FAE5;strokeColor=#059669;fontColor=#065F46;shadow=0;labelBackgroundColor=none;labelBorderColor=none;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="445" y="185" width="140" height="40" as="geometry" />
        </mxCell>
        <mxCell id="16" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#059669;shadow=0;labelBackgroundColor=none;labelBorderColor=none;" parent="1" source="10" target="15" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="17" value="VALID" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=9;fontStyle=1;fontColor=#059669;shadow=0;labelBackgroundColor=none;labelBorderColor=none;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="405" y="185" width="35" height="15" as="geometry" />
        </mxCell>
        <mxCell id="18" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;shadow=0;labelBackgroundColor=none;labelBorderColor=none;" parent="1" source="6" target="15" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="19" value="Validated Orders + Fleet" style="shape=parallelogram;perimeter=parallelogramPerimeter;html=1;fixedSize=1;fillColor=#D1FAE5;strokeColor=#059669;fontColor=#065F46;shadow=0;labelBackgroundColor=none;labelBorderColor=none;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="420" y="310" width="160" height="35" as="geometry" />
        </mxCell>
        <mxCell id="20" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;shadow=0;labelBackgroundColor=none;labelBorderColor=none;" parent="1" source="15" edge="1">
          <mxGeometry relative="1" as="geometry">
            <mxPoint x="515" y="310" as="targetPoint" />
          </mxGeometry>
        </mxCell>
        <mxCell id="21" value="PHASE 2: DISTANCE MATRIX" style="rounded=1;html=1;fillColor=#ECFDF5;strokeColor=#10B981;strokeWidth=2;fontStyle=1;fontColor=#065F46;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="630" y="60" width="320" height="25" as="geometry" />
        </mxCell>
        <mxCell id="22" value="Depot Location (Warehouse GPS)" style="rounded=1;html=1;fillColor=#FEF3C7;strokeColor=#F59E0B;fontColor=#92400E;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="650" y="95" width="160" height="35" as="geometry" />
        </mxCell>
        <mxCell id="23" value="Traffic API (Google/Mapbox)" style="rounded=1;html=1;fillColor=#FCE7F3;strokeColor=#EC4899;fontColor=#9D174D;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="830" y="95" width="140" height="40" as="geometry" />
        </mxCell>
        <mxCell id="24" value="Calculate Point-to-Point Distances" style="rounded=1;html=1;fillColor=#E0E7FF;strokeColor=#6366F1;fontColor=#3730A3;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="640" y="150" width="180" height="40" as="geometry" />
        </mxCell>
        <mxCell id="25" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;exitX=1;exitY=0.5;exitDx=0;exitDy=0;" parent="1" source="19" target="24" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="620" y="328" />
              <mxPoint x="620" y="170" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="26" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#F59E0B;" parent="1" source="22" target="24" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="27" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#EC4899;" parent="1" source="23" target="24" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="900" y="170" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="28" value="Compute Travel Times (Distance/Speed)" style="rounded=1;html=1;fillColor=#E0E7FF;strokeColor=#6366F1;fontColor=#3730A3;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="640" y="210" width="180" height="40" as="geometry" />
        </mxCell>
        <mxCell id="29" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="24" target="28" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="30" value="Build Cost Matrix: alpha*Distance + beta*Time" style="rounded=1;html=1;fillColor=#F3E8FF;strokeColor=#9333EA;fontColor=#6B21A8;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="640" y="270" width="180" height="40" as="geometry" />
        </mxCell>
        <mxCell id="31" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="28" target="30" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="32" value="OUTPUT: Distance Matrix [n x n]" style="shape=parallelogram;perimeter=parallelogramPerimeter;html=1;fixedSize=1;fillColor=#D1FAE5;strokeColor=#059669;fontColor=#065F46;fontStyle=1;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="630" y="330" width="200" height="40" as="geometry" />
        </mxCell>
        <mxCell id="33" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="30" target="32" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="34" value="TO PHASE 3" style="ellipse;html=1;fillColor=#F59E0B;strokeColor=#D97706;fontColor=#000000;fontStyle=1;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="860" y="330" width="100" height="35" as="geometry" />
        </mxCell>
        <mxCell id="35" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="32" target="34" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="36" value="Complexity: O(n^2) for n orders" style="rounded=1;html=1;fillColor=#F1F5F9;strokeColor=#94A3B8;fontColor=#334155;fontSize=10;shadow=0;labelBackgroundColor=none;labelBorderColor=none;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="40" y="330" width="160" height="25" as="geometry" />
        </mxCell>
      </root>
    </mxGraphModel>
  </diagram>
</mxfile>
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Figure4_Phase3-4_Construction.drawio
<mxfile host="Electron" agent="Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) draw.io/29.0.3 Chrome/140.0.7339.249 Electron/38.7.0 Safari/537.36" version="29.0.3">
  <diagram name="Phase 3-4" id="phase34diag">
    <mxGraphModel dx="1426" dy="841" grid="1" gridSize="10" guides="1" tooltips="1" connect="1" arrows="1" fold="1" page="1" pageScale="1" pageWidth="1400" pageHeight="900" math="0" shadow="0">
      <root>
        <mxCell id="0" />
        <mxCell id="1" parent="0" />
        <mxCell id="J0rkDfA2t08-t-f_mvja-75" value="" style="rounded=0;whiteSpace=wrap;html=1;fillColor=#e6d0de;gradientColor=#d5739d;strokeColor=#996185;" vertex="1" parent="1">
          <mxGeometry x="740" y="400" width="480" height="410" as="geometry" />
        </mxCell>
        <mxCell id="J0rkDfA2t08-t-f_mvja-74" value="" style="rounded=0;whiteSpace=wrap;html=1;fillColor=#f5f5f5;gradientColor=#b3b3b3;strokeColor=#666666;" vertex="1" parent="1">
          <mxGeometry x="740" y="137.5" width="480" height="262.5" as="geometry" />
        </mxCell>
        <mxCell id="J0rkDfA2t08-t-f_mvja-73" value="" style="rounded=0;whiteSpace=wrap;html=1;fillColor=#f8cecc;strokeColor=#b85450;gradientColor=#ea6b66;" vertex="1" parent="1">
          <mxGeometry x="20" y="137.5" width="720" height="472.5" as="geometry" />
        </mxCell>
        <mxCell id="2" value="Figure 3: Phase 3-4 Algorithm Flow - Construction &amp; Optimization" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;whiteSpace=wrap;rounded=0;fontSize=16;fontStyle=1;fontColor=#B45309;" parent="1" vertex="1">
          <mxGeometry x="350" y="15" width="500" height="25" as="geometry" />
        </mxCell>
        <mxCell id="3" value="FROM PHASE 2" style="ellipse;whiteSpace=wrap;html=1;fillColor=#10B981;strokeColor=#059669;fontColor=#000000;fontStyle=1;" parent="1" vertex="1">
          <mxGeometry x="540" y="60" width="100" height="35" as="geometry" />
        </mxCell>
        <mxCell id="4" value="Distance Matrix Input" style="shape=parallelogram;perimeter=parallelogramPerimeter;whiteSpace=wrap;html=1;fixedSize=1;fillColor=#DBEAFE;strokeColor=#3B82F6;fontColor=#1E3A8A;fontSize=12;fontStyle=1" parent="1" vertex="1">
          <mxGeometry x="500" y="190" width="180" height="35" as="geometry" />
        </mxCell>
        <mxCell id="5" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#3B82F6;fontSize=12;fontStyle=1" parent="1" source="3" target="4" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="6" value="PHASE 3: NEAREST NEIGHBOR HEURISTIC" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FEF3C7;strokeColor=#F59E0B;strokeWidth=2;fontStyle=1;fontColor=#92400E;fontSize=12;" parent="1" vertex="1">
          <mxGeometry x="40" y="155" width="280" height="25" as="geometry" />
        </mxCell>
        <mxCell id="7" value="Initialize: Current = Depot, Unassigned = All Orders" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FEF3C7;strokeColor=#F59E0B;fontColor=#92400E;fontSize=12;fontStyle=1" parent="1" vertex="1">
          <mxGeometry x="60" y="195" width="200" height="40" as="geometry" />
        </mxCell>
        <mxCell id="8" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;fontSize=12;fontStyle=1" parent="1" source="4" target="7" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="9" value="Unassigned Orders Exist?" style="rhombus;whiteSpace=wrap;html=1;fillColor=#FEE2E2;strokeColor=#EF4444;fontColor=#991B1B;fontSize=12;fontStyle=1" parent="1" vertex="1">
          <mxGeometry x="80" y="255" width="140" height="60" as="geometry" />
        </mxCell>
        <mxCell id="10" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;fontSize=12;fontStyle=1" parent="1" source="7" target="9" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="11" value="Find NEAREST Order (Min Distance)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#E0E7FF;strokeColor=#6366F1;fontColor=#3730A3;fontSize=12;fontStyle=1" parent="1" vertex="1">
          <mxGeometry x="260" y="260" width="160" height="40" as="geometry" />
        </mxCell>
        <mxCell id="12" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;fontSize=12;fontStyle=1" parent="1" source="9" target="11" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="13" value="YES" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=12;fontStyle=1;fontColor=#059669;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="220" y="265" width="30" height="15" as="geometry" />
        </mxCell>
        <mxCell id="14" value="GATE 1: Capacity Check (Load &amp;lt;= Max)" style="rhombus;whiteSpace=wrap;html=1;fillColor=#FEE2E2;strokeColor=#EF4444;fontColor=#991B1B;fontSize=12;fontStyle=1" parent="1" vertex="1">
          <mxGeometry x="250" y="320" width="180" height="60" as="geometry" />
        </mxCell>
        <mxCell id="15" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;fontSize=12;fontStyle=1" parent="1" source="11" target="14" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="16" value="GATE 2: HARD STOP (Arrival &amp;lt;= Slot+30min)" style="rhombus;whiteSpace=wrap;html=1;fillColor=#FEE2E2;strokeColor=#DC2626;strokeWidth=2;fontColor=#991B1B;fontSize=12;fontStyle=1" parent="1" vertex="1">
          <mxGeometry x="250" y="400" width="180" height="60" as="geometry" />
        </mxCell>
        <mxCell id="17" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#059669;fontSize=12;fontStyle=1" parent="1" source="14" target="16" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="18" value="YES" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=12;fontStyle=1;fontColor=#059669;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="325" y="380" width="30" height="15" as="geometry" />
        </mxCell>
        <mxCell id="19" value="GATE 3: Shift Check (Time &amp;lt;= 8hrs)" style="rhombus;whiteSpace=wrap;html=1;fillColor=#FEE2E2;strokeColor=#EF4444;fontColor=#991B1B;fontSize=12;fontStyle=1" parent="1" vertex="1">
          <mxGeometry x="250" y="480" width="180" height="60" as="geometry" />
        </mxCell>
        <mxCell id="20" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#059669;fontSize=12;fontStyle=1" parent="1" source="16" target="19" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="21" value="YES" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=12;fontStyle=1;fontColor=#059669;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="325" y="460" width="30" height="15" as="geometry" />
        </mxCell>
        <mxCell id="22" value="ADD to Route, Update Location" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#D1FAE5;strokeColor=#059669;fontColor=#065F46;fontSize=12;fontStyle=1" parent="1" vertex="1">
          <mxGeometry x="60" y="395" width="150" height="40" as="geometry" />
        </mxCell>
        <mxCell id="23" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#059669;fontSize=12;fontStyle=1;exitX=0;exitY=0.5;exitDx=0;exitDy=0;" parent="1" source="19" target="22" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="135" y="510" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="24" value="YES" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=12;fontStyle=1;fontColor=#059669;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="190" y="490" width="30" height="15" as="geometry" />
        </mxCell>
        <mxCell id="25" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;fontSize=12;fontStyle=1" parent="1" source="22" target="9" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="30" y="415" />
              <mxPoint x="30" y="285" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="26" value="Start NEW Vehicle" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FCE7F3;strokeColor=#EC4899;fontColor=#9D174D;fontSize=12;fontStyle=1" parent="1" vertex="1">
          <mxGeometry x="610" y="335" width="120" height="35" as="geometry" />
        </mxCell>
        <mxCell id="27" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#DC2626;fontSize=12;fontStyle=1" parent="1" source="14" target="26" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="28" value="NO" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=12;fontStyle=1;fontColor=#DC2626;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="445" y="330" width="25" height="15" as="geometry" />
        </mxCell>
        <mxCell id="29" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#EC4899;fontSize=12;fontStyle=1" parent="1" source="26" target="11" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="670" y="280" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="30" value="HARD STOP VIOLATION - Flag Order" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#DC2626;strokeColor=#991B1B;fontColor=#FFFFFF;fontStyle=1;fontSize=12;" parent="1" vertex="1">
          <mxGeometry x="470" y="415" width="150" height="35" as="geometry" />
        </mxCell>
        <mxCell id="31" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#DC2626;fontSize=12;fontStyle=1" parent="1" source="16" target="30" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="32" value="NO" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=12;fontStyle=1;fontColor=#DC2626;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="430" y="415" width="25" height="15" as="geometry" />
        </mxCell>
        <mxCell id="33" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#DC2626;fontSize=12;fontStyle=1" parent="1" source="19" target="26" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="670" y="510" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="34" value="NO" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=12;fontStyle=1;fontColor=#DC2626;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="470" y="490" width="25" height="15" as="geometry" />
        </mxCell>
        <mxCell id="35" value="Initial Route Set" style="shape=parallelogram;perimeter=parallelogramPerimeter;whiteSpace=wrap;html=1;fixedSize=1;fillColor=#D1FAE5;strokeColor=#059669;fontColor=#065F46;fontSize=12;fontStyle=1" parent="1" vertex="1">
          <mxGeometry x="60" y="530" width="150" height="35" as="geometry" />
        </mxCell>
        <mxCell id="36" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;fontSize=12;fontStyle=1;entryX=0;entryY=0.25;entryDx=0;entryDy=0;" parent="1" source="9" target="35" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="30" y="285" />
              <mxPoint x="30" y="540" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="37" value="NO" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=12;fontStyle=1;fontColor=#DC2626;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="30" y="355" width="25" height="15" as="geometry" />
        </mxCell>
        <mxCell id="38" value="PHASE 4: CLARKE-WRIGHT SAVINGS" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#EEF2FF;strokeColor=#4F46E5;strokeWidth=2;fontStyle=1;fontColor=#3730A3;fontSize=12;" parent="1" vertex="1">
          <mxGeometry x="790" y="155" width="250" height="25" as="geometry" />
        </mxCell>
        <mxCell id="39" value="Calculate Savings: S(i,j) = d(0,i)+d(0,j)-d(i,j)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#E0E7FF;strokeColor=#6366F1;fontColor=#3730A3;fontSize=12;fontStyle=1" parent="1" vertex="1">
          <mxGeometry x="800" y="195" width="200" height="40" as="geometry" />
        </mxCell>
        <mxCell id="40" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;fontSize=12;fontStyle=1" parent="1" source="35" target="39" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="760" y="550" />
              <mxPoint x="760" y="215" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="41" value="Sort Savings (Highest First)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#E0E7FF;strokeColor=#6366F1;fontColor=#3730A3;fontSize=12;fontStyle=1" parent="1" vertex="1">
          <mxGeometry x="1030" y="200" width="150" height="35" as="geometry" />
        </mxCell>
        <mxCell id="42" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;fontSize=12;fontStyle=1" parent="1" source="39" target="41" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="43" value="Savings Pairs Remaining?" style="rhombus;whiteSpace=wrap;html=1;fillColor=#FEE2E2;strokeColor=#EF4444;fontColor=#991B1B;fontSize=12;fontStyle=1" parent="1" vertex="1">
          <mxGeometry x="1020" y="260" width="140" height="55" as="geometry" />
        </mxCell>
        <mxCell id="44" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;fontSize=12;fontStyle=1" parent="1" source="41" target="43" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="45" value="Get Top Pair, Check Merge Feasibility" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#E0E7FF;strokeColor=#6366F1;fontColor=#3730A3;fontSize=12;fontStyle=1" parent="1" vertex="1">
          <mxGeometry x="800" y="265" width="180" height="40" as="geometry" />
        </mxCell>
        <mxCell id="46" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;fontSize=12;fontStyle=1" parent="1" source="43" target="45" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="47" value="YES" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=12;fontStyle=1;fontColor=#059669;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="990" y="272.5" width="30" height="15" as="geometry" />
        </mxCell>
        <mxCell id="48" value="MERGE Routes (Remove Depot)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#D1FAE5;strokeColor=#059669;fontColor=#065F46;fontSize=12;fontStyle=1" parent="1" vertex="1">
          <mxGeometry x="810" y="330" width="160" height="35" as="geometry" />
        </mxCell>
        <mxCell id="49" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#059669;fontSize=12;fontStyle=1" parent="1" source="45" target="48" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="50" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;fontSize=12;fontStyle=1;entryX=0.5;entryY=1;entryDx=0;entryDy=0;" parent="1" source="48" target="43" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="890" y="390" />
              <mxPoint x="1090" y="390" />
              <mxPoint x="1090" y="330" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="51" value="PHASE 4: 2-OPT LOCAL SEARCH" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FEE2E2;strokeColor=#EF4444;strokeWidth=2;fontStyle=1;fontColor=#991B1B;fontSize=12;" parent="1" vertex="1">
          <mxGeometry x="785" y="415" width="375" height="25" as="geometry" />
        </mxCell>
        <mxCell id="52" value="For Each Route: Set Improved=TRUE" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FEE2E2;strokeColor=#EF4444;fontColor=#991B1B;fontSize=12;fontStyle=1" parent="1" vertex="1">
          <mxGeometry x="805" y="450" width="180" height="35" as="geometry" />
        </mxCell>
        <mxCell id="53" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;fontSize=12;fontStyle=1;exitX=1;exitY=0.5;exitDx=0;exitDy=0;" parent="1" source="43" target="52" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="1190" y="288" />
              <mxPoint x="1190" y="470" />
              <mxPoint x="1090" y="470" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="54" value="NO" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=12;fontStyle=1;fontColor=#DC2626;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="1160" y="272.5" width="25" height="15" as="geometry" />
        </mxCell>
        <mxCell id="55" value="Improved = TRUE?" style="rhombus;whiteSpace=wrap;html=1;fillColor=#FEE2E2;strokeColor=#EF4444;fontColor=#991B1B;fontSize=12;fontStyle=1" parent="1" vertex="1">
          <mxGeometry x="835" y="505" width="120" height="50" as="geometry" />
        </mxCell>
        <mxCell id="56" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;fontSize=12;fontStyle=1" parent="1" source="52" target="55" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="57" value="Set Improved=FALSE, Try All Swaps" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#E0E7FF;strokeColor=#6366F1;fontColor=#3730A3;fontSize=12;fontStyle=1" parent="1" vertex="1">
          <mxGeometry x="805" y="575" width="180" height="35" as="geometry" />
        </mxCell>
        <mxCell id="58" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#059669;fontSize=12;fontStyle=1" parent="1" source="55" target="57" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="59" value="YES" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=12;fontStyle=1;fontColor=#059669;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="880" y="555" width="30" height="15" as="geometry" />
        </mxCell>
        <mxCell id="60" value="Swap Reduces Distance?" style="rhombus;whiteSpace=wrap;html=1;fillColor=#FEE2E2;strokeColor=#EF4444;fontColor=#991B1B;fontSize=12;fontStyle=1" parent="1" vertex="1">
          <mxGeometry x="815" y="630" width="160" height="50" as="geometry" />
        </mxCell>
        <mxCell id="61" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;fontSize=12;fontStyle=1" parent="1" source="57" target="60" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="62" value="PERFORM 2-Opt Swap, Set Improved=TRUE" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#D1FAE5;strokeColor=#059669;fontColor=#065F46;fontSize=12;fontStyle=1" parent="1" vertex="1">
          <mxGeometry x="805" y="705" width="180" height="35" as="geometry" />
        </mxCell>
        <mxCell id="63" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#059669;fontSize=12;fontStyle=1" parent="1" source="60" target="62" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="64" value="YES" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=12;fontStyle=1;fontColor=#059669;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="880" y="680" width="30" height="15" as="geometry" />
        </mxCell>
        <mxCell id="65" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;fontSize=12;fontStyle=1" parent="1" source="62" target="55" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="1025" y="722" />
              <mxPoint x="1025" y="530" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="66" value="OUTPUT: Optimized Routes" style="shape=parallelogram;perimeter=parallelogramPerimeter;whiteSpace=wrap;html=1;fixedSize=1;fillColor=#D1FAE5;strokeColor=#059669;fontColor=#065F46;fontStyle=1;fontSize=12;" parent="1" vertex="1">
          <mxGeometry x="805" y="765" width="180" height="40" as="geometry" />
        </mxCell>
        <mxCell id="67" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;fontSize=12;fontStyle=1" parent="1" source="55" target="66" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="1025" y="530" />
              <mxPoint x="1025" y="785" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="68" value="NO (Converged)" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=12;fontStyle=1;fontColor=#DC2626;whiteSpace=wrap;" parent="1" vertex="1">
          <mxGeometry x="955" y="505" width="70" height="15" as="geometry" />
        </mxCell>
        <mxCell id="69" value="TO PHASE 5" style="ellipse;whiteSpace=wrap;html=1;fillColor=#9333EA;strokeColor=#7C3AED;fontColor=#FFFFFF;fontStyle=1;fontSize=12;" parent="1" vertex="1">
          <mxGeometry x="835" y="825" width="120" height="35" as="geometry" />
        </mxCell>
        <mxCell id="70" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;fontSize=12;fontStyle=1" parent="1" source="66" edge="1">
          <mxGeometry relative="1" as="geometry">
            <mxPoint x="895" y="825" as="targetPoint" />
          </mxGeometry>
        </mxCell>
      </root>
    </mxGraphModel>
  </diagram>
</mxfile>
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Figure5_Phase5-7_Balancing.drawio
<mxfile host="Electron" agent="Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) draw.io/29.0.3 Chrome/140.0.7339.249 Electron/38.7.0 Safari/537.36" version="29.0.3">
  <diagram name="Phase 5-7" id="phase57diag">
    <mxGraphModel dx="1426" dy="841" grid="1" gridSize="10" guides="1" tooltips="1" connect="1" arrows="1" fold="1" page="1" pageScale="1" pageWidth="1400" pageHeight="900" math="0" shadow="0">
      <root>
        <mxCell id="0" />
        <mxCell id="1" parent="0" />
        <mxCell id="-nlKX1XHLx4_Opyvz-rT-53" value="" style="rounded=0;whiteSpace=wrap;html=1;strokeColor=#996185;fillColor=#e6d0de;gradientColor=#d5739d;" vertex="1" parent="1">
          <mxGeometry x="760" y="130" width="460" height="300" as="geometry" />
        </mxCell>
        <mxCell id="-nlKX1XHLx4_Opyvz-rT-51" value="" style="rounded=0;whiteSpace=wrap;html=1;fillColor=#ffcd28;strokeColor=none;gradientDirection=north;gradientColor=none;" vertex="1" parent="1">
          <mxGeometry x="360" y="150" width="400" height="340" as="geometry" />
        </mxCell>
        <mxCell id="-nlKX1XHLx4_Opyvz-rT-50" value="" style="rounded=0;whiteSpace=wrap;html=1;fillColor=#6a00ff;fontColor=#ffffff;strokeColor=none;gradientDirection=north;gradientColor=default;" vertex="1" parent="1">
          <mxGeometry x="10" y="57.5" width="350" height="432.5" as="geometry" />
        </mxCell>
        <mxCell id="10" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="7" target="9" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="150" y="170" />
              <mxPoint x="230" y="170" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="2" value="Figure 4: Phase 5-7 Process Flow - Balancing, Wait Optimization &amp; Output" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;whiteSpace=wrap;rounded=0;fontSize=16;fontStyle=1;fontColor=#7C3AED;" parent="1" vertex="1">
          <mxGeometry x="350" y="15" width="500" height="25" as="geometry" />
        </mxCell>
        <mxCell id="3" value="FROM PHASE 4" style="ellipse;whiteSpace=wrap;html=1;fillColor=#10B981;strokeColor=#059669;fontColor=#000000;fontStyle=1;" parent="1" vertex="1">
          <mxGeometry x="430" y="40" width="100" height="35" as="geometry" />
        </mxCell>
        <mxCell id="4" value="Optimized Routes Input" style="shape=parallelogram;perimeter=parallelogramPerimeter;whiteSpace=wrap;html=1;fixedSize=1;fillColor=#FEF3C7;strokeColor=#F59E0B;fontColor=#92400E;" parent="1" vertex="1">
          <mxGeometry x="385" y="110" width="190" height="35" as="geometry" />
        </mxCell>
        <mxCell id="5" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="3" target="4" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="6" value="PHASE 5: FLEET BALANCING (CARD DEALING)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#F3E8FF;strokeColor=#9333EA;strokeWidth=2;fontStyle=1;fontColor=#6B21A8;" parent="1" vertex="1">
          <mxGeometry x="40" y="75" width="290" height="25" as="geometry" />
        </mxCell>
        <mxCell id="7" value="Calculate Shift Time for Each Vehicle" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#F3E8FF;strokeColor=#9333EA;fontColor=#6B21A8;" parent="1" vertex="1">
          <mxGeometry x="60" y="110" width="180" height="40" as="geometry" />
        </mxCell>
        <mxCell id="8" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="4" target="7" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="9" value="Compute Standard Deviation of Shift Times" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#F3E8FF;strokeColor=#9333EA;fontColor=#6B21A8;" parent="1" vertex="1">
          <mxGeometry x="140" y="190" width="180" height="40" as="geometry" />
        </mxCell>
        <mxCell id="11" value="StdDev &lt; Threshold (15min)?" style="rhombus;whiteSpace=wrap;html=1;fillColor=#FEE2E2;strokeColor=#EF4444;fontColor=#991B1B;" parent="1" vertex="1">
          <mxGeometry x="152.5" y="250" width="160" height="60" as="geometry" />
        </mxCell>
        <mxCell id="12" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="9" target="11" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="13" value="SWAP: Move Order Heaviest to Lightest" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#E0E7FF;strokeColor=#6366F1;fontColor=#3730A3;" parent="1" vertex="1">
          <mxGeometry x="50" y="330" width="160" height="40" as="geometry" />
        </mxCell>
        <mxCell id="14" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#DC2626;exitX=0;exitY=0.5;exitDx=0;exitDy=0;" parent="1" source="11" target="13" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="130" y="280" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="15" value="NO" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=9;fontStyle=1;fontColor=#DC2626;" parent="1" vertex="1">
          <mxGeometry x="127.5" y="260" width="25" height="15" as="geometry" />
        </mxCell>
        <mxCell id="16" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;entryX=0;entryY=0.5;entryDx=0;entryDy=0;exitX=0;exitY=0.5;exitDx=0;exitDy=0;" parent="1" source="13" target="7" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="30" y="350" />
              <mxPoint x="30" y="215" />
              <mxPoint x="30" y="130" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="17" value="Balanced Fleet Routes" style="shape=parallelogram;perimeter=parallelogramPerimeter;whiteSpace=wrap;html=1;fixedSize=1;fillColor=#D1FAE5;strokeColor=#059669;fontColor=#065F46;" parent="1" vertex="1">
          <mxGeometry x="145" y="415" width="170" height="35" as="geometry" />
        </mxCell>
        <mxCell id="18" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#059669;entryX=0.5;entryY=0;entryDx=0;entryDy=0;" parent="1" source="11" target="17" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points" />
          </mxGeometry>
        </mxCell>
        <mxCell id="19" value="YES" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=9;fontStyle=1;fontColor=#059669;" parent="1" vertex="1">
          <mxGeometry x="230" y="330" width="30" height="15" as="geometry" />
        </mxCell>
        <mxCell id="20" value="PHASE 6: WAIT TIME MINIMIZATION" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FEF3C7;strokeColor=#F59E0B;strokeWidth=2;fontStyle=1;fontColor=#92400E;" parent="1" vertex="1">
          <mxGeometry x="420" y="165" width="280" height="25" as="geometry" />
        </mxCell>
        <mxCell id="21" value="Gap Analysis: Find Wait Times Between Stops" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FEF3C7;strokeColor=#F59E0B;fontColor=#92400E;" parent="1" vertex="1">
          <mxGeometry x="390" y="200" width="200" height="40" as="geometry" />
        </mxCell>
        <mxCell id="22" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;exitX=1;exitY=0.75;exitDx=0;exitDy=0;" parent="1" source="17" target="21" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="370" y="440" />
              <mxPoint x="370" y="225" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="23" value="Gap &gt; 15 Minutes?" style="rhombus;whiteSpace=wrap;html=1;fillColor=#FEE2E2;strokeColor=#EF4444;fontColor=#991B1B;" parent="1" vertex="1">
          <mxGeometry x="420" y="265" width="140" height="55" as="geometry" />
        </mxCell>
        <mxCell id="24" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="21" target="23" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="25" value="Insert Closer Delivery OR Delay Departure" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#E0E7FF;strokeColor=#6366F1;fontColor=#3730A3;" parent="1" vertex="1">
          <mxGeometry x="590" y="270" width="160" height="45" as="geometry" />
        </mxCell>
        <mxCell id="26" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#DC2626;" parent="1" source="23" target="25" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="27" value="YES" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=9;fontStyle=1;fontColor=#DC2626;" parent="1" vertex="1">
          <mxGeometry x="560" y="272.5" width="30" height="15" as="geometry" />
        </mxCell>
        <mxCell id="28" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;exitX=0.5;exitY=0;exitDx=0;exitDy=0;" parent="1" source="25" target="21" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="670" y="220" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="29" value="Optimized Schedule (Min Idle)" style="shape=parallelogram;perimeter=parallelogramPerimeter;whiteSpace=wrap;html=1;fixedSize=1;fillColor=#D1FAE5;strokeColor=#059669;fontColor=#065F46;" parent="1" vertex="1">
          <mxGeometry x="400" y="355" width="180" height="35" as="geometry" />
        </mxCell>
        <mxCell id="30" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#059669;" parent="1" source="23" target="29" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="31" value="NO" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=9;fontStyle=1;fontColor=#059669;" parent="1" vertex="1">
          <mxGeometry x="460" y="325" width="25" height="15" as="geometry" />
        </mxCell>
        <mxCell id="32" value="PHASE 7: FINAL OUTPUT GENERATION" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#DBEAFE;strokeColor=#3B82F6;strokeWidth=2;fontStyle=1;fontColor=#1E3A8A;" parent="1" vertex="1">
          <mxGeometry x="820" y="145" width="280" height="25" as="geometry" />
        </mxCell>
        <mxCell id="33" value="Generate Route Plans: Stop Sequences, ETAs" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#DBEAFE;strokeColor=#3B82F6;fontColor=#1E3A8A;" parent="1" vertex="1">
          <mxGeometry x="790" y="185" width="200" height="40" as="geometry" />
        </mxCell>
        <mxCell id="34" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="29" target="33" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="490" y="410" />
              <mxPoint x="770" y="410" />
              <mxPoint x="770" y="210" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="35" value="Warehouse Loading Instructions (Reverse Order)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#DBEAFE;strokeColor=#3B82F6;fontColor=#1E3A8A;" parent="1" vertex="1">
          <mxGeometry x="1020" y="185" width="180" height="40" as="geometry" />
        </mxCell>
        <mxCell id="36" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="33" target="35" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="37" value="Driver App Export (GPS Navigation)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#DBEAFE;strokeColor=#3B82F6;fontColor=#1E3A8A;" parent="1" vertex="1">
          <mxGeometry x="790" y="250" width="200" height="35" as="geometry" />
        </mxCell>
        <mxCell id="38" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="33" target="37" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="39" value="CO2 Savings Report (Fuel Efficiency)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#ECFDF5;strokeColor=#10B981;fontColor=#065F46;" parent="1" vertex="1">
          <mxGeometry x="1020" y="250" width="180" height="35" as="geometry" />
        </mxCell>
        <mxCell id="40" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="37" target="39" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="41" value="Customer Notifications (SMS/Email)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FCE7F3;strokeColor=#EC4899;fontColor=#9D174D;" parent="1" vertex="1">
          <mxGeometry x="790" y="310" width="200" height="35" as="geometry" />
        </mxCell>
        <mxCell id="42" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="37" target="41" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="43" value="COMPLETE OUTPUT PACKAGE" style="shape=parallelogram;perimeter=parallelogramPerimeter;whiteSpace=wrap;html=1;fixedSize=1;fillColor=#D1FAE5;strokeColor=#059669;fontColor=#065F46;fontStyle=1;" parent="1" vertex="1">
          <mxGeometry x="780" y="380" width="220" height="40" as="geometry" />
        </mxCell>
        <mxCell id="44" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="41" target="43" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="45" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;entryX=1;entryY=0.75;entryDx=0;entryDy=0;" parent="1" source="39" target="43" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="1110" y="410" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="46" value="TO PHASE 8" style="ellipse;whiteSpace=wrap;html=1;fillColor=#EC4899;strokeColor=#DB2777;fontColor=#FFFFFF;fontStyle=1;" parent="1" vertex="1">
          <mxGeometry x="835" y="450" width="110" height="35" as="geometry" />
        </mxCell>
        <mxCell id="47" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="43" target="46" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
      </root>
    </mxGraphModel>
  </diagram>
</mxfile>
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<mxfile host="Electron" agent="Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) draw.io/29.0.3 Chrome/140.0.7339.249 Electron/38.7.0 Safari/537.36" version="29.0.3">
  <diagram name="Phase 8-9" id="phase89diag">
    <mxGraphModel dx="1426" dy="841" grid="1" gridSize="10" guides="1" tooltips="1" connect="1" arrows="1" fold="1" page="1" pageScale="1" pageWidth="1400" pageHeight="900" math="0" shadow="0">
      <root>
        <mxCell id="0" />
        <mxCell id="1" parent="0" />
        <mxCell id="EX3hsG55vbCiqxqfT_Oh-62" value="" style="rounded=0;whiteSpace=wrap;html=1;fillColor=#cdeb8b;strokeColor=none;gradientColor=default;gradientDirection=north;" vertex="1" parent="1">
          <mxGeometry x="670" y="140" width="460" height="390" as="geometry" />
        </mxCell>
        <mxCell id="EX3hsG55vbCiqxqfT_Oh-61" value="" style="rounded=0;whiteSpace=wrap;html=1;fillColor=#d5e8d4;strokeColor=none;gradientColor=#97d077;" vertex="1" parent="1">
          <mxGeometry x="40" y="140" width="630" height="500" as="geometry" />
        </mxCell>
        <mxCell id="2" value="Figure 5: Phase 8-9 Operations - Real-Time Monitoring &amp; Cloud Scalability" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;whiteSpace=wrap;rounded=0;fontSize=16;fontStyle=1;fontColor=#DB2777;" parent="1" vertex="1">
          <mxGeometry x="350" y="15" width="500" height="25" as="geometry" />
        </mxCell>
        <mxCell id="3" value="FROM PHASE 7" style="ellipse;whiteSpace=wrap;html=1;fillColor=#10B981;strokeColor=#059669;fontColor=#000000;fontStyle=1;" parent="1" vertex="1">
          <mxGeometry x="600" y="50" width="100" height="35" as="geometry" />
        </mxCell>
        <mxCell id="4" value="Routes Dispatched to Drivers" style="shape=parallelogram;perimeter=parallelogramPerimeter;whiteSpace=wrap;html=1;fixedSize=1;fillColor=#DBEAFE;strokeColor=#3B82F6;fontColor=#1E3A8A;" parent="1" vertex="1">
          <mxGeometry x="545" y="102" width="210" height="35" as="geometry" />
        </mxCell>
        <mxCell id="5" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="3" target="4" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="6" value="PHASE 8: REAL-TIME MONITORING &amp; DYNAMIC RE-ROUTING" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FCE7F3;strokeColor=#EC4899;strokeWidth=2;fontStyle=1;fontColor=#9D174D;" parent="1" vertex="1">
          <mxGeometry x="54" y="147" width="420" height="25" as="geometry" />
        </mxCell>
        <mxCell id="7" value="GPS Tracking: Poll Driver Location (Every 5 Min)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FCE7F3;strokeColor=#EC4899;fontColor=#9D174D;" parent="1" vertex="1">
          <mxGeometry x="250" y="200" width="200" height="40" as="geometry" />
        </mxCell>
        <mxCell id="8" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;exitX=0;exitY=0.5;exitDx=0;exitDy=0;entryX=0.5;entryY=0;entryDx=0;entryDy=0;" parent="1" source="4" target="7" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="520" y="120" />
              <mxPoint x="520" y="180" />
              <mxPoint x="350" y="180" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="9" value="Traffic API: Real-Time Data (Google/Mapbox)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#ECFDF5;strokeColor=#10B981;fontColor=#065F46;" parent="1" vertex="1">
          <mxGeometry x="470" y="260" width="180" height="40" as="geometry" />
        </mxCell>
        <mxCell id="10" value="ETA Recalculator: LiveETA = Now + (Dist/Speed)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#E0E7FF;strokeColor=#6366F1;fontColor=#3730A3;" parent="1" vertex="1">
          <mxGeometry x="250" y="260" width="200" height="40" as="geometry" />
        </mxCell>
        <mxCell id="11" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="7" target="10" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="12" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#10B981;" parent="1" source="9" target="10" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="13" value="HARD DEADLINE: LiveETA &lt;= Slot + 30min?" style="rhombus;whiteSpace=wrap;html=1;fillColor=#FEE2E2;strokeColor=#DC2626;strokeWidth=2;fontColor=#991B1B;" parent="1" vertex="1">
          <mxGeometry x="250" y="325" width="200" height="70" as="geometry" />
        </mxCell>
        <mxCell id="14" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="10" target="13" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="15" value="ON TRACK: Continue Monitoring" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#D1FAE5;strokeColor=#059669;fontColor=#065F46;fontStyle=1;" parent="1" vertex="1">
          <mxGeometry x="480" y="340" width="140" height="40" as="geometry" />
        </mxCell>
        <mxCell id="16" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#059669;exitX=1;exitY=0.5;exitDx=0;exitDy=0;" parent="1" source="13" target="15" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="17" value="YES" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=9;fontStyle=1;fontColor=#059669;" parent="1" vertex="1">
          <mxGeometry x="447" y="341" width="30" height="15" as="geometry" />
        </mxCell>
        <mxCell id="18" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#059669;entryX=1;entryY=0.5;entryDx=0;entryDy=0;" parent="1" source="15" target="7" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="660" y="360" />
              <mxPoint x="660" y="220" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="19" value="Wait 5min" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=8;fontStyle=2;fontColor=#059669;" parent="1" vertex="1">
          <mxGeometry x="530" y="204" width="50" height="15" as="geometry" />
        </mxCell>
        <mxCell id="20" value="ALERT: Deadline Violation Imminent!" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#DC2626;strokeColor=#991B1B;fontColor=#FFFFFF;fontStyle=1;" parent="1" vertex="1">
          <mxGeometry x="270" y="430" width="160" height="40" as="geometry" />
        </mxCell>
        <mxCell id="21" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#DC2626;" parent="1" source="13" target="20" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="22" value="NO" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=9;fontStyle=1;fontColor=#DC2626;" parent="1" vertex="1">
          <mxGeometry x="324" y="400.5" width="25" height="15" as="geometry" />
        </mxCell>
        <mxCell id="23" value="Dynamic Re-Route Possible?" style="rhombus;whiteSpace=wrap;html=1;fillColor=#FEE2E2;strokeColor=#EF4444;fontColor=#991B1B;" parent="1" vertex="1">
          <mxGeometry x="271" y="495" width="160" height="60" as="geometry" />
        </mxCell>
        <mxCell id="24" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="20" target="23" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="25" value="Recalculate Route (Phase 4 on Remaining)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#E0E7FF;strokeColor=#6366F1;fontColor=#3730A3;" parent="1" vertex="1">
          <mxGeometry x="52" y="505" width="180" height="40" as="geometry" />
        </mxCell>
        <mxCell id="26" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#059669;exitX=0;exitY=0.5;exitDx=0;exitDy=0;" parent="1" source="23" target="25" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points" />
          </mxGeometry>
        </mxCell>
        <mxCell id="27" value="YES" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=9;fontStyle=1;fontColor=#059669;" parent="1" vertex="1">
          <mxGeometry x="237" y="509" width="30" height="15" as="geometry" />
        </mxCell>
        <mxCell id="28" value="Push Updated Route to Driver App" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#DBEAFE;strokeColor=#3B82F6;fontColor=#1E3A8A;" parent="1" vertex="1">
          <mxGeometry x="53" y="365.5" width="180" height="35" as="geometry" />
        </mxCell>
        <mxCell id="29" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="25" target="28" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="30" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;exitX=0.5;exitY=0;exitDx=0;exitDy=0;" parent="1" source="28" target="7" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="143" y="220" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="31" value="Notify Dispatch for Manual Override" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FEF3C7;strokeColor=#F59E0B;fontColor=#92400E;" parent="1" vertex="1">
          <mxGeometry x="475" y="505" width="160" height="40" as="geometry" />
        </mxCell>
        <mxCell id="32" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#DC2626;exitX=1;exitY=0.5;exitDx=0;exitDy=0;entryX=0;entryY=0.5;entryDx=0;entryDy=0;" parent="1" source="23" target="31" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points" />
          </mxGeometry>
        </mxCell>
        <mxCell id="33" value="NO" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=9;fontStyle=1;fontColor=#DC2626;" parent="1" vertex="1">
          <mxGeometry x="435" y="510" width="25" height="15" as="geometry" />
        </mxCell>
        <mxCell id="34" value="Manual: Contact Customer, Reassign, Compensate" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#F3E8FF;strokeColor=#9333EA;fontColor=#6B21A8;" parent="1" vertex="1">
          <mxGeometry x="455" y="570" width="200" height="40" as="geometry" />
        </mxCell>
        <mxCell id="35" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#9333EA;" parent="1" source="31" target="34" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="36" value="PHASE 9: CLOUD AUTO-SCALING (AWS/AZURE)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FEE2E2;strokeColor=#EF4444;strokeWidth=2;fontStyle=1;fontColor=#991B1B;" parent="1" vertex="1">
          <mxGeometry x="820" y="147" width="300" height="25" as="geometry" />
        </mxCell>
        <mxCell id="37" value="Monitor Order Volume" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FEE2E2;strokeColor=#EF4444;fontColor=#991B1B;" parent="1" vertex="1">
          <mxGeometry x="720" y="180" width="150" height="35" as="geometry" />
        </mxCell>
        <mxCell id="38" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;exitX=1;exitY=0.5;exitDx=0;exitDy=0;" parent="1" source="4" edge="1">
          <mxGeometry relative="1" as="geometry">
            <mxPoint x="745" y="118" as="sourcePoint" />
            <mxPoint x="800" y="178" as="targetPoint" />
            <Array as="points">
              <mxPoint x="800" y="120" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="39" value="Order Count &gt; Threshold (500+)?" style="rhombus;whiteSpace=wrap;html=1;fillColor=#FEE2E2;strokeColor=#EF4444;fontColor=#991B1B;" parent="1" vertex="1">
          <mxGeometry x="714" y="250" width="170" height="60" as="geometry" />
        </mxCell>
        <mxCell id="40" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;entryX=0.5;entryY=0;entryDx=0;entryDy=0;" parent="1" target="39" edge="1">
          <mxGeometry relative="1" as="geometry">
            <mxPoint x="799" y="220" as="sourcePoint" />
            <mxPoint x="799" y="250" as="targetPoint" />
          </mxGeometry>
        </mxCell>
        <mxCell id="41" value="AUTO-SCALE: Spin Up Additional EC2/Azure VMs" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#DBEAFE;strokeColor=#3B82F6;fontColor=#1E3A8A;fontStyle=1;" parent="1" vertex="1">
          <mxGeometry x="910" y="260" width="180" height="40" as="geometry" />
        </mxCell>
        <mxCell id="42" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#DC2626;" parent="1" source="39" target="41" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="43" value="YES" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=9;fontStyle=1;fontColor=#DC2626;" parent="1" vertex="1">
          <mxGeometry x="876" y="258" width="30" height="15" as="geometry" />
        </mxCell>
        <mxCell id="44" value="Parallel Route Calculation (Distributed)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#E0E7FF;strokeColor=#6366F1;fontColor=#3730A3;" parent="1" vertex="1">
          <mxGeometry x="920" y="320" width="160" height="40" as="geometry" />
        </mxCell>
        <mxCell id="45" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="41" target="44" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="46" value="Merge Results, Release Resources" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#D1FAE5;strokeColor=#059669;fontColor=#065F46;" parent="1" vertex="1">
          <mxGeometry x="920" y="385" width="160" height="40" as="geometry" />
        </mxCell>
        <mxCell id="47" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="44" target="46" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="48" value="Standard Processing (Single Node)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#D1FAE5;strokeColor=#059669;fontColor=#065F46;" parent="1" vertex="1">
          <mxGeometry x="714" y="340" width="170" height="35" as="geometry" />
        </mxCell>
        <mxCell id="49" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#059669;" parent="1" source="39" target="48" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="50" value="NO" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;fontSize=9;fontStyle=1;fontColor=#059669;" parent="1" vertex="1">
          <mxGeometry x="760" y="315" width="25" height="15" as="geometry" />
        </mxCell>
        <mxCell id="51" value="ROUTES READY FOR DISPATCH" style="shape=parallelogram;perimeter=parallelogramPerimeter;whiteSpace=wrap;html=1;fixedSize=1;fillColor=#D1FAE5;strokeColor=#059669;fontColor=#065F46;fontStyle=1;" parent="1" vertex="1">
          <mxGeometry x="680" y="470" width="240" height="40" as="geometry" />
        </mxCell>
        <mxCell id="52" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;entryX=1;entryY=0.5;entryDx=0;entryDy=0;" parent="1" source="46" target="51" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points">
              <mxPoint x="1000" y="490" />
            </Array>
          </mxGeometry>
        </mxCell>
        <mxCell id="53" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;entryX=0.5;entryY=0;entryDx=0;entryDy=0;" parent="1" target="51" edge="1">
          <mxGeometry relative="1" as="geometry">
            <Array as="points" />
            <mxPoint x="799" y="380" as="sourcePoint" />
          </mxGeometry>
        </mxCell>
        <mxCell id="54" value="END: Delivery Complete" style="ellipse;whiteSpace=wrap;html=1;fillColor=#EF4444;strokeColor=#DC2626;fontColor=#FFFFFF;fontStyle=1;" parent="1" vertex="1">
          <mxGeometry x="730" y="550" width="140" height="40" as="geometry" />
        </mxCell>
        <mxCell id="55" value="" style="endArrow=classic;html=1;rounded=0;strokeWidth=2;strokeColor=#6366F1;" parent="1" source="51" target="54" edge="1">
          <mxGeometry relative="1" as="geometry" />
        </mxCell>
        <mxCell id="56" value="AWS/Azure: Lambda, EC2, ECS, Auto Scaling Groups" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#F1F5F9;strokeColor=#94A3B8;fontColor=#334155;fontSize=9;" parent="1" vertex="1">
          <mxGeometry x="900" y="215" width="200" height="30" as="geometry" />
        </mxCell>
      </root>
    </mxGraphModel>
  </diagram>
</mxfile>



image14.emf
Figure7_Validation Gates.drawio


Figure7_ValidationGates.drawio
<mxfile host="Electron" agent="Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like Gecko) draw.io/29.0.3 Chrome/140.0.7339.249 Electron/38.7.0 Safari/537.36" version="29.0.3">
  <diagram name="Validation Gates" id="gatesdiag">
    <mxGraphModel dx="1426" dy="841" grid="1" gridSize="10" guides="1" tooltips="1" connect="1" arrows="1" fold="1" page="1" pageScale="1" pageWidth="1169" pageHeight="827" math="0" shadow="0">
      <root>
        <mxCell id="0" />
        <mxCell id="1" parent="0" />
        <mxCell id="-aQFAlaRRaxxz1Wtpb24-32" value="" style="rounded=0;whiteSpace=wrap;html=1;gradientDirection=west;shadow=1;gradientColor=none;fillColor=#1A1A1A;strokeWidth=5;strokeColor=#CC0000;glass=0;" vertex="1" parent="1">
          <mxGeometry x="30" y="70" width="820" height="640" as="geometry" />
        </mxCell>
        <mxCell id="2" value="Figure 6: Critical Validation Gates Summary" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;whiteSpace=wrap;rounded=0;fontSize=18;fontStyle=1;fontColor=#DC2626;shadow=1;" parent="1" vertex="1">
          <mxGeometry x="260" y="20" width="400" height="30" as="geometry" />
        </mxCell>
        <mxCell id="3" value="CONSTRAINT ENFORCEMENT LOGIC" style="text;html=1;strokeColor=none;fillColor=none;align=center;verticalAlign=middle;whiteSpace=wrap;rounded=0;fontSize=12;fontStyle=1;fontColor=#64748B;shadow=1;" parent="1" vertex="1">
          <mxGeometry x="300" y="50" width="300" height="20" as="geometry" />
        </mxCell>
        <mxCell id="4" value="GATE 1: DATA VALIDATION" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#DBEAFE;strokeColor=#3B82F6;strokeWidth=2;fontStyle=1;fontColor=#1E3A8A;fontSize=14;" parent="1" vertex="1">
          <mxGeometry x="40" y="100" width="280" height="40" as="geometry" />
        </mxCell>
        <mxCell id="5" value="Phase 1: Ingestion" style="text;html=1;strokeColor=none;fillColor=none;align=left;verticalAlign=middle;fontSize=10;fontColor=#64748B;" parent="1" vertex="1">
          <mxGeometry x="340" y="100" width="100" height="20" as="geometry" />
        </mxCell>
        <mxCell id="6" value="Check: Required fields present, valid GPS coordinates, correct data types" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#F1F5F9;strokeColor=#94A3B8;fontColor=#334155;fontSize=10;align=left;spacingLeft=10;" parent="1" vertex="1">
          <mxGeometry x="40" y="145" width="280" height="35" as="geometry" />
        </mxCell>
        <mxCell id="7" value="Action: REJECT invalid records, log errors for manual review" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FEE2E2;strokeColor=#EF4444;fontColor=#991B1B;fontSize=10;align=left;spacingLeft=10;" parent="1" vertex="1">
          <mxGeometry x="340" y="145" width="280" height="35" as="geometry" />
        </mxCell>
        <mxCell id="8" value="GATE 2: CAPACITY CHECK" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FEF3C7;strokeColor=#F59E0B;strokeWidth=2;fontStyle=1;fontColor=#92400E;fontSize=14;" parent="1" vertex="1">
          <mxGeometry x="40" y="210" width="280" height="40" as="geometry" />
        </mxCell>
        <mxCell id="9" value="Phase 3: Construction" style="text;html=1;strokeColor=none;fillColor=none;align=left;verticalAlign=middle;fontSize=10;fontColor=#64748B;" parent="1" vertex="1">
          <mxGeometry x="340" y="210" width="110" height="20" as="geometry" />
        </mxCell>
        <mxCell id="10" value="Check: CurrentLoad + OrderVolume &lt;= VehicleCapacityMax" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#F1F5F9;strokeColor=#94A3B8;fontColor=#334155;fontSize=10;align=left;spacingLeft=10;" parent="1" vertex="1">
          <mxGeometry x="40" y="255" width="280" height="35" as="geometry" />
        </mxCell>
        <mxCell id="11" value="Action: START NEW VEHICLE if capacity exceeded" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FCE7F3;strokeColor=#EC4899;fontColor=#9D174D;fontSize=10;align=left;spacingLeft=10;" parent="1" vertex="1">
          <mxGeometry x="340" y="255" width="280" height="35" as="geometry" />
        </mxCell>
        <mxCell id="12" value="GATE 3: HARD STOP (30-MINUTE RULE)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#DC2626;strokeColor=#991B1B;strokeWidth=3;fontStyle=1;fontColor=#FFFFFF;fontSize=14;" parent="1" vertex="1">
          <mxGeometry x="40" y="320" width="280" height="40" as="geometry" />
        </mxCell>
        <mxCell id="13" value="Phase 3: Construction" style="text;html=1;strokeColor=none;fillColor=none;align=left;verticalAlign=middle;fontSize=10;fontColor=#64748B;" parent="1" vertex="1">
          <mxGeometry x="340" y="320" width="110" height="20" as="geometry" />
        </mxCell>
        <mxCell id="14" value="Check: ArrivalTime &lt;= TimeWindowEnd + 30 minutes (ABSOLUTE MAXIMUM)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#F1F5F9;strokeColor=#94A3B8;fontColor=#334155;fontSize=10;align=left;spacingLeft=10;" parent="1" vertex="1">
          <mxGeometry x="40" y="365" width="280" height="35" as="geometry" />
        </mxCell>
        <mxCell id="15" value="Action: HARD STOP VIOLATION - Flag order, escalate to manual review, cannot proceed" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#DC2626;strokeColor=#991B1B;fontColor=#FFFFFF;fontSize=10;align=left;spacingLeft=10;fontStyle=1;" parent="1" vertex="1">
          <mxGeometry x="340" y="365" width="280" height="35" as="geometry" />
        </mxCell>
        <mxCell id="16" value="GATE 4: SHIFT DURATION CHECK" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#F3E8FF;strokeColor=#9333EA;strokeWidth=2;fontStyle=1;fontColor=#6B21A8;fontSize=14;" parent="1" vertex="1">
          <mxGeometry x="40" y="430" width="280" height="40" as="geometry" />
        </mxCell>
        <mxCell id="17" value="Phase 3: Construction" style="text;html=1;strokeColor=none;fillColor=none;align=left;verticalAlign=middle;fontSize=10;fontColor=#64748B;" parent="1" vertex="1">
          <mxGeometry x="340" y="430" width="110" height="20" as="geometry" />
        </mxCell>
        <mxCell id="18" value="Check: TotalShiftTime &lt;= MaxShiftDuration (8 hours typical)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#F1F5F9;strokeColor=#94A3B8;fontColor=#334155;fontSize=10;align=left;spacingLeft=10;" parent="1" vertex="1">
          <mxGeometry x="40" y="475" width="280" height="35" as="geometry" />
        </mxCell>
        <mxCell id="19" value="Action: START NEW VEHICLE if shift limit exceeded" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FCE7F3;strokeColor=#EC4899;fontColor=#9D174D;fontSize=10;align=left;spacingLeft=10;" parent="1" vertex="1">
          <mxGeometry x="340" y="475" width="280" height="35" as="geometry" />
        </mxCell>
        <mxCell id="20" value="GATE 5: REAL-TIME DEADLINE MONITOR" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FCE7F3;strokeColor=#EC4899;strokeWidth=2;fontStyle=1;fontColor=#9D174D;fontSize=14;" parent="1" vertex="1">
          <mxGeometry x="40" y="540" width="280" height="40" as="geometry" />
        </mxCell>
        <mxCell id="21" value="Phase 8: Monitoring" style="text;html=1;strokeColor=none;fillColor=none;align=left;verticalAlign=middle;fontSize=10;fontColor=#64748B;" parent="1" vertex="1">
          <mxGeometry x="340" y="540" width="110" height="20" as="geometry" />
        </mxCell>
        <mxCell id="22" value="Check: LiveETA &lt;= TimeWindowEnd + 30 minutes (Continuous)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#F1F5F9;strokeColor=#94A3B8;fontColor=#334155;fontSize=10;align=left;spacingLeft=10;" parent="1" vertex="1">
          <mxGeometry x="40" y="585" width="280" height="35" as="geometry" />
        </mxCell>
        <mxCell id="23" value="Action: DYNAMIC RE-ROUTE or escalate to dispatch for manual intervention" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FEF3C7;strokeColor=#F59E0B;fontColor=#92400E;fontSize=10;align=left;spacingLeft=10;" parent="1" vertex="1">
          <mxGeometry x="340" y="585" width="280" height="35" as="geometry" />
        </mxCell>
        <mxCell id="24" value="CRITICAL" style="text;html=1;strokeColor=none;fillColor=#DC2626;align=center;verticalAlign=middle;fontSize=9;fontStyle=1;fontColor=#FFFFFF;rounded=1;" parent="1" vertex="1">
          <mxGeometry x="685" y="330" width="110" height="20" as="geometry" />
        </mxCell>
        <mxCell id="25" value="LEGEND" style="text;html=1;strokeColor=none;fillColor=none;align=left;verticalAlign=middle;fontSize=12;fontStyle=1;fontColor=#334155;" parent="1" vertex="1">
          <mxGeometry x="700" y="100" width="80" height="25" as="geometry" />
        </mxCell>
        <mxCell id="26" value="Data Validation" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#DBEAFE;strokeColor=#3B82F6;fontColor=#1E3A8A;fontSize=9;" parent="1" vertex="1">
          <mxGeometry x="700" y="130" width="100" height="25" as="geometry" />
        </mxCell>
        <mxCell id="27" value="Soft Constraint" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FEF3C7;strokeColor=#F59E0B;fontColor=#92400E;fontSize=9;" parent="1" vertex="1">
          <mxGeometry x="700" y="165" width="100" height="25" as="geometry" />
        </mxCell>
        <mxCell id="28" value="Hard Constraint" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#DC2626;strokeColor=#991B1B;fontColor=#FFFFFF;fontSize=9;fontStyle=1;" parent="1" vertex="1">
          <mxGeometry x="700" y="200" width="100" height="25" as="geometry" />
        </mxCell>
        <mxCell id="29" value="Operational" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#F3E8FF;strokeColor=#9333EA;fontColor=#6B21A8;fontSize=9;" parent="1" vertex="1">
          <mxGeometry x="700" y="235" width="100" height="25" as="geometry" />
        </mxCell>
        <mxCell id="30" value="Real-Time" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FCE7F3;strokeColor=#EC4899;fontColor=#9D174D;fontSize=9;" parent="1" vertex="1">
          <mxGeometry x="700" y="270" width="100" height="25" as="geometry" />
        </mxCell>
        <mxCell id="31" value="The 30-minute Hard Stop Rule is the MOST CRITICAL constraint. Any delivery arriving more than 30 minutes after the customer&#39;s time window is considered a failure and requires immediate escalation." style="rounded=1;whiteSpace=wrap;html=1;fillColor=#FEE2E2;strokeColor=#DC2626;fontColor=#991B1B;fontSize=10;align=left;spacingLeft=10;spacingRight=10;" parent="1" vertex="1">
          <mxGeometry x="670" y="360" width="140" height="140" as="geometry" />
        </mxCell>
        <mxCell id="32" value="ENFORCEMENT PRIORITY: Gate 3 (Hard Stop) &gt; Gate 2 (Capacity) &gt; Gate 4 (Shift) &gt; Gate 1 (Data)" style="rounded=1;whiteSpace=wrap;html=1;fillColor=#F1F5F9;strokeColor=#94A3B8;fontColor=#334155;fontSize=10;align=center;" parent="1" vertex="1">
          <mxGeometry x="40" y="660" width="580" height="30" as="geometry" />
        </mxCell>
      </root>
    </mxGraphModel>
  </diagram>
</mxfile>
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