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                          INTRODUCTION  TO THE CASE STUDY.
Effective logistics are essential for satisfying customers' needs and maintaining competitiveness in today's e-commerce landscape. Online grocery delivery services encounter obstacles like ensuring prompt deliveries, managing variable demand, and coping with increasing fuel expenses. This analysis centers on Grocer Quick, a grocery delivery firm grappling with major difficulties in optimizing delivery routes. 
 The report seeks to dissect the problem, pinpoint critical requirements and limitations, and recommend a systematic solution employing recognized problem – solving, system analysis and optimization strategies. It seeks to break down the situation into manageable components, identify critical requirements and constraints, present a structure solution through flowchart and pseudocode, and contextualize the methodology within relevant academic studies. 
   Through this comprehensive approach, the analysis illustrates a rigorous method for meeting both Green Quick's operational needs.




                                                             TASK 1.
                             Assignment   Report.
        Deconstruct the Problem


Optimizing Delivery  Routes for Green Quick, A structured  Analytical and Algorithmic Approach.
2. Problem decomposition 
2.1  Rationale for Problem Decomposition , systematic  decomposition is widely acknowledge as a crucial strategy in systems engineering and computation problem- solving . {1}. This technique enhances clarity  by siding different system components , allowing for focused analysis and reducing cognitive overload .  In complex logistical tasks like route optimization , decomposition aids in recognizing interrelationships  among orders, Vehicles, time constrains and geographic factors . This aligns with systems thinking approaches, which emphasize understanding  operational challenges as interconnected , multi-faceted system.{2 }
2.2  Decomposition of the Green Quick scenario.
· The Green Quick  scenario can be divided into four main domains. Orders, Vehicles, Route , Planning ,  Scheduling and Time Constrains , which together from frame work of the routing challenges.
2.2.1, Orders
Orders ae the core operational elements within the delivery system. Order has characteristics that  impact routing decisions , including,
· Delivery Time Window -  Aligns with the compony requirement that no delivery should be over 30 minute late.
· Order Size and Weight- Influences vehicle capacity and constraints .
· Customer Priority or Special Conditions – May require specific routing preferences or sequencing adjustments. From systems stand points, Orders serve as nodes in a network. Interconnected by travel times. .Optimizing routes necessitates first analyzing the special and temporal distribution of these notes.

2.2.2, Delivery Vehicles; 
Vehicles are limited resources that critically influence possible routing strategies. Important strategies including,
· Capacity Constraints, Each Vehicle has a maximum load it can carry. 
· Fuel Consumption  Route; A significant factors in cost optimization as fuel is one of the highest operational expenses. 
· Drivers Shifts and Legal Requirements ; Often set strip operational time limits. 
· Depot Location ; The starting and ending point in terms of routing network. 
In VRP literature, Vehicles are viewed as agents bound by multiple simultaneous constraints . {3,}, {6}For Green Quick, factors like Vehicle capacity and fuel efficiency are particularly crucial. 
   2.2.3. Route Planning; 
Route planning is the most competitive – heavy aspect of the problem. It involves.
· Establishing the order of orders fulfillment,
· Minimizing total distance or expenses .
· Considering geographical and roadway limitations.
2.2.4. Scheduling and Time Constrains.
· Schedule encompassed the coordination of route timings to ensure on time deliveries and prevent service disruptions. In the Green Quick context, the requitement that deliveries cannot exceed a 30 minute lateness window introducing aspects of the vehicle routing problem with time windows , a more intricate version of the V
· Estimating Travel durations.
· Organizing orders to meet deadlines.

· Making adjustments in cases of delays.
3. Key Variables in the routing Medel. 
The computational and logistical framework of the scenario can be outlined using the following variables 
· Distance ; The physical space between delivery point 
· Travel Time; Calculated from distance and expected average speed, adjusted for traffic conditions .
· Fuel consumption; Typically estimated as a function of distance in a linear manner.
· Vehicle Capacity-  The maximum load that a vehicle can carry.
· Route lenght – The total distance covered in a vehicle route
· Traffic Factor – A variable representing the effects of congestion or delay.

Requirement And Constrain Using The Moscow Framework.
 
The Moscow method is a widely – used strategy for prioritizing requirements in systems, development and agile project management {1}. It classifies functional needs into four categories – essential  (Must ), Important (Should ), desirable (Could ), and out of scope (Will Not)

4.1. Must Have Requirements. 
· An effective Order allocation mechanism for vehicles
· Functionality for estimating distance and Travel time
· System in place to minimize fuel use. 
· The ability to modify routes  when delays are identifier .
4.2. Should Have Requirements.
· Routing that accounts for traffic and capabilities for real – time  adjustments.
· Faire distribution of workload among vehicles to avoid inefficacies.
· Automatic grouping of orders based on geographical proximity.
· Early detection of high – risk delivery segment 
4.3. Could- Have Enhancements
· Predictive analytics for forecasting  demand. 
· Visual displays of routes for managerial assessment .
· Customer notifications  regarding  estimated times of arrival ( ETA )
· Analytical dashboards for tracking performance.

4.4. Will – Not – Have items
· Delivery systems relying on automatous  vehicles or drones.
· Fully AI – driven routing optimization 
· Integration  with robotic warehouse technologic




                             2.
     PROPOSE A SOLUTION
The proposed route optimization and delivery Allocation System  (RODAS ) aims to enhance the efficiency of a logistics company by reducing fuel consumption, meeting delivery deadlines, and ensuring fair order distribution among vehicles and drivers. The system utilizes algorithmic logic  and employs flowcharts , pseudocode, and written explanations to illustrate its design and rationale..{ 3}, {6}

           Objectives of the solution 
· Minimized fuel usage by selecting the most cost effective routes.
· Optimize delivery time adherence .
· Enhance order allocation fairness among vehicle .
· Facilitate decision –making through clear, automatable steps.






                                    Flowchart 




























            Pseudocode
            INPUT order list , vehicle _list , fuel_ rate , time_ limits
            RETRIEVE distance _ matrix
              For each order IN order _list DO
              AVAILABLE --- vehicle – WHERE status = “available “
              BEST _ROUTE ---NULL
              LOWEST _ ROUTE ------ INFINITY
             FOR each vehicle IN AVAILABLE DO
           ROUTES --- GENERATE_ ROUTE ( order, location , vehicle  current _ location  )
             FOR each route IN ROUTES DO
              Distance – CALC—TIME( distance , vehicle speed )
               Fuel _ cost – distance *fuel  _ rate * vehicle , consumption 
              IF time < order . Deadline  AND fuel _ cost <LOWEST _ FUEL THEN
              LOWEST _ FUEL – FUEL COST 
             BEST _ROUTE – route
             BEST _ VEHICLE – vehicle 
      END IF
    END FOR
  END FOR
 IF BEST _ ROUTE = NULL THEN 
ASSIGN order TO BEST _ VEHICLE 
UPDATE BEST_ VEHICLE. Status -- “ busy “ 
ELSE 
FLAGE order AS “ manual scheduling required 
END IF 
END FOR 
OUTPUT final _ delivery _ schedule 
END. 

                     
                    EXPLANATION OF LOGIC 
The system logic can be divided into three phase , Input , processing. And output
Intake phase. 
The software initiate by gathering necessary information .
· Order-  distance , due date, weight of package 
· Vehicles;  Speed , fuel efficiency, and availability
· Fuel Rate --   Price per unite distance .
· Distance Matrix --- distances between all allocation sourced from a map API or dataset
This step ensure the algorithm has precise and through data prior to computations. 

           Processing Phase
The algorithm goes through each order, seeking the most effective vehicle –routing pairing . 
1. Vehicle Selection ;  Only available vehicles at the beginning of each iteration are taken into account
2. Route Creation ;  All possible  routes for each vehicles to fulfill the orders are calculated .
3. Performance Assessment ;  Each route is examined for ,
· Distance ( for travel effort remeasurement  ) 
· Travel Time  ( to ensure meeting deadline )
· Fuel Cost ( for efficiency evaluation )
4. Decision – Making ;  Any route surpassing  the orders time limit is eliminated .
5. Choice;  Among the remaining routes, the algorithm picks the one with lowest fuel cost.
6. Allocation ;  The chosen route and relevant vehicle are assigned to key stages , Input processing , and output. .
By merging these processes , the algorithm guarantees efficiency  ( via optimization  ) and effectiveness  ( by meeting delivery deadlines ).
                  
              Result phase
The system generates a final delivery timetable comprising .
· Designated drivers and vehicles for each order. 
· Approximate travel time and distance . 
· Overall fuel cost estimation 
This organization output , allows management to oversee logistics performance , estimate operational expenses , and modify vehicle distribution as necessary. 
 
      Efficiency and Fuel Optimization 
Fuel consumption is the most significant logistic operation costs  are managed by the algorithm in the following .
· Pyritizing short routes
· Considering fuel efficiency per vehicle 
· Excluding route that exceed time limits
· Refining routes iteratively to avoid unnecessary travel.
These strategy collectively improve fuel efficiecy reduce carbon emissions , and support sustain objectives
Time limit;
Time limits and orders allocation are critical for meeting delivery deadliness. The algorithm assure route options based on time constraints and flag orders for manual l review if no suitable rout is found.
Assumption 
             Assumption of the solution include accurate distance and travel time predictions, stable traffic conditions, consistent fuel efficiency data for all vehicles, and no consideration of weather or unforeseen disruptions initially . Live – data integration can relax these assumptions in real – world implementations. 
      Evaluation of the Approach 
Advantages; 
· Transparent decision – making process based on measurable criteria ( fuel, time, distance ) 
· Scalability for larger datasets through iterative loops
· Promotes sustainability by reducing  fuel consumption .
Limitations; 
· Static assumptions may not accurately represent real traffic dynamics . 
· Simplified handling of provides of fuel –efficiency variations e.g due to payload weight.
· Manual review necessary for exceptional  cases.
However , the solution provides a clear basic for automation and continuous improvement using machine learning or real –time date feeds.
The proposed system offers a systematic approach to  managing intricate delivery schedules .
    Advantages
· Clear decision – making process based on quantifiable factors( fuel , time , distance )
· Ability to handle larger volumes of data through repetitive  cycles.
· Promote sustainability by  decreasing fuel usage.

Disadvantages;
· Fixed  assumptions may not mirror  actual traffic pattens 
· Simplified treatment of fuel efficiency  differences ( e.g. impacted by cargo weight. )
· Exception cases necessities manual examination .
Nevertheless , this solution stablishes a solid groundwork for automation and ongoing enhancement  through machine learning  or live data streams.





                              3.
                   REFLECTIONS AND JUSTIFY
The creation of the suggested solution necessitated the application of various organized problem solving  strategies , including , abstraction , decomposition , algorithmic reasoning , and iterative assessment . Reviewing the process not only illustrate how these techniques influenced the final system design but also explains their suitable for a delivery – route optimization context .
The initial technique utilized was problem breakdown , and time – based constraints into manageable elements. This was crucial as the initial problem involved conflicting aims , such as minimizing fuel  consumption while meeting deadlines  and ensuring equitable workload distribution . Breaking down these requirements enabled addressing each aspect of individually before merging them into a cohesive models, preventing the design from becoming convoluted and disorganized. {2}
Abstraction was employed to criminated irrelevant details and focus the model solely on decision , influencing variables. For instance, vehicle attributes were simplified to factors affecting  route selection  ( speed, fuel efficiency, availability ). Real – world complexities like weather or traffic incidents were intentionally excluded as they wouldn't alter the optimization process underlying logic . This abstraction ensured the pseudocode remained generalizable , was to understand, and suitable as a basis for potential software development.
       The solution  fundamental logic heavily relied on algorithm  reasoning , facilitating the development of a systematic proceeding for assessing and choosing the most efficient planner decision – making process. Algorithmic thinking ensured the final solution was methodical reproducible ,  automation , justifying  its application in logistic scheduling , an inherently algorithmic field where consistency and unbiased evaluation are vital. {4}
Additionally, evaluation and iteration were integrated techniques. Multiple early pseudocode prototypes were refined to enhance clarity and efficiency. For instance, an initial version attempted route computation without first filtering vehicle , leading to wasted processing steps. Iterative retirement of the logic ensured that each algorithmic part directly contributed to decision making , enhancing efficiency and avoiding unnecessary complicity.
     Acknowledging assumptions and limitation in the methodology is crucial . This solution assumes stable traffic conditions, precise distances, , data, and consistent vehicle fuel , consumption performance, although real – world factors like congestion or route closures could significantly affect fuel consumption and delivery times. However , within this academic context , these assumptions were necessary to maintain focus on the core optimization  logic . The solution reliance on static date limits its real time optimization potential , necessitating further integration of live traffic update and dynamic rerouting .
       Despite these constraints , the selected techniques and overall methodology are justified as they established a transparent , , structured , and logically sound model addressing the scenario main requirements . The utilization of established problem solving methods, decomposition , abstraction , and algorithmic design  ensures  the solution is academically rigorous and practically relevant . Moreover, the model design allows for future extensions , such as integrating  practically analysis or machine learning for route optimization . Overall , this approach effectively logistics operational consideration .{2}, {4}.


                                      Conclusion 
This very report outlined a systematic solution for Green Quick delivery route optimization issue utilizing algorithmic reasoning, flowchart creation, and pseudocode. By breaking down the problem and simplifying it, the suggested system effectively manages fuel efficiency, delivery time limitations, and fair order distribution within Green Quick activities. This method is backed by recognized academic concepts such as Moscow prioritization, system thinking, and vehicle routing theory, ensuring its procedural validity.{1}, {2}, {3}. Despite being based on basic assumptions, the solution offers Green Quick a transparent, adaptable structure that could potentially be automated in future applications. In general, the proposed plan fulfills the evaluation criteria by merging theoretical foundations with –world business requirements {4}, {5}.
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