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Introduction:

The delivery service industry has been moving at breakneck pace recently, with technology and changes in human behaviour driving an online shopping revolution and a sharp increase in demand for food delivery. Managing a logistics function, meeting the high expectations of ‘always on’ customers and leveraging technology to run a seamless and efficient delivery service have become key priorities for many companies. Other challenges are poor routing, high customer service expectations (on speed and service), and Labor shortages. Moving to a data-driven environment will help you understand the operations of your business and analyse performance metrics such as stops per route. We can also show you the right technology to analyse your business. In addition, we can work with you on some strategic actions in terms of improving your routs, better managing the customer service experience and providing your drivers with the proper training program. Whilst other industries may find things difficult, with the right solutions in place the complex delivery sector can become efficient and deliver customers satisfaction-key elements for future success. For any programmer, problem-solving is a must. Problem-solving skills are important for beginner programmers and even experienced programmers. Good problem-solving skills will improve a programmer’s ability to succeed. In this blog, we will discuss why problem-solving skills are valuable for programmers as well as a few simple tips to assist in developing problem-solving skills. problem-solving in programming: This is what programmers and software developers do best, drawings of problems, writing of pseudocode, breaking down of problems, debugging, and more, it keeps my sane and helps me think through complex problems. It also reinforces practice, practice, practice, and collaboration and learning. Learning from your own mistakes and staying curious. [1] [2]













1. Deconstruction of the problem:
This is an example of a Vehicle Routing problem with Time Windows (VRPTW), but with a twist the solution is optimised to Minimise Fuel Consumption, not the typical Minimise Travel Distance or Delivery Time. They have started with complex business problem and then broke it down to a series of much simpler sub-problems that can be modelled, solved analytically or use heuristics and meta-heuristics to reach a ‘good enough’ answer. [3] [4]
A. Breakdown into smaller components:
We need to understand what the problem is, then we need to break it down into its constituent parts:
· Orders (Demand side):
Each customer order is treated as an individual job with parameters such as order ID, delivery addresses / location, order volume / weight for vehicle capacity planning, order preparation time at the depot and delivery deadline. The customer may also specify a preferred delivery window.
· Depot & Vehicles (Supply Side):
All routes in the problem start and end at a depot. On the supply side, we are given several vehicles, each with a creation capacity (in terms of volume or weight), speed and with a rate of fuel consumption and operating hours.
· Optimize Routes (Decision / Sequence side):
After the optimal sequence of orders has been determined, another level of optimization is possible on the routes that are assigned to a single vehicle. Some of the key decisions made on this side are (Which orders will be the sequence of those visits).
· Travel & Time Dynamics (Performance side): 
Travel distance between any pair of locations (depot        customer       depot) for a routing problem to measure fuel use. Travel time between locations is distance / speed plus the service time at each customer to see how that affects your arrival times and any lateness. 
           

· Objectives & Constraints (Evaluation side):
On the evaluation side, our primary objective is to minimise total distance travelled (total fuel usage). The key hard constraint is that all deliveries must be made on time, no later than 30 minutes after the customer’s latest acceptable time.



2. Key Requirements and constraints using MoSCoW Technique:
The User Stories have been prioritised using the MoSCoW method (Must have, should have, could have, won’t have). This helps to distinguish between requirements that must be fulfilled, those that would be desirable but are less important than must have, those could be interesting but are less urgent than they Should have and finally those that Won’t be implemented. In prioritising the User Stories, it allows for more realistic requirements and helps to focus on what is truly necessary. The MoSCoW of priorities for requirements. [5]

M-Must have: 
This is a list of Minimum requirements that need to be met before the project is started. These requirements need to be met to have a project completed and a product developed that will be useful to others. The must-haves are essential, must is also explained as the acronym for minimum usable subsets in several contexts.
S-Should have: 
There are several other features that would be very useful to have on the site, these are of high priority but of lower priority than the requirements outlined above. Even if the requirements are not met, the product can still be used to manage the application lifecycle, however, value is added to the product when these requirements are satisfied. There may be some requirements that have to be deferred to a later release on time constraints.

C-Could have:
Could -haves have a lower priority than should-haves. If there is not enough time to realise the often referred to as ‘nice to have’. They are an option, you would like to have them, but they are not necessary. They are more of a wish than should requirement.

W-Won’t have:
These are your future wishes, some of them will be difficult to realize or take their time to be fulfilled. Those that cannot be realized at all should not be worked with. If realization is possible, a lot of time and money will have to be invested, and then it’s a would have. Commonly would-haves are put into the follow up project. 
 


	Groups
	Conditions 
	Reasonable

	 




Must have
	. All orders must be assigned to exactly one route.
. Total travel distance and therefore total travel fuel consumption to be minimised.
. All deliveries should be on time, maximum of 30 minutes late.
. All routs must start and end at the depot.
. Vehicle capacity (Volume/weight) must never be exceeded.

	
To attack this problem correctly, they following objectives must be met. Any violations of these objectives will not result in a viable solution for GrocerQuick.

	



Should have
	. Routes should be based on realistic speeds for the route and actual distance on the road network.
. Include the service time at each customer unloading.
. Driver shift length: set maximum shift length (e.g. 8-10 hours)
. The solution should be computable in reasonable time, say in the order of seconds to a few minutes.
	


These features do affect sailing capabilities and fuel efficiency and were not excluded from the prototype.

	



Could have
	. Process all new orders received throughout the day and re-route as necessary.
. Vehicle routing with time constraints, also incorporating multiple objectives (e.g. to also minimise the number of the vehicles used).
. Real- time traffic or weather adjustments.
. CO2 emission tracking beyond fuel.
	

These are some additional features that add value but are not essential for the core optimisation task.

	

Won’t have
	. Order packing optimisation inside the warehouse.
. Customer payment or order- placement system
. Bicycle delivery options.
. Long-term strategic decisions (e.g. new depot locations)
	

This is a separate business problem to that is addressed by route optimisation 










3. Relevant Variables Involved:
The problem data is divided between parameters and decision variables. All times in the model are measured from the start planning window (i.e. t=0 is 08:00). [6]
· Fixed parameters (fixed inputs):
n: number of customers / orders.
k: number of vehicles.
d ij: travel distance (or time) from location i to location j, for all i and j, including the distances and time from the depot to the different locations, where the locations are numbered 0 to n, and the depot is number n+1.
q_i demand (crates/kg) of order i (q_0 = 0 for depot).
(e_i, l_i): preferred time window for customer i (i.e. the earliest and latest time for customer to be served). 
(s_i) service time at stop i (in minutes).
q_k: Capacity of vehicle k.
T_max: maximum rout duration per vehicle (shift length).
L_max: maximum allowed lateness (in minutes). Here L_max = 30.

Optimisation,
Decision variables (what the optimisation algorithm chooses)
.x_(ijk) (binary): dose vehicle k directly drives from customer i to customer j? if yes, then x_(ijk) = 1, and if no, then x_(ijk) = 0.
.t_(ik) Arrival time of vehicle k at customer i.
. y_(ik): binary 1 if an order i is assigned to a vehicle k.

      Derived/ objective variables:
. Total distances (fuel proxy): sum_(ijk) d_(ij) / x_(ijk)
. Late delivery: for each delivery check if for all i it holds t_(ik) ≤ l_(i) + 30 minutes.
  Here are the variables and the MoSCoW prioritised requirements broken down in a structured manner as the basic building blocks for a solution.  [7] 








Purpose of the Flowchart:
A flowchart or flow chart is a representation usually electronic of your program’s logic in the form of a diagram made up of specialized shapes and lines. There are many different processes that can be defined using flowcharts, such as business procedures, services, and project plans. The flowchart is one of the quality tools for process analysis. The flowchart is a very useful high-level view of a program that can be easily understood by both programmers and non-programmers. The structured format also makes the algorithm more approachable, by clearly detailing input, output and solution steps.
This flowchart bellow provides a map for planning and executing a delivery route. It outlines steps to organize and plan the orders into routes, prepare the packages for delivery and deliver them on time. It also outlines steps in case of delay.
[image: ]
Summer of the Process:
Plan the route for each and estimate how long it will take to complete delivery. Check if the total delivery time for each stop will be at least 30 minutes late. If it will be late reorganizing the stop sequence and recheck the times until a schedule can be developed that is acceptable and the timings are cleared. Once optimized routs have been developed for each driver, a manifest can be print and create sorted packages to be placed into the appropriate vehicles. Drivers can then pick up and follow the routes. If a stop is running behind schedule, additional assistance is available, keep repeating the steps until all the deliveries have been made. Do your delivery well
Detailed Step by Step:
Planning phase 
· Start
· Create routes for each order
· Figure estimated delivery time
· Late delivery- are deliveries arriving 30 minutes late or more than 30 minutes
· Yes – Revise stop sequence
· No           proceed
· Assign optimized route to each driver
· Print delivery manifest listing stops in sequence
· Package sorting by planned routes for next day delivery
· Pack delivery into the vehicle
      Execution phase:
· Drivers execute the assigned route 
· Decision, any stop running behind schedule?
· Yes, additional driver can be provided to assistance team
· No [image: ] do your delivery well
· Stop
 


 Reflect and Justify:
Reflecting on the brief, it is clear there are a few variables that could drastically impact the outcome on cost, delivery time and the amount of product a vehicle is able t carry. As an example, if the company were to use electric vehicles, this would greatly reduce travel cost, however charging electric vehicles takes a lot longer than a car running on fuel. Another variable to consider is if the firm were to use motorbikes (i.e. scooters) this would be good idea to reduce the traffic and less paying for drivers and save money from the cost of vehicles and fuel.	












Conclusion:
This repot in GrocerQuick; that being the inefficient use of delivery routes by the existing system. The report will go on to present a solution to the outlined problem and critique this solution using problem- solving techniques. The solution to this problem requires several key elements to be met. Using the MoSCoW technique (Must have, should have, could have, won’t have ) the core requirements efficient order to rout allocation, minimised total travel distance for fuel reduction, and strict adherence to a 30 minute delivery window were clearly prioritised alongside key constraints such as vehicle capacity, time window, real time traffic variables and depot starting points. In looking at to create a solution to this problem, consideration must be given to a few constraints including the capacity of the vehicle, the time window within which each order can be delivered, random factors such as traffic, and the location of the variously located depot. Considering the factors that need to be addressed to create an effectives solution to this problem, there are several variables that need to be taken into consideration. These include the location of each of the customers, the size of each order, the cost per mile of fuel, the number of available drivers, and the level of customers. In this paper we present a flowchart methodology which combines the well-known Vehicle Routing Problems (VRP) with some Time-Windows (VRPTW) extensions. Our approach to this problem consists of a series of steps from importing the data to dynamic re-routing of vehicles based on traffic delays. We first cluster customer orders by geographical location, then generate a possible route using either a savings heuristic or a genetic approach. Next test the rout for feasibility, checking for delivery times more than 30 minutes late. Then perform an iterative process of re-allocating orders to improve solution quality. Summary and solution to the issue of translating route management challenge into competitive advantage for GrocerQuick. The issue is turned into a series of tangible benefits that GrocerQuick can gain from implementing effective route management and these are supported by appropriate academic model and industry best practices. The online grocery marketplace is a competitive and rapidly growing marketplace, and the fast-moving grocery can gain significant benefits including cost savings and meeting customer’s expectations whilst improving the environmental impact of the business by implementing simple flowchart and optimisation logic.
Thanks very much for your talks and for the information about your work model     (Dr. Ewa Kazimierska) it was inspiring and we gained a lot of new knowledge and achievements from your efforts.
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