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2 INTRODUCTION

GrocerQuick are an online grocery service who are looking for solutions to improve the
efficiency of their delivery routes, reduce fuel consumption and minimise the frequency
of delayed deliveries. This paper will explore some problem-solving methods that could
be applied to this problem, along with proposing a possible solution to the problem and
an assessment of how problem-solving methods were applied and to what degree the

proposed solution may suite GrocerQuick’s needs.

3 DEFINING THE PROBLEM

3.1 STRUCTURAL DECOMPOSITION

When approaching a complex problem, it can be useful to start by breaking it down into
smaller parts. [1] This is a form of structural decomposition, where problems are
broken apart into smaller sub-problems. [2] This can make the problem more
manageable because the sub-problems are less complex than the larger whole. [2]
When each of the sub-problems have been solved, they can be pieced together to form a

complete solution to the original problem. [1]

Through structural decomposition, GrocerQuick’s problem could be broken down into

sub-problems as following.

¢ Calculate the number of vehicles required for GrocerQuick’s orders.
e Assign a set of deliveries to each delivery vehicle.

¢ Calculate time and fuel-efficient routes that cover all delivery points.
s Generate an accurate delivery prediction for the customer.

¢ Calculate how much fuel will be consumed by each vehicle.
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3.2 THEMoSCoOW METHOD

When planning a project within a limited timeframe, it is very important to clearly
define the project scope. [3] The MoSCoW method can help to prioritise which are the
most critical goals of a project and which goals are less critical or outside the scope of
the project. [3] This is achieved by separating the possible outcomes into categories,
Must have, Should have, Could have and Won’t have. [3] This method is superior to
simple high or low priority categorisation because the MoSCoW categories clearly

define what will and won't be included in the end product. [3]

Here, the MoSCoW method has been used to identify which goals will be prioritised in

the solution for GrocerQuick.

Must Have Should Have

Generate delivery routes thatinclude all | Calculate the number of vehicles required

delivery points to deliver all orders

Estimate a delivery time, accounting for Generate efficient delivery routes to

travel distance to each delivery point minimise fuel use and travel time

Calculate the amount of fuel required for | Estimate a delivery time, accounting for

each route the time to unload each delivery

Could Have Won't Have

Calculate number of vehicles required
Generate efficient delivery routes while with vehicles of varying capacity

keeping calculation time reasonable
Generate absolutely optimal delivery
Estimate a delivery time, accounting for routes, regardless of calculation time
15 minutes of possible delay

Allow customers to choose delivery time
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3.3 THE TRAVELLING SALESMAN PROBLEM

When considering the task of optimising GrocerQuick’s delivery routes, it may be useful

to consider the Traveling Salesman Problem, or TSP.

Calculated in the 18t century, the TSP describes the problem of finding the shortest
possible route around a set of cities, covering each one before returning to the starting

point. [4]

Perhaps the simplest solution for the TSP is to measure the distance of every possible
route sequentially, eventually producing the absolute optimal route through brute force.
5] However, as the number of cities increases, the brute force method quickly requires
an impractical number of calculations and becomes computationally prohibitive. [5] If n
is the number of cities, the total number of possible routes between them all can be
expressed as (n-1)!/2. [4] The result is that, for a set of just 10 cities, there are already

more than 3.6 million possible routes. [5]

An alternative solution is to use a greedy algorithm, such as Nearest-Neighbour, where
just one route is generated by plotting a path between each city in turn and selecting the
closest city every time. [5] The result is a route that may not be the most efficient one
possible but will be much more efficient than a random route and can be generated

quickly and consistently, with a small number of calculations. [5]
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4 PROPOSING A SOLUTION

The proposed delivery solution for GrocerQuick is comprised of one main process and

three sub-processes. The following is a step-by-step breakdown of how these processes

operate, with flow charts and diagrams for illustration.

4.1 PROCESS 1. DELIVERY OVERVIEW

1.

The number of orders is
divided by the order capacity
of the delivery vehicles. This
calculates the number of
vehicles required.

An array is generated, with a
corresponding value to
represent each vehicle.

The delivery points are
divided by the total number
of vehicles. For example, if
there are 4 vehicles, 40
delivery points would be

divided into 4 quadrants.

Figure 1 ~ 40 delivery points divided between 4 vehicles

A delivery vehicle is assigned to each set of delivery points.

Aloop operation begins, whereby an if statement is used to query whether all of

the vehicles in the array are prepared to depart.

If the answer is no, the next unprepared vehicle is selected and a sub-process is

called to prepare the vehicle. See Process 2.

Once the if statement is satisfied, all vehicle are able to depart and the process

terminates.
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Start

|

Calculate the total number of vehicles
by dividing the number of orders by
vehicle capacity

Sean Young

Y

Generate an array of vehicles from

Prepare Vehicle

the total number of vehicles

vehicleA, vehicleB, vehicleC, etc.

Select next unprepared vehicle

Divide delivery points by the total
number of vehicles

Assign divided delivery points to
vehicles

Are all vehicles
prepared to depart?

|

Vehicles depart along their
determined routes
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4.2 PROCESS 2. VEHICLE PREPARATION

1.

To start, a sub-process is called to generate an efficient route between the
assigned delivery points. This process uses a variation of the nearest neighbour
algorithm from the TSP, discussed previously. See Process 3.

Once the route generation is completed, a second sub-process uses data from the
route to estimate a delivery time for each order. See Process 4.

The amount of fuel used by the vehicle is calculated by dividing the total travel
distance of the route with the fuel efficiency of the delivery vehicle.

The assigned orders are packed into the delivery vehicle in reverse order, so that
the order currently being delivered is never packed behind other orders.

The vehicle is marked as prepared to depart and the process ends, returning

operation to Process 1.
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Generate Delivery Route

!

Estimate Delivery Times

Calculate vehicle fuel usage by dividing the total
route distance by vehicle fuel effieciency

!

Pack orders into vehicle in reverse
delivery order

!

Mark vehicle as prepared to depart

Sean Young
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4.3 PROCESS 3. ROUTE GENERATION

Figure 2 ~ Examples of two routes generated by this process

Sean Young

1. The current position is set to
the depot.
2. Aloop operation begins,

whereby an if statement queries
whether all delivery points have been
visited or not.

3. If the answer is no, the distance
between the current position and all
unvisited delivery points is calculated.
4. The delivery point closest to
the current position is selected as the
nearest-neighbour.

5. The current position is marked
off as visited.

6. The current position is moved
to the position of the selected nearest-
neighbour and the process loops back
to the if statement.

7. Once the if statement is
satisfied and all delivery points have
been visited, the route has been
successfully generated and the
process stops and returns operation

to Process 2.
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Set current position to depot

Have all delivery

A

points been visited?

Calculate the distance between the current postion
and all unvisited delivery points

|

Mark the delivery point closest to the current
position as the nearest-neighbour

Mark the current position as visited

Move the current position to the

nearest-neighbour

> Stop

Sean Young
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4.4 PROCESS 4. DELIVERY TIME ESTIMATION

1.

An array is generated, containing the distance between each delivery point as a
route segment.

Aloop operation begins, whereby an if statement queries if each route segment
has been timed.

If the answer is no, the next untimed route segment is selected.

The travel duration of the segment is calculated by multiplying the distance with
the travel speed of the vehicle.

The estimated delivery time is calculated by taking the travel duration from the
previous calculation and adding fixed time values to account for oftfloading the
delivery and for possible delays.

The process loops back to the if statement and, once it is satisfied, stops and

returns operation to Process 2.

11
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Start

Generate an array containing the distances between
each delivery point

distanceAToB, distanceBToC, distanceCToD, etc.

Yes Have all distances

been timed?

Select next untimed distance

Calculate travel duration by multiplying the
distance with the travel speed of the vehicle

Estimate delivery time by taking the travel duration
and adding fixed time values to account for
offloading the delivery and for possible delays

> Stop

12
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5 REFLECTION

5.1 PROBLEM SOLVING METHODS

When first approaching this problem, structural decomposition was used to break it
down into smaller sub-problems. From there, it became possible to begin
conceptualising the different components and how they might come together to form a

working solution for the whole problem.

The MoSCoW method was used to select which goals would be prioritised and de-
prioritised when constructing the solution. By sorting the project goals into clearly
defined categories, it made it clear where focus should be directed. Delineating the goals

that would not be met set firm boundaries for the scope of the solution.

The Traveling Salesman Problem was key to understanding some of the complexities of
route optimisation. Looking at some of the algorithms that have been used to create
solutions for the TSP proved extremely valuable and greatly informed the solution for

GrocerQuick.

5.2 THESOLUTION
The number of vehicles required for the deliveries was calculated by taking the number
of orders and dividing it with the capacity of the vehicles. This method is simple and

scalable but relies on the assumption that all vehicles have the same capacity.

Deliveries were assigned to vehicles by evenly segmenting the delivery area by the
vehicle capacity. This ensures each vehicle receives an appropriate number of deliveries

but does not account for the proximity of delivery points.

Routes generation was based on the Nearest-Neighbour algorithm. This requires little
calculation time and generates reasonably efficient routes. However, more sophisticated

algorithms, such as Ant Colony Optimisation, could yield better results.

Estimated delivery time was calculated by taking the distance between delivery points
and diving it with the vehicle’s travel speed. Fixed values were added to account for
unloading deliveries and possible delays. This results in reasonably accurate delivery

estimates but does not allow for customers to choose their own delivery time.

13
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Finally, fuel usage was calculated by taking the total travel distance and dividing it with
the fuel efficiency of the delivery vehicle. This allows GrocerQuick to monitor fuel usage

and assess whether delivery routes are cost effective.

It is the opinion of the author that the end solution meets all of the requirements laid
out in the original problem but that there are multiple areas where room for more
comprehensive solutions can be identified. If implemented, these would add increased
functionality and flexibility that would likely be valued by GrocerQuick, however they

would also greatly increase the complexity and scope of the solution.

14
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GRADEMARK REPORT

FINAL GRADE

/100

GENERAL COMMENTS
Engagement with Literature 10/15

5 sources cited. mix of academic sources and
professional/educational websites. Literature is used
to define decomposition and computeational thinking,
explain MoSCoW prioritisationand contextualise
routing as TSP. Sources mainly used descriptively
rather than analytically. Referencing style follows the
IEEE well.

Knowledge and Understanding 21/25

The problem is clearly defined and linked to
GrocerQuik's context. Structural decomposition is
explained and applied. Sub-problems are logically
identified, including vehicles, routing, time estimation,
fuel. MoSCoW is applied correctly with clear
categories. Requirements and constraints are clearly
distinguished.

Variables are clearly identified and include number of
vehicles, vehicle capacity, delivery locations, distance,
fuel efficiency and delivery time. Variables are
embedded within solution processes. Variables are
mostly explained procedurally, not conceptually.

Limited discussion of interaction between variables
(e.g. trade-offs between time and fuel).

Cognitive and Intellectual Skills 15/20

Problem-solving techniques such as structural
decomposition, MoSCoW TSP concepts and Nearest-
neighbour heuristic are clearly named. Techniques are
explained in relation to the solution.

Reflection goes beyond description



Competent reflection, but mostly
descriptive. Limited critique of effectiveness or
comparison with alternatives.

Solution approach is clearly justified in terms of
simplicity, scalability, feasibility). Assumptions are
clearly stated and include: equal vehicle capacity,
predictable traffic, fixed delivery times. Assumptions
are listed rather than critically examined. Limitations
are acknowledged: no customer-selected time slots,
simplified routing logic and increased complexity with
advanced algorithms. Impact of limitations on delivery
performance could be discussed more explicitly.

Practical Application Skills 26/30

Multiple flowcharts are included (overview + sub-
processes). Correct use of flowchart conventions
(start/end, decisions, loops). Clear logical sequencing
and modular design. Abstraction and structured
thinking are clearly demonstrated.

Step-by-step explanations align with diagrams. Clear
linkage between processes. Time, distance, and fuel
considerations explained but explanations describe
what happens more than why decisions are made.
Limited reference back to constraints at decision
points.

Transferable Skills 8/10

Very strong, professional presenttaion. Excellent
structure and signposting. Professional academic tone
throughout. Clear diagrams, captions, and layout.
Logical progression and coherence. Slightly technical
tone in places for a foundation audience.

Slightly above the accepted word count limit.
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