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1. What organisations or businesses other than the cases mentioned
in the Data source should use fleet management systems?

• Commercial motor vehicles such as cars, vans, trucks, specialist
vehicles (such as mobile construction machinery), forklifts, and
trailers

• Private vehicles used for work purposes (the 'grey fleet’)
• Aviation machinery such as aircraft (planes and helicopters)
• Ships
• Rail cars
• Drones for delivery

2. Compare the postal service with e-groceries and discuss the
similarities and differences regarding their delivery systems?

In terms of similarities, both of them will receive their information
over time (dynamically). Delivery time is important, and customers
should book a particular time slot. Both of them try to minimise the
delivery costs, etc. A major difference is that e-groceries are from a
business sector where profit is a pivot point while post service is from
service sector and the aim is to satisfy customer needs. Thus, for the
e-groceries, the company tries to maximise its profit by increasing
number of orders and offering attractive delivery prices. But post
services focus on how to deliver postages and parcels safe and sound
and how to tailored its services to customer needs by offering
different delivery modes.

3. By studying EMS and Police fleet management systems, describe
what factors might be essential for Fire and Rescue Services.

For this service, the most important factor is the response time. The
fleet management system should focus on finding the fast route. The
effect of traffic is lower due to traffic regulations for emergency
services. Also, the system is dynamic so that the information is
revealed over time. Moreover, our fleet should be very reliable so
that all vehicles should be checked periodically for, and they should
always be full of gas.
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4. If customers' information such as post code, order size and order
type is available beforehand, which delivery system is more suitable?
Explain why.

Static System

5. Have a look at the following map. There are three service centres
and 100 service points. Describe the problem it highlights (consider
the number of service centres in relation to the service points).

It shows there are 100 service points and also there are 3 service
centres. The aim is to find the best and cost-effective way to serve all
these service points. In this regard, we should consider different
elements such as how many vehicles we should use, what sequence of
visiting will lead to lower travel distance, or whether they should be
visited in a particular time of a day or not, etc.
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1. What is the name of the step where finished goods are delivered to
distribution hubs?

First-mile delivery.

2. What is the difference between middle-mile delivery and last-mile
delivery?

Middle mile delivery or middle mile logistics can be defined as the
shipment of goods and parcels from a warehouse or distribution
centre to traditional stores, brick and mortar retail outlets and
facilities. In other words, middle mile transportation precedes last
mile delivery operations.

3. Why is last-mile delivery more challenging than first- and middle-
mile deliveries?

Last-mile challenging is very challenging because it deals with
problems such as inefficient inventory management, higher delivery
and operating costs, the perishable nature of goods, and the dynamic
buying patterns of consumers are some.

4. What types of vehicles are used in first-mile delivery and last-mile
delivery?

For first-mile delivery, airplane, ships, trailers and other large-sized
vehicles are used to transport a high a mount of stocks or loads and
they usually travel a long distance between cities, countries or even
continents. In las-mile delivery any small or medium-sized vehicle are
suitable such as vans, trucks, cars or even bikes and they travel within
a city to deliver goods or services.
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5. Based on Figure 2 on page 24, what is the average growth in
percentage for the delivery from grocery retailers?

15%
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1. What is the difference between objectives and constraints in route
optimisation?

The distinction between constraints and objectives is straightforward:
a constraint is a target that must be met for the solution to be
successful.[1] For example, a feasible solution may be required to
consider a specific amount of capacity for each vehicle to interface
with other components in a system. In contrast, an objective is a
target where more (or less) is better. For example, travel distance is
generally an objective, which is minimised to lower delivery cost.

2. Give an example of an order that has a higher priority than other
orders.

For example, perishable goods like vegetable, meat or flower, or some
drug with a short lifetime, or even some emergency for consumers
who stressed out when booking a time slot for delivery, are high
priority cases.

3. How can an efficient delivery management system lead to higher
profits for companies?

There are two aspects in this regard. The direct effect is when a
suitable route optimisation brings profit for the company by
decreasing its cost. By reducing the vehicle travel distance, fuel
consumption, vehicle maintenance, etc., companies can save more
money. The indirect effect is to increase the profit by increasing
customer satisfaction which will lead to an increment in the number
of customers and the amount of shopping. Customers will be
attracted when the delivery price is low. The delivery system is fast,
reliable, and on time. There are some incentives for shopping more.
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4. What would be the result of a poor delivery system that fails to
deliver to the customer in his selected time slot?

Apart from the penalties the company should endure, it will ruin the
company image and, thus, dimmish reliability and commitment.
Therefore, customer satisfaction will be lower, which lead to
decrement in the number of customers.

5. Why is it difficult for even an expert to find a suitable solution with
the objectives and constraints listed in the Data source?

It depends on the number of objectives, constraints, and the number
of decision variables, which can be the number of orders, number of
pick-ups, number of incidents, etc. Suppose this number is beyond a
couple of cases (20-50). In that case, it may be impossible or take
weeks to find a suitable solution.
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1. Why finding the optimal route becomes intractable (impossible)
when the number of orders increases? Give an example.

It is related to the fact that by increasing the number of orders, the
possible number of routes to explore and search grows exponentially
compared to the number of orders. In other words, the growth rate is
factorial (n!). For example, if there are five orders, there are five
options to start the route. Then, as the second order, there is an
option to put in the route. So the number of routes for five orders is
5x4x3x2x1 = 120.

2. What are the assumptions in TSP? Think about number of places to
visit, starting point, etc.

First of all, we are looking for a closed route through all the places we
want to visit. It means the route will end where it began. Secondly, we
assume that every place is visited exactly once in our route. Since all
lengths are positive, visiting a place twice would not give us a better
outcome. Every place is visited exactly once. There is a finite number
of possible routes through every place. We call such a possible tour a
solution to the TSP. Since there are finitely many solutions, we know
that there is a route with minimal travel costs. We call a solution
optimal if there exists no other solution with a strictly more negligible
travelling cost.

3. Find a suitable VRP approach for each of the following problems:

a) The classic routing problem where there is just one vehicle
TSP

b) A generalisation of the TSP with multiple vehicles
VRP

c) Vehicles have maximum capacities for the items they can carry
CVRP

d) Vehicles must visit the locations in specified time slots
VRPTW

e) Vehicles aren't required to visit all locations.
VRPP
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4. What are the objectives and constraints that are applied to the
following routing problems?

a) Police fleet of vehicles
Objective: min travel distance – number of used vehicles
Constraint: number of vehicles – priority of delivery

b) Food delivery
Objective: min travel distance, fuel consumption, number of used
vehicles, and vehicle idle time – max profit
Constraint: delivery time – number of vehicles – capacity of vehicles –
perishable goods – weight limits – priority of delivery

c) Emergency medical services
Objective: min travel distance – vehicle idle time – number of used 
vehicles
Constraint: number of vehicles – priority of delivery

d) Warehousing using forklifts.
Objective: min travel distance – number of used forklifts – forklifts
idle time
Constraint: number of forklifts – weight limits – priority of delivery
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1. What does the term ‘exact methods’ imply?

If a method instruction set is in a way that it can finally find the best
(optimal) solution to the given problem, this method is exact.

2. What is the functionality of objective function in optimisation?

An objective function can be a loss function or cost function
(minimisation), a utility function or a fitness function (maximisation).
This function aims to compare and overweigh one solution to another
based on the objectives and constraints of the given problem. It is a
function that will guide the optimisation problem toward the
desirable targets while preventing the solution to violate the
constraints.

3. What is the difference between linear and nonlinear optimisation?

If all the objectives and constraints follow equality in the objective
function, then there is a linear optimisation. Otherwise, if even one of
the equations, either objective or constraints, are inequality, then
there is a nonlinear optimisation.

4. What are the limitations of mathematical modelling in solving VRP?

Mathematical modelling is a very fast and accurate method as long as
the number of decision variables in the problems does not go beyond
a specific number (100-150). But, if the number of decision variables
is higher, this method fails to find a feasible solution. Therefore, this
method is not suitable when there is a large-scale problem with
complicated constraints.
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5. What is the difference between linear and nonlinear objective
function in terms of the relationships between variables?

In a nonlinear objective function, there is more than one local
minimum which can be different from the global minimum. However,
in the linear objective function, there is one minimum which is the
global minimum. A linear relationship is any relationship between two
variables that creates a line when graphed in the XY-plane.
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1. What is the difference between convex and non-convex
optimisation?

a) Convex optimization there can be only one optimal solution,
which is globally optimal or you might prove that there is no
feasible solution to the problem, while in b) nonconvex
optimization may have multiple locally optimal points.

2. Why non-convex optimisation is challenging to solve, especially
when the number of the decision variables is large?

Because the optimsation system should explore all the local optima to
see which one is the global optimum. Thus, it takes a lot of time to
search all possible solutions and in some cases it may find a low
quality solution.

3. If the exact methods fail to find the optimal solution, what methods
can be used instead?

In the event that non of the exact method could not find the best
solution because of complexity of the problem, we resort to methods
that find a near-optimal or sub-optimal solution but in a reasonable
time. The accuracy of the obtained solution is as good as we can think
of it as the exact solution. Heuristic and metaheuristics are the
methodologies to find a near-optimal solutions. Note that they may
find the best solution but there are no guarantees.

4. Name four methods of the naturally- inspired metaheuristics.

Heuristics are often problem-dependent. It means that it has been
designed only for the current problem so that we define an heuristic
for a given problem. But, metaheuristics are problem-independent
techniques that can be applied to a broad range of problems.
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Final
Reflection Activity
Further Guidance

1. What are the main objectives that an e-retailor business wants to gain when using a delivery
management system?

The direct objective is to minimise the costs. By using a high-performance vehicle routing problem
a company can minimize the traveling distance, and fuel consumption. Also, the company will
minimise the penalties due to failure to deliver goods to customers. The indirect objectives are
the increase in the number of customer due to having more time to accept new customers. Also,
it can promote the company image to due fast and reliable delivery thus attract more customers,
etc.

2. What are the critical factors for e-grocery fleet management?

Orders of an e-grocery can be a mixture of perishable and unperishable foods. Delivery time is
very important to maintain customer satisfaction. Delivery price should be fairly offered and
tailored to the value of purchase. In the condition that delivery to customer is not successful a
reasonable penalty in favor of customer should be considered.

3. What types of vehicles can you use for delivery in an e-grocery business?

For e-grocery a wide range of vehicles can be included such as van, car, bike, scooter.

4. List the objectives and constraints that an e-grocery can have.

Objectives for an e-grocery are minimizing total travel distance, fuel consumption, vehicle road
maintenance, road maintenance, waiting time, number of used vehicles. Constraints are number
of vehicles, delivery time windows, available capacity for perishable and unperishable foods,
orders priority.

5. Based on the studied objectives and constraints, consider which vehicle routing problem best
fits the route optimisation system.

A CVRPTW is a good problem definition for the e-grocery.

6. Think about the expected number of orders you may receive per day and explore which
optimisation method might work best as a routing package.

An e-grocery can be within a rural area or city or it can service a number of cities. For a rural area,
the number of orders is about 50-100 and for a city it can be 200-500. If the area is about 50-150
orders, an exact optimization method like nonlinear programming is suitable. But if it extends to
vast area then we should use metaheuristics.
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