
The design and application of algorithms in 
ports and terminals is a specialist discipline 
which has been advancing in recent years 
as computer technology has enabled 
the processing of ever more elaborate 
algorithms. An algorithm can be defined 
as a set of procedures which perform 
computations or calculations which solve a 
particular mathematical puzzle. This area of 
mathematics is called operational research 
(OR) and focuses on applying algorithms 
to business puzzles. This article is intended 
to increase awareness of the role algorithms 
can play in ports and in particular the 
benefits they can bring to port planning and 
scheduling.

Optimisation
Most readers will have come across 
software claiming to ‘optimise’ a process or 
plan. Unfortunately, this term has become 
overused and diluted. In ‘OR’ circles, to 
optimise means to find the best possible 
solution. Not all problems or challenges 
have one single best solution, they may 
have a number of acceptable solutions. 
Algorithms are good at working through 
millions of possible scenarios and either 
finding the best solution or offering a 
number of acceptable solutions which 
are compliant to the boundaries imposed. 
For example, deciding the optimum yard 
position to store a container may result 
in a number of acceptable locations, all 
compliant to ensuring a container can 
be accessed at a particular point in time. 
Whereas determining the optimum 
onwards journey of a container to deliver it 
to its final destination in the quickest time 
is likely to only have one best solution. 

Having spent the early part of my career 
as a production scheduler, I am only too 
aware that many computer planning 
programmes do no more than sequence 

jobs or work based on a due date and it is 
down to the user to override this sequence 
by forcing certain jobs to happen at certain 
times. In this way I was able to continually 
re-run the schedule based on my fixing of 
jobs and accessing the acceptability of the 
result until I had optimised the plan to the 
best of my ability within the time available. 
This was a very time consuming task and 
clearly something that would benefit from 
the application of an algorithm.

Algorithms
I mentioned in my introduction that 
algorithms have been advancing in recent 
years. Those readers who may have had 
some exposure to OR work will know that 
many applications that use algorithms 
to model a problem and then set about 
finding the best solution involve a level 
of programming. The reason being that 
many applications have some generic 
solvers which need to be programmed to 
define the problem, to list the constraints 
which need to be applied or relaxed, and to 
present the result in a format that correctly 
contextualises the result.

This breed of applications were typically 
generic and required considerable time to 
build a model of the problem and then to 
configure the algorithm, supported by the 
necessary data to find the solution.

Today I am pleased to inform you 
things have progressed. A new breed 
of algorithms are now available which 
are categorised as applied modelling 
algorithms (AMAs): 
• Applied: they are designed and 

prebuilt to solve specific problems 
and correctly represent the business 
situation and its constraints 

• Modelling: they support a rich 
user interface which enables a 
visualisation of the problem 

• Algorithms: self-explanatory, except 
to say they are designed to solve a 
problem efficiently  

Port application
There are many potential applications for 
AMAs in ports. Let us consider two areas; 
berth scheduling and simulation.

I am still amazed at the number of ports 
which are using whiteboards or spreadsheets 
to plan their vessel calls. One explanation 
is that the berth scheduling problem is 
recognised as being one of a group of 
mathematical problems referred to as 
NP-Hard (‘Hard’ being the key word, here). 
In practice, this group of problems requires 
considerably more computation time because 
of the number of combinatorial possibilities 
that need to be evaluated. 

Consequently, not many applications have 
been developed that are capable of creating 
a sensible plan. As a result, the 1980’s 
spreadsheet or the 1990’s quick wipe white 
board are still in use. This is an excellent area 
then to apply AMA technology to support 
the creation of the best possible plan. Let us 
take a moment to understand and appreciate 
how AMA can help a port. Those ports 
using a manual system, and I am considering 
Excel and the whiteboard to be manual, have 
to juggle a number of different parameters:
• When is a vessel due to arrive, and 

whether it actually arrives on time
• When a vessel arrives does the tide 

height permit the transit of the 
vessel into the berth

• Is there a pilot available to bring the 
vessel into berth

• Safety issues to be considered
• What are the possible quay positions 

for this vessel
• Are the quay side resources available 

at that quay at the time the vessel 
will arrive
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Maybe you are reading this and thinking 
‘okay, that is not a lot of things to consider.’ 
Well, let me tell you that if you have 8 
vessels and all can go to 3 different berths, 
there are 40,200 different potential berth 
sequences that need to be compared. 

So AMA is a good candidate for 
assisting with berth scheduling and vessel 
call planning. It is also a good option to 
investigate the merits of port expansion. 
Let us consider that a port is considering 
adding a berth. To justify this investment 
the port would need to understand 
the return on investment, as well as to 
understand the impact on the ports 
performance. Whilst such a project may 
typically be outsourced to a consultancy, 
if the port used AMA this could become 
an internal project. Having modelled the 

port, an AMA application can easily be 
run showing the consequences of adding 
a berth, increasing the number of pilots or 
other port resource, or even performing 
maintenance activities. So the benefits are 
ongoing and can become central to testing 
and validating port strategies, plans and 
daily operational decisions.

Conclusion
This subject is no longer the domain 
of a few mathematicians, the power 
the new-generation AMAs offer can 
increasingly benefit our ports. In a world 
which is seeing ever-larger vessels and 
evermore demanding customer service, let 
mathematics take up some of the strain 
and bring improvements to your port ’s 
performance.
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