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Abstract

The maritime industry is huge and consists of a lot of complex processes. It is a
consequence of the fact that the maritime industry provides most of the goods trans-
portation. During transportation, people serve the vessel. And here the problem is
raised of the optimal distribution of crew on vessels.

This problem can be solved by formalizing the integer programming problem.
In practice, we saw that solving this problem is time-consuming, since there are a
large number of free variables. This makes the solution inapplicable to the end-user.

In this work, we describe the approach to speed up a solution of crew optimiza-
tion for the maritime industry using the Rolling Time Horizon technique.

Our approach is 3.5 times faster than the benchmark, and deviates from the op-
timal solution by less than 1%.
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Chapter 1

Introduction

1.1 Description of the problem

More than 90% of produce in the world is transported by vessels. Vessels are
continuously moving from port to port, and people are serving them along the way.
Current standards clearly describe the number of people and skills needed to service
each vessel. At the same time, people have a different set of skills and live in different
parts of the world. Accordingly, in large companies with a large number of vessels
and employees the task emerges of optimally assigning crew to each vessel.

For each vessel, you need to recruit a team with the most suitable set of skills,
while spending the least amount of money on moving the sailor from home to the
vessel and back. For this, integer linear programming methods are used. Exper-
iments have shown that in production, the solution of the corresponding integer
linear programming problem can be found, but it takes a lot of time.

Because of this, a hypothesis has arisen about accelerating the search for solu-
tions using the Rolling Time Horizon technique. This method does not consider the
entire period of time (for example, a year) for which it is necessary to assign people
optimally on vessels, but uses shorter time intervals (for example, months), consid-
ering that the intermediate stages lie on the way to a global optimum.

The goal of the project is to implement and check with real data whether the
Rolling Time Horizon approach will provide acceleration in the search for the op-
timum, and investigate the deviation from the optimal solution for the maritime
industry.

1.2 OQutline of the work

After the introduction, in Chapter 2 - background description - we make a gen-
eral overview of the maritime industry, where the crewing process is described and
its features summarised.

Chapter 3 provides a description of related works: resource optimization and
rolling time horizon approach usage.

In Chapter 4 we discuss approach and solution, and we made an overview of ex-
isting methods for solving optimization problems. After, we introduce our solution
designed for the maritime industry.

In Chapter 5 - implementation and evaluation - we describe the working pipeline
and compare the obtained results with the benchmark.



Chapter 2

Background

2.1 Types of vessels

Most of the products in the world are transported by sea: grain, oil, food, clothes,
vehicles, chemicals, etc. For different products exist specific kind of vessels. For
example, a tanker transports oil and fuel. This kind of vessel is designed specifically
for fluids and has such differences with other vessel types: inside the ship, it has an
inner tank with a doubled shell, where the fluid is filled (the reason is the risk of
damage to the hull and cargo leakage).

FIGURE 2.1: Different types of vessels: left - tanker; central - bulk
carrier; right - container ship
Source: Different kind of vessels

Grain is mostly transported by bulk carrier. A bulk carrier has a large hold, where
the product (for example, grain) is filled. Most of the products like clothes, vehicles,
electrical devices are transported by container ship. Refrigerated vessels transport
food, and have refrigerators for storing perishable goods [ United Nations, 2019].

So the maritime industry has a huge variety of ships which are designed in a
different way and have different purposes.

2.2 Working on a vessel

Every vessel has a group of people that provides its functionality — the crew. The
crew consists of the sailors with different ranks and duties: a captain, the first mate
- the third mate, chief engineer, seaman, cook, etc. The number of crew members,
positions, the experience and education of each person depends on the vessel type
[ Sekimizu, 2010].

For some types of vessels, there is a requirement of a large crew, such as cruise
liner; for vessels that serve oil towers, the crew is smaller. But the general pipeline
of the workers is the same, and it is different from usual work on the land. A sailor
works for continues periods that usually 3-8 months. In such a working period, the
sailor is transported on the vessel, and stays there till the end of the contract. The
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sailor sleeps and lives on the ship, and have the only possibility to visit the land
when the vessel is on the port (in most countries, sailors can visit the port-city with-
out a visa). After the contract ends, the sailor is transported back to the land where
the person has a rest till the next contract (depending on the contract, the person can
work three months after three months rest or work on other conditions).

2.3 Crewing process

In the maritime industry exists the process called crewing. Crewing solves a
similar problem as a recruiting — finding labor power for the employer. But it has
a lot of differences because of maritime industry species. During the enrolling of
the person for a job, such cases should be checked: requirements met by experience
and education; ability to work under the vessel flag; forming documents for the job;
organization of the sailor transfer from the home to the vessel. So the process is more
complicated, and more factors should be included.

To transfer the sailor on the vessel, the company required to provide to sailor a
transfer (most common — a flight) to the port where the sailor will join the crew, and
accommodation in a hotel if needed (for example, when vessel did not come to the
port in time). So this process is costly if the procedure performed not in an optimal
way.

24 Crewing features

During education and passing the courses, sailors acquire licenses that show the
ability of a person to perform some job. These licenses are international, so the doc-
uments from the different countries are comparable. Licenses are temporal, so the
sailors should renew their skills from time to time.

Also, there are requirements for work experience for each particular role on par-
ticular vessel types for some jobs (for example, to become the first mate on a tanker,
you need to work as the second mate on the tanker, the experience on bulk carrier
can be irrelevant).

In the maritime industry, there are additional constraints that are unusual for
common works, such as a person can not work on the vessel more than 11 months
in a row; some countries do not hire people from Philippines, so they cannot be part
of a crew under some flags. These additional constraints make the crewing process
more complex.



Chapter 3

Related Works

3.1 Optimization of resources

The job scheduling problem is widely used in different fields: manufacturing
(the most common one), scheduling of operating rooms at the hospital, energy sys-
tems, etc. The general problem seems similar for all of these cases — optimization of
resources. But the specifics of jobs and workers influence the approach for the prob-
lem and its complexity. For example, the job might have a flexible schedule or fixed
start and end time; the job may be stopped and performed after some time or not
(even with another worker); jobs may be similar and permutable, or jobs complexity
may vary, so that not all workers can perform all the jobs.

Workers specialisation also might be different: workers can be uniform or with
different qualifications; workers might be able to work all the time or in some specific
open ranges; workers might have restrictions on working time or not etc.

All of these factors are influencing the complexity of the optimization problem
and affects the approach to solve the problem [Kroon, Salomon, and Van Wassen-
hove, 1995].

3.2 Types of optimization problems

For edge cases, the solution to the problem can be simple. For such problems
when all setup consists of n workers and j jobs, which any workers can do, and each
job has a value wj, there exists a transformation from the problem of optimization to
the problem of coloring interval graph. So we can find a solution in polynomial time
[Arkin and Silverberg, 1987].

When exists relation of the order between the workers, so the worker w; < w;
means that worker w; can perform all the jobs that worker w; can do, but not vice
versa, exist polynomial time second order approximation of the solution [Bhatia et
al., 2003].

For other cases, scheduling jobs with fixed start and end with more than 1 type
of jobs is NP-hard task (without considering trivial cases)[Kolen et al., 2007].

In the context of the maritime industry, not all the sailors have a similar expe-
rience, education, licenses, etc. So there exists a subset of jobs that require specific
workers. Also, workers can not be arranged (there is no ordering between a chief
officer and a chief engineer). This implies that the problem that we consider is the
problem of the third type: NP-hard.
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3.3 NP-hard problems

Since our problem is NP-hard, the common method to solve such optimization
tasks is branch and bound method [Clausen, 1999]. The algorithm considers all pos-
sible solutions in the complete space to find the optimal one. The idea of the al-
gorithm is providing two operations: branching and bounding. Branching means
cutting the complete space into the some subset; bounding — finding maximal and
minimal solution of the problem for the branch. If in minimization problem some
branch has minimal value higher than maximal in another branch, it means that the
first branch could be eliminated from the consideration.

Since the branch and bound method is modification of the brute force, it takes a
lot of time to find a optimal solution. It also was confirmed in practice.

3.4 Decomposition of integer linear programming problems

The research was aimed at speeding up the existing the solution. For such cases,
decomposition methods could be used. There exist a lot of methods that provide
decomposition of optimization task: Rolling Time Horizon, Bender decomposition,
Lagrangian decomposition, bi-level decomposition. These approaches enable one to
solve not the whole problem, but divide it into smaller parts, for which finding the
solution takes less time.

We considered the Rolling Time Horizon technique for this purpose since it is the
method used for a wide spectrum of tasks.

3.5 Rolling Time Horizon usage

3.5.1 Energy Hub System

Marquant, Evins, and Carmeliet, 2015 optimized Urban Energy Hub System
costs on energy production by the formulation of the Mixed Integer Linear program-
ming problem for the hub. Energy hub takes as input energy from different sources:
wind, solar panels, gas, grids. After, the hub converts input energy into the goods
that consumers require — heat, cold water, or electricity. The consumers demand
changes during the day, week, and season, so changes sequence of the hub parts
activation — either convert energy to electricity, or to heat, or to cool.

To optimize the process, the authors formed a mixed integer linear programming
problem for the yearly functioning of the energy hub with hourly discretization. For
each hour of the year there are a few free variables that describe each part of the
energy hub, so the problem consists of a huge number of components. It makes
the process of finding the solution quite long. The authors used the Rolling Time
Horizon technique to decompose the problem into the smaller part, for which the
solution could be found much faster. The results show that the rolling time horizon
approach can reduce the computational time from 7 to 100 times without significant
quality difference.

3.5.2 Aircraft Traffic flow management

Sama, D’Ariano, and Pacciarelli, 2012 presented research about the scheduling
of traffic in the airport area by solving the problem using the rolling time horizon
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technique. The authors created a pipeline that consists of two modules: the first
solves the problem of routing decisions, the second - timing decisions. In routing
decisions were an optimized process of choosing a specific air corridor for a plane.
The timing determined the passing timing of the plane in the airport nearby. The
authors compared their results of the optimization task with the existing rule FIFO,
and the resulting algorithm gave improvements. In order to speed up the solution,
the authors used the Rolling Time Horizon technique to decompose and speed up
the optimization task. As a result, Rolling Time Horizon increased the speed perfor-
mance 7-10 times.
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The approach and solution

4.1 Overview of existing methods

4.1.1 Optimization problems

The Optimization problem is a problem of finding a minimal or maximal value
of a function
f:R"=R

Usually there exist some additional constrains, so the optimization problem is de-
fined in the following way:
min/maxf(x)
X€ER"
ci(x) <0,ieIC
ce(x) =0, e € EC

where IC - set of inequality constraints, EC - set of equality constraints, ¢ : R" = R

Optimization problems classification

There are classifications over the class of optimization problems. Generally, the
optimization task could be divided in Mixed Integer NonLinear Programming (MINLP)
and Nonlinear programming [Moving-horizon and Hydroformylierungsanlage, 2015].
In the MINLP optimization problem exist part of constraints of some variables that
require integers values. General formulation looks similar:

min/maxf(x,y)
Xy

ci(x,y) <0, wherei € IC
ce(x,y) = 0, wheree € EC
xeR"ye zk

where IC - set of inequality constraints, EC - set of equality constraints.

If functions f, c;, c. are linear than the problem becomes Mixed Integer Linear
Programming. If there is no x € R”" variables than the problem is stated as Integer
Linear Programming problem.

Nonlinear programming with only continuous variables also are divided into
different classes: whether the functions f, c;, c, are differentiable — have first and
second derivatives.

The next characteristic that divides problems into classes is whether the objec-
tive function f is convex or not. This will affect if the objective function has a local
optimum or not.
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For quadratic programming exist specific solutions and derivatives could be
found in an easy way.
And Linear programming problem when the functions f, c;, ¢, are linear.

Optimization

Mixed Integer

NLP

(Discrete) (Continuous)

MINLP Differentiable Derivative-free
l /\
MILP
I Convex Non-convex SA/GA
P X i DFO

LP QP Local Global

FIGURE 4.1: Classification of optimization problems
Source: Classification of optimization problems

In our formulation of the problem, we have integer linear programming task,
since variables x show if the sailor is assigned for some particular job or not, so the
possible values are x € {0,1}.

Optimization problems solvers

Exist quite a lot of products that solve optimization problems (MINLP, MILP, IP,
etc) in an automatic way. Mostly, they are written in low-level languages such as C
or C++ for higher performance and have API for easier usage by the end-user. These
solvers differ in the class of problems that they solve, compatibility with program-
ming languages, performance on problems of different dimensionalities, commercial
usage, or open-source.

For example, CPLEX - the leading commercial solver, released by IBM - provides
nice performance, but it is expensive. LINDO is compatible with Excel (also com-
mercial). COIN-OR is a project that provides a lot of free solvers, and its purpose is
to foster open-source collaborations of research and industry [Donoghue, 2015].

Some of the solvers have their own modeling language (CPLEX solver — OPL
language, FICO solver — Mosel language). Modeling languages transform initial
optimization problem into solver language, and return results of solution back in an
understandable way (such functionalities also provide high-level languages, such as
Python).

Comparison of packages performance:
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TABLE 4.1: Performance of different packages on N-Queens problem
[Bruen and Dixon, 1975]
Source: Integer Programming models using different mathematical mod-
elling packages

n PulLP Python-MIP JuMP
100 | 0.24 0.97 0.45
200 | 1.43 0.18 0.19
300 |4.97 0.37 0.38
400 | 1237 0.72 0.74
500 | 24.7 1.25 1.23
600 | 43.88 2.02 1.99
700 | 69.77 3.04 2.94
800 | 105.04 4.33 4.26
900 | 150.89 5.95 5.83
1000 | 206.63 8.02 7.76

In our case, we used Pulp package with CBC solver.

4.1.2 Rolling Time Horizon

The Rolling Time Horizon (RTH) is an approach that is widely used to increase
the performance of finding an optimal solution in an optimization task from a com-
putational (timing) point of view. The Rolling Time Horizon could be used for the
optimization of work of Energy Hub [Marquant, Evins, and Carmeliet, 2015] or for
Air Traffic Control [Sama, D’Ariano, and Pacciarelli, 2012]. Also, the RTH technique
is used in such domains as Pulp Distribution [Bredstrom and Ronnqvist, 2006] and
Gas supply chains [Zamarripa et al., 2016].

The general idea is to solve the optimization task with fewer time variables, so
instead of solving a complex problem for a whole time period, the problem is solved
for consecutive intervals on which the time period is divided. Each interval consists
of fewer time variables, so the solution for such sub-problem could be found more
easily.

The whole time period is divided into successive sub-problems (with intersec-
tion). For each sub-problems the optimization task is solved. The schema of the
RTH approach described in the picture below:
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Problem size H = 20h 3
Llelc] |_[Phsdnt ) P o |
o
th Overlap Loyertap = 2h
«—> | [daje] ]
Step size Ly, = 3h [ Flitdre Number of
p— T @ | intervals
(@_L\, W T b
. 1| Past
Past
@
nterval length L,,,, = 5h

FIGURE 4.2: Rolling Time Horizon schema
Source: Marquant, Evins, and Carmeliet, 2015

The intersection is needed to make it possible for the consequent sub-problem
to use the result of the previous sub-problem. The following sub-problem uses the
intersection as an initial state for the optimization task.

4.2 The solution

4.2.1 Formalization of terms
Jobs forming

Each vessel must have the required crew to serve its functionality. These re-
quirements defined by “Principles of minimum safe manning”, so there exist a set
of positions that should be permanently filled. Also, there are restrictions on the
sailor working on the vessel for more than 11 months. Based on these rules and in-
formation about current and the previous sailors’ trips on different ranks, new jobs
are generated after the expected ending of the voyage of the previous sailor on a
particular duty. The lengths of the generated job depend on the sailors” contract.

Compliance function

Sailors have different education and working experience. It makes them differ-
ently compliant with jobs and ranks. To measure this compliance, the function C
was defined.

C(person in formation, job requirements) = R

Function C takes into account persons’ private information, education, experience
on different vessels within the company, and measures the match between sailor
and position on the vessel (C(sailor;, job;) = 0 if the sailor; is not matching for the
job]- ; and the more suitable the sailor, the greater the value of the function). So the one
person can have different compliance values for the same role on different vessels,
and a different values for positions within one vessel for different roles.

Complex Job

Complex Job is a job that consists of two parts. And either we can assign two
different sailors for two parts of complex job, or we can assign one sailor for both
parts of the complex job, and reduce costs on flights (to take off the previous sailor
from the vessel, and put on next sailor on the vessel).
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4.2.2 Optimization problem for crew assignment

The approach of crew assignment was implemented for a maritime company on
the market. As described before, jobs were generated for the next half of the year
(using information about historical and current voyages). After, for each sailor from
the base of the company was calculated value of compliance function C.

The optimization of crew assignment was formed as maximization of total match
between sailors and vacancies:

N M
max Z Z Cl',]’ * xi,]'
¥ iZ0j=0

s.t.
N
in,j < 1, V]
i=0
M
Exi,]- S 1, Vi
j=0

M
Z(xi,]- + 2 Wy * xk,]') < 1,f01’i eCJ
=0 k in CJ;

Xij S {0, 1},Vi,j

where x; ; - indicator of assignment of sailor j for job i,

N — number of jobs,

M —number of sailors,

C]J —set of Complex Jobs,

w — weight of part of Complex Job,

Ci j - compliance function value for sailor j for job i.

The first constraint allows assigning a sailor for no more than 1 job.

The second constraint allows assigning a job for no more than 1 sailor.

The third constraint allows assigning either Complex Job or two parts of Complex
Job, but not simultaneously.

For this setup, solution of the task of optimization of the crew on vessels takes
a lot of time, since time variables produce a lot of free variables in the optimization
task (on job start each sailor could be assigned, so we have Cartesian product of the
jobs and sailors, and a complexity of the integer linear programming task rises expo-
nentially with increment in number of variables [Dominguez-Muiioz et al., 2011]).
So there was a need to speed up the existing solution.

4.2.3 Rolling Time Horizon for crew assignment

On each iteration of the Rolling Time Horizon for crew assignment, we consider
the set of jobs INRV'L that starts at the interval, set of jobs that fall in the intersection
of the successive rolls - INTRS, set of unassigned sailors — US. On each roll we solve
the optimization problem that looks similar to the whole optimization problem:

max ), ), Cijxxif
i€INRVL jeUs
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s.t.

Z Xij <1

icINRVL

Z Xl',]' S 1

jeus

Z (xi,j—i— Z wk*xk,]-) <1, forie(C]

jeus k in CJ;
Xij € {O,l}

where x; ; - indicator of assignment of sailor j for job i,
INRVL - set of jobs that starts at the interval,

US - set of unassigned sailors,

CJ —set of Complex Jobs in INRVL,

w — weight of part of Complex Job,

Ci,j - compliance function value for sailor j for job i.

After the solution of the optimization problem for one iteration, we consider two
sets of assignments: for {jobs|jobs € INRVL \ INTRS}, we fix the assigned sailors
as the final solution; for assignments {jobs|jobs € INTRS}, we put the assignments
as the initial state for the next roll.

4.2.4 Heuristics for sailors prioritization
Licenses expiring

If we consider compliance function C, we will see that it works well when it’s
used for the solution of the whole optimization problem at once, since information
about all variables is included in the problem formulation. But when we apply the
Rolling Time Horizon approach, we can face issues.

For example, we have job A and job B with similar requirements. Job A starts
in May, job B starts in October. We have sailors {a1, b } with similar experience, but
licenses of {a;} expires earlier than {b;}, so both sailors equally compliant for job
A, and {a;} less compliant than {b; } for job B . If we assign {b;} for job A during
the first roll period and then assign {a; } for job B, the value of {41} on job B will be
lower (because of expiring licenses), so we get lower objective function value.

A specially chosen function called a "heuristic" can be used to solve this kind of
issue. A heuristic is a technique to produce a better solution by modification of the
problem, but not necessarily the optimal one. An example heuristic, to avoid the
above issue introduced by utilising the Rolling Time Horizon approach, would be to
define a heuristic function based on crew licence expiry dates. For each job there is
requirement for particular number of licenses, some of them being interchangeable.
So for each sailor we can find the set of required licenses S that has maximal expiring
date. After, in the set S we find the license with minimal expiring date, and put it as

FLE (first license expiring) := min_expiring_date(S)

So heuristic is calculated in way:

1
h(person information, job requirements) = 1+ FLE — Job Starf Date
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And modify function of compliance:
C(person info.,job req.) = C(person info., job req.) + h(person info., job req.)

In this case, sailors with earlier licenses expiring will have a higher priority to
jobs with an earlier start.

Flights costs

The transporting of the sailors to land and from the land on the vessel might
be costly. Ships are constantly moving around the globe, and sailors live in differ-
ent countries. So here the optimization of the additional costs might be. Using the
planned route of the vessel, we can consider the port at which a new job on the vessel
will start. Based on this information, information about sailor homeland, and using
Skyscanner API, additional priorities was added for the sailors that have cheaper
flights to the destination port for a particular job.

4.2.5 Complex Jobs in Rolling Time Horizon

As described before, Complex Job is a job that consists of two parts, and we can
either assign Complex Job for one sailor or two parts for different sailors.

Since we do not consider the whole problem in Rolling Time Horizon, it was
necessary to implement a new logic for Complex Jobs. There are 3 possible cases
with Complex Job (CJ) and rolls:

1. CJ and both parts of the CJ in roll, but the second part is in the intersection
2. One part of the CJ and C] in the roll, and the second is not

3. CJ and it’s both parts in the roll, and not in the intersection

Complex Job

Part , Part ,

Al

FIGURE 4.3: Complex Jobs possible cases in the Rolling Time Horizon
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So we can consider during the rolls 3 or 2 jobs: CJ, CJpar1, and CJpar2; or only
CJpart1 and CJpari2 - it depends on the case.

In case 1 and case 2 we should exclude C] from consideration in the RTH, and
leave only CJpa1 and CJparea-

For casel: during the first roll, if we assign a sailor for the Complex Job, it means
that during the next roll, when CJy4 is in the initial state, and assignment can
change, we will not be able to change the assignment. It conflicts with the RTH
logic. So in this case, during the first roll we consider only CJya11 and CJpar2, and
during the second roll make able to assign sailor from CJpg1 to CJparr2 with addi-
tional value. For case2: analogously - we should be able to assign another sailor to
CJpart2, so CJ should be excluded. For case3: we consider CJ, CJpa1, and CJpari2
simultaneously. So during the roll, we can assign either one sailor for CJ, or two
different sailors for CJys11 and CJparea-

4.2.6 Transfer of the solution into jobs to end-user

After the solution of the problem using Rolling Time Horizon, we should post-
process the results in order to form the correct assignments. It includes joining of the
assignment of one sailor to CJp.ss, and transforming it into CJ assignment. After, we
transform the assignment of the sailor for the formal jobs to the information about
the vessel, starting and ending date, rank of the person on assignment, etc.

The provided solution enables us to speed up the optimization problem solving,
automate the process of assignment of sailors to the jobs on vessels, and save the
money required on the existing crewing process.
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Chapter 5

Implementation and evaluation

5.1 Data description

For the project we used real data from one of the largest maritime companies in
the world. The data included:

e Description of the vessels:

— Type of the vessel (tanker, bulk carrier, etc.)
- Flag of the vessel (country)

- The optimal crew on the vessel
e Historical routes of the vessels
e Person information:

— Person licenses
— Person working experience

— Person private information

e Prices on the flights

5.2 Implementation process

Remark: the database configuration, the process of data extraction, jobs gen-
eration, compliance function calculation, flight heuristic, benchmark solution, and
front-end output was implemented by members of 90POE team.

5.2.1 Requirements for the application

The existing application should work in a secure way and provide an easy-to-use
interface to users for work with. The application should give end-users information
about the optimal distribution of sailors of vessels for the company. As input, the
software acquires information about previous and current trips and descriptions of
the sailors” experience and licenses. After getting input data, the software generates
approximate jobs on the period, that user input. Then starts the process of measuring
compliance function C between jobs and sailors. Based on the function value, and
jobs, we solve the integer linear programming task of optimal assignment of sailors
to jobs. The solution of the optimization task is used to plot the resulting sailors’
assignment as Gantt charts for end users. The Gantt charts show the information in
which sailor is assigned on which vessel, when and in which role.
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Sailors Jobs
Scheduling

=

Loading information
about existing trips;
vessels

Create Jobs for the
next period

Loading information
about sailors

Calculate
Compliance function
value for sailors and

jobs

Formulate integer
linear problem;
Solve it using Rolling
Time Horizon
approach.

Transform solution of
the optimization
probiem into Jobs.
Plot Gantt charts.

Show Gantt charts to
the end-user

FIGURE 5.1: Application pipeline
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5.2.2 Hardware and software

The solution was made using the programming language Python 3, and many
packages that made able to perform different parts of the product. The data extract-
ing, transforming, and loading (ETL) were made using Pandas library. Pandas make
able to connect to the database and download the data samples. After download-
ing, Pandas DataFrame provides different methods for easy implementation for data
preprocessing, features generation, data aggregation, etc.

The integer linear problem was defined and solved using Pulp package. In our
setup, we used CBC solver, since we worked with the integer linear programming
problem. Pulp also has a payment version of solvers, which perform the faster cal-
culation. After, using Flask package, the front-end part was created, where Gantt
charts are plotted using Plotly package. All the calculations and implementation of
the work were made on MacBook Pro 2017 laptops, with processor 2.3 GHz Intel
Core i5, 8 GB RAM, macOS operating system.

5.2.3 Technology transfer

The developed technology could be transferred to other maritime companies
since the standards are commonly used in the world (and could be modified if
needed); sailors information is standard too — because licenses are unified in the
world; vessel types are similar. So by changing the data sources, specific rules of the
company, and API’s details, it could be used in another systems.

5.3 Evaluation

The performance of the Rolling Time Horizon was considered from the objective
function value point of view, and time of solution. The objective function value was
calculated as the total sum compliance values for the resulting assignments of sailors
for the jobs. It means the assignments with the maximal matching between sailors
skills and jobs requirements.

objective function value = ) Cj,
(ij)eA
where A - set of pairs of assignments (i, j) (sailor j assigned for job i),
C;,j - compliance function value of sailor j for job i.

The time of solution was calculated as time required on forming and finding the
optimum for the integer linear programming problem, since the other steps (data
loading, preprocessing, plotting the results, etc.) are present in any other approach,
and it is similar.

Such evaluation we did for each pair (step, interval), so for step = i, interval = j
we solved the optimization problem using Rolling Time Horizon technique, evalu-
ated the performance from the objective function value and time of solution.

The benchmark is the solution of the whole optimization problem at once.

We also made a comparison of results with and without heuristic to see if the
function h for jobs prioritization for each particular sailor, depending on licenses ex-
piring, increases the objective function value for the Rolling Time Horizon approach.

For the compliance matrix without the heuristic, we have the following results
for the objective function values:
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FIGURE 5.2: The objective function value for different parameters
of the RTH and Compliance Matrix with Complex Jobs and without
Heuristic
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FIGURE 5.3: Solution time for different parameters of the RTH and
Compliance Matrix with Complex Jobs and without Heuristic

Analogously, we evaluated the compliance matrix with the heuristic. For the
optimization task used compliance function with the heuristic to prioritize sailors

C(person info.,job req.) = C(person info., job req.) + h(person info., job req.)

but the provided evaluation made on compliance function without heuristic C to
make results comparable.
The results for the objective function values:



5.3. Evaluation 19

The objective function rahues using Rollng Trme Horizan vel and step x with Complex Job ki
fintervai s [imtervat_ s [ervai s [imervat s ]--u_m]-—u_u]-u_u]m_u]-ny]-n_m]m-u_n |interval_2e [wc[mnlmm

S8 e R R AT

10530 50195568 BOISSSES 60258191 EOI6IS1 6G2361Y] SOMIOL0 BGNOTIO BOMSOI0 EGRSOTI0 60250010
; GOISTERE 60238191 GONBINN 60236191 G631 G026303) GONEIOII GONIOII GO2GA0I 60264013
6010811 EMIMIST 6026191 626191 602033 EIMAI KONDOI0 EMISONIO OISODIO

| 60195548 GO195.348 €0236.191 60236191 60263033 S0263033 60245.010 €0250.010 60250010
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FIGURE 5.5: Solution time for different parameters of the RTH and
Compliance Matrix with Complex Jobs and with Heuristic

The difference between objective functions using the RTH with heuristic and
without it:
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FIGURE 5.6: Difference in objective functions values between the
RTH with heuristic and without it

As we can see, the heuristic shows nice performance on short intervals and gives
increment to the rolling approach, without using the intersection of sub-problems.

5.3.1 Heuristic for hyperparameters choosing

For choosing parameters for the rolling time horizon approach we defined the
function that takes into account difference with benchmark from objective function
value, and the time of solution. It calculates as a weighted sum of deviation from
the optimal solution for the whole problem and increment in time required to solve
the optimization problem. For alpha=0.99 I calculated the heuristic (since deviation
from the solution for the whole problem less than 1%, and in other way we will just
take into account time difference).

V := objective function value for the whole problem (benchmark)

T := time required for the whole problem solution (benchmark)

hp (Obj-f-valuestep,intervul/ SOl-timestep,interval) =R

obj.f.valueg,, ; sol.timeg,, ;
hp(-r ) _ ]f Vstep,znterval .o+ (1 . ;iep,zntervul) « (1 . [JC)

We propose parameters interval=10, step=9.
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FIGURE 5.7:  Heuristic values h, for different parameters
(step, interval)
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Chapter 6

Conclusions

6.1 Summary

The crew assignment pipeline was developed to automate the process of assign-
ing crew to available jobs onboard vessels. It can decrease costs on crewing and
logistics, speed up the procedure of finding a person to a job in the maritime in-
dustry. During the assignment, the pipeline takes into account not just the current
recruiting needs, but also future opening vacancies.

The algorithm acquires information about voyages, vessels, flight prices, crew
experience and education, and provides optimal assignment for the next period of
time, defined by the user. It performed using a formalization of the crewing task
into a Integer Linear Programming problem and solution of the problem.

We implemented the approach of Rolling Time Horizon for crew assignment in
the maritime industry. It increased the time performance by 3.5 times with a devia-
tion of less than 1% from the optimal solution, in comparison with the benchmark.
To do it, we implemented the specific logic of Complex Jobs for the Rolling Time
Horizon; introduced the example of the heuristic that can be used for prioritization
of elements in the Rolling Time Horizon approach; defined heuristic for choosing
parameters of the Rolling Time Horizon approach.

The obtained results prove the research hypothesis and meet with research ex-
pectations.

6.2 Future work

As the future improvement of the work, we consider using solvers with higher
performance. It should provide similar results with the current one from the objec-
tive function value point, but with a higher speed. But it might be costly, since a lot
of them are commercial.

Also, it is possible to divide sailors into groups by possible jobs, so the sailors
within each group will be compliant for some subset of the jobs. And then solve the
optimization problem within the group. Such decomposition could increase perfor-
mance too, since for each optimization problem there will be fewer free variables.

The objective function value might also include additional factors: cooperation
of the sailors, working on a particular vessel in the past, etc. On the one hand, it will
make the optimization problem more complicated, but on the other, it will include
more information in the model.

And one of the main plans for the future — testing of the solution with end-users.
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