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ABSTRACT 

 

The installation of subsea equipment during the development of offshore oil and gas fields is 

performed by pipelay support vessels. These specialized vessels must load-out equipment in 

port locations and install them in the offshore field. The objective of this thesis is to use 

optimization tools to find a sequence of equipment installation that minimizes the total duration 

of the project, by reducing transit durations between offshore fields and the base port. To 

achieve this reduction, a GRASP heuristic with a 2-OPT local search was applied to a specific 

project concluded in 2014. The results showed a reduction of 2.5% in the project schedule (app. 

2.5 days in the case studied) when compared to the schedule developed only with the knowledge 

of the experts in the area. This optimization represents a sizable reduction in the schedule and 

ultimately in the project cost, considering each additional day in this kind of project could cost 

more than $300k dollars, including the vessel daily rate and the personnel mobilized. The 

consistent application of optimization algorithms in the routing of the vessels throughout the 

year and multiple projects in parallel has the potential to save millions of dollars for the 

industry. 
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RESUMO 

 

A instalação dos equipamentos submarinos durante o desenvolvimento dos campos de petróleo 

e gás é realizada por embarcações de apoio ao lançamento de dutos. Essas embarcações 

especializadas devem buscar equipamentos no porto e realizar sua instalação no campo 

offshore. O objetivo desta dissertação é utilizar ferramentas de otimização visando encontrar 

uma sequencia de instalação de equipamentos que minimize a duração total do projeto buscando 

reduzir os tempos de trânsito entre os campos offshore e o porto de apoio. De modo a obter essa 

redução, uma heurística GRASP foi realizada utilizando a busca local 2-OPT os quais foram 

aplicados em um projeto concluído no ano de 2014. Os resultados mostraram uma redução de 

2,5% no cronograma do projeto (app. 2,5 dias no estudo de caso aplicado)  quando comparada 

ao cronograma desenvolvido apenas com o conhecimento dos especialistas na área. Essa 

otimização representa uma redução considerável no cronograma e finalmente no custo do 

projeto, já que cada dia adicional nesse tipo de projeto pode custar mais de $300k, incluindo a 

diária da embaração e o pessoal mobilizado. A aplicação regular de algoritmos de otimização 

no roteamento das embarcações durante todo o ano nos múltiplos projetos que ocorrem em 

paralelo tem o potencial de economizar milhões de dólares para a indústria. 

 

Palavras-chave: Petróleo e gás, Otimização, Roteamento de veículos, GRASP, 2-OPT 
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1 CHAPTER I – THE PROBLEM 

1.1 INTRODUCTION 

The oil and gas industry has been a lucrative business since its dawn. Nevertheless, since 

2014, when oil prices started to slump, rapidly losing a massive portion of its value (see Figure 

1), there’s been a big pressure on all the industry to reduce its costs, enabling the continued 

development of new offshore fields even with the new order of oil prices. 

 
Figure 1: Average annual OPEC crude oil price (in U.S. dollars per barrel). Source: Statista, 2018. 

 

In this context, subsea construction companies, one of the three major costs of an 

offshore field development (alongside the drilling costs and the production unit construction) 

are seeking new ways to reduce its cost base. 

A subsea construction project consists in the pickup of equipment onshore in a port of 

support and installation of this equipment offshore at an offshore location. There can be 

multiple ports of support and multiple offshore locations at any given project. 

These activities are performed by a PipeLay Support Vessel (PLSV), which is a special 

vessel that has the necessary installation tools and necessary deck area to accommodate the 

equipment to be installed in the offshore oil field. 
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Considering the PLSV daily rate is the biggest cost in a subsea construction project, 

companies should focus in alternatives to reduce the duration of the project, therefore reducing 

the biggest share of the total project cost. 

Historically, the schedule of an offshore construction project is developed by a 

construction manager, which is a specialist in the durations and precedence relations necessary 

to perform each task at a time. 

However, considering the big number of tasks to be performed and the multiple port and 

offshore locations, it is unrealistic to demand from the specialist an optimal sequencing of tasks. 

This case study suggests the use of an optimization algorithm to be used together with 

the expertise of the construction manager, to achieve reductions in the final project duration. 

The goal of this algorithm is to come up with a sequence of tasks that optimizes the routing of 

the construction vessel, aiming to reduce the transit from between ports and offshore fields. 

The optimization of vehicle routing is commonly employed in product distribution 

problems, generating significant savings for companies, as the Laporte (2009) survey points 

out. Likewise, the optimization of the project schedule, respecting precedence between tasks 

and taking into account the availability of resources, is also a highly studied theme – see, for 

example, Schwindt et al. (2015). However, to the best of our knowledge, there are no articles 

on the use of vessel routing optimization for subsea construction projects in the development 

of offshore oil and gas fields, on the Scopus database. Also, there are some specificities of this 

case study that makes the optimization particularly difficult: 

a) The large number of tasks required to complete the project; 

b) The large number of tasks precedencies; 

c) Limitations of vessel deck area to accommodate all equipment; 

d) The existence of time windows for the execution of some tasks. 

 

1.2 THEME DEFINITION 

Combinatorial optimization problems, such as the vehicle routing problem, may be 

solved by heuristic or exact methods. On the first case, the solution time is modest, but the 

solution quality is not guaranteed, when comparing to an optimal solution. In the second case, 

the found solution is necessarily optimal, but the computational time may grow exponentially. 

In both cases, it is desired that academic research be carried to provide estimates on the solution 

quality for heuristics and on the computational time, in the case of exact methods.  
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The focus of this dissertation is to build a heuristic algorithm to reduce vessel transit 

and compare its solutions with the solution developed by expert construction managers, seeking 

to improve the results achieved by the experts in the field. 

The central question of this research is to answer the following: is it possible in the 

offshore installation development phase for the oil and gas industry to come up with a 

scheduling method that could reduce the total duration of the project with the use of 

optimization algorithms? 

 

1.3 OBJECTIVE 

This work analyses the common practices of project scheduling in the oil and gas 

industry, with focus on offshore installation during the field development phase, focusing on 

the tools utilized and the processes implemented. 

It is expected of this research to contribute with the better comprehension of the current 

difficulties and limitations on the scheduling discipline. Also, it is expected to provide some 

insights on potential benefits of the “perfect” schedule and how to get closer to it. 

 

The main objective can be breakdown in the following specific objectives: 

i) Provide a review of the current scheduling techniques in the case studied;  

ii) Develop a heuristic method to reduce vessel transit; 

iii) Compare the heuristic developed method in ii) with the current techniques in i) 

to discover if it is possible to provide an optimized schedule in satisfactory 

processing time. 

 

This research is targeted to all of those interested in project scheduling, public or private 

companies, associations, students, academics or teachers. It is also targeted for those who want 

to learn more about the offshore construction market for the oil and gas industry and its 

challenges. 
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1.4 DELIMITATIONS OF THE STUDY 

This research does not intend, and neither has the resources, to develop a fit for all 

solution for the offshore scheduling problem in the oil and gas industry. The focus of this study 

is to find out if, in the real scenario proposed, the use of the heuristic developed method would 

outperform the baseline schedule used in the project. 

Weather forecast is not included in the modeling of the problem since it is not possible 

to accurately forecast the weather with the necessary antecedence. Vessel fuel autonomy is also 

no included since the vessel in the case study can complete the project without the need to return 

to the port for bunkering purposes only. Other bunkering’s are performed in parallel and 

therefore are also not considered in the list of tasks to be performed. 

The case study is comprised of 110 tasks, which were selected based on the relevance 

for the project completion. It is not intended to include all tasks in detailed steps because of the 

trade-off computational time versus optimization results. 

It is considered that vessel is given full access to the port and to the offshore fields, 

therefore no wait in queue was considered at any location. 

This study is limited to this specific project performed in the year of 2014 in Rio de 

Janeiro, Brazil, and therefore not extended to other projects or other regions. 

 

1.5 PREMISES 

This section presents the group of premises for a company to successfully implement 

and/or develop new scheduling solutions apart from the traditional Critical Path Methods 

(CPM: namely MS Project, Primavera P6, others). The three premises presented below are used 

as foundation to the subsequent phases of this dissertation. 

Premise 1 (Qualification): the company does have qualified personnel to improve the 

current planning practices and have available resources to develop/implement the solution. 

Premise 2 (Adequacy): the method available is adequate to the problem or to the 

necessities of the company because of: i) fit for purpose adherence; ii) workable complexity; 

iii) operationally feasible. 
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Be understood for adherence the representativeness of the model. In other words, the 

capacity of the model to truly represent the real project schedule conditions. Model complexity 

consists in concluding that the proposed model is not too complex to be used in real life 

situations. The amount of work put into it and the amount of processing time would not make 

the proposed method infeasible. Lastly, operationally feasible means the amount of approvals 

necessary to implement it, acquisition costs and maintenance would not make the development 

unreliable to be used in real life situations. 

Premise 3 (Relevance): There is a perception in the current scheduling models that they 

can return good results and the possible improvements in the software would have to bring 

substantial benefits to the project management to become relevant. 

 

1.6 OUTLINE 

The present work is divided in five chapters, to achieve the proposed objectives and to 

answer the central question previously mentioned. 

 

Chapter 1 introduces the work, prepares the formulation and the definition of the 

problem, set the objective of the research and presents the limitations and premises for the 

problem. 

Chapter 2 elaborates the methodology of the work, explains the structure and can be 

used as guideline for the follow-up of this study. 

Chapter 3 is where the bibliography of current scheduling methods and heuristic 

methods solutions are reviewed, acting as a baseline for this work. 

Chapter 4 details how the computational tests were performed in the case study and 

presents its results to answer the central question of the research. 

Chapter 5 draws some conclusions and proposes aspects that could be pursued in future 

developments. 

Table 2 shows the different phases of the work and how they relate to each other, starting 

from the contextualizing elements, up to the key concepts, used in the bibliographic research 

for the theoretical reference. 
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Table 1: Work Development Model. Source: Adapted from Dias, 2013. 

 

Contextualizing 
Elements 

The Problem General Objective Specific Objectives Research Question Key Concepts 

Oil and Gas 
Industry  The main cost in a 

subsea development 
is the vessel daily 
rate. Every additional 
day in the offshore 
campaign results in 
more cost being 
added to project, 
reducing the bottom-
line. 

Develop an optimized 
scheduling method 
specific for the 
offshore installation 
sequence during the   
development phase 
of the oil and gas field 
in the case study. 

i) Provide a review of the current 
scheduling techniques in the case 
studied;  
 

is it possible in the 
offshore 
installation 
development phase 
for the oil and gas 
industry to come up 
with a scheduling 
method that could 
reduce the total 
duration of the 
project with the use 
of optimization 
algorithms? 

Operations 
Research  

Offshore Field 
Development 
Phase  

ii)  Develop a heuristic method to 
solve the vessel routing problem; 
 

Job Scheduling 

Project Management iii) Compare the heuristic developed 
method in ii) with the current 
techniques in i) to discover if it is 
possible to provide an optimized 
schedule in satisfactory processing 
time. 

 

Schedule planning 

Vehicle Routing 
Problem 

Offshore 
Installation 
Sequence 



17 
 

 

2 CHAPTER II – RESEARCH METHODOLOGY 

2.1 THESIS STRUCTURE  

The study scope is composed by two complementary sides: one is the theoretical and 

the other the empirical, as illustrated on Figure 2. 

 
Figure 2: Thesis Structure. Source: Adapted from Araújo, 2011 

 

The theoretical side of the study is composed by the modeling of the problem, which 

accounts for the adaptation of the case study to the heuristic model, to create a faithful 

representation of the real-life situation. After the modeling of the problem, additional coding 

developments will be performed to reduce the amount of processing time of the proposed 

model. 
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The empirical side consists of gathering all the necessary information of the case study, 

and afterwards, consulting experts to assure the simulation is run in a non-bias way.  

Considering the code is developed after the project is finished, it is tempting to adjust which 

could act as an undesirable handicap in the path to the research objective. 

The two sides are then merged and compared, with the purpose of concluding the 

research, in addition to indicating suggestions on future developments and complementary 

studies. The sequence of the research is presented hereafter on Figure 3. 

Stage 1 is addressed in Chapter 3, Literature Review and has the objective of identifying 

and comprehending the concepts and methodologies utilized in previous studies of scheduling 

problems. 

Stages 2 and 3 are approached in chapter 4, Case Study, where a proposed code 

developed for the objective of this research will be presented. 

Stage 4, Rebuild of the case study, is also presented in Chapter 4, concluding the case 

study and identifying the efficiency and efficacy of the code. 
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Figure 3: Research stage sequence. Source: Adapted from Lourenço (2014). 
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2.2 PROJECT DETAILS 

To be able to successfully conclude the project schedule with the newly developed 

method, the following constraints presented in Figure 4 must be respected: 

 

 
Figure 4: Installation scheduling model. Adapted from Irawan (2017). 

 

Project Constraints: 

1) Deck Area: The vessel has a limited area to transport the equipment offshore. The 

company can choose between transporting the equipment with the same vessel that is 

going to install it or can charter a third-party vessel to mobilize this equipment and 

transport it offshore where the installation vessel is going to be in the offshore field to 

perform the installation. Either way, the equipment selected to be transported in the 

installation vessel needs to be accommodated in the limited vessel deck area. 

2) Equipment Availability: In some projects, the client is going to provide the equipment 

to be installed offshore. In others, the installation company must manufacture this 

equipment. Either way, there is a timespan to conclude the manufacturing of the 

equipment to be installed. Therefore, the second premise is: the equipment to be 

installed has a release date, where it will finish manufacturing and tests, and will be 

available to be transported offshore for the subsea installation. 
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3) Task Precedencies: Some set of tasks requires that a previous task be performed prior 

to its execution. For example, if an equipment needs to be mounted on top of the other, 

the equipment which is in contact with the soil needs to be installed first. These are hard 

restrictions that cannot be overcame during the optimization algorithm. 

 

Additional Constraints: 

1) Weather Conditions: For offshore construction, there are three key weather factors 

which determine whether working is possible or not: the significant wave height, the 

sea current and the average wind speed (adapted from Graham, 1982). Depending on 

the nature of an activity, an acceptable threshold for both these dimensions can be 

defined. If this threshold is exceeded, the activity must be interrupted and resumed when 

weather conditions have improved. Such interruptions can of course be highly 

detrimental to project performance as stated by Kerkhove (2017). 

2) Vessel fuel capacity: The vessel has a limited physical tank to store fuel and although 

bunkering offshore is possible, it is sometimes more expensive than going back to the 

Port. The vessel therefore cannot be in the offshore field for unlimited time, and a 

restriction on fuel consumption must be set to avoid that scenario. For the case studied, 

each vessel trip (i.e., the sequence of tasks in-between Port calls have fewer duration 

than the vessel autonomy and therefore, this restriction was not considered in the case 

studied.  

3) Port Availability: To mobilize more equipment for installation, the vessel performs a 

“Port call”, which is a short stop in a port. As port availability cannot be previously 

forecast for a long period of time, and the manager doesn’t have full control on this 

action, this study assumed that vessel has full access to port. The same can be said to 

the offshore fields. It is possible that more expensive vessels such as drilling vessels 

need to be in the same offshore location as the installation support vessel, which would 

have to wait in queue in that case. In the case studied, this queue was not a reality and 

therefore it was not considered in the modeling of the problem.  
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4) Deck layout: This research does not perform the optimal allocation of equipment in the 

deck area. It is considered only the equipment area and not the equipment dimensions. 

This premise can lead to biases in the results since some equipment may not be possible 

to be stored together in the deck area, even if the sum of each equipment area is less 

than the vessel deck capacity. These biases were corrected during the Stage 3, where 

experts adjusted which equipment cannot be in the same vessel trip. 

5) Assets: The installation vessel for the offshore oil and gas field development has mainly 

two differentiators. A crane and a pipe lay tower. Every equipment can be installed by 

either one of these two assets and therefore a maximum of two installations can be 

performed at the same time. The performance of two tasks in parallel creates additional 

risk to operations and not always it will reduce the schedule since it is necessary to take 

more precautions and therefore, the duration to perform each task individually increases. 

In this study it is considered that only one installation is performed at each moment in 

time.  
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3 CHAPTER III – LITERATURE REVIEW 

In this chapter, some key concepts on scheduling problems are presented, in addition to 

some other key concepts necessary for the best understanding of this study. Also in this chapter, 

previous works relevant to this research are discussed. 

3.1 SCHEDULING MANAGEMENT 

3.1.1 TYPES OF SCHEDULING MANAGEMENT TOOLS 

There are different kinds and varieties of scheduling tools. These tools vary depending 

on how they represent and analyze activities and their logical relationships. According to Yamín 

(2001), the most known and utilized methods in the construction industry are: 

o Network scheduling type, such as the critical path method (CPM) and project evaluation 

and review technique (PERT) 

o Bar/Gantt chart 

o Line of balance (LOB), adapted to construction as vertical production method (VPM) 

o Linear schedules (LS) adapted by several methods among which is the linear scheduling 

model (LSM) 

 

Some of these methods are more efficient than others, depending on the nature of the 

project to be scheduled. Table 2 suggests which scheduling tool is appropriate for each type of 

project. 

It is easy to correlate the installation of subsea equipment to the very complex projects. 

They have an extremely large number of activities, complex design, discrete activities and it is 

crucial to keep the project in the critical path. Yamín (2001) also points to important project 

management attributes of the CPM method, presented in Table 3. 

Reviewing the dimensions presented, the most critical point for the schedule of offshore 

construction is the complexity of the project. So many activity lines can often generate mistakes. 

In addition, the amount of effort put into the control of the sequencing leaves no time for the 

planner to consider the schedule details and pursuit improvements that could lead to a reduced 

project duration. 
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Table 2: Scheduling tool recommendation by type of project. Source: Yamín (2001) 

Type of project Scheduling 

method 

Main characteristic 

Linear and continuous projects 

(pipelines, railroads, tunnels, 

highways) 

LSM • Few activities 

• Executed along a linear path/space 

• Hard sequence logic 

• Work continuity crucial for effective 

performance 

Multiunit repetitive projects 

(housing complex, 

buildings) 

LOB • Final product a group of similar units 

• Same activities during all projects 

• Balance between different activities 

achieved to reach objective production 

High-rise buildings LOB, VPM • Repetitive activities 

• Hard logic for some activities, soft 

for others 

• Large amount of activities 

• Every floor considered a production 

unit 

Refineries and other very complex 

projects 

PERT/CPM • Extremely large number of activities 

• Complex design 

• Activities discrete in nature 

• Crucial to keep project in critical path 

Simple projects (of any kind) Bar/Gantt 

chart 

• Indicates only time dimension (when 

to start and end activities) 

• Relatively few activities 
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Table 3: Project management attributes of CPM. Source: Adapted from Yamín (2001) 

Attribute/dimension CPM 

Aid in reduction of 

uncertainty/risk 

Although CPM schedules use fixed duration for activities, it can 

be easily complemented by PERT with statistical capabilities. This 

feature helps planners to get a better idea of time and schedule 

risks. 

Aid in improving 

production and 

economical operation 

With the incorporation of resource leveling/allocation techniques, 

CPM schedules can improve the overall completion time and costs 

by affecting production (add or remove resources). Some 

limitations have been identified when scheduling continuous 

projects—difficult to maintain continuity in crew utilization. 

Aid in achieving better 

understanding 

of objectives 

In complex projects, CPM network can be very convoluted. This 

complexity makes them difficult to understand and communicate. 

Accurate calculations CPM allows the PM to calculate the time it would take to complete 

a project, and together with the PERT could provide statistical 

insights to this process. It is difficult to accurately determine and 

represent space restrictions (if any). 

Critical path It is the main feature of the CPM, which can be done very easily 

Ease of use Extensive computerization has made the CPM method easier to 

use. However, the user needs a considerable amount of training 

before actually being able to produce valuable information for 

controlling purposes. 

Easy to update The method could be difficult to update. Once several updates 

have been done, it becomes difficult to read. Updated schedules 

are usually out of date when they are finished. 

3.1.2 PMBOK SCHEDULING MANAGEMENT 

The Project Management Institute (PMI) considers the CPM one of the main tools for 

the scheduling of activities and is widely used throughout the Oil & Gas industry. Figure 5 

illustrates the sequence of activities under the project planner’s accountability. The focus of this 

study is in the item 6.3 of the PMBoK, which suggests the use of the PERT/CPM instead of 

optimization algorithms.  
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Figure 5: Project Time Mangement (PMBOK® Guide, Fifth Edition by PMI) 

 

The elements of planning described by the PMI are presented on Table 4 and focus on 

the full spectrum of the planning activities during the project life-cycle. The optimization 

algorithm will act on items #2, #3 and #4. 

It is not expected that optimization algorithms will fully replace the planner activities, 

but rather change or add the scheduling tool used, from solely the CPM method to a more robust 

scheduling proposal (i.e., optimization algorithms), while maintaining the other activities of 

defining and controlling the schedule, identifying risks and most importantly keeping the 

schedule aligned with corporate objectives. 
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Table 4: Elements of Plan (PMBOK® Guide, Fifth Edition by PMI) 

# Element of Plan Description of Element PMBoK Element 

1. 
Organizational procedures 
links 

WBS is used as framework in order to provide 
consistency with estimates. 

6.2 Define Activities 

2. 
Project Model Schedule 
Development 

Specifies scheduling methodology and 
scheduling tool to be used. 

6.3 Sequence Activities 6.6 
Develop Schedule 

3. Units of measure For each resource, units are defined. 
6.4 Estimate Activity 
Resources 

4. Level of accuracy 
Acceptable range of accuracy of activity 
duration estimates. 

6.5 Estimate Activity 
Durations 

5. 
Project schedule model 
maintenance 

Process used to update status and record 
progress. 

6.7 Control Schedule 

6. Control thresholds 
Amount of variance in schedule performance 
allowed before action is taken. 

6.7 Control Schedule 

7. 
Rules of performance 
measurement 

Earned value measurement (EVM) rules are 
set. 

6.7 Control Schedule 

8. Reporting formats 
Formats, frequency of schedule progress 
reports. 

6.7 Control Schedule 

9. Process descriptions 
Descriptions of each schedule management 
process. 

ALL 

3.2 SCHEDULING OPTIMIZATION 

3.2.1 RELATION WITH ROUTING PROBLEMS 

The scheduling problem addressed was identified as having many characteristics of a 

routing problem that considers the optimization of a single-vehicle route, with capacity limit, 

time windows, pre-defined loading and delivery locations. However, it also contains 

precedence constraints that are not often considered in the routing literature. 

We present next some classical vehicle routing variants that are related to our scheduling 

problem. 

3.2.1.1  CVRP 

The Capacitated Vehicle Routing Problem (VRP) is defined as follows. Let 𝐺 = (𝑉, 𝐸) 

be a non-directed graph where 𝑉 = {𝑣 , 𝑣 , . . . , 𝑣 } is a set of vertices where 𝑣  represents the 

central depot and 𝑉 \{𝑣 } represents the set of consumers, and where 𝐸 =  {(𝑣 , 𝑣 )|𝑣 , 𝑣 ∈

𝑉, 𝑖 < 𝑗}. Let 𝑚 be the number of identical vehicle𝑠 with capacity Q located in the depot 𝑣 . 

Each consumer 𝑉 \{𝑣 } has a non-negative demand 𝑞  represented by the vector 𝑞 = [𝑞 ].  A 

matrix of distances 𝑑 = [𝑑 ] of order (𝑛 + 1) × (𝑛 + 1) is defined over 𝐸, with the distances 

between each pair of points 𝑖, 𝑗. The goal is finding routes starting and finishing at the depot, 

where the demand of the visited consumers each route does not exceed Q, with minimal total 

distance. 
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The CVRP optimization problem is a generalization of the traveling salesman's problem 

and therefore is NP-hard whereas its decision version is NP-complete, which makes 

impracticable the solution by exact algorithms of large instances. Currently, the best performing 

methods are those of Pecin et al. (2017b). However, due to the large time spent by the exact 

algorithms on instances with more than 150 points, the use of heuristics may be recommended. 

Christofides (1979) presents an overview of the classical heuristics, like the savings heuristic 

of Clarke and Wright (1964). Toth and Vigo (2014) surveys modern CVRP heuristics. 

3.2.1.2 VRPTW 

The VRPTW (Vehicle Routing Problem with Time Window) is a generalization of the 

CVRP in which vehicle routes must also satisfy time window constraints at each visited delivery 

point. 

For the formulation of this problem, we add a second reference to the deposit. Let 𝑉 =

{0, 1, . . . , 𝑛 + 1} be the set of points where 0 and 𝑛 + 1 represent two copies of the deposit and 

the other nodes represent consumers, represented by 𝑉 = {1, . . . , 𝑛}. A time 

window [𝑒 , 𝑙 ], 0 < 𝑒 < 𝑙  is assigned to 𝑖 ∈ 𝑉 . The route is said to be feasible with respect 

to the time windows if, for each visited consumer 𝑖 , the start time of delivery 𝑇  is between 

the start-time limits set for the task, i.e., 𝑒 < 𝑇 < 𝑙 . 

Desaulniers et al. (2014) elaborated a survey of the numerous heuristics and algorithms 

of exact solutions to this problem, that has been studied since 1970. Since 1990 the most 

efficient algorithms are based on column generation techniques, like Pecin et al. (2017a). 

3.2.1.3 VRPPD 

The VRPPD (Vehicle Routing Problem with Pickup and Delivery) differs from previous 

variants because there are pre-defined points (not necessarily the depot) for the pickup of the 

goods that will be delivered at the consumers. 

 

3.2.2 GRASP 

Greedy Randomized Adaptive Search (GRASP) is a heuristic search technique that 

seeks to obtain good results for difficult combinatorial optimization problems. 
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As defined by Feo and Resende (1995), “A GRASP is an iterative process, with each 

GRASP iteration consisting of two phases, a construction phase and a local search phase”. It is 

used to avoid the local optima of greedy algorithms, by semi-randomizing the solution based 

on some intelligent criteria defined by the user. 

The pseudo-code of the GRASP procedure is presented next and it was adapted from 

Feo and Resende (1995).  Line 1 iterates the heuristic up to the user pre-defined number of 

iterations. Line 2 creates a solution using a greedy randomized algorithm, based on the 𝛼 

parameter also pre-defined by the user. Line 3 applies the local search to the solution obtained 

in 2. Finally, the solution found is compared with the best solution already found and replaces 

that solution if it is better. In the end of the algorithm, the best solution found is returned to the 

user. 

𝑮𝑹𝑨𝑺𝑷 𝒑𝒓𝒐𝒄𝒆𝒅𝒖𝒓𝒆: 

1:    𝐹𝑜𝑟 𝑖𝑡𝑒𝑟 = 1 𝑡𝑜 𝑛𝑏_𝑖𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠 

2:        𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛 = 𝐺𝑟𝑒𝑒𝑑𝑦𝑅𝑎𝑛𝑑𝑜𝑚𝑖𝑧𝑒𝑑𝐻𝑒𝑢𝑟𝑖𝑠𝑡𝑖𝑐(𝛼) 

3:        𝐿𝑜𝑐𝑎𝑙 𝑆𝑒𝑎𝑟𝑐ℎ (𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛) 

4:        𝑈𝑝𝑑𝑎𝑡𝑒(𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛, 𝐵𝑒𝑠𝑡_𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛) 

5:    𝑁𝑒𝑥𝑡 

6:    𝑅𝑒𝑡𝑢𝑟𝑛 (𝐵𝑒𝑠𝑡_𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛) 

3.2.2.1 GREEDY ALGORITHM 

Greedy algorithms are algorithms that always takes the locally optimal choice at each 

stage (adapted from Black, 2005). It usually fails to find globally optimal solutions because it 

can make commitments to certain choices too early which prevents from finding a best overall 

solution later. Nevertheless, they are valuable for they are quick to execute and often give 

reasonable approximations to the optimum. 

3.2.2.2 GREEDY RANDOMIZED ALGORITHM 

The greedy randomized heuristic uses a parameter to randomize the locally optimal 

choice (greedy solution), by introducing an alpha factor, usually represented as a decimal value 

between 0 and 1. 

Let 𝐶 = {1,2, … , 𝑛𝑐} be the set of candidate choices at a stage of the greedy algorithm, 

𝑔  the greedy value of the candidate 𝑐 and Γ = max(𝑔 ). Define 𝑅𝐶𝐿 = {𝑐 ∈ 𝐶|𝑔 ≥ (α ∗ Γ)}. 

After the RCL is set, one candidate will be selected from the list at random. This process will 

create the greedy randomized solution. 
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It is easy to see from the RCL definition that if alpha is equal to zero, any candidate can 

be selected, and the generated solution will be completely random, whereas if alpha is equal to 

one, only the most greedy candidate will be selected at each stage and the non-randomized 

greedy solution will be generated. The interesting values of alpha are strictly between. 

 

3.2.2.3 LOCAL SEARCH 

“Local search methods form a general class of heuristics to obtain near-optimal 

(approximate) solution with a reasonable computational time. It starts from an initial solution 

as its current solution. It then explores the vicinity of this solution using a certain mechanism 

to generate neighboring solutions. Neighbors are then accepted to replace the current solution 

if they improve upon it. The search continues until no further improvement can be made and 

the algorithm terminates with a local optimum.” (OSMAN, I. H. and LAPORTE, G., 1996). 

During the GRASP execution, the initial solution mentioned by Osman and Laporte will 

be the greedy randomized solution explained in item 3.2.2.2. It is important to mention the local 

optimum produced by a single call to the local search procedure can be far from global 

optimality, and therefore, the importance to perform local search over the different solutions 

created by the greedy randomized heuristic at each GRASP iteration. 

The 2-OPT heuristic was chosen as the local search for this case study. It consists of 

choosing two tasks in the solution sequence and swapping their positions, comparing the results 

of each solution looking for an incremental improvement. 

This process allows for a fast check for local optimality. A 2-Optimal solution will be 

found after the swap procedure is repeated through all N(N − 1)/2  pair of edges without 

finding any improvement. Presented next is a simple generic 2-OPT pseudo-code adapted from 

Bentley (1992). 

 

𝟐 − 𝑶𝑷𝑻 𝒑𝒓𝒐𝒄𝒆𝒅𝒖𝒓𝒆: 

0: 𝑅𝑒𝑝𝑒𝑎𝑡 

1: 𝐼𝑚𝑝𝑟𝑜𝑣𝑒 =  𝑓𝑎𝑙𝑠𝑒 

2:    𝐹𝑜𝑟 𝑖 = 1 𝑡𝑜 𝑁 − 1 

3:        𝐹𝑜𝑟 𝑗 = 𝑖 + 1 𝑡𝑜 𝑁 

4:            𝐼𝑓 2 − 𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒(𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛, 𝑖, 𝑗) 𝑡ℎ𝑒𝑛 

5:                 𝐼𝑓 𝑉𝑒𝑟𝑖𝑓𝑦 𝐶𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡𝑠(𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛) 𝑡ℎ𝑒𝑛 

6:                      𝑈𝑝𝑑𝑎𝑡𝑒(𝐵𝑒𝑠𝑡_𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛) 
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7:                      𝐼𝑚𝑝𝑟𝑜𝑣𝑒 = 𝑡𝑟𝑢𝑒 

8:                 𝐸𝑙𝑠𝑒  𝑈𝑛𝑑𝑜 (𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛, 𝑖, 𝑗) 

9:        𝑁𝑒𝑥𝑡 

10:    𝑁𝑒𝑥𝑡 

11:𝑈𝑛𝑡𝑖𝑙 𝑖𝑚𝑝𝑟𝑜𝑣𝑒 = 𝑓𝑎𝑙𝑠𝑒 

12:𝑅𝑒𝑡𝑢𝑟𝑛 (𝐵𝑒𝑠𝑡_𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛) 

 

𝟐 − 𝑬𝒙𝒄𝒉𝒂𝒏𝒈𝒆 𝒑𝒓𝒐𝒄𝒆𝒅𝒖𝒓𝒆 (𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛, 𝑖, 𝑗): 

1:  C𝑜𝑠𝑡 𝑏𝑒𝑓𝑜𝑟𝑒 𝑐ℎ𝑎𝑛𝑔𝑒  =  𝑐𝑜𝑠𝑡(𝑖 − 1, 𝑖)  +  𝑐𝑜𝑠𝑡(𝑖, 𝑖 + 1)  +  𝑐𝑜𝑠𝑡(𝑗 − 1, 𝑗)  +
                                                                    𝑐𝑜𝑠𝑡(𝑗, 𝑗 + 1) 

2: 𝐶𝑜𝑠𝑡 𝑎𝑓𝑡𝑒𝑟 𝑐ℎ𝑎𝑛𝑔𝑒   =  𝑐𝑜𝑠𝑡(𝑖 − 1, 𝑗)  +  𝑐𝑜𝑠𝑡(𝑗, 𝑖 + 1)  +  𝑐𝑜𝑠𝑡(𝑗 − 1, 𝑖)  +
                                                                    𝑐𝑜𝑠𝑡(𝑖, 𝑗 + 1) 

3: 𝐼𝑓 (𝐶𝑜𝑠𝑡 𝑎𝑓𝑡𝑒𝑟 𝑐ℎ𝑎𝑛𝑔𝑒 < 𝐶𝑜𝑠𝑡 𝑏𝑒𝑓𝑜𝑟𝑒 𝑐ℎ𝑎𝑛𝑔𝑒) 𝑡ℎ𝑒𝑛 

4:           𝑈𝑝𝑑𝑎𝑡𝑒(𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛, 𝑖, 𝑗) 

5:           𝑅𝑒𝑡𝑢𝑟𝑛 𝑇𝑟𝑢𝑒  
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4 CHAPTER IV – CASE STUDY 

4.1 THE COMPANY 

The present study was developed in a subsea construction company, from the energy 

segment, more specifically from the oil and gas industry. It is a company specialized in 

engineering and subsea construction of EPIC (Engineering, Procurement, Installation and 

Commissioning) projects. The market segments are mainly SURF (Subsea, Umbilicals, Risers 

and Flowlines), Life-of-Field and Field Development. 

Once the oil wells are discovered, it is necessary to develop the field, to enable the 

exploitation of the same. For oil to be transported from the wells to the floating production units 

called FPSO (Floating, Production, Storage and Offloading), rigid carbon steel tubes or flexible 

pipes of several types of materials are used, each with a specific function (Fernandes, 2013). 

Equipment is mainly transported from port facilities to the installation site. The 

installation takes place in waters considered shallow, deep or ultra-deep, subject to 

meteorological and marine conditions. Subsea equipment is installed on the seabed through 

vessels equipped with Remote Operated Veichles - ROV, who supports the positioning and 

integrity verification of these equipment. 

The installation of pipes and umbilicals (hydraulic and electrical connection with the 

seabed) is performed by PLSV vessels (Pipe Laying Support Vessel), as illustrated in Figure 6. 

 

 
Figure 6: PLSV vessel. Source: Fernandes (2013) 
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These vessels transport the pipes and umbilicals in reels, baskets or carousels, enabling 

the laying down of these flexible or rigid products for kilometers into the seabed of offshore oil 

fields, optimizing the amount of time the vessel stays in the sea, minimizing the amount of port 

calls for loading of pipes. 

The pipes in most cases cannot be connected directly to the platform, as its own weight 

together with the sea current could create a momentum that could shift the vessel from its fixed 

position, breaking the wells and causing oil leakages into the sea. Because of that, some 

intermediate equipment should be installed. 

The PLSVs usually have a high specification crane, enabling the installation of heavy 

equipment into the seabed. This activity can also be performed by a CSV (Construction Support 

Vessel), which does not have the ability to install pipes, but have lower daily rates, which can 

sometimes benefit the project bottom line. 

The installation of flexible or rigid and umbilical pipes consists of the laying down of 

pipes in offshore location with the support of tensioners of the PLSV vessels that can handle 

the heavy weight of the product. As the vessel progresses, the pipes and umbilicals are 

accommodated onto the seabed in the pre-defined path of the subsea arrangement. After that, 

they are connected onto the platform through the “pull in” operation which is the transfer of 

weight from the installation vessel to the FPSO (Lima, 2007). 

These pipes can have three types of use: (i) transporting oil to the FPSO, (ii) gas lift for 

cleaning and operations support, or (iii) inject water or gas into the well so that the internal field 

pressure is sufficient for the field to continuously pump oil into the surface. 

The company has projects spread all over the globe and has been present in Brazil since 

the 70's, where it has already carried out numerous projects in partnership with other large 

companies in the sector. 

These projects usually take place in two phases. The first is a bidding where different 

companies prepare their proposals in a short period of time (usually 3 months), and the second, 

when the winning company is chosen, is when the project is executed. When the proposal is 

being prepared, a first schedule is set to support the bid and then, in the future, reassessed and 

used in the execution of the project. 

The proposed developed method could be used in both phases. The benefit would be 

mostly seen in the first phase, where there is not enough time to run through multiple scenarios 

and therefore, the CPM method commonly implement cannot successfully access the best 

possible schedule solution.  
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4.2 PROBLEM DATA 

4.2.1 OFFSHORE FIELD DEVELOPMENT 

The development of offshore oil fields consists of bringing oil and gas, stored at depths 

of up to 2,500 meters of water, to oil and gas processing platforms, the most common being 

FPSO (Floating Production Storage and Offloading). 

Figure 7 shows an example of an underwater physical arrangement. As can be seen, 

there are several equipment in different locations to be installed, some of which can only be 

installed after the installation of others. This work proposes to test the use of optimization 

algorithms to find an installation sequence that optimizes the vessel time for the completion of 

the field development. The problem variables are presented in Annex I and the problem 

matrices are presented in Annex II (distance matrix) and Annex III (precedence matrix). 

 

 

Figure 7: Subsea layout. Source: Topside Engineering and Consulting 

4.2.2 PROBLEM VARIABLES 

4.2.2.1 WORK DURATION 

The duration of the task represents how long the vessel needs to stay in a given location 

until the task is completed. It is important to define that none of the tasks that comprises the 

problem can be performed in parallel. 
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4.2.2.2 EQUIPMENT AREA 

The equipment is transported from the onshore port to the offshore field on the PLSV 

deck. As the deck area is limited, the area of the equipment determines how many or which 

equipment can be transported simultaneously. In fact, the PLSV needs to make several "trips" 

from the port to the offshore field. In each trip all the necessary equipment to carry out a subset 

of the tasks must be transported. After performing these tasks, the PLSV returns to the port to 

retrieve the necessary equipment for another set of tasks. 

4.2.2.3 EQUIPMENT AVAILABILITY  

With the aim of anticipating the date of extraction of the first oil, considered a milestone 

in the development of the oil fields, it is usual for the project to be started without all the 

necessary equipment are available. Therefore, the date of availability of the equipment 

represents the time at which it will be finalized, with all necessary tests performed and available 

at the port for loading out within the PLSV. That means the corresponding task can only be 

performed after the availability date. 

4.2.2.4 EQUIPMENT LOCATION 

Hiring FPSO platforms is one of the major costs in the offshore field development 

project. To reduce the number of such platforms, constructions named “tie-backs” are 

performed. Tie-back is the name given to the interconnection of distant wells to the same FPSO. 

The exact locations of installation of each equipment will not be used in this study, since 

certain equipment has irrelevant distances between them. Instead, each locality of a tie-back 

will be considered as a location of the problem since these distances are significant and the 

reduction of transit between them can generate gains in the installation schedule. 

Therefore, the place of execution of a given task represents the location of the cluster of 

equipment in which that task is included. 

4.2.3 PROBLEM MATRICES 

4.2.3.1 PRECEDENCE MATRIX 

4.2.3.1.1 DIRECT PRECEDENCE 

Let 𝐺 = (𝑉, 𝐴) be the complete directed graph without cycles with |𝑉| = 𝑛 nodes. Let 

𝑖 < 𝑗 be the precedence notation, meaning that task 𝑖 must be performed before task 𝑗. In 

addition, let B be the set of precedence arcs 𝐵 = {(𝑖, 𝑗) ∈ 𝐴: 𝑖 < 𝑗}, and 𝐺𝑝 = (𝑉, 𝐵) the 

precedence graph. Note that 𝑗 ≠ 1 ∀ (𝑖, 𝑗) ∈ 𝐵, since the first task can not have precedence. 



36 
 

 

Soft precedents are not a primary focus in the development of offshore fields. Therefore, 

only hard precedence constraints will be considered, which are the one that need physical or 

technological/engineering requirements that are not met by the time of the task execution. 

4.2.3.1.2 INDIRECT PRECEDENCE 

Based on the direct precedence matrix, we can create an array of indirect precedencies. 

The purpose of this is to reduce the amount of processing time of the heuristic algorithm, 

avoiding an infeasible design solution (i.e., a sequencing that does not respect the order of 

precedence of the tasks). 

Precedence relationships are transitive in nature. If (𝑖, 𝑘) ∈ 𝐵 and (𝑘, 𝑗) ∈ 𝐵 then there 

is an indirect precedence between 𝑖 and 𝑗.. We call 𝐵  the set of transitive arcs 𝐵 =

{(𝑖, 𝑗) ∈ 𝐴 ∃𝑘 𝑤𝑖𝑡ℎ (𝑖, 𝑘) ∈ 𝐵 𝑎𝑛𝑑 (𝑘, 𝑗) ∈ 𝐵}. Let 𝜋(𝑆) and 𝜎(𝑆) respectively be the 

predecessors and successors of a set of tasks 𝑆 ⊆ 𝑉{1}, 𝜋(𝑆) = {𝑖 ∈ 𝑉{ 1}| (𝑖, 𝑗) ∈ 𝐵 ∃ 𝑗 ∈ 𝑆} 

and 𝜎(𝑆) = {𝑗 ∈ 𝑉\{ 1}| (𝑖, 𝑗) ∈ 𝐵 ∃ 𝑖 ∈ 𝑆}. 

Therefore, the algorithm developed by Warshall (1962) is to be executed, which 

calculates the transitive closure of our direct precedence matrix (Directed Acyclic Graph - 

DAG). In this way, we can find the minimum relation of precedence constraints, which will 

consequently reduce the amount of optimization attempts to be made, respecting all precedence 

constraints given in the problem. 

4.2.3.2 DISTANCE MATRIX 

An array contains the distances, taken in pairs, of a set of points. In the present study, 

the points represent the locations presented in Annex II. This distance matrix is fundamental 

to our problem since the reduction in the total time of the project would be obtained by reducing 

the distances traveled by the vessel. 

As the movement between locations is performed at sea, and considering the specificity 

of the problem, we will consider that the distance between the offshore locations and to/from 

the port is symmetrical. Given a point A and a point B, the distance traveled from point A to 

point B is the same as the distance traveled from point B to point A. 
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4.2.4 OPERATION SEQUENCE 

The sequence of operations indicates the order in which all the tasks listed in the 

problem must be performed. In other words, it is the output of the algorithm. The objective of 

this study is to find the sequence of operations that minimizes the transits performed by PLSV 

in order to reduce the total project duration and consequently reduce the cost of the project. 

Figure 8 illustrates a common diagram of the offshore installation work. 

 

 
Figure 8: Illustration of Offshore Installation. Source: Adapted from Irawan (2017) 

 

4.3 PROBLEM FORMULATION AS AN INTEGER PROGRAM 

The formulation presented here in general uses the same notation by Dumas et al. (1991) 

and Solomon and Desrosiers (1988) for the VRPTW problem. It is adapted to the problem 

where only one vehicle is used (one PLSV) and then precedence relationships were included. 

Note the formulation proposed cannot be used to solve this problem since it does not 

account for all the project specific constraints, which were carefully defined in the heuristics 

utilized in this case study. 

This item is therefore, meant to support the reader with a generic formulation which can 

afterwards be used as a framework to provide a more complete integer formulation for future 

studies.   
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4.3.1 DATA 

Let 𝑛  be the number of tasks to be performed, indexed by 𝑖. All the equipment is loaded 

in the port and installed in the offshore fields in diverse trips. We establish a maximum number 

of trips 𝐾 = 2 ∗ [
∑

], which is the sum of the deck area 𝑞 for all tasks 𝑛, divided by total 

vessel capacity 𝑄 (representing the minimum number of trips, and then multiplied by 2 to allow 

for different solutions based on non-optimal vessel deck area utilization.  

The same port will be divided into K+1 nodes, represented by the set 𝑂 =  {0,1, . . . , 𝐾}. 

We will denote the set of task nodes to be performed by 𝑃 =  {𝐾 + 1, . . . , 𝐾 + 𝑛}. The set of 

all nodes of the problem will be noted by 𝑁 = 𝑂 ∪ 𝑃. 

As explained in item 2.2.3, some equipment has a date from which they will be available 

at the port. Considering the distance between the port and the location where the equipment i 

will be installed, we arrive at the earliest date on which task 𝑖 can be performed. We will denote 

this time window by [𝑎 , 𝑏 = ∞]. We will call 𝑐 ,  the time of displacement of the location of 

task 𝑖 to the location of task 𝑗, obtained from the distance matrix. 

Let 𝑇 =  {1,2, . . . , 𝐾} be the set of trips to be carried out, indexed by t. The trip t begins 

at node 𝑡 − 1 and ends at node 𝑡. Let 𝐷 be the vessel's ability to store equipment on the deck. 

For each pair i, j distinct in 𝑁, let 𝑐 ,  be the time to move from location i to 𝑗, 𝑠  the task 

execution time 𝑖 and 𝑑  the area that task i occupies on the boat deck. Finally, let 𝑃(𝑗, 𝑖)be the 

set of paths in 𝐺 from 𝑗 to 𝑖. 

4.3.2 VARIABLES 

The following types of variables will be used in the formulation. Let 𝑋 , , 𝑡 ∈ 𝑇, 𝑖, 𝑗 ∈

𝑁, 𝑖 ≠ 𝑗 be binary flow variables, the variable is equal to 1 if the vessel goes from location i to 

location j on trip t and 0 otherwise. Let 𝑆  be the time elapsed at the time the vessel arrives at 

location 𝑖, 𝑖 ∈ 𝑁. Finally, let 𝑌 ,  be an auxiliary variable, indicating task i is satisfied at trip t. 
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4.3.3 OBJECTIVE FUNCTION AND CONSTRAINTS 

𝑀𝑖𝑛 𝑐 ∗ 𝑋 ,

∈∈∈

                                                                                                                       (1) 

Subject to: 

 

𝑌 , = 𝑋 ,

∈{ }∪

= 𝑋 ,

∈{ }∪

, ∀𝑖 ∈ 𝑃, ∀ 𝑡 ∈ 𝑇                                                                  (2) 

𝑋 ,

∈

= 1                                                                                                                                               (3) 

𝑌 ,

∈

= 1, ∀𝑖 ∈ 𝑃                                                                                                                         (4) 

𝑋 ,

∈∈{ }∪( )

 ≥ 𝑌 , ,             ∀𝑆 ⊆ 𝑃, ∀𝑤 ∈ 𝑆, ∀𝑡 ∈ 𝑇                                                       (5) 

𝑋

∈ ( , )

≤ |𝑝(𝑗, 𝑖)| − 1, ∀𝑖, 𝑗 ∈ 𝑃, 𝑖 < 𝑗, ∀𝑡 ∈ 𝑇,   ∀ 𝑝(𝑗, 𝑖)  ∈ 𝑃(𝑗, 𝑖)                              (6) 

𝑌 , ≤ 𝑌 , , ∀𝑖, 𝑗 ∈ 𝑃, 𝑖 < 𝑗, ∀𝑡 , 2 ≤ 𝑡 ≤ 𝐾                                                                   (7) 

 

𝑑 ∗ 𝑌 ,

∈

≤ 𝐶, ∀𝑡 ∈ 𝑇                                                                                                                (8) 

𝑆 ≥ 𝑆 + 𝑠 + 𝑐 , − 𝑀(1 − 𝑋 ,

∈

), ∀𝑖, 𝑗 ∈ 𝑁                                                                       (9) 

𝑎 ≤ 𝑆 , 𝑖 ∈ 𝑁                                                                                                                                (10) 

𝑆 = 0                          𝑋 , ∈ {0,1}                           𝑖, 𝑗, 𝑡, 𝑤 ∈ 𝑁                                                   (11) 

 

The objective function (1) seeks to minimize travel times performed by PLSV. The 

equation (2) represented by the variable 𝑌 ,  composes the flow equation, so that every task has 

an anterior and a posterior activity. 

Equation (3) ensures that the flow is initiated at storage node 0 and at travel 1. Equation 

(4) ensures that all nodes are part of the solution. It is worth mentioning that if the number of 

trips is reduced with the optimization, the formulation allows a false arc to be connected directly 

to one another. 
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Equation (5) prevents the formation of isolated sub-cycles of the remainder of the 

solution. Equations (6) and (7) ensure that the precedence constraints are respected within each 

trip and also if the tasks are carried out on separate trips. 

Equation (8) ensures that the storage capacity restriction of the vessel is respected in 

each vessel trip. Equations (9) and (10) guarantee compatibility between the routes and the 

compliance with time windows, for this we use a sufficiently large number M, which will be 

multiplied by 0 if task i precedes task j, and 0 otherwise. Finally, equation 11 defines the types 

of variables and the initial time counter 𝑆 = 0. 

An illustration of an example of task sequencing is shown in Figure 9. In the example 

below the nodes from 0 to K represent different moments in time of the same port of support. 

The smaller squares represent a list of tasks to be performed that can be in several different 

locations within the set of locations included in the distance matrix. 

 

 
Figure 9: Task sequence illustration 

 

4.4 OPTIMIZATION HEURISTIC 

Figure 10 shows a framework of the process developed for the optimization of the 

schedule in the case study. The steps are described in more detailed in the following items: 

1. User inputs the problem data, along with the distance and precedence matrix. 

2. With the project information, the Transitive Closure (item 4.4.1) and the Greedy 

Algorithm (item 4.4.2) are prepared. 
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3. User starts GRASP heuristic, inputting the alpha parameter (α) and the number of 

iterations demanded. 

4. The Greedy Randomization (item 4.4.3) and the 2-OPT (item 4.4.4) are executed until 

the final number of iterations is reached. 

 

 
Figure 10: Schedule Optimization Framework 
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4.4.1 TRANSITIVE CLOSURE 

Before starting the optimization algorithm, the precedence matrix should be updated 

with a transitive closing algorithm, as mentioned in item 2.3.1.2. We use the algorithm 

developed by Warshall (1962). The following heuristic was adapted from Nuutila (1995). Let 

𝐴  be the adjacency matrix representing the initial precedence relations. 𝐴[𝑗;  𝑖] = 1 if task 𝑖 

needs to be executed prior to task 𝑗, and 0 otherwise. Also, let 𝐴  be the output matrix 

representing the graph considering the transitive precedency relations. 

 

1: procedure: Transitive Closure 

2: input: 𝐴 

3: 𝑅𝑒𝑝𝑒𝑎𝑡 

4:   𝐼𝑚𝑝𝑟𝑜𝑣𝑒 =  𝑓𝑎𝑙𝑠𝑒 

5:  for 𝑖 = 1 𝑡𝑜 𝑁 

6:   for 𝑗 = 1 𝑡𝑜 𝑁 

7:    if 𝑖 ≠  𝑗 AND 𝐴[𝑗;  𝑖] = 1 then 

8:     for 𝑘 =  1 to N 

9:      if 𝐴[𝑗;  𝑘] = 1 𝐴𝑁𝐷 𝐴[𝑘;  𝑖] =  0 then 

10:       𝐴[𝑘;  𝑖]  =  1; 

11:       𝑖𝑚𝑝𝑟𝑜𝑣𝑒 = 𝑡𝑟𝑢𝑒; 

12:     next 

13:   next 

14:  next 

15: 𝑈𝑛𝑡𝑖𝑙 𝑖𝑚𝑝𝑟𝑜𝑣𝑒 = 𝑓𝑎𝑙𝑠𝑒 

16: 𝐴 = 𝐴 

17: Return 𝐴  

18: end procedure 

 

4.4.2 GREEDY ALGORITHM 

In order to setup the priority in which the greedy algorithm will select tasks to be 

performed, first we need to define which is the “greedy” selection to be made. 
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There are mainly three variables factors that impact the priority for the greedy algorithm. 

These factors are: (i) Current vessel location, (ii) Vessel deck area utilized by the task and (iii) 

Number of tasks precedencies.  

i. Current vessel location: The objective of the optimization is to minimize the amount of 

transit performed by the vessel. Therefore, it is logic that the algorithm should seek to 

maximize the number of tasks performed in the same location at once. 

ii. Vessel deck area utilized by the task: The main reduction opportunity for the project is 

to include the most equipment on deck at the same time, that way reducing the amount 

of vessel trips (i.e., amount of times the vessel needs to leave the offshore field to return 

to Port for additional equipment load-out). 

iii. Number of tasks precedencies: One task may need to be performed prior to a 

considerable number of other tasks. In that sense, it is important to perform this task 

prior in advance so that more tasks are available to be grouped and executed in the same 

location thereafter. 

 

We decided to give a very large weight to (i), so the proposed algorithm always looks 

for a task in the same location prior to looking for tasks elsewhere. However, the best weights 

for factors (ii) and (iii) are not clear because they depends on the particularity of each project 

and each set of tasks or equipment to be installed. 

Therefore, 150,000 simulations with 𝛼 = 1 were performed in a total of 3.15 hours, 

using random weights for the abovementioned factors, varying each one from -10 to 10. These 

simulations are not intended to find the best possible weights, but instead, to get an idea of 

which weights should be used in the greedy algorithm. 

Results showed that in 12,587 of the 150,000 occasions (8.4% of the instances), the best 

solution was less than 100 days (whereas the baseline solution is 101.51 days). Table 5 

summarizes the analytics of this subgroup with good best solution results. 

 

Table 5: Weights that obtained good results for the greedy algorithm construction 

Analysis Factor Precedence Factor Area 
Median 7,04 -2,76 
Average 6,63 -3,03 

Mode 9,66 -2,29 
Max 10,00 -0,04 
Min 0,12 -7,81 
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Based on results obtained by the simulations, we can consider, for this specific set of 

tasks and project, that the best trade-off for task precedence and task area is 7X and -3X, 

respectively. That means the number of tasks precedencies should receive a weight of 7 in the 

greedy construction and the task area should receive a weight of -3 (i.e., being executed in the 

latest trips of the project). 

 

4.4.3 GREEDY RANDOMIZED ALGORITHM 

In the case studied, the alpha parameter was set to 0.90 and the number of iterations to 

1,000. The alpha value was set close to 1.00 because of the high number of tasks precedencies, 

which results in an increase on infeasible solutions as the alpha value reduces. The number of 

iterations was set to 1,000 because more iterations would undesirably increase the total time of 

execution for the algorithm. 

As defined in section 3.2.2.2, 𝑅𝐶𝐿 = {𝑐 ∈ 𝐶|𝑔 ≥ (α ∗ Γ)}. For the case studied, Γ =

𝑀 ∗ 𝐿 + 7 ∗ 𝑃 − 3 ∗ 𝐴 , where M is a sufficiently large number which will always prevail 

over the other weights, 𝐿  is the location of task 𝑐, equal to 1 if location is the same as the 

previous task and 0 otherwise, 𝑃  is the number of task dependent on task 𝑐, and 𝐴  is the deck 

area in square meters occupied by task 𝑐. 

Note that the set of candidates 𝐶 changes after every new task is selected to the sequence. 

There are four conditions to be met for a task to be part of the set of candidates 𝐶 and therefore, 

eligible for being the next selected. 

I. Equipment Availability: If the task has a time window constraint, it will only be 

part of 𝐶 if the current date of the project is greater than the availability date. 

II. Number of Precedencies: A task can only be part of 𝐶 if all the other tasks that 

needs to be performed in advance were already selected. The GA from Moon et. al. 

(2002) was used to select the available tasks with no precedence restrictions. 

III. Task Allocation: A task can only be part of 𝐶 in case it was not already selected. 

IV. Deck Cleared Area: A task can only be part of 𝐶 in case the vessel deck can 

accommodate the area of the task selected (i.e., there is enough space in the vessel 

deck to load-out the equipment). 
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After every new task is selected, the above restrictions are updated for each task not 

already assigned to the solution sequence. Items II to IV have a straightforward restriction 

update while the equipment availability should comply with additional restrictions due to the 

relationship some tasks have amongst themselves. 

i. Task ID 103 to 107 needs to be performed no less than 12 hours after the installation of 

the last task from ID 53 to 69 subject to the same offshore field location. 

ii. Task ID 53 to 69 needs to be executed no less than 16 days after the completion of its 

respective precedent task from ID 8 to 24. 

iii. Task ID 53 to 69 can only be executed a maximum of 3 in sequence. The next needs to 

be performed no. 

 

The procedure presented next shows the construction of the greedy randomized 

algorithm for the case studied. For simplification purposes, let 𝑆 ⊂ 𝐶 =  {1, 2, … , ns}  be the 

set of tasks in the same location as the previous task selected and 𝑂 ⊂ 𝐶 =  {1, 2, … , no}   the 

set of tasks to be performed offshore.  

The Greedy Randomized Constructive Heuristic will always select tasks at random 

contingent on 𝑔 ≥ (α ∗ Γ) with the following steps: 

1. Lines 3 to 5 selects the first task in any location and updates solution; 

2. Line 7 selects a task in the same location as the previous; 

3. If no task is found, line 9 selects a task in any offshore location; 

4. If no task is found, line 11 selects a task in any location; 

5. If no task is found, line 12 stops the infeasible problem; 

6. Lines 13 and 14 updates the solution and the candidates for the next selection. 

 

1: procedure: Greedy Randomized Constructive Heuristic 

2: input: α 

3: select 𝑐 at random from 𝑅𝐶𝐿 = {𝑐 ∈ 𝐶|𝑔 ≥ (α ∗ Γ)} 

4:  Update Solution Sequence and Project Duration 

5:  Update set of candidates {𝑆, 𝑂, 𝐶} 

6: while (any task remains) do 

7:  select 𝑐 at random from 𝑅𝐶𝐿 = {𝑐 ∈ 𝑆|𝑔 ≥ (α ∗ Γ)}  

8:   if 𝑅𝐶𝐿 is empty then 

9:    select 𝑐 at random from 𝑅𝐶𝐿 = {𝑐 ∈ 𝑂|𝑔 ≥ (α ∗ Γ)} 



46 
 

 

10:   if 𝑅𝐶𝐿 is empty then 

11:    select 𝑐 at random from 𝑅𝐶𝐿 = {𝑐 ∈ 𝐶|𝑔 ≥ (α ∗ Γ)} 

12:   if 𝑅𝐶𝐿 is empty then the network is infeasible: stop 

13:  Update Solution Sequence and Project Duration 

14:  Update set of candidates {𝑆, 𝑂, 𝐶} 

15: end while 

16: Return (Solution, Best_Solution) 

17: end procedure 

 

4.4.4 2-OPT 

After every greedy randomized solution, 2-OPT exchanges are performed searching for 

a local optimal. Let 𝑁 be the number of tasks to be executed in the project. 

 

1: procedure: 2-OPT 

2: input: Greedy Randomized Solution 

3: 𝑅𝑒𝑝𝑒𝑎𝑡 

4:   𝐼𝑚𝑝𝑟𝑜𝑣𝑒 =  𝑓𝑎𝑙𝑠𝑒 

5:  for 𝑖 = 1 𝑡𝑜 𝑁 − 1 

6:   for 𝑗 = 𝑖 + 1 𝑡𝑜 𝑁 

7:    if 2 − 𝐸𝑥𝑐ℎ𝑎𝑛𝑔𝑒(𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛, 𝑖, 𝑗) then 

8:     if 𝑉𝑒𝑟𝑖𝑓𝑦 𝐶𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡𝑠(𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛) then 

9:     𝑈𝑝𝑑𝑎𝑡𝑒(𝐵𝑒𝑠𝑡_𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛) 

10:     𝐼𝑚𝑝𝑟𝑜𝑣𝑒 = 𝑡𝑟𝑢𝑒 

11:    else 𝑈𝑛𝑑𝑜(𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛, 𝑖, 𝑗) 

12:   next 

13:  next 

14: 𝑈𝑛𝑡𝑖𝑙 𝑖𝑚𝑝𝑟𝑜𝑣𝑒 = 𝑓𝑎𝑙𝑠𝑒 

15: 𝑹𝒆𝒕𝒖𝒓𝒏 (𝐵𝑒𝑠𝑡_𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛) 

 

2-Exchange procedure verifies if the distances travelled with the potential exchange 

would reduce or not the final duration of the project. 
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1: procedure: 2-Exchange 

2: input: Solution, task i, task j 

3: 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑏𝑒𝑓𝑜𝑟𝑒 𝑐ℎ𝑎𝑛𝑔𝑒  =  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝑖 − 1, 𝑖) +  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝑖, 𝑖 + 1) +
                                                                        𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝑗 − 1, 𝑗) + 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝑗, 𝑗 + 1) 

4: 𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑎𝑓𝑡𝑒𝑟 𝑐ℎ𝑎𝑛𝑔𝑒   =  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝑖 − 1, 𝑗)  +  𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝑗, 𝑖 + 1)  +
                                                                      𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝑗 − 1, 𝑖)  + 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝑖, 𝑗 + 1) 

5: if (𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑎𝑓𝑡𝑒𝑟 𝑐ℎ𝑎𝑛𝑔𝑒 < 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑏𝑒𝑓𝑜𝑟𝑒 𝑐ℎ𝑎𝑛𝑔𝑒) then 

6:  𝑈𝑝𝑑𝑎𝑡𝑒(𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛, 𝑖, 𝑗) 

7:  𝑅𝑒𝑡𝑢𝑟𝑛 𝑇𝑟𝑢𝑒 

 

In case of the 2-exchange indeed reduces the project duration, it is necessary to verify 

if the new solution sequence would respect the project restrictions throughout the new solution 

sequence. Looking to optimize the processing time of the code, the Verify Constraints 

procedure is sequenced on the probability of the constraint to return infeasibility.  

 

1: procedure: Verify Constraints 

2: input: NewSolution 

3: for 𝑖 = 1 𝑡𝑜 𝑁 

4:  Update Precedence Constraint, if infeasible: return False, exit procedure. 

5:  Update Equipment Availability, if infeasible: return False, exit procedure. 

6:  Update Trip Capacity, if infeasible: return False, exit procedure. 

7: next 

8: return True 

8: end procedure 

 

Line 4 checks if the exchange would violate the precedence matrix of any task impacted 

by the exchange. Line 5 checks if the equipment would be available at the new time of 

execution. Line 6 checks if the exchange would overload the vessel deck area capacity to 

perform all tasks at each trip of the new solution. 
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4.5 COMPUTATIONAL RESULTS 

The processing of all algorithms was performed under Microsoft Excel application, 

using VBA language (Visual Basic for Applications) on an Intel® Core ™ i5-7200 CPU @ 

2.50GHz, 2 Core with 8 GB of RAM within the Windows 10 operational system. 

4.5.1 BASELINE SOLUTION 

The baseline method for comparison is the solution developed by experts in subsea 

installation, without the use of any optimization tool for task sequencing. 

This sequence of tasks was the real-world sequence used prior to the start of the offshore 

operations and was the baseline for the execution of the project. The actual execution may vary 

depending on non-controlled variables as for example sea state, human behavior and others. 

Therefore, the baseline solution and not the as-built solution is more suitable for comparison 

analysis. 

4.5.2 BASELINE SOLUTION + 2-OPT 

After the implementation of the 2-OPT algorithm to the initial sequence developed by 

the experts, the total time to complete the offshore campaign was reduced from 101.51 days to 

101.33 days. A reduction of 0.18 days or 0.18%. Results were obtained in less than 1 second. 

For an optimization algorithm to be attractive, it is expected that it will be able to 

overcome the solution developed by the specialists. With a reduction of 0.2%, the proposed 2-

OPT algorithm has not yet been able to significantly reduce the development times of offshore 

oil and gas fields. But it represented an indication that this potential for improvement exists. 

4.5.3 GREEDY SOLUTION 

As previously mentioned, the greedy algorithm was constructed following the priority 

(i) Task location, (ii) Number of task precedencies and (iii) Task deck area occupation. After 

the implementation of the greedy algorithm without the 2-OPT, the total time to complete the 

offshore campaign was reduced from 101.51 days to 101.44 days. Results were obtained in less 

than 1 second. 

Although the similarity in the final project duration, the sequence of the tasks was 

completely different, which allowed for a better local search result as it has been proved in the 

next item. 
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4.5.4 GREEDY SOLUTION + 2-OPT 

On top of the greedy solution, the 2-OPT local search was implemented, obtaining a 

greater reduction in the project duration, resulting in a best solution of 99.68 days. A reduction 

of 1.83 days or 1.80% when compared to the baseline solution. Results were obtained in less 

than 1 second. 

The biggest improvement in the greedy solution was the reduction from 7 to 6 vessel 

trips to complete the project. This was accomplished by mixing different tasks in the same 

vessel trip and therefore, fully optimizing the available vessel deck area.  

It is important to highlight that the mixing of tasks does not represent an impossibility 

in terms of execution and all solutions here presented were validated with the experts in the 

subsea construction field.  

4.5.5 GRASP SOLUTION 

1,000 simulations were performed with an alpha factor of 0.90. Results were obtained 

in 6.5 minutes (390 seconds). The best solution found by the algorithm was 99.02 days, which 

is the best solution when compared to the greedy algorithm (99.68 days) and when compared 

to the solution provided by the experts in the field (101.51 days). 

The total reduction of 2.49 days represents a significant reduction, more so when 

annualized (8.95 days) as this optimization can also be used in other projects and vessels 

throughout the year, with the right adjustments.  

4.5.6 SOLUTION COMPARISSON 

Table 6 summarizes each of the above best solutions found and the respective 

computational execution times. 

Table 6: Solution Comparisson 

Solution Total Duration Execution Time 

Baseline 101.51 N/A 

Baseline + 2-OPT 101.33 <1sec 

Greedy 101.44 <1sec 

Greedy + 2-OPT 99.68 <1sec 

GRASP 99.02 309sec 
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Table 7, Table 8, Table 9, Table 10 and Table 11 provides a more detailed comparison 

to each of the five solutions abovementioned. The solution sequence for each result is presented 

in Annex IV. 

Table 7: Baseline Solution 

Solution Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6 Trip 7 Total Project 

Trip Start 01/01 21/01 08/02 22/02 05/03 17/03 30/03 01/01 

Trip Finish 21/01 08/02 22/02 05/03 17/03 30/03 12/04 12/04 

Trip Duration 20,54d 18,31d 13,24d 11,36d 11,70d 13,83d 12,53d 101,51d 

Deck Area 126m² 172m² 159m² 148m² 138m² 205m² 149m² 1.096m² 

 

Table 8: Baseline Solution + 2-OPT 

Solution Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6 Trip 7 Total Project 

Trip Start 01/01 21/01 08/02 22/02 05/03 17/03 31/03 01/01 

Trip Finish 21/01 08/02 22/02 05/03 17/03 31/03 12/04 12/04 

Trip Duration 20,54d 18,30d 13,24d 11,36d 11,60d 14,17d 12,12d 101,33d 

Deck Area 126m² 172m² 159m² 148m² 138m² 205m² 168m² 1.096m² 

 

Table 9: Greedy Solution 

Solution Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6 Trip 7 Total Project 

Trip Start 01/01 23/01 02/02 17/02 07/03 20/03 08/04 01/01 

Trip Finish 23/01 02/02 17/02 07/03 20/03 08/04 12/04 12/04 

Trip Duration 22,63d 10,08d 15,01d 17,31d 13,44d 19,18d 3,79d 101,44d 

Deck Area 202m² 188m² 181m² 205m² 149m² 172m² 0m² 1.096m² 
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Table 10: Greedy Solution + 2-OPT 

Solution Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6 Trip 7 Total Project 

Trip Start 01/01 23/01 02/02 17/02 06/03 20/03 08/04 01/01 

Trip Finish 23/01 02/02 17/02 06/03 20/03 08/04 10/04 10/04 

Trip Duration 22,63d 10,04d 15,01d 16,92d 13,77d 19,56d 1,25d 99,68d 

Deck Area 202m² 188m² 181m² 205m² 149m² 172m² 0m² 1.096m² 

 

Table 11: GRASP solution (1,000 iterations with alpha = 0.90) 

Solution Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6 Trip 7 Total Project 

Trip Start 01/01 23/01 01/02 15/02 05/03 19/03 08/04 01/01 

Trip Finish 23/01 01/02 15/02 05/03 19/03 08/04 10/04 10/04 

Trip Duration 22,58d 8,45d 14,01d 18,07d 14,49d 20,18d 1,25d 99,02d 

Deck Area 202m² 188m² 181m² 205m² 149m² 172m² 0m² 1.096m² 
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5 CHAPTER V – CONCLUSIONS AND FUTURE WORK SUGGESTIONS 

The total reduction of 2.49 days (8.95 days annualized) is a significant reduction in the 

offshore oil and gas development schedule. This reduction in the schedule can sometimes be 

the difference between winning and losing a bid for a new project. 

The reduction can be breakdown into two categories; (i) optimization of the vessel deck 

area and (ii) optimization of the vessel route. In the case studied, considering multiple random 

solutions, it is clear to say that the biggest contribution to the schedule reduction came from the 

vessel deck area optimization. 

Construction managers usually sequence activities based on the scope of work (i.e., 

activities with similar set-up sequence), instead of task location (grouping task by the location 

in which each one is to be performed). The results show this usual work breakdown structure 

established by construction managers is flawed when it comes to deck area optimization, which 

ultimately leads to a delay in the project execution finish date.  

It is recommended that the industry move focus to the use of optimization algorithms in 

the routing of vessels, as other industries have been already doing for many years. Especially 

in the current scenario of increased world oil offer, the adoption of tools to optimize the 

execution of projects represents an incremental improvement in the competitive advantage 

against onshore developments. 

The studied project, although being a multi-million-dollar project, is considered small 

when compared to the biggest oil and gas offshore field development already executed in the 

last years. The same heuristic when applied to bigger projects will have an increase in the 

processing times, but the benchmark of 6.5 min for the optimization of 110 tasks already shows 

that projects with much more tasks would still be in the acceptable range of a couple of hours 

for a solution output with a good amount of iterations. 

It is paramount though that a solution is achieved in the least amount of time possible, 

since decisions will have to be made in real time during the execution of the project and the 

vessel cannot be waiting for long to take a course. 

In other words, the saving with the use of the optimization tool cannot be less than the 

vessel waiting for the algorithm to provide an output, considering also that after the output 

solution, the construction manager would also have to take time to validate the solution, 

considering the risks involved. 
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The GRASP methodology proved to be a good heuristic for the problem, with the 

support of other heuristics for the set-up of the problem. It provided overall good results both 

in duration savings and execution time. 

Ultimately, the answer to the central question of the research is yes, it is possible in the 

offshore installation development phase for the oil and gas industry to reduce the total duration 

of the project with the use of an optimization algorithm. 

For future works, a few suggestions are: 

 Implement an insertion algorithm heuristic, to allow for the insertion of a task in other 

sequence ordering without the need for a swap. This would increase the computational 

duration but would allow a more robust solution. 

 Implement a systematic approach to the formulation of the greedy algorithm and the 

alpha parameter for different construction projects. Since there are multiple important 

parameters in a project such as number of precedencies, area capacity, time window, 

others. This would allow a faster set-up for future problems. 

 Implement the developed algorithm in other offshore construction instances in the oil 

and gas industry and compare results of (i) alpha and greedy weights parameters and 

(ii) task sequence and project duration optimization improvements. 
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8 ANNEX I – PROBLEM DATA 

ID Duration 
Deck 
Area 

TW 
Start 

Local 
Demob 
Area 

 ID Duration 
Deck 
Area 

TW Start Local 
Demob 
Area 

0 - -  Port -  56 0,67 - 30/jan/14 D1 - 
1 1,25 -  D4 -  57 0,67 - 5/feb/14 D1 - 
2 1,25 -  D1 -  58 0,67 - 6/feb/14 D1 - 
3 1,25 -  D5 -  59 0,67 - 6/feb/14 D1 - 
4 1,25 -  D2 -  60 0,67 - 12/feb/14 D1 - 
5 1,25 -  D3 -  61 0,67 - 18/feb/14 D1 - 
6 0,58  22/dec/13 D1 86,70  62 0,67 - 19/feb/14 D2 - 
7 0,58  22/dec/13 D2 25,00  63 0,67 - 19/feb/14 D2 - 
8 0,46 -  D5 0,86  64 0,67 - 3/mar/14 D2 - 
9 0,46 -  D5 0,86  65 0,67 - 4/mar/14 D2 - 

10 0,46 -  D2 0,86  66 0,67 - 4/mar/14 D3 - 
11 0,46 -  D1 0,86  67 0,67 - 13/mar/14 D3 - 
12 0,46 -  D1 0,86  68 0,67 - 13/mar/14 D4 - 
13 0,46 -  D1 0,86  69 0,67 - 13/mar/14 D4 - 
14 0,46 -  D1 0,86  70 0,33 -  D3 6,20 
15 0,46 -  D1 0,86  71 0,33 -  D3 6,20 
16 0,46 -  D1 0,86  72 0,33 -  D3 6,20 
17 0,46 -  D2 0,86  73 0,33 -  D3 6,20 
18 0,46 -  D2 0,86  74 0,17 -  D3 6,20 
19 0,46 -  D2 0,86  75 0,17 -  D3 6,20 
20 0,46 -  D2 0,86  76 0,17 -  D3 6,20 
21 0,46 -  D3 0,86  77 0,17 -  D3 6,20 
22 0,46 -  D3 0,86  78 0,17 -  D3 6,20 
23 0,46 -  D4 0,86  79 0,17 -  D3 6,20 
24 0,46 -  D4 0,86  80 0,33 -  D3 6,20 
25 0,25 29,19  Port -  81 0,33 -  D3 6,20 
26 0,25 39,24  Port -  82 0,33 -  D3 6,20 
27 0,25 18,10  Port -  83 0,33 -  D3 6,20 
28 0,25 39,24  Port -  84 0,17 -  D3 6,20 
29 0,25 18,10  Port -  85 0,17 -  D3 6,20 
30 0,25 29,19  Port -  86 0,17 -  D3 6,20 
31 0,45 -  D2 29,19  87 0,17 -  D3 6,20 
32 0,45 -  D3 39,24  88 0,17 -  D3 6,20 
33 0,45 -  D3 18,10  89 0,17 -  D3 6,20 
34 0,45 -  D1 39,24  90 0,17 -  D3 6,20 
35 0,45 -  D2 18,10  91 0,17 -  D3 6,20 
36 0,45 -  D5 29,19  92 0,16 -  D5 6,20 
37 1,25 172,00  Port -  93 0,33 -  D5 6,20 
38 3,55 -  D1 43,00  94 0,17 -  D5 6,20 
39 3,55 -  D1 43,00  95 0,17 -  D5 6,20 
40 3,53 -  D2 43,00  96 0,33 -  D2 6,20 
41 4,19 -  D3 43,00  97 0,17 -  D2 6,20 
42 1,25 -  Port -  98 0,17 -  D2 6,20 
43 0,25 90,30  Port -  99 0,33 -  D2 6,20 
44 4,09 -  D3 90,30  100 0,10 -  D2 6,20 
45 0,25 -  Port -  101 0,10 -  D2 6,20 
46 0,25 90,30  Port -  102 0,10 -  D2 6,20 
47 3,20 -  D1 90,30  103 0,33 -  D2 - 
48 0,25 -  Port -  104 0,21 -  D5 - 
49 0,25 90,30  Port -  105 0,38 -  D1 - 
50 4,08 -  D5 90,30  106 0,21 -  D3 - 
51 1,00 -  Port -  107 0,21 -  D4 - 
52 3,42 204,60  Port -  108 0,75 149,00  Port - 
53 0,67 - 23/jan/14 D5 -  109 8,16 -  D5 149,00 
54 0,67 - 24/jan/14 D5 -  110 3,00 126,34  Port - 
55 0,67 - 24/jan/14 D2 -  111 - -  Port - 
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9 ANNEX II – DISTANCE MATRIX 

Location 
Off 

Location 1 
Off 

Location 2 
Off 

Location 3 
Off 

Location 4 
Off 

Location 5 
Port of 

Rio 

Off 
Location 1 

0,00000 0,03542 0,00417 0,04167 0,01875 1,07917 

Off 
Location 2 0,03542 0,00000 0,02917 0,00833 0,02083 1,11667 

Off 
Location 3 0,00417 0,02917 0,00000 0,03542 0,01458 1,08333 

Off 
Location 4 0,04167 0,00833 0,03542 0,00000 0,02292 1,12083 

Off 
Location 5 0,01875 0,02083 0,01458 0,02292 0,00000 1,09583 

Port of 
Rio 

1,07917 1,11667 1,08333 1,12083 1,09583 0,00000 
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10 ANNEX III – PRECEDENCE RELATIONS 

ID Predecessors ID 
 

ID Predecessors ID 
0 110 

 
56 2; 6; 11; 110 

1 110 
 

57 2; 6; 12; 110 
2 110 

 
58 2; 6; 13; 110 

3 110 
 

59 2; 6; 14; 110 
4 110 

 
60 2; 6; 15; 110 

5 2; 110 
 

61 2; 6; 16; 110 
6 4; 110 

 
62 4; 7; 17; 110 

7 3; 110 
 

63 4; 7; 18; 110 
8 3; 110 

 
64 4; 7; 19; 110 

9 4; 7; 110 
 

65 4; 7; 20; 110 
10 2; 6; 110 

 
66 5; 21; 110 

11 2; 6; 110 
 

67 5; 22; 110 
12 2; 6; 110 

 
68 1; 23; 110 

13 2; 6; 110 
 

69 1; 24; 110 
14 2; 6; 110 

 
70 5; 26; 27; 32; 33; 52; 110 

15 2; 6; 110 
 

71 5; 26; 27; 32; 33; 52; 110 
16 4; 7; 110 

 
72 5; 26; 32; 52; 110 

17 4; 7; 110 
 

73 5; 26; 32; 52; 110 
18 4; 7; 110 

 
74 5; 26; 27; 32; 33; 52; 110 

19 4; 7; 110 
 

75 5; 26; 27; 32; 33; 52; 110 
20 5; 110 

 
76 5; 26; 32; 52; 110 

21 5; 110 
 

77 5; 26; 32; 52; 110 
22 1; 110 

 
78 5; 26; 32; 52; 110 

23 1; 110 
 

79 5; 26; 32; 52; 110 
24 N/A 

 
80 2; 28; 34; 52; 110 

25 N/A 
 

81 2; 28; 34; 52; 110 
26 N/A 

 
82 2; 28; 34; 52; 110 

27 N/A 
 

83 2; 28; 34; 52; 110 
28 N/A 

 
84 2; 28; 34; 52; 110 

29 N/A 
 

85 2; 28; 34; 52; 110 
30 4; 25; 110 

 
86 2; 28; 34; 52; 110 

31 5; 26; 110 
 

87 2; 28; 34; 52; 110 
32 5; 27; 110 

 
88 2; 28; 34; 52; 110 

33 2; 28; 110 
 

89 2; 28; 34; 52; 110 
34 4; 29; 110 

 
90 2; 28; 34; 52; 110 

35 3; 30; 110 
 

91 2; 28; 34; 52; 110 
36 N/A 

 
92 3; 30; 36; 52; 110 

37 37 
 

93 3; 30; 36; 52; 110 
38 37 

 
94 3; 30; 36; 52; 110 

39 37 
 

95 3; 30; 36; 52; 110 
40 37 

 
96 4; 29; 35; 52; 110 

41 37; 38; 39; 40; 41 
 

97 4; 29; 35; 52; 110 
42 25; 26 

 
98 4; 29; 35; 52; 110 

43 4; 5; 25; 26; 31; 32; 43; 110 
 

99 4; 25; 31; 52; 110 
44 4; 5; 25; 26; 31; 32; 43; 44; 110 

 
100 4; 25; 31; 52; 110 

45 27; 28 
 

101 4; 25; 31; 52; 110 
46 2; 5; 27; 28; 33; 34; 46; 110 

 
102 4; 25; 31; 52; 110 

47 2; 5; 27; 28; 33; 34; 46; 47; 110 
 

103 4; 7; 10; 17; 18; 19; 20; 55; 62; 63; 64; 65; 110 
48 29; 30 

 
104 3; 8; 9; 53; 54; 110 

49 3; 4; 29; 30; 35; 36; 49; 110 
 

105 2; 6; 11; 12; 13; 14; 15; 16; 56; 57; 58; 59; 60; 61; 110 
50 3; 4; 29; 30; 35; 36; 49; 50; 110 

 
106 5; 21; 22; 66; 67; 110 

51 N/A 
 

107 1; 23; 24; 68; 69; 110 
52 3; 8; 110 

 
108 2; 3; 4; 5; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36; 43; 44; 46; 47; 49; 50; 110 

53 3; 9; 110 
 

109 2; 3; 4; 5; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36; 43; 44; 46; 47; 49; 50; 108; 110 
54 4; 7; 10; 110 

 
110 N/A 

55 110 
 

111 All 
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11 ANNEX IVa – BASELINE SOLUTION 

Solution Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6 Trip 7 Total Project 
Trip Start 01/01 21/01 08/02 22/02 05/03 17/03 30/03 01/01 
Trip Finish 21/01 08/02 22/02 05/03 17/03 30/03 12/04 12/04 
Trip Duration 20,54d 18,31d 13,24d 11,36d 11,70d 13,83d 12,53d 101,51d 
Deck Area 126m² 172m² 159m² 148m² 138m² 205m² 149m² 1.096m² 

 110 37 42 45 48 51 108  
 3 40 25 27 29 52 104  
 8 39 26 28 30 70 106  
 9 38 43 46 49 71 105  
 4 41 53 59 65 72 107  
 10  54 60 66 73 103  
 20  55 61 35 74 109  
 7  31 33 36 75   
 17  32 34 50 76   
 18  44 47 67 77   
 19  56 62 68 78   
 2  57 63 69 79   
 6  58 64  80   
 11     81   
 12     82   
 13     83   
 14     84   
 15     85   
 16     92   
 5     86   
 21     87   
 22     88   
 1     89   
 24     90   
 23     91   
      93   
      94   
      95   
      96   
      97   
      98   
      99   
      100   
      101   
      102   
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12 ANNEX IVb – BASELINE SOLUTION + 2-OPT 

Solution Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6 Trip 7 Total Project 
Trip Start 01/01 21/01 08/02 22/02 05/03 17/03 31/03 01/01 
Trip Finish 21/01 08/02 22/02 05/03 17/03 31/03 12/04 12/04 
Trip Duration 20,54d 18,30d 13,24d 11,36d 11,60d 14,17d 12,12d 101,33d 
Deck Area 126m² 172m² 159m² 148m² 138m² 205m² 168m² 1.096m² 

 110 37 42 45 48 51 108  
 3 38 25 27 29 52 90  
 8 39 26 28 30 105 106  
 9 40 43 46 49 71 91  
 4 41 53 33 66 72 102  
 10  54 60 65 73 103  
 20  55 61 35 74 109  
 7  31 59 36 75   
 17  32 34 50 76   
 18  44 47 69 77   
 19  56 62 68 78   
 2  57 63 67 79   
 6  58 64  80   
 11     81   
 12     82   
 13     83   
 14     84   
 15     85   
 16     70   
 5     86   
 21     87   
 22     88   
 1     95   
 24     104   
 23     92   
      93   
      94   
      107   
      96   
      97   
      98   
      99   
      100   
      101   
      89   
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13 ANNEX IVc – GREEDY SOLUTION 

Solution Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6 Trip 7 Total Project 
Trip Start 01/01 23/01 02/02 17/02 07/03 20/03 08/04 01/01 
Trip Finish 23/01 02/02 17/02 07/03 20/03 08/04 12/04 12/04 
Trip Duration 22,63d 10,08d 15,01d 17,31d 13,44d 19,18d 3,79d 101,44d 
Deck Area 202m² 188m² 181m² 205m² 149m² 172m² 0m² 1.096m² 

 110 26 51 48 108 37 42  
 27 30 46 45 109 41 105  
 29 25 43 52 69 106   
 28 49 47 104 68 40   
 2 32 59 95 67 39   
 34 36 58 94 107 38   
 6 50 57 93  61   
 16 31 44 92     
 15 56 60 102     
 14 55 54 101     
 13  53 100     
 12   99     
 11   98     
 4   97     
 7   96     
 35   63     
 20   62     
 19   91     
 18   90     
 17   89     
 10   88     
 5   87     
 33   86     
 22   85     
 21   84     
 3   83     
 9   82     
 8   81     
 1   80     
 24   79     
 23   78     
    77     
    76     
    75     
    74     
    73     
    72     
    71     
    70     
    64     
    65     
    66     
    103     
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14 ANNEX IVd – GREEDY SOLUTION + 2-OPT 

Solution Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6 Trip 7 Total Project 
Trip Start 01/01 23/01 02/02 17/02 06/03 20/03 08/04 01/01 
Trip Finish 23/01 02/02 17/02 06/03 20/03 08/04 10/04 10/04 
Trip Duration 22,63d 10,04d 15,01d 16,92d 13,77d 19,56d 1,25d 99,68d 
Deck Area 202m² 188m² 181m² 205m² 149m² 172m² 0m² 1.096m² 
 110 26 51 48 108 37 42  
 27 30 46 45 109 39   
 29 25 43 52 68 106   
 28 49 44 104 69 40   
 2 32 59 95 103 41   
 34 36 58 94 67 38   
 6 50 57 93 107 61   
 16 56 47 92  105   
 15 31 60 102     
 14 55 54 101     
 13  53 100     
 12   99     
 11   98     
 4   97     
 7   96     
 35   63     
 20   62     
 19   91     
 18   90     
 17   89     
 10   88     
 5   87     
 33   86     
 22   85     
 21   84     
 3   83     
 9   82     
 8   81     
 1   80     
 24   79     
 23   78     
    77     
    76     
    75     
    74     
    73     
    72     
    71     
    70     
    64     
    65     
    66     



63 
 

 

15 ANNEX IVe – GRASP SOLUTION 

Solution Trip 1 Trip 2 Trip 3 Trip 4 Trip 5 Trip 6 Trip 7 Total Project 
Trip Start 01/01 23/01 01/02 15/02 05/03 19/03 08/04 01/01 
Trip Finish 23/01 01/02 15/02 05/03 19/03 08/04 10/04 10/04 
Trip Duration 22,58d 8,45d 14,01d 18,07d 14,49d 20,18d 1,25d 99,02d 
Deck Area 202m² 188m² 181m² 205m² 149m² 172m² 0m² 1.096m² 

 110 46 49 52 108 37 42  
 27 26 48 51 105 39   
 29 30 43 45 66 38   
 28 25 44 70 109 41   
 2 36 54 102 69 65   
 34 31 53 101 68 64   
 6 32 50 100 67 40   
 16 47 104 99 107 103   
 15 56 60 98  106   
 14  59 97     
 13   96     
 12   63     
 11   62     
 5   55     
 33   95     
 22   94     
 21   93     
 3   92     
 9   91     
 8   90     
 1   89     
 23   88     
 24   87     
 4   86     
 7   85     
 35   84     
 20   83     
 19   82     
 10   81     
 18   80     
 17   79     
    78     
    77     
    76     
    75     
    74     
    73     
    72     
    71     
    58     
    61     
    57     

 


