AL LATUUANITELA U UILANNANAMTUN19U T T AUN1 291

UULMUNANNNZLaa91L5 5N T TR g1y

mmuwuﬁ‘w,; umwmmmm?;ﬂmmwanamﬂ?mmmmmamwmmmm

mmqmqwmmmﬂqu‘faﬂm“mmumﬂ L DAPITNATIAFNART

ARI1aNTIN LAY E 6

252

@ﬂ@ﬂﬁ‘ll@\i@ﬂ’]ﬂ\iﬂﬁ‘mw‘l)l’m‘l’lﬁlWﬂf_l



MIXED INTEGER LINEAR PROGRAMMING MODEL FOR WORKLOAD LEVELING ON
OFFSHORE PLATFORM OF PETROLEUM COMPANY

Miss f?' [

W
PR D)

M ’

(et

£l uBAnsninnans..

Depaﬁment of Mathemahcs

Q\W’] RINTUNIINYAY

Academic Year 2009

Copyright of Chulalongkorn University



Thesis Title MIXED INTEGER LINEAR PROGRAMMING MODEL FOR
WORKLOAD LEVELING ON OFFSHORE PLATFORM OF

By
Field of Study

Thesis Advisor __n-fgssar mdcmph D.

Thesis GD—Aduisu Sa jus 2 ,;. tukul
/ ; % \>§\ 1 University in Partial

) \ ean of the Faculty of Science

Fulfiliment of the Requi

(21T

QW’] Mﬁ‘%ﬁﬂ*ﬁ%ﬂ@ﬂ“ﬂﬂﬁﬂ




e o " - oy o as s [y
WIAH A0 ﬂ']i.l‘uﬂﬂ'lﬂuﬂﬂﬁl'ﬁﬂﬁui'm'lulﬂuﬂﬂul’hHTUﬂ'ﬁﬂﬂﬁ#ﬁU

MIzauuiunaaziavesuiinilInsifoy. (MIXED INTEGER LINEAR
PROGRAMMING MODEL FOR WORKLOAD LEVELING ON OFFSHORE
PLATFORM OF PETROLEUM COMPANY)

0. My imeiinuindn : moas9Istasdavun masduning,

- el - - X o w = -
8. M3 aneninusioy 019130 AT.ASHUY auTugna, 50 v,

'Iuﬁmiﬁnui'ﬁﬁ’li'a"l‘ﬁ1ﬂ11§ﬂmﬁtﬁl'lﬂ1iﬂi’ﬂ5=ﬁun1s=q1uﬁ'n'[uﬁi fi
At Tuurungeinunzas 9oy yuiiuna eI luszmang
gunsel l'mzﬂﬁ'ﬁ;:”m'"uult!iuﬁﬂﬂisﬁﬁi‘mmﬂuﬂii’uﬁﬁﬂﬂuﬁﬁugﬁqﬁﬁuﬁuﬁmns
Winsitguam dniu TudesimsusuneglZTlunumsdeuihgaiazasvaey
e AuiiennnnfaquazglnssmiFunusnmannuuiunamanzia maliy
sgfunszanisemnami i lumsinnhigaTome - AnFuinouaaune i
Minfitegetnaiimuuiunmimzi sinflywissiingnunudideduiaimnimaiin
Fnuudmuamasadui naususas Taeldsvnouaziiamn1$lunsudiym
Fujaniul fussAtinnzaninauseaminauiiianniniy - Taofilsdianai
Fosmsynsom Aaseldwerduaifuntiudla GUSEK tesaassninuins liisind
nmgaga . Aasummamani Indfvsiigadaomsaainauseulumsmsamaslaeld
mipgap 38 naieonndemeudumsmnamassindivuansFadusnouiune
Funtiu  wamsisounae i3l Fmaunuiiesndunsdeudinazasinnt

-* i Lo J L - - e
dalpiuAudoyaiduniiudimnuaumn luwnsziilewism

mMaoY ameenaes amoitedoiian | Diefinee W

el " il ol p B o g
AELTREL 1! mu,]m}_ﬂn_:_.l_ﬂjm_!;l_{l_n_n;'_r[]_:_nm_ﬂﬁ DUDYD E-.mi?nnﬂnmuﬂufﬂ on ‘iLW
Fnisfnu 2552 awilede .S nuInuinus iy gwi:» Sk



## 5173610323 : MAJOR COMPUTER SCIENCE AND INFORMATION
KEYWORDS : OPTIMIZATION / BRANCH AND CUT / MIXED INTEGER LINEAR

PROGRAMMING / RESQOURCE LOCATION / OFFSHORE PLATFORM OF

J g INEAR PROGRAMMING MODEL
OFFSHORE PLATFORM OF PETROLEUM
——— il

each year the de ent rece a tremendous number of maintenance and
inspection work ‘number of equipments on offshore

platforms. Workload

number of personnel and ok laﬁ:T. Mixed integer linear

order to distribute all works for limited

pmbiem.ﬂ m ﬂber of personnel working
I 1
offshore e maintaining all work requirements. Resedrehers use the open source

tlmnzatmn ﬁﬁe GUSEK to deterru the optimal resource allocation.

qlpgapw is -::nnmdera y fastér than the original MILP. Le results indicate that

less number of personnel arf employed and punnel are more Ieve!w

AR IRINIRINIINEIN E

Department:  Mathematigs.................. Student's Signature 1"
Field of Study : Computer Science and  Advisor's Signature ét"'r'
Information. ...

Co-Advisor's Signature gwrvkr"ﬂ'*"‘*‘“



Vi

ACKNOWLEDGEMENTS

Over the years, | have been involved and encountered with many

problems in the research, whi h re o pli and large size optimization problem. |
have received suggestions and supp / people. | would like to thank my
advisor: Professor idchano ursmsup ﬁ Siripun Sanguansintukul
committee: ASSOCW Peer'a’yuth @d chairman: Assistance
Professor Krung'(jé‘w i t su| 0 and devotion for helping me

accomplish thi i \dvance Virtual and Intelligent Computing

(AVIC) Research _ € ne ' “all supportive experimental

ﬂUEJ’WIEWliWEI’]ﬂ‘i
QW']@M’B'EUNWYJVIEI'\&EJ



LIST OF FIGURES...

CHAPTER

CONTENTS

1.5 Expected Advantag & =T t { ................................................

1.6 Res h Pri
1.7 Literature Re

Il THEORETICAL BAC

2.2 Mixed Inted’r&ar Programming........iie i

ﬂﬁmmmwmn -------------

2 ReSoUrce AlIOCATION. ... .o e

A WG TUURVINEN EJ

2.8 Multi-skilled.......
2.9 Branch-and-Cut

Vi

Vii



Chapter Page
[ OFFSHORE WORKLOAD LEVELING PROBLEM FORMULATION........ccccoviiiiine 19
3.1 Original Offshore Assignment Problem...........cccoii 23

3.1.1 Model Factors an

3.2.2Fo ‘
IV EXPERIMENT LTS AN RACAL COMPUTATIONAL.......oovooc 31

Der| n esults ........................ 32

2. iSO RESUItS. .. s o . "\\* ..... e 33
v CONCLUSION....fff .. S\ S/ Y | A 35

REFERENCES........oooooteo.... il T b e 37
_ T 8|
APPENDIX ..o s 40

ﬂUEJ’WIEWl?WEl’]ﬂﬁ
qmmmmumwmaﬂ



TTTTT

ﬂuEJ’JVIEJVIﬁWEJ'Iﬂﬁ
QW’]Nﬂ’iMNW]’JVIEI'\ﬂH



LIST OF FIGURES

Figure Page
2.1 | W oo 16
2.2 o 17
3.1 of research process. ....... e < 19
3.2 ig SCONAMO: v 21
4.1 ' It s
................ 31
4.2
hmonth............ 32
43 ] \g'MILP model
ta of the numb of personnel in'each month........ 33

: g
PR TS

DA

AUt INENINgIns
ARIANTAUUNIINYIAY



CHAPTER |

INTRODUCTION

The current global economy is highly competitive. Organizations with
better management, will survive and get enormous profit in return. Hence, the
optimization plays an important role in the suecessful business. Optimization problems
are widely seen in-everyday life from 'small problems solving by hand up to complex
combinatorial problems in NP hard class. It pertains to everyday decision making and

helps us to make areasonable decision.

1.1 Problem Identification and Motivation

Gas and oil companies concerning drilling and offshore crude oil
production operations are in high risk, both in economic loss and polluted environment.
Hence, safety is an important issued to be emphasized. It will be a disaster and
substantial economic loss if the offshore safety regulations are neglected [1],[2].
Therefore, a periodic equipment maintenance and inspection are needed in order to
assure that all equipments ‘are still in good conditions and ready for the operations.
Efficient equipments and offshore personnel are the most significant input factors
necessary in providing a more efficient product. Therefore, the routine scheduling of
maintenance and inspection for offshore equipment is a major priority. The Computer
Maintenance Management System (CMMS) was proposed as the main system [3] of
Operation Maintenance Inspection (OMI) in order to improve the management of any
periodic maintenance and inspection work order but the problem still occurs due to a
tremendous number of work orders. It generates a lot of periodic maintenance and
inspection jobs (work orders) under limited resources and environmental constraints
such as personnel, time, tools, weather and port status. Thus, the resource allocation
problems have been arising due to the limited number of accommodations at Quarter
Platform (QP) and living barge combined with scarce qualified personnel who can work
on specific required jobs. After that reformulated model is propose, multi-skilled

personnel are taken into account for the improvement, in order to decrease the number



of personnel needed, as well as completing all of the assigned work orders. The
proposed solution is using a Mixed Integer Linear Programming (MILP) model with
branch and cut methodology. The model can balance and decrease the number of

required personnel while completing all of the work orders on time.

The petroleum company must provide all work orders with required

personnel who have to go to work offshore according to the following restrictions:
® The COS training (Sea survival training): COS training deals with how to handle
the problem when some accidents occur while being on the transfer chopper or

working offshore.

® Onshore accommodation: providing the travel arrangements for the workers from
their residence to the chopper base region and any accommodations while

waiting for offshore transfer.

® Helicopter transportation: all personnel are transferred from shore to offshore by

chopper (round trip).

® Offshore accommodations: preparing the accommodations such as catering,
vacant rooms / bed at Quarter Platform (QP) or living barge. This is the main

reason for minimizing the amount of offshore personnel.
® \Working rate: the offshore pay rate is much higher than onshore rate.

All those steps' are costly and must be minimized. The- balancing work order
assignments at. offshore platforms under different types.of constraints can be
considered as one of the combinatorial problems. At this time, equipments and
individuals (each personnel) are ignored.

There are two main types of platform in oil field operations: complex and
remote. The complex offshore platform consists of five operating platforms connected
by ‘bridges where the personnel can easily walk. But for the remote platforms, the
personnel can only go there by boat or chopper. ltis a fact that there is a large risk to go
out on boat or chopper during the typhoon season which begins from October to

December of each year. Therefore, a station set is needed in order to separate the work



order types. According to a lot of equipment, the numerous periodic maintenance and
inspection work orders are generated. Thus, the petroleum optimization problem arises
to which the planning engineer allocates personnel with different positions (skills) for

working on the given work orders base on specific job plan.

Moreover, the special skills and expertise of personnel are needed such
as sea survival training, working under confine space training, requirement skill of
specific job, etc. If personnel-have the ability to work in different types of work, it not only
decreases the number of personnel, but it also could be advantageous when some
skilled personnel are absent, resigned or shorthanded, especially in an unexpected or
emergency situation. The quicker the problem is recovered, the smaller the impact is.
Thus, the offshore personnel should be multi-skilled so that they can deal with different

situations.

1.2 Research Obijectives

The challenge in this research is to fit limited personnel under the scarce
accommodations while assigning enough personnel for working on offshore platform.
The contributions of this thesis are to introduce the model to explain how it can be
solved for the optimal result and to evaluate the benefits that result from applying this
model to the offshore assignment. The central focus of this research is to find a simple
but efficient methodology to minimize and balance the number of personnel who need to
perform maintenance and inspections offshore while satisfying all the restrictive
resource constraints. The use of the mathematical programming modeling language
was applied to solve such a problem. Thus, MILP model is proposed to find the optimal
solution from the workload leveling problems and the multi-skilled personnel allocation
problems. Finally, the model automatically finds the optimum solution in order to satisfy
all constraints giving-integer result which is the optimal number for.each position who

must go to work at offshore-in each-month throughout a year.



1.3 Scope of work

Our test data is extracted from the inspection planning work orders
number recorded in the year 2009 which was obtained from inspection discipline in
operation maintenance and inspection (OMI) department of the petroleum company in
Thailand. The size of the original offshore assignment problem is 11,520 [12(number of
positions)*40(number —of ~job  plans)*2(humber  of  stations)*12(number  of
months)*1(number of years)] and the offshore multi-skilled assignment problem size is
138,240 [12(number.of positions 1)*12(number. of positions 2)*40(number of job
plans)*2(number of stations)* 12(number of months)*1(number of years)]. The open
source software, GUSEK (GLPK Under Scite Extended Kit), software is run on Intel®
Core™2 QuadCPU Q9550 2.83 GHz, with 1.93 GB of RAM for finding the optimal
solution.

There are some concepts and restrictions that need to be taken into the account.

® A work order is an instantiate of a job plan. Each operational working time to finish

work order cannot exceed their job plan duration.

® Due to the requirement, any offshore work cannot be done during the typhoon
season. We specify two types of work orders: complex work order and remote
work order. The remote work order cannot be assigned during typhoon season.

The complex work order can be assigned throughout the year.

® Personnel (staff) with given positions will have a specific number of work hours.
Therefore, a_specific personnel who works with two positions in a job plan, both

work hours must be added.

®  One work order may require more than one position. However, to complete this

work order all positions must be filled and completed by personnel.

The data from inspection department are available only 2009 because

the CMMS project was first launched in the end of year 2008.



1.4 The definition of the research

Workload leveling optimization problem is proposed in the situations to
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1.7 Literature Review

Many optimization researches of the petroleum industry [4],[5] have
focused on operational optimization such as operating and drilling costs, field
development, offshore production platform position, platform layout and infrastructure,
the reservoir modeling, production planning and operations. While most of the restrictive
resource constrained (resource allocation) researehes focused on managing resource
and constraints in-efficient way to satisfy their objectives [6],[7], we especially pay
attention to the objective in maintenance and inspection [8]. Most of the workload
leveling researches applied Minimax approaches [9]. It is helpful to ensure the balance
of load for each assigned agent. Huang, Lee and Xu [10] balanced the workload
between two air cargo terminals to improve the operational efficiency using stochastic
mixed integer linear program model. Several technigues e.g. Hungarian method,
genetic algorithm, branch and cut, column generation based, bilevel decomposition,

bender decomposition are applied in this research area [6],[7],[11].

Human resource planning is one of the optimization problems found in various
industries, such as software industry [12],[13], call center industry[14], cellular
manufacturing system[15] and transport system[16] etc. Most researches related to
assignment and scheduling within the petroleum industry are concerned with the
assignment of platforms to wells, production planning or operations scheduling and
equipment pair matching. Furthermore, the multi-disciplinary aspects [14],[15] of each
personnel plays an important role in the problem by decreasing number of staff .This
means some personnel are able to work in different positions within the same or different
work-orders. The use of multi-skilled personnel has been increasing and becoming more
common for improving management in the workplace. Shen, Tzeng and Liu [12] applied
fuzzy set theory to overcome the lack of role-based task assignment by proposing a
multi criteria assessment. The cross-trained worker allocation [17] is proposed and later
on, the assignment heuristic base on linear assignment approximation for multiple
departments was developed base on [17] by Campbell and Diaby [18]. Moreover, Li
and Womer[13] minimize the total cost of staff by modeling resource constrained

assignment with multi-skilled personnel. Mostly, the resource allocation problems focus



on managing available resources and constraints to meet the goal. Due to restrictive

available resources, the balance of workload is needed to assure that each personnel

are working at the same level of loads.
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CHAPTER I

THEORETICAL BACKGROUND
This chapter provides the basic knowledge in this research such as Linear
Programming, Mixed Integer Linear Programming, Resource allocation, Assignment,

Scheduling, Workload leveling, Multi-skilled and  Branch-and-Cut methodology.

Moreover, many examples, clarifying, illustrative, and .computational, are provided.

2.1 Linear Programming

Linear Programming (LP) is a technigue that is widely seen in the
Operation Research (OR) in arder to allocate the resources. Generally speaking, linear
programming is routinely solved even if they involve hundreds of thousands of variables
and constraints. In some large-scale problems, using the LP model is helpful. The
optimum solution can be fractional values when the numbers of variables are likely to be

large.

The linear programming models compose of a set of variables, an

objective function and the constraints. Here is the linear programming model.

Objective function:
Z=a1Xpt+ axXo + asxs + ... + anXp
Constraints:

Di1Xat+ BaoXat Basxs +i. .ot DinXn < €1

D21X1+ DaXo # DaXs + ...+ DXy < C2

DmiXa+ DmoXa + DmgXa + ... + DmaXn < Cm

X1+ Xo+ X3+ ...+ X, =0

or turn into another short form as below:



gven M ={1,23,....m}andN ={1,2,3,...,n}

N
Objective function: Z= ) aXi (2.1.1)
=1
N -
Constraints: > bixi<ci, ieM (2.1.2)
il
Xi>0, Je N (2.1.3)

This LP has m constraints with n variables which (2.1.1) is an objective function
for finding minimal value and satisfying constraints (2.1.2). (2.1.3) is the decision

variables that the value are greater or equal to zero.

When z is the optimal value of objective function,

Xj is a decision variable which optimal value can be found,

aj, bij and ciare constants derived from the problem specifics.

There are problems in many aspects of business that use LP to solve the problems such
as product mix planning, distribution networks, truck routing, staff scheduling, and

financial portfolios.

2.2 Mixed Integer Linear Programming

Some problems need a numeric solution in which the variables take
integer values. Therefore, Integer Programming (IP) is useful when the decisions are
essentially discrete such as yes-no question. The options must be chosen from a finite
set of alternatives. |P is often called discrete optimization or combinatorial optimization
which indicates the extremely large increasing in the number (combinatorial) of possible
solutions as the problem size increase. Problems whose some variables can take only
integer values and some variables can take fractional values are called Mixed Integer
Linear Programming (MILP)[19]. A variable is discrete if it is limited to a fixed or
countable set of values. More often than not, the choices are only 0 and 1 and a variable

is continuous if it can take on any value in a specified interval. When there is an option,
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such as optimal variable are likely to be large enough that fractions have no practical
importance then modeling with continuous variables is more preferable than discrete
because optimizations over continuous variables are generally more tractable than the

ones over discrete variables[20].
2.3 Assignment

Assignment Problems (AP) involve optimum matching of two or more
elements sets, where the number of sets of elements that need to be matched refers to
the dimension of the problem. Mostly when there are only two sets, they are referred to
as “tasks” and “agents”. For example, “tasks” are jobs to be done and “agents” are the
personnel or machines that can perform on such a task. The original version of AP
involves assigning each task to a different agent, with each agent being assigned at
most one task (a one-to-one assignment). While the following two models to be
discussed below involve assigning multiple agents to a task [21], vice versa the models
do assign multiple tasks to the same agent (a one-to-many assignment). The first
models to be discussed, however, assign no more than one task to any given agent.
Assignment problems mainly -focus-on matching the elements of two or more sets in

such a way that some objective function is optimized.

The classic assignment problems(classic AP), involve matching the elements of
two sets on a one-to-one basis in order to minimize the sum of their associated weights,
has produced a wide variety of derivatives. The classic assignment problem take agent
qualification in to an account for assignment problem with side constraints then section
theirwork in @ mathematical model of the classic AP in term of M agents and N tasks,
not every agent is qualified to do every task, and the objective is utility

min(max)imization:

m n
Minimize D" > CiiXij (2.3.1)
]

m
Subject to: dgixi<1, j=1,...,n (2.3.2)
i-1



(N
n -
dgixi<l, i=1,....m (2.3.3)
j=1

Xij =0orl (2.3.4)
where Xij = 1 if agentl is assigned totask j, O if not
gij =Lifagentiis qualified to perform task j, O if not
cij=the utility-of assigning agent i to task j(with cij = 0 if ¢;; = 0).

The first set of eonstraints (2.3.2) ensures that no more than one qualified agent
is assigned to any task and the second set of constraints (2.3.3) enforces that no agent
is assigned to more than one task. Even though, if m is greater than or equal to n it may
be impossible to assign a qualified agent to every task or to give all agents a task for

which they are suited for.

The generalized assignment problems (GAP), find an optimal assignment
of agents to tasks when an agent can be assigned to multiple tasks. The same agent is
allowed or required for assigning to more than one task in this type of problem, unlike
the classical assignment problem which provides a one-to-one pairing of agents and
tasks. However, each task is performed exactly once. This model assumes, as in the
classic AP, that each task will be assigned to one agent. But it additionally allows
assigning more than one task to an agent, while concerning the maximum capacity of
each agent todo those tasks. Thus, GAP is one-to-many assignment problem that
realizes capacity limits-when each task may use only part of an agent’s capacity rather

than all of it (AP)..The GAP is shown in the following madel:

m n

Minimize D> CiiXij (2.3.5)
i=1 j=1
m -

Subject to: D = B LN (2.3.6)
i-1
n
> aijxij <bi,i=1,....m (2.3.7)

=
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Xij =0orl (2.3.8)
where Xij = 1 if agent i is assigned to task j, 0 if not
Cij = the cost of assignment agent i to task |

aij = thecamount of agent i's‘capacity used if that agent is assigned to

task |
bi = the available capacity of agent i

The first set of constraints (2.3.6) ensures that every task is assigned to
only one agent and the second set of constraints (2.3.7) ensures that the set of tasks
assigned to an agent do not exceed its capacity. There are many operation research
and management science literatures relate with applications of GAP such as machine
scheduling, lump sum capital rationing, computer networking and facility location

problems.
2.4 Constraint Satisfaction

Constraint Satisfaction Problems can be defined as a set of variables
and set of constraints among the values of the variable. Typically, Constraint
Programming is used for solving such a problem which allows users to describe data
and constraints-of the problem without explicitly solving in the-declarative phase. The
main interest of.constraint programming lies in actively using'the constraints to reduce
the computational effort needs to solve a problem in the same time achieving good
declarative problem formulation[22]. Constraints not only use for testing the validity of a
solution, but also in a constructive mode to deduce new constraints and detect

inconsistencies. This process is called constraint propagation.
2.5 Resource Allocation

Resource allocation is used to assign the available resources in an

economic way. It is the part of resource management. In project management, resource
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allocation is the activities scheduling and the required resources by those activities
while taking both the resource availability and the project time into an account. In other
word, it is a plan for using available resources, for example human resources, especially
in short term of a company mission, to achieve goals for the future. It is the process of
allocating resources among the various projects or business units. The plan consists of
two parts: the first part is the basic allocation decision and the second part is
contingency mechanisms. The basic allocation decision is the choice of which items to
invest in the plan, and what level of funding it should receive, and which to leave
unfunded: the resources are allocated to some items, not to others. There are two
contingency mechanisms. There is a priority ranking of items excluded from the plan,
showing which items to fund if more resources should become available; and there is a
priority ranking of some items included in the plan, showing which items should be

sacrificed if total funding must be reduced.

2.6 Scheduling

Scheduling is an important problem in computer science and operation
research. Most computer scientists-and operation researchers may focus on different
issues such as timeliness in computer science issued and cost in the manufacturing or
any other operations[23]. A good scheduling brings improvement both in process
management and cost reduction. In many real-life situations, delays in the execution
time of certain activities occur when resources required by these activities are not
sufficient quantities during the time interval when they are scheduled to take place. The
problem _involves finding the optimal sequence of activities with given resource
constraints. This particular problem is known as the resource-constrained scheduling

problem.
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2.7 Workload leveling

Workload leveling problem is mainly to find the set of assignments that
will either minimize the maximum value of the costs of the assignments or vice versa.
One example given is based on how to assign printing jobs to presses while minimize
time to which all jobs would be complete. Another example is how to transport
perishable goods from warehouses to markets without spoilage or military supplies from
warehouses to command-posts.during an emergency. In either case, the objective is to

minimize the time by which all'the transfers have taken place.
The mathematical model is given as: Minimize maxi;{Cijxij}

The main objective is to smooth resources requirements by shifting slack jobs beyond
periods of peak requirements. Some methods essentially replicate what a human
scheduler would do if he had enough time; others make use of unusual devices or

procedures designed especially for the computer.
2.8 Multi-skilled

Multi-skilled is a process of training maintenance employees in specific
skills that cross the traditional trade or craft lines, and then ensuring that the work is
performed. The advantage of multi-skilled is that particular jobs which historically require
more than one position, not necessarily more than one individual, are now performed by
just one person. Using cross-trained agents, those capable of handling multiple types of
jobs can make the operation more efficient and effective. Achieving those results in the
real -world is ‘another matter. Cross-trained agents with multiple  skills make the
scheduling process more complex. It is no longer enough to simply have the right
number of agents scheduled; the scheduler has to take into account agents' individual
skill sets:when creating schedules. Mathematical formulas often used to plan workforce
scheduling are no longer accurate or effective when agent skills must be considered.
Multi-skilled feature helps the organization make the most of their multi-skilled and

cross-trained agents.
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2.9 Branch-and-Cut

Branch and Cut has been widely used in Mixed integer linear
programming (MILP) and Non-Mixed integer linear programming (MINLP) for a few
decades[24]. They are several extensions of the branch and cut in order to enhance its
efficiency i.e. Branch-and-Cut-and-Price[25]. Branch and cut is the methodology that
combines advantages of two methods. The first one is cutting plane method which is
“cutting” and tightening the feasible region thus they hope to find the solution faster due
to the feasible area’is shrunk. This method is much faster for solving but not guarantees
the reliable of the optimal solution. Another one is branch and bound method which is
the well-known method for solving the TSP and Knapsak problem. Branch and bound is
a recursive programming. that seeking for the optimal value by enumeration tree of all
possible solutions. Even though, the solution is reliable nevertheless it is very
cumbersome. Hence, we can get the optimal solution even faster and better by
combining “the faster” from cutting plane method and “the reliable” from branch and

bound method.

The branch and cut algorithm overview and the branch and cut algorithm
flow are shown as Figures 2.1 and 2.2, respectively. Figure 2.1 shows the general
overview of how the branch and cut work in iterative process by divide the problem into
sub-problem then cut the infeasible region out (cut parts of the polytope out by adding
new constraints) and solve the small problem under the feasible solution area while

trying to find the integer solution .
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Here is the explanation of the processing phase of Figure 2.2:
Phase 1: Set the initial lower bound for the minimization problem.

Phase 2: Linear programming relaxation of MILP. This relaxation technique makes the
hard problem like MILP easy to solve in polynomial time. LP relaxation is the generated
LP from MILP using the same objective and- constraints without the integrality of

variables.

Phase 3: Solve each LP and see whether the LP is infeasible then fathom it by going to
pruning phase, if LPis feasible go to next phase. In fact, feasible solution to the problem

exists when there is a vector X that satisfies all problem constraints.

Phase 4: Adding lazy constraints : add the essential constraints that are violated at
solution value of the LP relaxation current sub-problem (Z,p) and not yet include in

original MILP problem then go to phase 3.

Phase 5: Check for integrality : possible to convert the current fractional solution to one
that is integral? If yes (Znew < Zpest - NEW solution value more than best global solution

value) after that update the current best global feasible solution, then go to phase 8.

Phase 6: Adding cutting plane : identify a violated valid inequality at the locally optimal
point (Zyp), if there are (ZLp > Zpest), add in such a plane to the solver in order to bound
the feasible area (add the generated constraints to the formulation of the current sub-

problem) then goito phase 3 to solve again.

Phase 7: Branching : two nodes are created from current node (create two new sub-
problems called down-branch and up-branch) then add both sub-problems in the active

list after that go to phase 2.

Phase 8: Pruning : Remove from the active lists all sub-problem include the current one,

then go back to phase 2.

Phase 9: Termination : the ariginal MILP has no integer feasible solution , otherwise the

last integer feasible solution stored on phase 5 is the integer optimal solution then stop.



CHAPTER Il

OFFSHORE WORKLOAD LEVELING PROBLEM FORMULATION
Our effort is to find the optimal solution of offshore workload leveling
problem under scarce qualified personnel while taking the limited offshore
accommodations into account. The MILP model using the branch and cut technique is
applied to solve such a problem. The model automatically finds the optimum solution in
order to satisfy all constraints giving integer result which is the optimal number for each

position who must go towork at offshore in each month of a year.

The optimal solution that fits the number of qualified positions with the
amount of offshore work orders under the limited accommodations is the needed in
order to solve the offshore workload leveling problem. Figure 3.1 illustrates the concise

research process.

o e, x
v Y. /] CMMS
e Database
Crew E Formulation
Assignment —=———21 _Obijective to
Problem / i+ i
! L Subject to b
! -/ ~
-
. i A
I f ] —
MILP ,_,( Salver
Solver ——— Branch & Cut
' S :

W

I Qutput J

Figure 3.1 : Example of research process.

From the needs above with the available data in CMMS database, the real

record of maintenance and inspection is extracted and described in matrix
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representation. The problem is transformed into a mathematical model (objective
function and constraints) by taking LP relaxation into account. The number of qualified
personnel who can do the work order in each month of the year at offshore platform is
presented by a discrete variable. The optimization of relevant objective function is
derived and converged for the offshore workload leveling problem. Then, the proposed
of MILP is applied to solve this problem. Finally, the output (optimal solution) is obtained

using MILP solver in order to answer the offshore workload leveling problem.

Figure 3.2 shows the scenario of offshore assignment when the human icon on
the left hand side relates the position with the ability of each personnel. The work order
is illustrated by the picture on the right hand side and the duration of each work orders
are also represented. The middle layer shows the job plan with its relation to positions

and work orders and the station layer is accompanied with the job plan.

Table 3.1 shows the table of job plan that are extracted from inspection planning
work order that test generated from the Computer Maintenance Management System

(CMMS) system.
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Frequency Duration Reference JP Frequency Duration Reference JP
Job Plan(JP) Job Plan{JP)
(Number of WQ) (Month unit) (Qriginal) (Number of WO) (Month unit) (Criginal)

JP1 2 0002777778 G-dP-IP036 JR21 2 0.016129032 G-JP-1P095
JP2 - 0.00297619 G-JP-IP019 JR22 1 0.016666667 G-JP-1P041
JP3 44 0.004166667 G-JB-IP012 JP23 1 0.016666667 G-JP-IP096
JP4 3 0.004166667 GJP-IP018 JP24 1 0.016666667 G-JP-1P042
JP5 1 0.004166667 G-JR-1PQ74 JP25 1 0.016666667 G-JP-1PO50
JP6 3 0005376244 G-JP-IP0OT8 JP26 5 0.017857143 G-JP-IPO17
JPT 1 0.005555556 G-IP-IP025 JP27 5 0.019345238 G-JP-IP033
JP8 19 0.005952381 G- IR-IPD24 JP28 29 0.021505376 G-JP-IP022
JP9 7 0.005952381 5-JP-1P028 JP29 1 0.022222222 G-JP-1P084
JP10 1 0.008333333 G-JP=IPOST JP30 2 002688172 G-JP-1P031
JP11 2 0008323332 G-JP-[PO58 JP31 1 0.032258065 G-JP-1P100
JP12 2 0.008333333 G-JP-IPO¥ T JP3z2 1 0.045833333 G-JP-IP027
JP13 137 0.009408602 G-JP-1P014 JP3I3 29 0.047043011 G-JP-IPOOA
JP14 25 0009722822 G-JP-IP005 JP34 4 0.063888889 G-JP-1P030
JP15 17 0.010752688 G-JP-IP029 JP35 g 0.063988095 G-JP-IP023
JP16 1 0.010752688 G-JP-IP067 JP36 6 0.097222222 G-JP-IPO03
JPIT 1 0.0125 G-JP-IP0GS JP3T 1 {.113888889 G-JP-IF034
JP18 47 0.014583233 G-JP-IPO1 JP38 21 012202381 G-JP-1P021
JP19 43 0016129032 G-JP-IP026 JP39 1 0145833333 G-JP-IP035
JP20 1 0.016129032 G-JP-IP0OG4 JP40 1 0.188888889 G-JP-IP032

Table 3.1 : The Job Plan list with its details
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The two models are formulated in order to cope with two situations; the first model is the
original offshore assignment problem presented in section 3.1 and the second model is

the multi-skilled model of offshore assignment problem presented in section 3.2.

3.1 Original Offshore Assignment Problem

The model of the original offshore assignment problem is proposed as follows:

3.1.1 Model Factors and Variables

The following sets of factors-are concerned in our study:
(1) a set of job plans indexed by j;
(2) a set of work orders indexed by W;
(3) a set of personnel indexed by €;
(4) a set of positions indexed by p;
(5) a set of months indexed by m;
(6) a set of stations indexed bys;
(7) a set of years indexed by Yy; and
(8) a set of duration time for each job plan indexed by j.

These factors are related by the variables defined as follows.

Xl,smy: @ number of personnel assigned to position p for the.work.order under
job plan j at station S in the month m of the year y . The value of X1pjsmy must
be a positive number less than or equal to the number of available personnel in

each position p.
X2pjs,my: @ decision variable whose value is defined as follows.
X2p1j’5'myy = { 1 , When le'jys’m'y > 0

0 : otherwise
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X3jsw : a decision variable whose value is defined as follows.

X3jsw = 1 ; when work order wis assigned under

job plan j at station s

0 ; otherwise

Ajsw : the total number of assigned position types‘in each work order.

In addition to the above factors and variables, the following constants must be pre-

specified for the boundary constraints.

Rjp : the maximum number of required personnel.in position p of job plan j concerning

all considered'months and years.

s : the maximum number of work orders under job plan j at station s.
d; : the duration of job plan .

Sip : the total working hours required for position p in job plan j.

Wm,y . the total working hours of each month m in each year y concerning all stations, job

plans, and positions.

Since not all possible cartesian products obtained from the sets of job plans, work
orders, personnel, positions, months, and stations are considered in reality, we define

the following considered sets of cartesian product sets.

0 : the set of considered Cartesian products from sets of job plans, stations, and work

orders ,determine which work order are under job plan j station s, (j,5,w) € Q.

ajp +the set of cartesian products from sets of job plans and positions. This'set is many-
to-one relation ‘of ‘position p who have skill required by'job plan j. It'means several

positions can work under a single jobplan j.

Typhoon = .the set of cartesian products from sets of job plans, stations, and-months

which cannot be executed during Typhoon season; (,S,w) € Typhoon.
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3.1.2 Formulation

The formulation of MILP with an objective function is defined in (1.1) and the constraints

are given in (1.2)-(1.11) :

Objective function:

Minimize T, T.= 0 (1.2)

The objective function in (1.1) is to minimize the total number of personnel in each

position who need to go to work offshore in all months of the year.

The constraints are represented in (1.2)-(1.11).

DD DX,y simy ST, Vm, Wy (1.2)
seSi jed ) peP

Constraints (1.2) enforces T to be the largest value among number of personnel every

month in a year that means T act as an upper bound for. the number of personnel in

every month.

Z Zle,j,s,m,yZRj,p,Vp,V(j,s,w)eQ (1.3)
yeY meM

Constraints (1.3) ensure the number of personnel who work under position P, job plan j
station S, in month M, and year Y are not less than the total number of required positions
in the job plan j

> > > Xpjsmy = X3js,w, V(j,sweQ (1.4)

yeY meM peP

Constraints (1.4) state that the number of assigned personnel must be over or equal to

the number of work orders.
zx3j,s,WS7Zj,s,Vj,Vs (1.5

weW

Constraints (1.5) ensure the total work order under job plan j station s is not over the

number of work erders in T .

Zle,j,s,m,ySO,Vy,V(j,s,m)ETyphOOH (1.6)
peP

Constraints (1.6) ensure personnel are not assigned to'work on particular work ‘orders
which are based on remote platform (station 2) during typhoon season that begins in

October through December.
Z z Zle,j,s,m,yZl,V(j,s,w)eQ 2.7)

yeY meM peP
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Constraints (1.7) enforce that the work order must be completed by at least one

personnel.

Z z Zﬂ] p*X2p, j,s,my< dj,Vm,Vy,V(j,s,w) c Q) (18)

seS jeJ peP

Constraints (1.8) ensure the individual man houris not over the job plan duration.

22 2Bip*X2pjsmy<Ly,Vm Yy (1.9)
seS jeJ peP

Constraints (1.9) enforce the man hour of each individual position not exceed working

hour (in month unit) for each month of a year.
Zl= Aj,s,w,V(j,s,w)eQ (1.10)

pea

Constraints (1.10) count the number of pasition types in assigned work order.

> 20 2. X2p,jsmy = Ajs,w, V(i s, wye Q (1.11)
yeY meM peP

Constraints (1.14) state the number of position types in each work order must be more

or equal to the given number of assigned position.
3.2 Offshore Multi-skilled Assignment Problem

All generated work orders along with offshore restrictive constraints need
the optimal number of personnel to manage both factors. Getting the job done while
using the least number of personnel is the main objective for this multi-skilled
assignment and scheduling problems. From the above requirement, using inspection
planning work order generated since the previous year, a foresight work plan(so called
a look-ahead plan) can be created. The improvement version for Offshore Assignment

Problem by taking multi-skilled personnel into account is described as below.

3.2.1 Model Factors and Variables

The model notations for-an offshore multi-skilled assignment problem are shown as

follows:

J : the index for the set of job plans, denoted by K

W : the index for the set of work orders , denoted by Q

p, p1, p2: the indices for the set of positions , denoted by |

m : the index for the set of months, denoted by M



27

y : the index for the set of years , denoted by U
s : the index for the set of stations ,denoted by V

d;: duration of operational time for each job plan j

Q) : set of ordered triples which is the Cartesian product of sets K X V X Q that detail
which instantiated work ordered are underjob plan j, station s.

T, - number of instantiated work order. The instantiated work orders number under job
plan j station s, is deseribed in this set. For example f@,, = 3 means job plan 1 that

operates on station 2 has 3 instantiated work orders.

B, : the operational‘time in month unit.'Set of given total working hour for position p
required to work in job plan j. For-example ,, = 0.05 means each personnel who is
qualified to work in position 2 under job plan 1 required 36 hours in order to complete

this job plan.

Typhoon : set of Cartesian product of sets K X V x M that specifying which work order

under job planj station s cannot work during typhoon season (Oct — Dec) in a year.

Q jp : set of pairs of job plan and position. This is many-to-one relation which means

several positions can work under a single job planj.

Rjp : the cardinality of the set of the number of required positions of personnel who is

assigned to work in each job plan j.

Gy : the maximum number of available personnel in position p which is a member in a
set of the number of maximum available number of personnel in"each position p.

Y : the constant number that represents the working ability of personnel, i.e. 11 hours
per day. Thus, 11/24 is in the month unit.

Yjs ¥ the constant number of the summation of total work order in each job plan which

calculate by sum up the instantiate work order under job plan j, and station s.

A : set of the scope subsets for.personnel to work on two different positions for the job
plan j It is the set of cartesian product of sets | X I X KXV - {(p1, P2, J, S)} when
P17 P2and P1< P2; (P1, P2, J, )€ A
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Those factors are related by the variables defined as follows.

X1pjsmy =number of personnel assigned to position p in work order W under job plan j

station Sin month m yeary

X2p1p2jsmy = number of personnel who can work in both position1(pl) and position2

(p2) in work order w under job plan J station'S+n.month-m yeary.
X3pjsmy = 1 whenvariable X1yjsmy >0

X4p1p2jsmy = 1 when variable X2p1p2.5my > 0

Owmy = 1 when workiorderW is assigned in month m yeary

3.2.2 Formulation

The formulation of an-objective function is shown in (2.1) and restricted

constraints are shown in (2.2)-(2.13):
Objective function:
Minimize g, # 2 0 (2.2)

The objective function'in (2.1) is to-minimize the total number of personnel in each

position who need to go to work offshaore in each month of the year.

The constraints in (2.2)-(2.11) with the explanation are expressed as follows:

Z z ZX1p,j,s,m,y+ ZXZpL p2, j,s,m,y < 1, Vm, Wy (2.2)
seS jeJ peP pLp2,j,seA

Constraints (2.2) enforce u to be the largest value among number of personnel all month
in a year. That means u act as an upper bound for the number of personnel in every

month of a year.

> OSIXL smy+ D X2 p2,js,m, y >R p, Vo, ¥, Vs (2.3)
yeY meM pL p2, j,seA

Constraints (2.3) state the number of required personnel for position p under job plan jin
every. month should be less than.or equal to the summation of personnel.(both personnel
who is capable of one skill and two skills) who are assigned in position p under job plan

] station s.
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Z Z zx3p,j,s,my+z Z z ZX4p,j,s,m,yS 7T, s, Vi, Vs (2.4)

yeY meM peP yeY meM p2eP pleP

Constraints (2.4) ensure that the summation of assignment ,binary decision variables :
X3pjsmy and X4pjsmy , should not be more than the maximum number of the work

orders under job plan j station .

Zle,j,s,m,y-f- ZXZpl, p2,j,s,m,ySO,V(j,s,m)ETyphoon (2.5)
peP pl,p2,j,seA

Constraints (2.5) ensure that personnel.are not-assigned to work on a particular work
orders which are based on remote platform (station 2) during typhoon season in
October through December.

C*X3p, j,s,mpy— X1p jis,m y 2 0,Vp,Vj, Vs, Vm, Vy (2.6)

Constraints (2.6).is C*X3pjsmy - X1pjsmy When C >X1,;smyWhich is the relationship
between X1pjsmy @nd X3pjsmy Where C.is a large number that X1pjsmy is never be

reached and X3pjsmy is a binary variable value.

202 XBp*X3p i smy Sy, Vm, Vy (2.7.1)
jed peP seS

Constraints (2.7.1) ensure the man hour of each individual position not exceed working

hour in each month of a year for one skill personnel.

Z Z Z Zﬂj,pl*x4pl,p2,j,s,m,y+z z z Zﬂj,pz*x4pl,p2,j,s,m,y

jeJ p2eP pleP seS jed p2eP pleP seS
<y,Vm,Vy
2.7.2)

Constraints (2.7.2) ensure the man hour of each individual position not exceed working

hour in each month of a year for both case of two skills personnel.
Zﬂj,p*X3p,j,s,m,ySdj,Vj,Vs,Vm,Vy (2.8.1)

peP

Constraints (2.8.1) ensure the total man hour in work order should be less than the
duration of the work order W under job- plan j-(determines the completed job plan, the

total man hours must be less than its duration) for one-skilled personnel.

zlﬁﬁ pl* X4p1, p2,j,s,my+ Zﬂj p2* X4p1, p2, j,s,my < dj,Vj,Vs,Vm,Vy
pl,p2,j,seA pl,p2,j,seA

(2.8.2)
Constraints (2.8.2) ensure the total man hour in work order should be less than the

duration of the work order W under job plan j. (the total man hours must be less than its

duration) for two-skilled personnel.
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Z[le,j,s,m,y+ ZXZpl, p2,j,s,m,y]2 ZOW, m,y,Vj,Vs,Vm,Vy (2.9)

w, peQ) pLp2,j,seA weW cQ

Constraints (2.9) state the numbers of one-skilled personnel combined with the
summation of two-skilled personnel should not be less than the total number of work

orders in each month in a year.

z z Zx3p,j,s,m,y+z z Z zx4p1,p2,j,s,m,y2]/1,s,Vj,Vs (210)

yeY meM peP yeY. meM p2eP pleP

Constraints (2.10) ensure that-the summation of binary decision variables X3psmy and
X4p1p2smy is not morethan the total number of the work orders under job plan j station
S whichis Yjs.

P 1 ==, SV (2.11)

weW cQ

Constraints (2.11) eount the number of assigned work erders under job plan j station S
in Q.
> > Owmy=4L¥w (2.12)

yeY meM

Constraints (2.12) count the number of work orders in each month of a year.

Z[le,j,s,m,y-i- ZXZpl, p2,j,s,m,y]SGp,Vj,pea,Vm,Vy (2.13)
seV pl,p2,j,seA

Constraints (2.13) enforce the number of personnel in position p, job plan j in each
month should not be more than the maximum number of available personnel in each
position.

In this chapter, we showed the mathematical programming formulation that we
extracted from the real problem. We separate the model into two main problems which

are original offshore assignment problem and multi-skilled offshore assignment problem.



CHAPTER IV

EXPERIMENTAL RESULTS AND NUMERICAL COMPUTATIONAL
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Figure 4.1 compares the experimental result using MILP model with the original data of
the number of personnel in each month of a year. The dashed line represents the
original data set and the solid line represents the experimental result using MILP model.

X-axis denotes the number of personnel and Y-axis denotes months in a year.

The comparison of the number of position types between experimental
using MILP data and criginal data

—&— Position fype
Expzrimantal daia

- -# - Position type
Crigina datz

v v F ¥ -

¢ & & ¥ S PR

Figure 4.2.: The comparison experimental result using MILP model with

the original data of the number of position types in each month.

Figure 4.2 compares the experimental result using MILP model with the original data of
the number of position types in each month of a year. The dashed line and solid line
represent the. original data set and the experimental result using MILP model,
respectively. X-axis denotes the number of position type and Y-axis denotes months in a

year.

4.2.1 Offshore Multi-skilled Assignment Experimental Results

We compare the experimental result with various aptions in MILP solver
as follows: (1) No option; (2) mipgap option; (3) mipgap +bfs; (4) mipgap + dfs. The
result shows that the mipgap option is a good option because it extremely reduces the
time used, memory 'usedand iterations. But there is no difference in the result from other
setting (bfs /dfs) with the mipgap, For example, the no option takes, approximately,
more than 1,024,000 seconds, over 2,000 megabytes memory used, and more than

53,664,000 iterations. But with the mipgap, the time used is reduced approximately to
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860 seconds, 173 megabytes in memory used and about 43,721 iterations in order to
find the result. Moreover, Figure 4.3 compares the experimental results using the MILP

model and original data of personnel number in each month of a year.

\

\M an improving experimental line
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following reason. MILP solver first generates the possible solutions which satisfying each

constraint and, then, seeks for the optimal solution satisfying all constraints.

| nature of the problems, we then further

Due to the combin
determine the nearly optimal sc I using mipgap. Mipgap option is
helpful in reducing ti i o m the number of iterations. The
tolerance is set as the gap .— ‘ i jective and the objective of the

oped when this difference
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CHAPTER V

CONCLUSION

The discussion on workload leveling problem on offshore platform both
original and multi-skilled model are studied. These problems appear in the literatures
from several main ideas: workload leveling assignment problems, scheduling problems
and resource allocation problems. There are numerous literatures of multi-skilled
personnel assignment and scheduling. But this study has focused on the multi-skilled
personnel assignment and scheduling maintenance and inspection offshore work order
planning. Most attention has been paid to automate the traditional assignment and
scheduling. After formulating the problem using a mathematical model, the MILP solver,
from GLPK via GUSEK is used in-order to find the optimal solution. Our experiment
shows that MILP model can level the number of personnel while taking all constraints
into account. Hence, it is proved to be an efficiency model in order to find the optimal
solution for workload leveling on offshore platform in Thai petroleum company. The
experiment shows that the MILP model using branch and cut technique can be
minimizing and leveling the'number of personnel who need to go to work on offshore

platform in a month of a year.

The problem of multi-skilled personnel assignments-at offshore platforms
is also studied in this dissertation. We have represented the formulation which improves
from original version for solving such a problem. A GLPK solver is used to find the
optimal solution .after formulating the problem in a mathematical model. We
experimented by adding some options into the MILP solver and found that the mipgap
option is very helpful in order to get the result less than an hour. The experiment also
shows that the MILP model using branch and cut technique can minimize the number of
personnel while taking all constraints ‘into account. Therefore, they are proved to be
extremely useful toals for offshore inspection and maintenance work orders assignment
for planning engineers when taking multi-skilled personnel into account. It is faster and

less cumbersome in planning process.
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Therefore, our models have proven to be more useful tools in finding the

optimal solutions for workload leveling problems found in the gas and oil operation field

in Thailand.
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The appendix presents the input data that are used in our experiment in specific

format for GUSEK programming.

param Nmonth := 12; // define number of month

param Nyear := 1; // define number of year

set JobPlan := JP1,JP2,JP3,JP4,JP5,JP6,JP7,JP8,JP9,JP10,JP11,
JP12,JR3@% P4 P15 U H1 6 R RCIRLSWRES, JP20,
JP21,JP22 JP23,JP24,JP25,JP26,JP27,JP28,/P29,
JP30,JP31,JRP32,JRP33,JP34,JP35,JP36,JP37,JP38,
JP39,JP40; // define set of JP

set WorkOrder :=1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,
21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,
38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,
55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70;
// define set of WO

set Station:= 1, 2; // platform type whent is complex and 2 is remote

set Position := BN_IP_SUPV,CON_CON,BN_ME_SUPV,BN_OP_PD,
TBF.SAFT_OFF,ME_CON,IT,CON_ENG_IP,IP_CON_DC,
IP_CON_PC,IP_LENG_SKG,IP_ENG_BKK; - // define set of position

set JP_.ST_WO := (JP31,1,1),(JP20,1,2),(JP20,1,3),(JP20,1,4),(JP16,1,5),
(JR16,1:6),(JR15,1,7),(JP30,1:8),(dP28;1,9) (JP28,1,10),
UP28,1,41),(JP28,1,42),(JRP28,1,13),(JRP19,1,14),(JP19,1,15),
(JP21,1,16),(JP21,1,17),(JP28,1,18),(JP28,1,19),(JP28,1,20),
(JP28,1,21),(JP6,1,22),(JP19,1,23),(JP19,1,24),(JP19,2,25),
(JP33,1,26),(JP33,1,27),(JP33,1,28),(JP33,1,29),(JP33,1,30),
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(JP33,1,31),(JP33,2,32),(JP33,2,33),(JP33,2,34),(JP28,1,35),
(JP13,1,36),(JP26,1,37),(JP27,1,38),(JP27,1,39),(JP26,1,40),
(JP8,1,41),(JP9,2,42),(JP38,2,43),(JP9,2,44),(JP19,2,45),
(JP19,2,46),(JP9,2,47),(JP38,2,48),(JP9,2,49),(JP9,2,50),
(JP38,2,51),(JP35,2,52),(JP9,2,53),(dP9,2,54),(JP2,2,55),
(JP28,1,56),(JP8,2,57),(JP19,2,58),(JR19,2,59),(JP19,2,60),
(JP26,1,61),(JP2,2,62),(JP8,2,63),(JP19,2,64),(JP19,2,65),
(JP19,2,66),(JP13,2,67),(JP19,1,68),(JP19,1,69),(JP3,1,70);

/. define set of £

set JP_ST_ExcludeMonth := (JP13,2,10),(JP13,2,11),(JP13,2,12),(JP14,2,10),

set JP. PO =

(JP14, 2,11),(JP14,2,12),(JP18,2,10),(JP18,2,11),
(JP18,2,12),(JP19,2,10),(JP19,2,11),(JP19,2,12),
(JP2,2,10),(UP2,2,11),(JP2,2,12),(JP26,2,10),
(JP26,2,11),(JP26,2,12),(JP28,2,10),(JP28,2,11),
(JP28,2,12),(JP3,2,10),(JP3,2,11),(JP3,2,12),
(JP32,2,10),(JP32,2,11),(JP32,2,12),(JP33,2,10),
(JP33,2,11),(JP33,2,12),(JP35,2,10),(JP35,2,11),
(JP35,2,12),(JP36,2,10),(JP36,2,11),(JP36,2,12),
(JP38,2,10),(JP38,2,11),(JP38,2,12),(JP4,2,10),
(JP4,2,11),(JP4,2,12),(JP7,2,10),(JP7,2,11),
(JP7,2,12),(JP8,2,10),(JP8,2,11),(JP8,2,12),
(JP9,2,10),(JP9,2,11)(JP9,2,12); /# define set of Typhoon

(JP1,BN_IP_SUPV),(JP1,IP_CON_DC),(JP2,BN_IP_SUPV),
(P2, /P.CON. DC),(JP3,BNLIR.SUPV)(JP3,IP_ENG_SKG),
(UP3,CON_ENG_IR);(JP4,BN_IP_SUPV),(JRP4,IP_CON_DC),
(JP4,CON_CON),(JP5,BN_IP_SUPV),(JP5,IP_CON_DC),
(JP5,CON_CON),(JP6,BN_IP_SUPV),(JP6,IP_CON_DC),
(JP7,BN_IP_SUPV),(JP7,TBF_SAFT_OFF),(JP7,BN_OP_PD),



(JP8,BN_IP_SUPV),(JP8,CON_CON),(JP9,BN_IP_SUPV),
(JP9,IP_CON_DC),(JP9,CON_CON),(JP10,BN_IP_SUPV),
(JP10,IP_CON_DC),(JP10,CON_CON),(JP11,BN_IP_SUPV),
(JP11,IP_CON_DC),(JP11,CON_CON),(JP12,BN_IP_SUPV),
(JP12,IP_CON_DC),(JP12,CON-CON),(JP13,BN_IP_SUPV),
(JP13,IP-CON_DC),(JP14,BN_IP_SURV),(JP14,CON_ENG_IP),
(JP14,IP_CON-PC),(JP15,BN_IP_SUPV),(JP15,IP_CON_DC),
(JP15,CON_CON),(JP16,BN_IP_SUPRV),(JP16,IP_CON_DC),
(JP16,CON_CON),(JP17,BN_IP_SUPV),(JP17,IP_CON_DC),
(JP17,CON_CON),(JP18,BN_IP_SUPV),(JP18,IP_CON_PC),
(JP18,IP_ENG SKG),(dP18,CON_ENG IP),(JP19,BN_IP_SUPV),
(JP19,CON_CON),(JP20,BN_IP_SUPV),(JP20,IP_CON_DC),
(JP20,CON_CON),(JP21,BN_IP_SUPV),(JP21,IP_CON_DC),
(JP21,CON_CON),(JP22,BN_IP. SUPV),(JP22,IP_CON_DC),
(JP22,CON_CON),(JP23,BN_IP_SUPV),(JP23,IP_CON_DC),
(JP23,CON_CON),(JP24,BN_IP_SUPV),(JP24,IP_CON_DC),
(JP24,CON_CON),(JP25,BN_IP_SUPV),(JP25,IP_CON_DC),
(JP25,CON_CON),(JP26,BN_IP_SUPV),(JP26,IP_CON_DC),
(JP26,CON_CON),(JP27,BN_IP_SUPV),(JP27,IP_CON_DC),
(JP27,CON_CON),(JP28,BN_IP_SUPV),(JP28,IP_CON _DC),
(JP28,CON_CON),(JP29,BN_IP_SUPV),(JP29,IP_CON_DC),
(JP29,CON_CON),(JP30,BN_IP_SUPV),(JP30,IP_CON_DC),
(JP30,CON CON),(JP31,BN.IP_SUPV),(JP31,IP.CON.DC),
(JP31,CON_CON),(JP32,BN_IPSUPV),(dP32,BN_OP_PD),
(JP32,TBF_SAFT_OFF),(JP32,ME_CON),(JP33,IT),(JP33,CON_CON),
(IP33;IP_CON_DC),(JP34,BNIP-SURY),(dP34,P-CON_DBC),
(JP34,BN_ME_SUPV),(JP34,ME_CON),(JP34,BN_OP_PD),
(JP34,TBF_SAFT_OFF),(JP35,BN_IP_SUPV),(JP35,IP_CON_DC),
(JP35,BN_ME_SUPV),(JP35,ME_CON),(JP35,BN_OP_PD),

(JP35,TBF_SAFT_OFF),(JP36,BN_IP_SUPV),(JP36,IP_ENG_BKK),
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(JP36,BN_OP_PD),(JP36,IP_CON_DC),(JP37,BN_IP_SUPV),
(JP37,IP_CON_DC),(JP37,BN_ME_SUPV),(JP37,ME_CON),
(JP37,BN_OP_PD),(JP37,TBF_SAFT_OFF),(JP38,BN_IP_SUPV),
(JP38,IP_CON_DC),(JP38,BN_ME_SUPV),(JP38,ME_CON),
(JP38,BN_OP_PD),(JP38,TBF_SAFT OFF),(JP39,BN_IP_SUPV),
(JP39,IP-CON_DC),(JP39,BN_ME_SUPRV),(JP39,ME_CON),
(JP39,BN_OR-PD),(JP39,TBF_SAFT_OFF),(JP40,BN_IP_SUPV),
(JP40,IP.€ON+DC),(JP40,BN_ME _SUPV),(JP40,ME_CON),
(JP40,BN_OP"PD),(JP40,TBF_SAFT_OFF); //define G, , set

param workSpecific := [JP1,1] 2,[JP2,2] 6,[JP3,1] 20,[JP3,2] 68,[JP4,2] 3,
[UP5,1]1, [UP6,1] 3,[JP7,1]1,[JP8,1].4,[JP8,2] 15,
[JP9,2] 7,[JP10,1] 3,[uP11,1] 2,[JR12,1] 2,
[UP183,1] 44,[JP13,2] 93,[JP14,1] 7,[JP14,2] 18,
[JP15,1] 17,[dP16,1] 2,[JP17,1] 1, [JP18,1] 9,
[JP18,2] 38,[JP19,1] 13,[JP19,2] 30,[JP20,1] 3,
[JP21,1]1 2,[dP22,1] 12, [JP23,1] 1,[JP24,1] 1,[JP25,1] 1,
[JP26,1] 7,[JP27,1] 5,[JP28,1] 29,[JP29,1] 1,[JP30,1] 2,
[JP31,1]1,[JP32,2] 1,[JP33,1] 6,[JP33,2] 23,[UP34,1] 4,
[JP35,1] 7,[JP35,2] 2,[JP36,2] 6,[JP37,1] 1,[JP38,1] 17,

[JP38,2] 4,[JP39,1] 1,[JP40,1] 1; // define set of Y, |

param duration := JP1 0.002777 77777777778, IP20.0027 777 (77{7TTT(8,
JP30.0027 777177777778, JP4 0.0027 7777777717778,
JP5 0.00297619047619048, JP6 0.00416666666666667,
JP7 0.00416666666666667, JP8 0.00416666666666667,
JP9 0.00416666666666667, JP10 0.00416666666666667,
JP11 0.00416666666666667, JP12 0.00416666666666667,
JP13 0.00416666666666667, JP14 0.00416666666666667,
JP15 0.00416666666666667, JP16 0.00416666666666667,
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JP17 0.00416666666666667, JP18 0.00416666666666667,
JP19 0.00416666666666667, JP20 0.00416666666666667,
JP21 0.00416666666666667, JP22 0.00416666666666667,
JP23 0.00416666666666667, JP24 0.00416666666666667,
JP25 0.00416666666666667, JP26 0.00416666666666667,
JP270.00416666666666667, JP28.0.00416666666666667,
JP29 0.00416666666666667, JP30 0.00416666666666667,
JP31.0.00416666666666667, JP32 0.00416666666666667,
JP33.0.00416666666666667, JP34 0.00416666666666667,
JP35 0.00416666666666667, JP36 0.00416666666666667,
JP37 0.00416666666666667, JP38 0.00416666666666667,
JP39 0.00416666666666667, JP40 0.00416666666666667;

// operational duration for complete the job

param maxPosition:= BN_IP_SUPV.6,CON_CON 12,BN_ME_SUPV 6,
BN_OP_PD 4, TBF_SAFT_OFF 4, ME_CON 12,
IT 4, CON_ENG_IP 2, IP_CON_DC 6, IP_CON_PC 4,
IP_ENG_SKG 2, IP_ENG_BKK 4;

// maximum number of available position (G,)

param requiredPosition:= [JP1,BN_IP_SUPV] 1, [JP1,IP_CON_DC] 1,
[JP2,BN_IP_SUPV ] 1, [JP2,IP_CON_DC] 2, [JP3,BN_IP_SUPV]1,
[dP3,IP-ENG.SKG]1,[JP3,CON-ENG IR ]+1;[JP4,BN=IP_SUPV] 1,
[JP4,IP.CON_DC] 2, [JP4,CON:CON] 4, [JP5,BN_IP_SUPV],
[JP5,IP_CON_DC] 2, [JP5,CON_CON] 2, [JP6,BN_IP_SUPV] 1,
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[UP7,BN_OP_PD] 1, [UP8,BN_IP_SUPV]1, [JP8,CON_CON] 4,
[JP9,BN_IP_SUPV] 1, [JP9,IP_CON_DC] 2, [JP9,CON_CON] 4,
[JP10,BN_IP_SUPV] 1, [JP10,IP_CON_DC] 2, [JP10,CON_CON] 4,



[JP11,BN_IP_SUPV]1, [JP11,IP_CON_DC] 2, [JP11,CON_CON] 4,
[JP12,BN_IP_SUPV] 1, [JP12,IP_CON_DC] 2, [JP12,CON_CON] 2,
[JP13,BN_IP_SUPV] 1,[JP13,IP_CON_DC] 1, [JP14,BN_IP_SUPV ] 1,
[JP14,CON_ENG_IP] 1, [UP14,IP_.CON_PC] 1, [JP15,BN_IP_SUPV] 1,
[JP15, IP_CON_DC] 1, [JP15,CON_CON] 3, [JP16,BN_IP_SUPV] 1,
[JP16,IP-CON_DC] 2, [JP16,CON_CONJ4, [JP17,BN_IP_SUPV] 1,
[JP17,IP_CON-DC] 2, [JP17,CON-CON] 4, [JP18,BN_IP_SUPV] 1,
[JP18,IP.CON.PC] 2, [JP18,IP_ENG_SKG]1, [JP18,CON_ENG_IP] 1,
[JP19,BN_IP.SUPV] 1, [JP19,CON_CON] 4, [JP20,BN_IP_SUPV] 1,
[JP20,IP.CON_DC] 2, [JP20,CON_CON] 4, [JP21,BN_IP_SUPV] 1,
[JP21,IP_CON_DC] 2,:[JP21,CON_CON] 2, [JP22,BN_IP_SUPV] 1,
[JP22,IP_CON_DC] 2, [JP22,CON_CON] 4, [JP23,BN_IP_SUPV] 1,
[JP23,IP_.CON_DC] 2, [JP23,CON_CON] 3, [JP24,BN_IP_SUPV] 1,
[JP24,IP_CON._DC] 5, [JP24,CON_CON] 4, [JP25,BN_IP_SUPV] 1,
[JP25,IP_CON_DC] 1, [JP25,CON_CON] 4, [JP26,BN_IP_SUPV] 1,
[JP26,IP_CON.-DC] 2, [JP26,CON_CON] 4, [JP27,BN_IP_SUPV] 1,
[JP27,IP_CON_DC] 1, [JP27,CON_CON] 3, [JP28,BN_IP_SUPV] 1,
[JP28,IP_CON_DC] 2, [JP28,CON_CON] 4, [JP29,BN_IP_SUPV] 1,
[JP29,IP_CON_DC] 2, [JP29,CON_CON] 4, [JP30,BN_IP_SUPV] 1,
[JP30,IP_CON_DC] 1, [JP30,CON_CON] 3, [JP31,BN_IP_SUPV] 1,
[JP31,IP_CON_DC] 1, [JP31,CON_CON] 3, [JP32,BN_IP_SUPV] 1,
[JP32,BN_OP_PD] 2, [JP32,TBF_SAFT_OFF] 1, [JP32,ME_CON] 3,
[UP83,iT]2, [4P33,CON LCON].8;{JR33;IP_CON_DC] 3;
[JP34,BN_IP_SUPV] 1, [JP34,IP_.CON_DC] 2, [JP34,BN_ME_SUPV] 1,
[JP34,ME_CON] 4,[JP34,BN_OP_PD] 2, [JP34,TBF_SAFT_OFF] 1,
[JP35;BN_IP_SURV] 1, [dP35,IP_CON.DCJ.2, [dP35,BN_ME-SUPV] 1,
[JP35,ME_CONI4, [JP35,BN_OP_PD] 2, [JP35,TBF_SAFT_OFF] 1,
[JP36,BN_IP_SUPV] 1, [JP36,IP_ENG_BKK] 2, [JP36,BN_OP_PD] 2,
[JP36,IP_CON_DC] 2,[JP37,BN_IP_SUPV] 1, [JP37,IP_CON_DC] 2,
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[JP37,BN_ME_SUPV] 1, [JP37,ME_CON] 4, [JP37,BN_OP_PD] 2,
[JP37,TBF_SAFT_OFF] 1, [JP38,BN_IP_SUPV] 1, [JP38,IP_CON_DC] 2,
[JP38,BN_ME_SUPV] 1, [JP38,ME_CON] 4, [JP38,BN_OP_PD] 2,
[JP38,TBF_SAFT_OFF] 1,[JP39,BN_IP_SUPV] 1, [JP39,IP_CON_DC] 2,
[JP39,BN_ME_SUPV] 1,[JP39,ME_CON] 4, [JP39,BN_OP_PD] 2,
[JP39,TBF_SAFT_OFF] 1,[JP40,BN_IR.-SUPV] 1, [JP40,IP_CON_DC] 2,
[JP40,BN_ME-SUPV] 1, [JP40,ME-CON] 4, [JP40,BN_OP_PD] 2,
[JP40,TBF-SAFT_OFF] 1;

// number of required position in each JP

param manHr := [JP1,BN.IP_SUPV] 0:00138838888888389,

[JP1,IP_CON_DC] 0.00138888888888889, [JP2,BN_IP_SUPV] 0.00138888888888889,
[JP2,IP_CON_DC]0.00138888388888889, [JP3,BN_IP_SUPV] 0.000694444444444444,
[JP3,IP_ENG_SKG] 0.000694444444444444,

[JP3,CON_ENG_IPJ0.0027 7777777777778, [JP4,BN_IP_SUPV] 0.00138888888888889,
[JP4,IP_CON_DC] 0.00138388888888889, [JP4,CON_CON] 0.0138888888888889,
[JP5,BN_IP_SUPV] 0.00138888888888889, [JP5,IP_CON_DC] 0.000694444444444444,
[JP5,CON_CON] 0.00138888888888889, [JP6,BN_IP_SUPV] 0.00208333333333333,
[JP6,IP_CON_DC] 0.00416666666666667, [JP7,BN_IP_SUPV] 0.00208333333333333,
[JP7,TBF_SAET_OFF] 0.000694444444444444,

[JP7,BN_OP_PD] 0.00277777TTTTTTTT8,

[JP8,BN_IP_SUPV].0.00277777777777778, [JP8,CON_CON] 0.0138888888888889,
[JP9,BN_IP_SUPV]0.00138888888888889, [JP9,IP_CON _DC]0.00138888388888889,
[JP9,CON_CON] 0.00277777 777777778, [JP10,BN_IP_SUPV]0.00138888888888889,
[JP10,IP_CON_DC] 0.00138888888888889, [JP10,CON_CON] 0.00555555555555555,
[JP11,BN_IP_SUPV]0.00138888888888889, [JP11,IP_.CON_DC]0.00138888888888889,
[JP11,CON_CON] 0.0087037037037037,.[JP12,BN_IP_SUPV] 0.00138888838888889,
[JP12,IP_CON_DC] 0.00138888888888889, [JP12,CON_CON] 0.00555555555555555,
[JP13,BN_IP_SUPV]0.00104166666666667, [JP13,IP_CON_DC] 0.00833333333333333,
[JP14,BN_IP_SUPV] 0.000694444444444444,
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[JP14,CON_ENG_IP] 0.00694444444444444,

[JP14,IP_CON_PC] 0.00277777777777778, [JP15,BN_IP_SUPV] 0.00277777777777778,
[JP15,IP_CON_DC]0.00208333333333333, [JP15,CON_CON] 0.00694444444444444,
[JP16,BN_IP_SUPV] 0.00138888888888889, [JP16,IP_CON_DC]0.00138888888888889,
[JP16,CON_CON] 0.00833333333333333, [JP17,BN_IP_SUPV] 0.00138888888888889,
[JP17,IP_CON_DC] 0:00138888888888889, [JP17,CON-CON] 0.00972222222222222,
[JP18,BN_IP_SUPV] 0.000694444444444444, [JP18,IP_CON_PC] 0.0083333333333333,
[JP18,IP_ENG_SKG] 0.0425, [dP18,CON_ENG_[P] 0.00972222222222222,
[JP19,BN_IP_SUPV] 0.0027 7777777777778, [JP19,CON_CON] 0.0138888888888889,
[JP20,BN_IP_SUPV]0.00138888888838889, [JP20,IP_CON_DC] 0.00138888888888889,
[JP20,CON_CON] 0.0138888888888889, [JP21,BN_IP_SUPV] 0.00138888888888889,
[JP21,IP_CON-DC] 0.00138888888888889, [JP21,CON_CON] 0.0138888888888889,
[JP22,BN_IP_SUPV]0.00138883888888889, [JP22,IP_CON_DC] 0.00138888888888889,
[JP22,CON_CON] 0.0138888888888889, [JP23,BN_IP_SUPV]0.00138888888888889,
[JP23,IP_CON_DCJ}0.00138888888888889, [JP23,CON_CON] 0.0138888888888889,
[JP24,BN_IP_SUPV]0.00138888888888889, [JP24,IP CON_DC] 0.00138888888888889,
[JP24,CON_CON] 0.0138888888888889, [JP25,BN.IP_SUPV]0.00138888888888889,
[JP25,IP_CON_DC] 0.00138888888888889, [JP25,CON_CON] 0.0138888888888889,
[JP26,BN_IP_SUPV]0.00138888888888889, [JP26,IP_CON_DC] 0.00138888888888889,
[JP26,CON_CON] 0.0138888888888889, [JP27,BN_IP_SUPV]0.00138888888888889,
[JP27,IP_CON_DC] 0.00138888888888889, [JP27,CON_CON] 0.0152777777777778,
[JP28,BN_IP_SUPV]0.00138888888888889,[JP28,IP_CON_DC] 0.00416666666666667,
[JP28,CON_CON] 0.0166666666666667,[JP29,BN IP_SUPV] 0.00138888888888889,
[JP29,IP_CON_DC] 0.00138888888888889, [JP29,CON_CON] 0.0194444444444444,
[JP30,BN_IP_SUPV]0.00138888888888889,[JP30,IP_CON_DC] 0.00277777777777778,
[JP30,CON_CON] 0.0236141114111114,[JP31,BN_IP_SUPV] 0.005555555565555555,
[JP31,IP_CON_DC] 0.00138888888838889, [JP31,CON_CON] 0.0263838883838889,
[JP32,BN_IP_SUPV]0.00555555555555555,[JP32,BN_OP_PD] 0.0138888888888889,
[JP32,TBF_SAFT_OFF] 0.00277777777777778,[JP32,ME_CON] 0.0236111111111111,



49

[JP33,IT] 0.0027 7777777777778, [JP33,CON_CON] 0.0388888888888889,
[JP33,IP_CON_DC] 0.00462962962962963, [JP34,BN_IP_SUPV] 0.0013888888888889,
[JP34,IP_CON_DC] 0.00833333333333333, [JP34,BN_ME_SUPV] 0.009722222222222,
[JP34,ME_CON] 0.0291666666666667,
[JP34,BN_OP_PD]0.0236111111111111,[JP34,TBE SAFT_OFF] 0.00138888888888889,
[JP35,BN_IP_SUPV] 0:00655555555555555,[JP35,IP.CON_DC]0.00277777777777778,
[JP35,BN_ME_SUPV] 0.00694444444444444, [JP35,ME_CON] 0.025,
[JP35,BN_OP_PD] 0.02367111411111111, [JP35,TBF_SAFT_OFF] 0.0027777777777778,
[JP36,BN_IP_SUPV] 0.000694444444444444,

[JP36,IP_ENG_BKK] 0.00416666666666667, [JP36,BN_OP_PD] 0.05,
[JP36,IP_CON_DC]0.025, [JP37,BN IP_SUPV] 0.00416666666666667,
[JP37,IP_CON:DC] 0,025, [JP37,BN_ME_SUPV] 0.0277 777777777778,
[JP37,ME_CON] 0.05555555565555556, [JP37,BN_OP_PD] 0.0263888888888889,
[JP37,TBF_SAFT_OFF] 0.0027 7777777777778,

[JP38,BN_IP_SUPV] 0.00138888888888889,

[JP38,IP_CON_DC] 0.00133888888888889,

[JP38,BN_ME_SUPV] 0.0027 7777 (771778,

[JP38,ME_CON] 0.0583333333333333, [JP38,BN_OP_PD] 0.0236111111111111,
[JP38,TBF_SAET_OFF] 0.00277777777777778,

[JP39,BN_IP_-SUPV] 0.00416666666666667,

[JP39,IP_CON_DC] 0.00833333333333333,

[JP39,BN_ME_SUPV] 0.0277777777777778,[JP39,ME_CON] 0.101388888888889,
[JP39,BN_OP_PD]0.0291666666666667,
[JP39,TBF.SAFRT_OFF]0.0027 7777 7T7TITT78,

[JP40,BN_IP_SUPV] 0.00416666666666667,

[JP40,IP_CON_DC] 0:00833333333333333, [JP40,BN_ME_SUPV].0.048611411141111,
[JP40,ME.CON] 0.143055555555556, [JP40,BN_OP_PD] 0.0305555555555556,
[JP40,TBF_SAFT_OFF] 0.00138888888888889;

// man hour of required position in each JP( working hour per person)



50

VITAE

FIRSTNAME-LASTNAME : Malinee Wongruean
DATE-OF-BIRTH

1’ j
ADDRESS . \ X/ i, A.Mueang, Lampang
BACHELORé
a‘

acfﬁor o} mputer Science )

ﬂﬂﬂ’mﬂﬂﬁwmﬂi
QW’]MﬂﬁUNWYJV]H’]ﬂEJ



	Cover (Thai) 
	Cover (English) 
	Accepted 
	Abstract (Thai)
	Abstract (English) 
	Acknowledgements 
	Contents
	CHAPTER I INTRODUCTION
	1.1 Problem Identification and Motivation
	1.2 The Research Objectives
	1.3 Scope of work.
	1.4 The definition of the research
	1.5 Expected Advantages
	1.6 Research Processes
	1.7 Literature Review

	CHAPTER II THEORETICAL BACKGROUND
	2.1 Linear Programming
	2.2 Mixed Integer Linear Programming
	2.3 Assignment
	2.4 Constraint Satisfaction
	2.5 Resource Allocation
	2.6 Scheduling
	2.7 Workload leveling
	2.8 Multi-skilled
	2.9 Branch-and-Cut

	CHAPTER III OFFSHORE WORKLOAD LEVELING PROBLEM FORMULATION
	3.1 Original Offshore Assignment Problem
	3.2 Offshore Multi-skilled Assignment Problem

	CHAPTER IV EXPERIMENTAL RESULTS AND NUMERICAL COMPUTATIONAL
	4.1 Experimental Results
	4.1.1 Original Offshore Assignment Experimental Results
	4.1.2 Comparison Results
	4.2.1 Offshore Multi-skilled Assignment Experimental Results
	4.2.2 Comparison Results

	CHAPTER V CONCLUSION
	References 
	Appendix 
	Vita

	Button2: 
	Button3: 


