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ABSTRACT

Many companies use tanker as one of the transportation mode to deliver
their products. In order to reach optimum level and high efficiency of product
distribution, a comprehensive study regarding distribution is important. In the
literature, it is called Inventory Routing Problem (IRP). Based on a real case of oil
distribution using tanker fleet in an Indonesian state-owned oil company, this
research develops a model and algorithms to solve a Multi-Product Inventory Ship
Routing Problem (M-ISRP) for dedicated tanker fleet. The model accommodates
some aspects including multi products, multi depots, and flexible tanker initial
points. The objective function is to minimize total distribution costs considering
some constraints such as inventory, time, loading and unloading. The algorithms
built consists of three main modules, which are critical ports selection, ship
assignment, and ship routing. A spreadsheet-based decision support tool have been
developed to evaluate the proposed algorithms. The results of the numerical
experiments showed that the best total tanker number to deliver all the demand on

certain case is 9 tankers.

Keywords: Heuristic, Inventory Ship Routing Problem, Model Development,

Vehicle Routing Problem, Vendor Managed Inventory.
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ABSTRAK

Kapal tanker banyak digunakan oleh banyak perusahaan sebagai salah satu
moda transporasi untuk mengirimkan produknya. Untuk mencapai efisiensi yang
tinggi dalam distribusi produk, diperlukan sebuah studi yang komprehensif tentang
distribusi produk, dan salah satunya adalah Inventory Routing Problem. Melihat
permasalah yang ada, penelitian ini bertujuan untuk membuat model dan algoritma
untuk multi-product inventory routing problem dengan dedicated tanker fleet.
Model yang dibuat mampu mengakomodasi multi product, multi depot, dedicated
tanker policy, dan titik awal kapal yang fleksibel. Beberapa constraints dalam
penelitian ini antara lain routing, inventori, waktu, loading dan unloading dengan
objective function minimasi total biaya. Algoritma yang dikembangkan terdiri dari
tiga bagian penting yaitu mengitung dan menyortir pelabuhan kritis, pemilihan
kapal, dan proses routing. Kemudian, model yang algoritma tadi deprogram dengan
menggunakan VBA di Microsoft Excel 2013 yang akan menghasilkan detail rute
dari tiap kapal, waktu rute, dan biaya yang dikeluarkan. Hasil dari penelitian ini
adalah program yang digunakan mampu menyelesaikan multi-product inventory
ship routing problem. Dari beberapa eksperimen numerik didapat hasil jumlah
kapal tanker terbaik untuk skema simulasi tertentu adalah 9 kapal tanker.

Keywords: Heuristic, Inventory Ship Routing Problem, Pengembangan

Model, Vehicle Routing Problem, Vendor Managed Inventory.
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CHAPTER |
INTRODUCTION

This chapter discusses introduction of this research, which consists of
background, problem formulation, objectives, benefits, scope, limitations, and

report outline.

1.1 Background

Maritime transportation is the backbone of global trading. More than 80%
of global product distribution are using ship (United Nations Conference on Trade
and Development, 2015). Therefore, it has several advantages compared to land and
air distribution. Compared to air transportation, maritime transportation is more
efficient in terms of cost and quantity. The maritime transportation also can cover
sea and have inter-island connection which are cannot be done by maritime
transportation. Indonesia, which have 3.544.743,9 km? (Kementrian Sekretariat
Negara Republik Indonesia, 2010) sea area is responsible to make its maritime as
an advantages. Based on the operation type, maritime transportation consists of
tramp shipping, industrial shipping, and liner shipping (Lawrence, 1972). Tramp
shipping is ship distribution that similar to how taxi works, do not have specified
schedule to distribute goods. Industrial shipping ship distribution that run by a
company. Liner shipping is ship distribution that has specified schedule, it must sail
whether there is a cargo or not.

Product distribution holds important role in running a business.
Distribution cost contributes around 30% to the product price, so that if the
company can minimize distribution cost as much as possible, it will become a
competitive advantage for the company. Especially for ship distribution that have
many uncertainty factors that impact to the cost, an effort to make the ship
operational more efficient to minimize distribution cost can significantly give an
impact to the company.

Vehicle Routing Problem (VRP) designs the most efficient route for

vehicles. Basically, the objective function is to minimize total operational cost and



the number of vehicles or in other term distribution cost (Pillac, et al., 2011).
Therefore, it is known that decision on the distribution route has significant impact
to the logistic total cost of a product. In many distribution cases, supplier and
customer are both the main players of product distribution. In order to minimize the
cost, all players in the distribution should work together and share some information
regarding the distribution. Nevertheless, it is hard to apply some kinds of system
like that. Therefore, in order to reduce the cost and integrate all players in the
distribution, experts develop Vendor Managed Inventory (VMI) concept in
purchasing approach. In this concept, a supplier maintains an inventory of certain
products in the customer’s facility (Arnold & Chapman, 2008). Basically, the
customer does not have to order any of the inventory, as the supplier is responsible
for maintaining an adequate supply in the inventory of customer.

There are a lot of type of vehicles for distribute the products, and one after
another have special characteristic on their own. For ship distribution, several
factors that become consideration are ship type, capacity, speed, voyage time, port
dwelling time, weather condition, and other uncertainty in ship operation (Romero,
etal., 2013). Therefore, there are many of those factors are uncertainty and become
one of cause in imprecision of ship distribution planning. One of the problems in
ship distribution is Inventory Ship Routing Problem (ISRP). ISRP emerges from
Vendor Managed Inventory (VMI) policy that inventory of a customer is in
responsibility of the vendor. Furthermore, in ISRP the decision of vehicle routing
and inventory control done simultaneously in order to maintain customer inventory
level as well as ensure that there is no stock out occur at the customer.

Preceding research about multi product inventory ship routing problem
(m-1SRP) had been conducted by Hwang (2005), Cristiansen and Nygreen (2005)
that develop model considering vendor managed inventory for ship distribution.
Then, Al Khayyal and Hwang (2007) continue by elaborate ISRP research for
distribution of liquid chemical material from the supply port to demand port. This
research have dedicated compartments policy. It means that one ship can carry more
than one type of liquid chemical material with specified placement. The model had
to decide how much liquid chemical material that is supposed to be carried by one

ship and also determine the destination of the ship. Therefore, the objective function



Is to minimize transportation cost by still maintaining inventory in every demand
port.

From multi product ISRP problem, rise some issue on how is the product
placement on the ship. Even if one ship can carry several types of material, thus
some materials also have hazardous properties or may contaminate other products.
Therefore, this constraint makes some products cannot place side by side on several
occasions. Rani (2010) discuss ISRP problem considering product compatibility
constraint on undedicated compartments. This research also considering multi-
depot for deciding route of the ship. Siswanto et.al. (2011) conduct research about
multi-product ISRP considering product compatibility constraint by using heuristic
method. Heuristic has faster computational time compared to the exact method, but
it needs to develop its own algorithm based on the specify problem. From several
research study, there are a difference about 1,96% in the result between using exact
method and heuristic method. Nurminarsih (2012) also conducts research similar to
Rani (2010) and Siswanto et.al (2011) but using meta-heuristic tabu search
algorithm as the method. Even if Siswanto et.al (2011) research only considering
single depot in defining the ship routing, but the algorithm developed to
accommodate the ship can be started from any points, whether supply or demand
points. This constraint makes it even more flexible as in the real case, the ship
availability is not always from one place only. However, there is still small number
of research about ISRP by using dedicated ship schemes. Thus dedicated ship may
inflict larger cost but more efficient in technical aspect and increase the ship
reliability.

NP-Hard problem includes multi product and multi depot ISRP. Therefore,
for bigger data case, finding the solution by using exact method need long
computation time. As well as the real case problem with oil and gas company the
complexity of the problem increases. Thus, this research about development of
model and algorithms for solving multi-product inventory ship routing problem for
dedicated tanker fleet has several limitations and assumptions to accommodate the
problem complexity. Researcher select heuristic method because it has lessen
process compared to the exact method by using some algorithm for specified

problems.



In this research, the model carried out to solve multi-product inventory
routing problem for dedicated tanker fleet. The method used is heuristic by
elaborating algorithms to gain the result. Based on those model and algorithm, then

develop a scheduling program using VBA on Microsoft Excel.

1.2 Problem Formulation

This research problem formulation is to create decision supporting tools
by develop model and algorithm of multi product inventory ship routing problem
for dedicated tanker fleet. The model defines routing and scheduling of the ships,

quantity, and product allocation on every ship by minimizing total cost.

1.3 Objectives
The objectives of this research are:
1. Develop a model of multi product inventory ship routing problem for
dedicated tanker fleet.
2. Build heuristic algorithm for multi product inventory ship routing
problem model for dedicated tanker fleet.
3. Evaluate scenarios based on the model and algorithm by doing numerical

experiments.

1.4 Benefits
The benefits of this research are:
1. As a benchmark model in multi-product inventory ship routing problem
for dedicated tanker fleet.
2. Fill a research gap in multi-product inventory ship routing problem for
dedicated tanker fleet.
3. Become a reference for the next research in multi-product inventory ship

routing problem for dedicated tanker fleet.



1.5 Limitations
The limitations of this research are:
1. Model does not consider natural occurrence or natural disasters such as
wind directions, ocean depths, evaporation, etc.
2. Model do not consider loading and unloading operations regulation about
the weight of ship visited the port.

3. Data is used in numerical experiments is dummy data.

1.6 Assumptions
The assumptions of this research are:
1. Voyage speed for every ship are constant (10 Knot).
2. Product placement in every ship is already decided or dedicated ship.
3. When handling an unloading process at some ports, that process will be
done until all products that should be unloaded are finished even if the port

has already passed their time windows.

1.7 Report Structure

A brief description of the content of this report is as follows.

CHAPTER I: INTRODUCTION
This chapter consists of the fundamental aspects that become the basis of
the research, which explains background of the research, research’s problem,

objectives, benefits, limitation, and writing structure of the research.

CHAPTER II: LITERATURE REVIEW

This chapter is the beginning phase of doing the research. This chapter
reviews many literatures to find the best method that is the most fit to solve the
problems in this research. The literature reviews are coming from various resources,

such as books, proceedings, internet or online resources, etc.



CHAPTER Ill: RESEARCH METHODOLOGY

This chapter consists of structural phases that become a guidance in
conducting the research so that the research can be completed systematically. The
phase in doing the research is visualized in a flowchart.

CHAPTER IV: MODEL AND ALGORITHM DEVELOPMENT

This chapter covers all explanation of developing the model and algorithm.
Details of problem identification explained in this chapter. The development consist
of model notation and development, algorithm development, and model

verification.

CHAPTER V: NUMERICAL EXPERIMENTS

This chapter consists of numerical experiments from the model and
algorithm development. The experiments consist of several scenarios and analysis
of result.

CHAPTER VI: CONCLUSION AND RECOMMENDATION
This chapter explains the result from the research based on the objectives.
In addition, the suggestions and recommendations are given to implement the result

of the research. It also provides recommendations for further researches.



CHAPTER I
LITERATURE REVIEW

This chapter describes the fundamental theories and literature review that
supports the research. The main topic of literature discussed are maritime
transportation, inventory management and Vendor Managed Inventory (VMI),
Vehicle Routing Problem (VRP), Multi-Product Inventory Ship Routing Problem
(M-ISRP), heuristic method, and preceding research.

2.1 Maritime Transportation

Approximately 90% of the volume and 70% of the value of all goods
transported worldwide is carried by sea (Al-Khayyal & Hwang, 2005). Thus,
maritime transportation is the most efficient transportation modes right now.
Compare with the air transportation, maritime transportation is more efficient in
terms of cost and quantity. As well as compare with land transportation, maritime
transportation has its own characteristic to reach another island that land
transportation cannot reach. Therefore, maritime transportation is the backbone of
global trade. UNCTAD (2010) support that fact by state that more than 80% of
global trading were being shipped by sea.

Based on the operation type, maritime transportation is divided into three,
which are tramp shipping, industrial shipping, and liner shipping (Lawrence, 1972).
Tramp shipping is kind of taxi, have specific routing for specific purposes.
Industrial shipping is ship voyage for industrial uses, such as distribute product or
deliver raw material. Liner shipping is works carrying cargoes with fixed routes.
Several companies are owners of those cargoes. Therefore, industrial shipping
becomes the focus of this research because the ship routing is only used for

industrial purpose and fully directed by the company.

2.2 Inventory Management and Vendor Managed Inventory (VMI)
Inventories are materials and supplies that a business carries either for sale

or to provide input or supplies to the production process. Often they are a substantial



part of total assets. On the balance sheet, inventories usually represent about 20%
to 60% of total assets (Arnold & Chapman, 2008). As inventories are used, their
value is converted into cash, which improves cash flow and return on investment.
Therefore, there is a cost for carrying inventory, which increases operating costs
and declines profits. So a good inventory management is essential.

The uncertainty in demand of a product is a cause of inventory occurrence.
Not only to keep the continuity of the production process, inventory also used as
buffer for next demand consumption. This is because there is a time gap or lead
time between product order and product receipt. Therefore, lead time itself becomes
one of uncertainty factors in inventory management. Besides, inventory buffer
function also used to accommodate uncertain demand of a product. Even if the
planning of demand already uses forecast in order to anticipate the upcoming
uncertain demand, there is still a gap between forecast demand and the real
condition.

In order to reduce the cost caused by lead time and uncertain demand,
company must perform their inventory management well. Inventory management
is responsible for planning and controlling inventory. Several decisions in inventory
management are deciding optimal order quantity and the right replenishment time
so that all demands are satisfied and still reduce the total cost.

There are several methods to determine the right optimal order quantity and
replenishment time. The usage of every method is based on the product demand
characteristic and the supplier’s policy. Practically, one of the methods is by
knowing the days of supply. Days of supply is the total day where the inventory can
cover demand. To determine the days of supply the formula is to divide the amount
of inventory with the daily demand rate. Usually the daily demand rate is based on
the historical demand. Therefore, from the days of supply calculation, company can
decide the right time to replenish the stock.

Theoretically, there are several methods to decide the optimal order quantity
for replenishment. There are fixed order quantity and periodic review. In fixed order
quantity, every replenishment will have the same amount of goods that added to the
inventory. This method not considering the remaining level of inventory. In

contrast, periodic review decides the amount of replenishment in some time interval



by looking at difference of target stock level with the remaining stock level (Waters,
2003). Target stock level is result of multiplying demand for certain periods with
the lead time and add by safety stock of the product. Mathematically, target stock

level formula is as follows:

Target Stock Level = mean demand over (T + LT) + safety stock

Then, the formula of safety stock of products is as follows:

Safety Stock = Z X standard deviation of demand over T + LT
Safety Stock =Z X 0 X VT + LT

Where:

Z : demand

o : standard deviation
LT . lead time

In some cases, the replenishment decision also considering the capacity of
the inventory. Thus, the capacity becomes the boundary as well as the amount of
product that can be carried by the vehicles. Usually the decision of doing
replenishment is done by the consumer or the company that have demand. Since,
producers cannot control the demand occur because there is no information
disclosures from consumers. Considering the complexity of the problem, openness
of information to producers will make all parties can integrate and have a better
planning to distribute the product. By this means, new concept and polity is
developed and called Vendor Managed Inventory (VMI).

Vendor Managed Inventory (VMI) concept has been growth in product
purchasing approach. In this concept, a supplier maintains an inventory of certain
products in the customer’s facility (Arnold & Chapman, 2008). The supplier
managed the inventory until the customer actually withdraws it for use. Basically,
the customer does not have to order any of the inventory, as the supplier is



responsible for maintaining an adequate supply in the inventory of customer.
Therefore, by using this concept

Supplier can reduce production and distribution cost because the supplier
know which product that has to be produced and the delivery also done better.
Customer is also gaining advantages by reducing their resource tom managed their

own inventory.

2.3 Vehicle Routing Problem (VRP)

Dantzig and Ramser (1959) introduce the Vehicle Routing Problem (VRP)
formulation as a generalization of the Traveling Salesman Problem (TSP). VRP
consider several factors such as distance, travel times, travel cost, depot point, and
customer point. Therefore, VRP consists in finding a set of routes for identical
vehicles located at the depot, such that each of the customer point is visited exactly
once, while minimizing the overall routing cost.

Among the most common are the Capacitated VRP (CVRP), where the
vehicles have a capacity; VRP with Time Windows (VRPTW), where each
customer must be visited during a specific time frame; VRP with Pick-up and
Delivery (VRPDP), where goods gave to be picked-up and delivered in specific
amounts at the customer point; and Heterogeneous fleet VRP (HVRP), where
vehicles have different capacities. Routing problems that involve moving people
between locations are referred to as Dial-A-Ride-Problem (DARP) for land
transport; or Dial-A-Flight-Problem (DAFP) for air transport (Pillac, et al., 2011).

Therefore, VRP application may varies not only on several transportation
modes, but also vary on the application concepts. Inventory Routing Problem (IRP)
is an elaboration between VRP and VMI. Thus, IRP as the advanced application of
VMI make the supplier as a handler of customer inventory also take a full
responsibility of distribution of product. Although supplier side costs will increase,
but the total cost of distribution and inventory from supplier and customer will
reduce. This concept has advantage to reduce the total cost of inventory and
distribution cost, speed up the product flow in the inventory, and reduce the works

of customer because the customer do not have to make an order to retrieve products.
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But the drawback is the workload of supplier as main player of VMI and IRP is
increasing.

Continuation of IRP application of ship transportation is the Inventory Ship
Routing Problem (ISRP). This concept performs route and schedule calculation for
distribution using ship as the transportation modes and also consider the level of
inventory in every demand point. So the routing destination point determination has
to look at the inventory level and consumption rate at each point. Therefore, days
of supply become the parameter of deciding the ship route. This research discusses
thoroughly about IRP concept, especially in Inventory Ship Routing Problem
(ISRP). The model considers capacity, time windows, and delivery pickup

constraint.

2.4 Multi-Product Inventory Ship Routing Problem (M-ISRP)

Multi-Product Inventory Ship Routing Problem (M-ISRP) is a continuous
development of ISRP. ISRP is basically a joint concept of the Vehicle Routing
Problem (VRP) for ship and Vendor Managed Inventory (VMI) for the ship vehicle.
ISRP performs ship routing determination by selecting which destination point that
should be prioritize first based on their inventory levels.

Single product-ISRP (s-ISRP) that already carried out by Christiansen and
Nygreen (2005). In this research explain thoroughly about a product discharge from
one port to another by using column generation. Then s-ISRP continuous to develop
into multi-product problem which is m-ISRP. Christiansen et. al (2007) conduct
research about m-ISRP where a ship have a single loading and unloading port. In
this research production and consumption rate can be variate along the planning
horizon but still balanced. Time windows constraint also added in the model that
make ship cannot come late to a port. There is also penalty cost for late deliveries.
This is because production process can be stopped anytime if the ship comes late.
The objective function in this research is to minimize the transportation and penalty
cost.

Nurminarsih (2012) research about multi product inventory ship routing

problem based on Al Khayyal and Hwang (2007). But there are several factors
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added in the model like multi depot constraint. Model form Nurminarsih (2012) is

as follows:

Minimize
Zv Zr Zi Cpc- Ziyr + Zv Zr Zi Cmf- Zipr + Clb- [ZiZj tijv-xijvr] +

ivrc Cren
Cdischarge- [Zl Zv Zr Zc Zk %] + Zv Zr—t + Clate Zv Zm Ltm,, (1)

XXk dovrck

Subject to

Yo 2trip Yivkr = 1 5 Vivkr = {0,13 2)
Zipr-M Z Ygek Yikor 5 Zivr = {0,1} 3
Y jety Xjivr — Djety Xjivr = 0 5 Xjir = {0,1} (4)
Yvev Lretpy jeHr Xjivr = Yikvr (5)
Yvev ZrEHTV ZjeH—p Xojur < V.Hry (6)
Ycec, Qovrck = DieHy Lkek [Vikor-dik] ;¢ € Cy (7)
Qovrck — lovrek = 0 8
Xijor|livrere = Jjke- Qjork — Gvrer) = 0 9)
lovrek < CAByrc (10)
lovrek < CAPyre. Xj Xjivr (11)
Govrck = CARyc (12)
Qivrek < CAPpre. X Xjipr (13)
Ykek Wivrek <1 5 Wiprere = {1 Zz:i Z 8 (14)
Ycec, Wivrek < |Cyl- (1 — Yipras) sk €K,s € Ky, d € G, (15)

Zcec,,k AYivrek = |Cv|- (1 - ayivrds) ;keK,se Kk: de Cv: Cvk € Cv (16)

tmp + ZUEV ZrEHTV ZCEVC ZkEKw qmpvrck/PRv - tEmp =0 ) mp € Hvrk (17)

xmpnp+1vr [tEmp + Tmpnp+1v - tnp+1] <0 (18)
as<tm <b (19)
tm, < COVp i + Ltp, (20)

Lt—ty <1

Indep, = {O, t—tm, =1 (21)
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Smpkl = ISmpk - Rmpk + [lndtm ' qmpvrck] (22)
Smpkt = ISmpkt—l - Rmpk + [lndtm ' qmpvrck] (23)

Sunmyk < Smykt < Smxmyk (24)

The objective function of this problem is minimized total cost which
consists port charge, management fee, bunker cost for ladent and ballast, bunker
cost for discharge, renting cost, and lateness cost. While the constraints are about
un-split delivery constraint (2), node visited indicator (3), flow conservation
constraint (4), supply visiting constraint (5), maximum route constraint (6), depot
loading constraint (7), initial ship loads constraint (8), ship load constraint (9),
compartment capacity constraint (10-11), load/unload quantity constraint (12-13),
homogenous product loading constraint (14), product loading compatibility
constraint (15-16), service time constraint (17), route & schedule compatibility
constraint (18), time windows constraint (19), coverage constraint (20), product
arrival indicator(21), initial inventory level constraint (22), inventory level
constraint (23), stock level bound(24).

One of NP-Hard Problem category is Multi-Product Inventory Ship Routing
Problem (M-ISRP), so the complexity of the problem and model cause the solution
computation needs a long time. By that means, this type of problem solve using

heuristic methods.

2.5 Heuristic Method

There are several methods to carry out optimization problem. Therefore,
each method have its own advantages and drawbacks since, it is depends on the
scope and level of the problem. Those methods are exact optimization, heuristic,
meta-heuristic, and simulation. This sub research discusses heuristic because
researcher uses heuristic method to conduct the model and algorithm in this
research.

Heuristic is approach to problem solving that employs practical method.
Where finding an optimal solution is impossible or impractical, heuristic method

can be used to speed up the process of finding satisfactory solution. However, the
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solution given is no optimal or perfect, but sufficient for the immediate goals. The
most fundamental heuristic is trial and error. Therefore, heuristic works by make an
assumptions and take a shortcut but still result the output that satisfy the objective
function.

As opposed to exact optimization methods, which guarantee to give an
optimum solution of the problem, heuristic methods only attempt to yield a good,
but not necessarily optimal solution. Nevertheless, the time taken by an exact
method to find an optimum solution to a difficult problem is taking so long that
many cases it is inapplicable. Thus, heuristic methods often resort to solve real
optimization problems (Marti & Reinelt, 2011).

2.6 Preceding Research

Vehicle Routing Problem (VRP) first introduced by Dantzig and Ramser
(1959). Next, the research is developed into various problems, including capacity,
time windows, delivery-pickups, backhauls, etc. Another variation of VRP is the
Inventory Routing Problem (IRP). Therefore, other transportation modes like air
and sea transportations include in the VRP also. There are a lot of researches
regarding sea transportation and Sea Routing Problem (SRP) topics. SRP has
unique characteristics and parameters. Those unique characteristics are port
dwelling time, weather condition, and other uncertainty in ship operation (Romero,
etal., 2013).

Concept of VRP and VMI then elaborate into Inventory ship routing
problem (ISRP). Therefore, ISRP categorized into single and multi-product ISRP.
Christiansen and Nygreen (2005) conduct research in single product ISRP using
column generalization. Al-Khayyal and Hwang (2007) follows with the research of
multi-product ISRP using mixed integer linear problem (MILP) optimization and
linearization. Regarding the type of loads, ISRP can be divided in bulk and cargo
loads. Research about bulk ISRP has done by Rahman (2008), Rani (2010), and
Siswanto, et.al. (2011). Rahman (2008)’s research discuss dedicated compartment
policy by only using single depot. Therefore, Rani (2010) and Siswanto, et.al.
(2011) using undedicated compartment policy in their researches. The difference is

Rani (2010) considering multi-depot constraint and focus on product compatibility
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constraint but Siswanto, et.al (2011) is not. Still, Siswanto, et. al. (2011)’s research
is considering the last condition of ships after the routing is done, so the initial point
of the routing can be everywhere. Therefore, there are a little of research discuss
about dedicated ship policy. Thus, several cases using dedicated ship policy in their
practical. So this reseach mainly discuss about multi product inventory ship routing
problem for dedicated ship.

The method to approach ISRP is various, some researcher use MILP
optimization and some use heuristic and meta-heuristic method. Thus, all of the
methods has their own advantages and drawbacks. It is also depends on how the
model and algorithm being conducted as well as the scope of the problem. From all
of those methods, researcher often use heuristic method due to the short
computational time, and makes an optimal output even if the output is not
necessarily optimum solution. Therefore, mixed —integer non-linear program
(MINLP) method is used for this research. The detail comparison and positioning

of this research can be seen in Table 2.1

Table 2.1 Detail Explanation about Research Positioning

. Pro- Solution
- Depot
No therreatu duct . Characteristic Objective Techni-
SIM|S| M que
(Al- MILP
Khayyal S optimizati

1 & N (r;:)l?tlmlze total on and
Hwang, linearizati
2005) on
(Chrisian

T Column
sen & minimize total .

2 \ \ generaliza
Nygreen, cost tion
2005)

Lagrangia
(Hwang, n
3 2005) VI relaxation,
heuristic
(Christian N N minimize total
4 | senetal.,
2007) cost
(Siswanto undedicated minimize

5 ot al NEN compartments, transportation | multi
’2011)" initial point can be | cost, penalty, | heuristic

everywhere and setup cost
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. Pro- Solution
- Depot
No therreatu duct . Characteristic Objective Techni-
SIM|S| M que
undedicated (';/”tli_rﬁizati
. compartments, . P
6 (Rani, et N v | product loadin minimize total | on, branch
al., 2010) P - loading cost and
compatibility bound
constraint l '
ingo
minimize port
charge, fee
(Rahman, management,
7 | Fuadie, v | bunker Heuristic
2008) consumption,
ship intrinsic
cost
minimize port
undedicated (r:r:];r:ge'e:r?:nt
(Nurmina compartments, bunkegr " | Tabu
9 | rsih, Siti, VY product loading consumotion. | S€areh
2012) compatibility ehe PYOM. | algorithm
constraint ship intrinsic
cost, lateness
cost
e | Ui
(Nurmina dynamic, C(F))St ort integer
10 | rsih, et v \ | considering port char’rt)a non-linear
al., 2015) dwelling time, ge, program
loading/unloa
di (MINLP)
ing cost
. initial point can be .
11 -rl;glesarch \ v | everywhere, (T)':t'mlze total | o ristic
dedicated tanker

In this research, the type of loads is bulk load and neglecting the product
compatibility constraint. The objective function is to minimize the total cost which
is including port charge, management fee, bunker cost for laden and ballast, bunker
cost for discharge, and lateness cost. The research uses heuristic method to conduct
the model. The connection between this research with preceding research can be

seen in Figure 2.1 below.
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CHAPTER Il
RESEARCH METHODOLOGY

This chapter explains the methodologies to develop the research. The
methodologies will become the guidance for the researcher to address the model in
a systematic manner. Research methodology flowchart will represent the

methodologies.

3.1 Model and Algorithm Development Phase

In this sub phase, researcher develops the model and algorithm based on the
problem formulation. Then a verification done to the developed model and
algorithm. Qutline of the research methodology can be seen from Figure 3.1 and

Figure 3.2 below.

START

»
>

\ 4

Mathematical model development for

solving multi-product inventory ship

routing problem for dedicated tanker
fleet

\ 4

Model and
Algorithm
Development Phase

Algorithm development based on the
previous mathematical model.

v

Model verification using small data

Comparing algorithm solving method
with manual calculation

Are the model and
algorithm verified?

Figure 3.1 Research Methodology Flowchart (1)
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Numerical experiments and some scenario Numerical Experiment
testing Phase

\ 4 Analysis,
Interpretation, and
Conclusion Phase

Conclusion and suggestion

v

FINISH

Figure 3.2 Research Methodolgy Flowchart (2)

3.1.1 Mathematical Model Development

In this sub-phase, researcher develops the mathematical model of tanker
scheduling from multi product inventory ship routing problem for dedicated tanker
fleet. This mathematical model needed to ensure that by doing mathematical
calculation, the scheduling meets all constraints, can result tanker routes, and

resulting scheduling that has minimum cost.

Therefore, several constraints for the mathematical model includes routing
constraints, loading/unloading constraints, time constraints, and inventory
constraints.Objective function of this model is to minimize total cost which is
consists of tanker bunker cost for laden/ballast and discharge, lateness cost, port

charge, and management fee.

3.1.2  Algorithm Development
After model development, the next step is to develop the algorithm. The
algorithm divided into 3 big steps which are critical port decision, tanker

assignment, and tanker routing process.

Critical port decision phase is to calculate the critical points from every

demand ports to decide which port will be supplied first. After knowing the list of
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critical port by determining their inventory days of supply, then the next is to decide
tanker’s route from the list. Therefore the improvement determines to search better
combination between the routing to result a better cost. Next, determine the decision
on which tanker to choose for each route by considering which critical ports should
be prioritize first.

After the optimization algorithm is done, then researcher develops the
prototype of a decision making tool using visual basic application (VBA) for
Microsoft Excel. This decision making tool is adjusted from the developed model

and algorithm.

3.1.3 Model and Algorithm Verification

Verification of model and algorithm done by running the program using small
data samples. Then researcher compare the output of this program with the result
of manual calculation using the same algorithm. If there is any difference

comparing results, then checking and repairing of program coding will be done.

Then, verification done in order to see if the program is able to solve the
problem with specified constraints. If the result is already solved the problem and
constraint, then define the model and algorithm as valid and proceed to numerical

experiments.

3.2 Numerical Experiments Phase

Numerical experiments use dummy data to test the model and algorithm.
Therefore, research needs to do numerical experiments and consider several
scenarios with its own purposes regarding tanker scheduling for dedicated tanker
fleet. Numerical experiments perform several experiments and try to solve several
scenarios with different datasets. Thus, dataset for numerical experiments consist
of dummy data and real data. Some of experiments are to find the best scheme
regarding the number of tanker available, experiments with demand rate, and

compare dedicated tanker policy with dedicated compartment policy.
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3.3 Analysis, Interpretation and Conclusion Phase
In this phase, researcher discusses analysis and interpretation of numerical
experiments. Then determine the conclusion and suggestion for the research.

3.3.1 Analysis and Interpretation Numerical Experiments Result on Several
Experiments
In this phase, researcher performs an analysis from the result of numerical
experiments. The analysis also comply the constraint from model and algorithm to
know the effect to the result from several different scenarios.

3.3.2 Conclusion and Suggestion
After the analysis and numerical experiments result interpretation, then
determine the conclusion from the result of the numerical experiments. Next,

suggestion also given as recommendation for the next future research.
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CHAPTER IV
MODEL AND ALGORITHM DEVELOPMENT

This chapter consists of detail problem description, model development,
algorithm development, system prototype development, verification of the model.

4.1 Problem Description

This research develops model and algorithm for multi-product inventory
ship routing problem for dedicated tanker fleet. The delivery involves multiple bulk
liquid products which cannot be mixed. From the problem formulation, there are no
exact demand for a certain period, but the information available are stock level and
daily demand rate in each port. Therefore, the decision of inventory replenishment
in every port is made by the company itself, considering there is a minimum and

maximum amount of the inventory in each port.

In order to fulfill all the demand and dismissed stock out, supplier have to
make a good planning for schedule the replenishment. However, not all the ports
have the same quantity of products demanded and the type of product also different.
All ports also have specific operational time and the tanker visited the port can only

be served at the operational time.

Product loaded into the tanker must obey the capacity constrain of the tanker
as well as the minimum quantity of product in the tanker to be departed. Therefore,
the placement of the product is already decided or dedicated compartment. Also,
the type of the tanker used can be varied and each type of tankers has different
capacity and different arrangement of product placement in the compartment.
However, the initial point of tanker departure is not exactly the same. This
constraint follows the real case problem since tanker movement must be as
minimum as possible, therefore the initial point of tanker departure can be
anywhere. It is assumed that each port can receive more than one tanker for a

different product at a time.
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The daily demand rate is various for each product in each port. Therefore,
daily demand rate is sued to determine the demand quantity for the port and the
critical level of the port. Parameter used to determine the critical level of the port is
days of supply. Days of supply is the number of days that the inventory can cover.
The inventory in each port also has safety stock at certain levels. Therefore, this
safety stock affects the calculation of days of supply. The formula of safety stock

and days of supply is as follows:

Safety Stock = (Depot~Port Travel Time + Tanker Travel Time)
X Daily Demand Rate

(Inventory Level — Safety Stock)

D Supply =
ays of Supply Daily Demand Rate

The quantity of product delivered in the port is depends on the quantity and
remaining stock level because the replenishment is assumed to cover the demand

as long as possible. Therefore the formula of product’s quantity delivered is:
Product's Quantity Delivered = Capacity — Stock Level

This problem considering certain period of operational planning. Researcher
assumes the number of the tankers available in the beginning of the planning.
Therefore, the fixed cost of the tanker such as leasing or investment cost is ignored.
The inventory cost is also ignored because products, both in the production and
consumption storages are owned by the same company. However, the condition of
inventory affect the routing decision that also have an impact to the operational

cost.

This research model and algorithm only considering the operational cost and
penalty for late deliveries. Therefore, the operational cost including port charge,
management fee, bunker cost for traveling (laden/ballast), bunker cost for servicing
(discharge), and lateness cost. The objective function is to minimize all the total

cost.
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4.2 Model Development

M-ISRP model in this research is done by heuristic method to minimize the
objective function. The model consist of many constraints that represent the rules
and objection of the real problem. Therefore, the model will be explained in this
sub-chapter.

4.2.1 Mathematical Model References

In conducting mathematical model for this research, there are several
references. Thus, in this research the mathematical model is the development of
several previous mathematical model for identical research. There are three
mathematical model taken as reference which are from Rani (2010), Siswanto

(2011), and Nurminarsih (2012). As the mathematical model references,

4.2.1.1 Rani’s Mathematical Model (2010)

Fitri Kurnia Rani’s research about “Mixed Integer Linear Programming
Model for Multi-Product Inventory Ship Routing Problem Considering Product
Loading Compability Constraint” is the basis of this research mathematical model.
However, there are several different characteristics in the problem itself. Therefore,

Rani’s mathematical model is as follows:
Notations

e Variables of Network Flows
- Ximjnv: arc flow variable. It has value 1 if ships v travels from node (i,m) to
(j,n). Otherwise 0.
- Zmv: it has value 1 if node (i,m) is the last node of the route of ship v,
otherwise 0.
- yim: Slack variable is 1 if (i,m) is not visited, otherwise 0.
e Variables for loading and unloading
- limvek: load onboard in the compartment ¢ for product k of ship v when

leaving (i,m).
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- (imvek: Quantity of product k loaded into or unloaded from ship v’s
compartments ¢ in position (i,m)

- Oimvek: binary variable is 1 if product k is loaded or discharged at harbor
arrival (i,m) by ship v; otherwise,0.

Variables for time aspect

- teim: ending service time at (i,m).

Variables for inventories

- Simk: Stock level of product k in harbor i when service starts at (i,m)

- SEimk: stock level of product k in harbor i when service finishes at (i,m)

Variables for stock levels

- pim: binary variable is O of there are two or more ships at harbor i during the
m™ arrival; otherwise 0.

Non-binary variable indicator

- aYimvek: indicator variable if limvek > 0, thus ayimvek Will be 1 and respectively.

Sets for network flows

- St: set of all harbor arrivals (i,m) for all Hr and M.

- Hr: set of total harbors

- Mi: set of arrival numbers at harbor i

- So: set of initial positions (iv,my). if more than one ship starts from the same
harbor then they are assigned a departure sequence number mv; otherwise,
mv=1

- V:set of available ship indexed by v

- Hv: set of harbors that can be visited by ship v.

Sets for loading and unloading

- Av: set of all feasible arcs for ship v

- K: set of products

- Kk: set of products that ship v can carry

- KHi: set of products that harbor i handles

- Cv: set of compartments ¢ of ship v

- Cvk: the set of compartmentsin which products k cannot be loaded into it

Parameters for network flows
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- lv: starting harbor vessel v
- my: assigned arrival sequence number for vessel v in harbor iv
e Parameters for laoding and unloading
- Jj indicator variable is 1 (if product Kk is loaded at harbor k), O (if product
k passes through harbor j), or -1 (if product k is unloaded at harbor j)
- Quek: quantity of product k on compartment c of ship v at start of planning
horizon
- CAP\c: capacity of the compartment c in ship v
e Parameters for time aspect
- TQix: time required to load a unit of product k at harbor i
- Wi: setup time to change products for loading and unaloading at harbor i.
- Tij: sailing time from harbor i to harbor j
e Parameters for inventories
- ISik: initial stock level of product k at harbor i
- Rik: the consumption or production rate for product k in harbor i.
- SMNik: minimum stock level at harbor i
- SMXik: maximum stock level at harbor i
- T: length of planning period
e Parameters for objective function
- Cijv: cost for ship v to sail from harbor i to harbor j

- CWi: loading and unloading charges incurred at harbor i for product k

Minimize

Z‘UEV Z(i,m,j,n) Cijvximjnv + Z(i,m)eST ZVEV ZCEVC ZkeKv CWikOimvck (1)
Subject to

Z(j,n)eSn Xi,myjnv = 1;,veV 2)
Z(j,n)eSt Xinimv — Z(j,n)eSn Ximjnv — Zimv = 0; (v; i m) (3)
Y(jnesy Zimy = 1;VEV 4)
Yvev Z(j,n)EST Xjnimv + Yim = 1;(i,m) € Sy ®)
Yim — Yim-1) = (i, m) € Sy (6)
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= Ximjnv [limvck +]jk- qjnvck — ljnvck] =0;c €C,veV,imjnk € A, (7)

Quek t+ JikQiymyvek — liympvek = 0;¢ € Gy, v €V, and k € K (8)
limpek < CAPye. X (jmyesy Xjnimv = 0;v €V, (k,i,m) € K X Sy €)]
Qimvek < CAPyc. Opmuck; V €V and (k,i,m) € K X Sy (10)
Ykek Wimvek < L, v €V, and (k,i,m) € K X St (12)

Ycec, Wimvek < 1Cyl(1 — @Yimpas); k €K, s EK,d € Cv,v €V, (k,i,m) € K X

Sy (12)
Ycec,, Wimvek < 1Col(1 — @Yimpas); k €K, s €EK,d € Cv,v €V, (k,i,m) €

K X Sy (13)
tim — tigm-1) = 0; (i, m) € Sy (24)
Ximjnv [tEl-m + Tijp — t]-n] <veVand (i,m,j,n) € 4, (15)

tim + ZUEV ZCEVC ZkeKv TQikCIimvck + Wi ZUEV ZCEVC ZkEK,, Oimvck — LEim =

0;(i,m)€E Sy (16)
Sitk = 1S + JiRirtin; (k) € Hy X K 17)
Simk — Zvev ZcecvJikQimvek + JikRik (Cgim — tim) — Sgimie = 0; (i, m, k) € Hy X
K (18)
Sgigm-1yk + JikRik (tim = trigm-1))Pim — Simic = 0; (,m, k) € Sy X K (19)
tim — tgigm—1) = [Dim — 1T; (i, m) € Sy (20)
[tim — teim-1)] < TpPim; (i, m) € Sy (22)
Sunik < Simk < Suxir; (b m k) € S X K (22)
Sunik < Seimk < Smxis (L m k) € Sp X K (23)
Sunik < Sgimiastk T JiueRie (T = gimiast) < Smxik (24)

Objective function (1) is a minimization function of the total operating cost
during the planning horizon that consists of traveling cost and setup cost for loading
and unloading. Routing constraints consist of initial position constraint (2), flow
conservation constraints (3), route finishing constraints (4), one time visit constraint
(5), and arrival sequence constraint (6). Loading and unloading activities
constraints consists of: ship load constraint (7), initial ship load constraints (8),

compartment capacity constraint (9), and product servicing constraint (10). Lading
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product homogenous constraints (11) product loading compatibility constraints (12-
13). Constraints related to time aspects consist of service time sequence constraints
(14), route and schedule compatibility constraints (15) and servicing finishing time
constrains (16). Constraints related to inventory aspects consist of initial inventory
constraint (17), inventory level constraints (18) level stock constrains 1 (19)
overlapping visiting constrains 1 (20), overlapping visiting constraints 2(21), stock
level bound of initial service (22), stock level bound of ending service (23), stock

levels of ending planning horizon (24).

This mathematical model is the basis of Nurminarsih (2012)’s which have
same problem characteristics. Therefore, from this mathematical model there are

several aspects that become reference for this research’s model, which are:

a. Constraint (9) and (10) about compartment capacity constraint. These two
constraint need to modified by adding initial capacity constraint to ensure
that the initial data input not exceed the capacity.

b. Constraint (16) about servicing time become the basic formula for this
research, but need to modified because there is pumping rate variable in this

research.

4.2.1.2 Siswanto’s Mathematical Model (2011)

This mathematical is taken from Nurhadi Siswanto’s research about
“Solving the Ship Inventory Routing and Scheduling Problem with Undedicated
Compartments”. The unique characteristics in this model is the initial position of
the ship can be everywhere. Therefore, Siswanto’s mathematical model is as

follows:
Minimize

Yvev X(im,jn)ea, ClijpXimjny + Zvev 2imyen CWiyWimy +

ZUEV Z(i,m)EN ZkeP,, ZCEC,, COikOimvkc (l)
Subject to
Z(j,n)eN Xow)1jnv T Zow)1v = 1;veV (2)
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2(j,n)eN Xjnimy — 2(jn)eN Ximjny — Zimw = 0; (v,1,m)
Y(imeN Zimy = LVEV

Yvev 2(jn)eN Xjnimy T Yim = 1, (i,m) €N

Yim — Yiem—-1) = 0,(iLm) E Nym # 1

Ximjny € 10,1}, v €V,(i,m,j,n) € A,

Zimy €{0,1};v €V,(i,m) EN

Yim € {0,1}; (i,m) EN
Ximjny (Limvke + JjxQjnvke — Linvke) =0

Ximjnv (Limvck) = 0

QQimvke = low)1vke; VEV, (k,c) EP, X C,

Qimvke < 2(jmyeN CMycXjnimy ;v €V, (i,m) € N, (k,c) € B, X G,
limvke < 2(jmyen CMycXjnimp ;v €V, (i,m) € N, (k,c) € B, X G,
Gimvke < CMycXjnimp; v €V, (i,m) € N, (k,c) € P, X C,

Ykep, Lcecy Omuvke < 100Wip,, ;v EV,(i,m) EN

Limvkic < CMyc(1 = 0ypyperc); v €V, (i,m) € Ny, (k', k") € P,c € G,
Ykep, Oimvke < 1; VEV,(i,m) EN,c € G,

Yker, Wimy < 1;(i,m) EN

Oimvke € {0,1}, v €V, (i,m) €N, (k,c) € B, X C,

Wimpy € {0,1}, v €V,(i,m) € N

limvke Qimvke = 0; v €V, (i,m) €N, (k,c) € B, X C,

tim — tigm-1) = 0; (i,m) €N

tim <TH;(i,m) EN

Ximjnv [tim + TWiWimv + ZkeP,, ZCEC,,(TQikqimvkc + TOikOimvkc) + TTijv -

tin] <0;vEV,(i,m,j,n) €A,

tim = 0;(i,m) €N

Gimvke < Simk + JjiRuc [TWiWimy + Xkep, 2 cec, (T QikQimvie +
TOikOimvkc)]; v EV,(i,m) € N,k € B,,c € C,

Sitk = ISix + JieRitin; (k) € H X K
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Sim-1)k — Lwev 2eec, Jikqim—1yvke + JikRik (tim — tign-1)) — Simkx =

0; (i, m k) € N X K (29)
SMy < Simpe < SXy (i, m, k) € N X K (30)
SMik < Simk — Xvev Xcec, JikQimvke T Zvev Jik Rik [TWiWimy, +

2kep, 2ucec,(TQikGimvke + TOuOimuic)] < SXy; (i, m, k) € N X K (31)
SMiy < Simk — Xwev Xcec, JikQimvke + JikRik (TH — tim) < SXj; (i, m, k) € N X
K (32)
Simk = 0, veEV,(im)EN (33)

The objective function (1) of this model is to minimize the total cost of
traveling, port setup, and loading (or unloading) setup. Constraint (2) ensures that
each ship departs from or remains at its initial position. Constraints (3) and (4)
enforce that a ship either leaves or finishes its route at node (i,m). Constraint (5)
restricts so that only one ship can occupy node (i,m). Constraint (6) imposes that
the precedence constraint is not violated. Then, constraints (7)-(9) declare the

binary values for the variables involved in routing constrains.

Constraint (10) tracks the quantity onboard before and after a visit at node
(i, m). Constraint (11) imposes that compartments on board must be empty if ship
Vv goes to production ports. Constraint (12) ensures that the quantity onboard ship v
at the beginning of the period is the same as the initial quantity of product k loaded
in compartment c¢. Constraints (13) and (14) restrict the quantity loaded (or
unloaded) and the quantity onboard within their limits. Constraints (15) and (16)
enforce that if there are loading (or unloading) activities, a loading (or unloading)
setup and a port setup must be considered, respectively. Constraint (17) assures that
if ship v has a product in its compartment, only the same product can be loaded into
there. Constraints (18) and (19) restricts so that only one ship can perform a loading
(or unloading) setup and port setup, respectively. Constraint (20) declares the binary
variables for the variables involved in loading (or unloading) activity. Then,
constraints (21) and (22) state the continuous variables of loading (or unloading)
quantity. Constraint (23) ensures that the time precedence constraints are not
violated. Constraint (24) restricts the arrival time within the planning horizon.
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Constraint (25) tracks the routing time from a node to another node. Constraint (26)

declares the continuous variables of arrival time.

Constraint (27) imposes that the loading quantity must not exceed the
available product in the storage. Constraint (28) tracks the storage level at the time
of first arrival. Constraint (29) tracks the storage level of the current and previous
visit. Constraint (30) and (31) guarantee that the storage level will be within its
limits at the time a ship arrives at and departs from a port, respectively. Constraint
(32) bounds the storage level at the end of the planning horizon. Finally, constraint

(33) declares the continuous variables of inventory level.

The only aspects that become main references for this research is the initial
ship position constraint. This research consider the ship must not start from depot
which is similar with this research’s problem. Constraint (2) need to modified by

changing the index to suit this research’s model.

4.2.1.3 Nurminarsih’s Mathematical Model (2012)

Nurminarsih (2012) research about multi product inventory ship routing
problem is development of Al Khayyal and Hwang (2007) and Rani (2010). Thus,
Nurminarsih’s research have similar characteristics with Rani’s which are using
undedicated compartments and focus onproduct compatibility constraints.

Therefore, the mathematical model form Nurminarsih (2012) is as follows:

Minimize
Zv Zr Zi Cpc- Ziyr + Zv Zr Zi Cmf- Zipr + Clb- [ZiZj tijv-xijvr] +

ivrc Cren
Cdischarge- [Zl Zv Zr Zc Zk %R,,k] + Zv Zr—t + Clate Zv Zm Ltmv (1)

Yc Xk dovrck
Subject to
Yoo trip Yivkr = 1 5 Vivkr = {0,13 2)
Zipr-M Z Ygek Yikor 5 Zivr = {0,1} 3
Y jety Xjivr — Djety Xjivr = 0 5 Xjir = {0,1} (4)
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Yvev ZrEHTV ZjEHT Xjivr = Yikvr

Yvev Lretpy LjeHy Xojur < V. Hry

ZCECU Qovrck = ZiEHT YkekVikor-di] s ¢ € G
Govrek — lovrek = 0

xijvr[livrck _]jk- qjvrk — ljvrck] =0

iOvrck = CAPvrc

iOvrck < CAPvrc-Zj xjivr

Qovrck = CAPvrc

Qivrck < CAPvrc. Zj xjivr

1r livrck >0

Likek Wivrek S 1 5 @Yiprere = {1; Livrere = 0

Ycec, Wivrek < |Cyl. (1 — aYipras) sk €EK,s €Ky, d €C,

Ycecy, Wivrek < 1Cyl- (1 — @Yipras) sk €EK,s €Ky, d € G, Cy € G,
tmp T Xvev LreHry eV, LkeK,, Amyvrck/ PRy —tgmp = 0 ; my € Hyk
PN S L N

astm, < b

tm, = COVp i + Lty,

Lt—tm <1
Indem, =10, — tim, = 1

Smpkl = ISmpk - Rmpk + [lndtm ' Qmpvrck]
Smpkt = ISmpkt—l - Rmpk + [lndtm ’ Qmpvrck]

Sunmyk = Skt < Smxmyk

(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)

(15)
(16)
(17)
(18)
(19)
(20)

(21)

(22)
(23)
(24)

The objective function of this problem is minimized total cost which

consists port charge, management fee, bunker cost for ladent and ballast, bunker

cost for discharge, renting cost, and lateness cost. While the constraints are about

un-split delivery constraint (2), node visited indicator (3), flow conservation

constraint (4), supply visiting constraint (5), maximum route constraint (6), depot

loading constraint (7), initial ship loads constraint (8), ship load constraint (9),

compartment capacity constraint (10-11), load/unload quantity constraint (12-13),
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homogenous product loading constraint (14), product loading compatibility

constraint (15-16), service time constraint (17), route & schedule compatibility

constraint (18), time windows constraint (19), coverage constraint (20), product

arrival indicator(21), initial inventory level constraint (22), inventory level
constraint (23), stock level bound(24).

This mathematical model becomes fundamental references for this reseach

model. However, the main different is at index ¢ which is compartment. This

research does not consider compartment compatibility so that the index will be

removed. Detail development from this mathematical model is as follows:

a.

4.2.2

Constraint (4) about flow conservation constraint modified to more simple
formula.

Removing constraint (6) about maximum route constraint to ensure that the
ship can move back to depot to load the product in the middle of planning
horizon.

Moving initial load constraint (8) to inventory constraint because the
modification of minimum ship inventory constraint.

Removing product compability constraint constraint (14)-(16) because this
research not using compartments.

Modifying constraint (24) about stock level bound to make the minimum
level of inventory 0.

Modifying lateness cost formula.

Adding new variable to ensure each port supplied by each assigned depot.

Explanation of Notation

This research use many notation to as a symbol of the constraints. In order

to ease the understanding process of the model, each constraints and notations is

grouped based on the usage. These are the definition of each notation used in this

research model.

e Routing variables
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Yikvr: Indicator variable if product k at node i being carried by tanker v at
visitation r.

zivr: binary variable, the value is 1 if yikvr also have 1 value, it means node i
visited by tanker v at visitation r.

Xijvr: binary variable, the value is 1 if node j directly visited after node i by
tanker v at visitation r.

Wai: binary variable, the value is 1 if port i being supplied by depot d.

Loading and unloading variables

livrk: load of product k that carried by tanker v visitation r when leaves node
I.

Qiavrk: quantity of product k that load/unload in tanker v from depot d at
visitation r on node i.

ayivrk: indicator variable if livik > 0 then ayivi is 1, otherwise if livic = 0 then

aYivrk also have 0 value.

Time constraints variables

mp: port that visited by tanker v at visitation r on sequence p™".
tmp: arrival time at mp
temp: end of process time in mp

Ltmp: lateness of tanker v at visitation r on port that have p™ sequence.

Inventory variables

ind: indicator of tanker arrival at t periods on port i.

Sikt: stock level of product k at port i on period t.

Model set

Ht: set of total port

K: set of product total amount

V: set of tanker total number

Hrv: set of number of visitation of tanker v

Hyr: set of port that visited by tanker v on visitation r.
Dep: set of total depot

Loading and unloading parameter.

dik: amount of product k demand from node i
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- Jj.indicator variable that have 0 value if product k do not unloaded at port
J, otherwise 1.

- CAPy: product capacity at tanker v on visitation r.
e Time constraint parameter

- tijv: sailing time from port | to port j with tanker v.

- a: beginning of service time at port.

- b: end of service time at port.

- covik: coverage day inventory of product k at port i.
e Inventory parameter

- ISik: initial inventory of product k at port i.

- Rik: daily demand rate of product k at port i.

- Smnik: minimum stock level of product k at port i.

- Smxik: maximum stock level of product k at port i.

- Lmnivk: minimum inventory level of product k at tanker v
e Objective function parameter

- Cpems: port charge and management fee

- Cib : bunker consumption I/b

- Cudischarge: COSt of bunker consumption discharge

- Cprodk: cost of each product k

4.2.3 Mathematical Model
Based on the references from sub-chapter 4.2.1, the mathematical model of

this M-ISRP is divided into five parts, which are:

4.2.3.1 Routing Constraints

Yvev Xijyo + Zipry = 1 (1)
Yjent Xjir = 15 Xjir = {0,1} (2)
Zivr * M 2 Ygek Vikvrs Zivr = {0,1} 3)
Yoo Ztrip Yikor = 15 Yikwr = {0,13 (4)
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Yvev ZrEHTV ZjEHT Xjivr = Yikvr (5)
ZUEV ZrEHTV ZkEK ZdEDep Yikvr -Wai = 1 (6)
Explanation

(1) Tanker Initial Position Constraint. Ensures that each tanker departs from or
remains at its initial position.

(2) Flow Conservation Constraint. Enforce that a tanker either leaves or finishes
its route at node (i, m)

(3) Node Visited Indicator. Have value 1 if yikwrip also have value 1, which
means that tanker v is sailing to visit port i.

(4) Un-split delivery constraint. Ensure that each product at each port only
satisfied by one tanker.

(5) Supply Visiting Constraint. Restrict that tanker v must have a trip to visit
node that have value of yikwtrip 1.

(6) Assigned Depot Constraint. To ensure that all ports supplied from each of
their assigned depot.

4.2.3.2 Loading and Unloading Constraint

Yvev Qovrk = Qiety 2kek[Vikvr- dik] (7)
Xijor|livrke = Jjke- Qorie = Lvrie) = 0 (8)
lovrk < CAB, 9
livrik < CAPyr X Xjipr (10)
Qovrk < CAP,y (11)
Qivric < CAPyr X Xjipr (12)
Explanation

(7) Depot Loading Constraint. Constraint that decide the quantity of product
that should be loaded at depot d.
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(8) Tanker Load Constraint. Constraint that keep inventory in the tanker
balance.

(9) Tanker Inventory Quantity Constraint. Constraint to ensure that quantity
inventory in the tanker not exceed capacity of the tanker.

(10) Tanker Inventory Quantity Constraint. Constraint to ensure that
quantity inventory in the tanker not exceed capacity of the tanker.

(11) Load/Unload Quantity Constraint. Constraint to ensure that quantity
load/unload not exceed the inventory in the tanker.

(12) Load/Unload Quantity Constraint. Constraint to ensure that quantity
load/unload not exceed the inventory in the tanker.

4.2.3.3 Time Constraints
tmp + Xvev LreHry LkeK,, Amyvrk/ PRy — tgmp = 05 my, € Hyp ke (13)
Xy yor [Eomp + Ty v — Engyy] <0 (14)
a<tp, <b (15)
tm, < COVp i + Lty (16)
Explanation

(13) Service Time Constraint. To adjust time between beginning of

service until the end of the service at port visit p from tanker route.

(14) Route and Schedule Compatibility Constraint. Restrict that
beginning time of service at port visit p+1 is the end of time at port visit p
plus sailing time from port visit p to port visit p+1.

(15) Time Windows Constraint. Ensure that beginning time of service at
port must between certain operational time.

(16) Coverage Constraint. Ensure that tanker that carry product k from

one port must arrive before coverage day of that product at passed port.
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4.2.3.4 Inventory Constraints

1,t—t, <1
Indr,, = {0, t— tm: >1 (17)
Smplet = 1Smkc = Rk + [Indem * Gmyoric] (18)
Smpkt = ISmykt-1 = R + [[Ndem * Gimpyvrec] (19)
0 < Skt = Smxmyk (20)
Yvev Lovrk = Lunivk (21)
Explanation
(17) Product Arrival Indicator. Indicator that shows if tanker that carry

the product has arrived at period t then this constraint will have value 1.

(18) Initial Inventory Level Constraint. To decide the initial inventory in
first period of a port. The formula is initial inventory of that port minus daily
demand plus incoming stock.

(19) Initial Level Constraint. To decide the value of inventory on every
period from one port. The formula is initial inventory of that port minus
daily demand plus incoming stock.

(20) Stock Level Bound. Ensure that the remains of its inventory at every
periods must be between 0 and maximum level even it surpass minimum
level.

(21) Initial Inventory Tanker Constraint. Ensure that initial inventory of

the tanker do not exceed minimum inventory of the tanker.
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4.2.3.5 Objective Function

Z Z Z Cpcmf-zivr + Clb- Z Z tijv-xijvr
v r i i

+ Car Z Z Z Qivrk
discharge- . PR,,
i v r k
+ Z Z Z Cprody * Ry * Lty
v m k

e——

This objective function is to minimize total cost that include port charge,
management fee, bunker cost for laden and ballast (traveling), bunker cost for

discharge (loading and unloading) and lateness cost.

4.3  Algorithm Development

Multi-product Inventory Ship Routing Problem (M-ISRP) algorithm build
up based on the tanker delivery problem at one of energy company in Indonesia for
East Java, Bali, NTT and NTB area. Therefore from the general algorithm basically
can be divided into several parts, which are sorting critical ports algorithm, tanker
assignment algorithm, and tanker routing algorithm. The general algorithm can be

seen in figure 4.1 below.
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START

Data Port,
Depot, Ship,
Cost

Find Distance and
Time Matrix

Ship Assignment [«

Last ship stil
available?

Any Critical Ports
not satisfied yet?

FINISH

Figure 4.1 General M-ISRP Algorithm

The algorithm start from calculating distance matrix and time matrix in
order to make it easier for next calculation. Distance and Time matrix are needed
in tanker assignment and tanker routing process. Then continue with calculating
and sorting critical ports. Next, continue with tanker assignment. After knowing
which tanker that should be used based on the sequence of the critical ports and the

condition of the tanker, then run the tanker routing process. There are a lot to do in
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this process. Therefore, tanker routing process must ensure that all critical ports can
be satisfied on time and effectively. If there is any critical ports that not satisfied

yet, the tanker routing process is repeated until all ports is satisfied.

4.3.1 Critical Ports Sorting Algorithm

In order to classify the ports and to know which ports that should be
delivered first, there must be a critical ports calculation. Therefore, researcher
assume that a port can be categorized as critical if the days of supply value is under
planning horizon. Otherwise, the port is not critical or did not have to be supplied

for this planning horizon. The algorithm for calculation and sorting critical ports

START

A 4

Data Initial
Inventory,
Demand Rate,
Time to Depot

A 4

can be seen in figure 4.2 below.

Calculate Safety
Stock

A 4

Calculate Days of
Supply

A 4

Critical Ports =
DOS < Planning
Horizon

A 4

Sort Critical Ports
based on smallest
DOS

A 4
FINISH

Figure 4.2 Calculating and Sorting Critical Ports Algorithm
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Researcher assume that the minimum level of inventory should be decided
by calculating safety stock. Therefore, the formula of safety stock itself is the
amount of product loss by two times depot-port delivery. Thus, by knowing the
safety stock, initial inventory, and daily demand rate, the days of supply of each
port can be calculated. Next, define every port whether it is critical or not and

sorting it based on the smallest days of supply.

4.3.2 Tanker Assignment Algorithm

In order to make an effective routing, the tanker selection is also crucial.
Therefore, there must be several rules regarding the tanker assignment. Note that
the tanker can start the planning either from the sea or at the port. According to the
algorithm, to minimize the cost, the tanker that prioritized to be chosen first is the
closest one. However, still need to asses other condition of the tanker such as the
product carried and the tanker availability. The tanker assignment algorithm can be
seen in figure 4.3 below.
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‘ START )

A 4

Data Critical
Ports, Ship

A 4

Determine the
productand critical
ports want to visit

\ 4

» | Find a closest ship
to the port

Isthe ship
available?

Isthe assigned
product match?

Choose the ship
Update ¢
ship_availibity = 1

FINISH

Figure 4.3 Tanker Assignment Algorithm

4.3.3 Routing Algorithm

The main part of all algorithm is the routing algorithm. Therefore, this
algorithm done after tanker assignment and critical ports sorting is done. In order
to make a comprehensive route, the algorithm need to accommodate all the

possibilities. The routing algorithm can be seen in figure 4.4 below
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START

Define ship to use
(Ship Assignment)

A 4

current ship load ca
deliver demand?

2‘:2::;: ';2:[0 e Define trip to depot
Update Update
- demand unload - demand load
- travel time, arrival - travel time, arrival
time, service time, time, service time,
depart time depart time

Update Update
- load_ship - load_ship
-inventory -inventory
- baris=baris+1 - baris=baris+1
- ship position - ship position
- status node

till any critical por
not covered?

FINISH

Figure 4.4 Routing Algorithm

So there is a possibility that a tanker can deliver demand even if still not

come to the depot yet, depend on the load on the tanker in current time. Then, the
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route check is to check the feasibility of the route regarding the time windows
constraint, inventory constraint, etc. Still if a route exceed days of supply for certain

ports, then the route will be penalized.

4.4  System Prototype Development

After the algorithm is done, then the algorithm has developed into a system
prototype program to make it easier to run the algorithm as well as gaining the
result. The system prototype gives the result of tanker scheduling, detail of route
for every tanker, and the cost needed for the routing. Therefore the system prototype
developed by using Visual Basic for Application on Microsoft Excel 2013. The
home screen interface of the system prototype program can be seen in figure 4.5

below.

Figure 4.5 Prototype Program Home Interface

Basically this system prototype program consist of input, process, and
output. Although, the process part is hidden by the researcher to ensure that the
system is pleasantly for the user. Therefore, the input consists of port, depot, ship,
and cost. The output consists of the detail of route for every tanker as well as the
cost included and the total cost of entire tanker scheduling.
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441 Input

Input section in the system prototype program is the part where the user has
to fill the data regarding the tanker scheduling. Therefore, the data will be used as
the parameter to run the process. However, the user must aware that all the data
entered is already correct and feasible to be processed. Input section consists of four
parts, which are port input, depot input, ship input, and cost input. The interface of

input section can be seen in figure 4.6, 4.7, 4.8, 4.9 below.

Figure 4.6 Port Input Section Interfaces

Figure 4.7 Ship Input Section Interfaces
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Figure 4.8 Depot Input Section Interfaces

Figure 4.9 Cost Input Section Interfaces

Port input basically is the main input for this system. In this part user must
input the number of ports, coordinates of ports, time window, assigned depot,
inventory boundary, initial inventory, and daily demand rate for each product.
Depot input only consists of number of depots to supply all the ports, coordinate of
each, and the time window. Ship input consists of all tanker details including
assigned product, inventory of tanker, and the initial position of the tankers. Cost
input consists of all cost regarding the routing such as bunker (tanker fuel) cost,

product’s price, port charge, and management fee.
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4.4.2 Process

In the process section, the data that has been entered by the user become the
basis of running the algorithm. Entire process part is a work based on the algorithm.
Because the algorithm is complex and the process is long, so researcher decide to
hide the process part in order to make the program more pleasant for the user. Thus,
the user still can access the process part to see how the tanker scheduling being

conducted. The screenshot of process section can be seen in the figure 4.7 below.

Figure 4.10 Process Screenshot

4.4.3 Output

The output section is the result of the process which is all the tanker routing
and cost included. Therefore, the routing detail of every tanker will present in this
section also the cost of every tanker. The interface of output section can be seen in

figure 4.9 below.
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Figure 4.11 Output Interface

45 Verification and Robustness Test

The verification process is done by comparing the result of the program with
manual calculation. Therefore, the dataset for verification is small a dataset,

whether run by a program or manual calculation using the same algorithm.

In this verification process, the program have to find the best ship
scheduling for five ports with one depot. Each port will have different demand for
each product. Therefore, each port also has different days of supply because it has
a different daily demand rate as well as different inventory condition. The minimum
inventory for each port is determined using safety stock calculation which is the
amount of product depleted when travel from port to depot two times. Each port
coordinates are exactly the same as the real case, by using longitude and longitude

conversion. The input data for ports can be seen in table 4.1 and 4.2 below

Table 4.1 Port Coordinate and Capacity Data

Port Coordinate Capacity
X Y P1 P2 P3
Ampenan 421.12 | 223.81 | 12547 | 1365 | 10517
Tanjung Wangi | 238.03 | 289.77 | 9155 | 9767 | 10837
Ngurah Rai 320.97 | 222.64 | 2107 | 2201 | 2304
Camplon 117.29 | 390.63 | 2010 | 2128 | 2096
Gresik 47.96 | 398.26 | 8778 | 12188 | 9208
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Table 4.2 Port Daily Demand Rate and Initial Inventory Data

Port Daily Demand Rate Initial Inventory

P1 P2 P3 P1 P2 P3
Ampenan 57.41 H 330.78 | 1585 4183
Tanjung Wangi | 456.11 | 528.78 | 556.79 | 3750 | 2308 | 3225
Ngurah Rai 88.7 | 56.86 | 174.63 | 748 | 1107 | 1200
Camplon 89.81 | 56.48 | 168.78 | 545 655 | 3320
Gresik 454,74 | 271.33 | 218.89 | 4421 | 9437 | 3944

As shown in table 4.2 that Ampenan has 1 demand rate and 99999 initial
inventory. This number is dummy data, thus the program will crashed if encounter
0 value in the input. Because demand rate becomes the divider variable in

determining days of supply.

There are three tankers available to make the deliveries. Therefore, those
three tanker are dedicated each of it for each product. Tanker’s initial position is
different from one and another and can be started in the middle of the sea. It is also
that every tanker have maximum and minimum inventory to make a sail. Pumping
rate also different from one and another. The detail input data for tankers can be

seen in table 4.3 below.

Table 4.3 Tanker Data

Tanker |MVEMOYY | Assigned Initial Initial Position | Pumping
Min | Max |  Product Inventory | KM | Destination Rate
Kerta Dua | 900 | 9000 3 2000 2.5 2 35
Andika | 950 | 9500 1 2000 3.6 3 30
Karmila | 900 | 9000 2 1200 6.1 4 30

Costs included in the calculation is port charge and management fee, bunker
cost for traveling, bunker cost for loading/unloading, and lateness cost. Therefore,
this research sets bunker price at Rp 8,280.00 based on the price of bunker in
Indonesia June 2016 (BunkerBBM.co.id, 2016). Other detail of cost can be seen in
table 4.4 below.

Table 4.4 Port Charge and Management Fee Data
Port Charge and Management Fee
Manggis Rp 3,480,900.00
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Port Charge and Management Fee
Ampenan Rp 3,415,300.00
Tanjung Wangi | Rp 2,545,075.00
Ngurah Rai Rp 2,545,075.00
Camplon Rp 2,545,075.00
Gresik Rp 2,545,075.00

Based on the manual calculation, there are 4 critical ports for all products.
The details are ports Camplon for product 1; port Tanjung Wangi for product 2, and
port Tanjung Wangi and Ngurah Rai for product 3. All those ports will become
priorities in the deliveries. Therefore, after this step is tanker assignment and routing
process. The result compares with the output of the program, can be seen in table
4.5 below.

Table 4.5 Route Comparison between Manual Calculation and Program Output

Tanker Manual Calculation Route Program Output Route
Kerta |Ampenan---Manggis---Tanjung Ampenan---Manggis---Tanjung Wangi--
Dua |Wangi---Manggis---Ngurah Rai -Manggis---Ngurah Rai

Andika [Tanjung Wangi---Manggis---Camplon |Tanjung Wangi---Manggis---Camplon
Ngurah Rai---Manggis---Tanjung
Karmila|Wangi

Ngurah Rai---Manggis---Tanjung Wangi

From the route comparison, can be seen that between manual calculation
and program output are having the same result based on the same algorithm.
Therefore the cost comparison should be present the same value. The cost
comparison can be seen in table 4.6 below.

Table 4.6 Cost Comparison between Manual Calculation and Program Output
Tanker | Manual Calculation Cost Program Output Cost
Tanker1| Rp 603,595,106.26 Rp 603,595,106.26
Tanker 2| Rp 581,723,829.65 Rp 581,723,829.65
Tanker3| Rp 343,417,895.64 Rp 343,417,895.64
Total Rp 1,528,736,831.56 Rp 1,528,736,831.56

By doing the verification of the model and algorithm, it can be concluded
that the model and algorithm is already verified and capable of resulting tanker

schedule, total cost needed, and tanker utilization regarding the model and
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algorithm have been built. Therefore, the next step is a running robustness test in

order to know the consistency of algorithm in resulting tanker route.

The robustness test involves several datasets. There are three datasets that
different from each other and each have its own characteristics. The first dataset
consists of many ports and divided into several areas which is the tanker and depot
are dedicated for ports in those areas only. Consist of 15 ports with 3 depots and 9
tankers. The second dataset has less port than dataset 1, and only consist of 1 depot.
The purpose of this dataset is to know the performance of the program in resulting
schedule by using only one depot but with many ports. The third dataset basically
is the same with the second one, but it has two depots with different condition of
inventory. However, all three datasets have same bunker and product cost. Port
charges and management fee are different, but not in large range. All input data for

robustness test can be seen in appendix A.

4.5.1 Dataset 1 Scheduling

In first dataset scheduling, there are several critical port that have to be
supplied in interval of the planning horizon. Those critical ports grouped by product
and sorted based on the smallest Days of Supply. Therefore, table 4.7 below shows

the critical port that need to be supplied in Dataset 1.

Table 4.7 Critical Port of Dataset 1

Product 1 Product 2 Product 3
Port 3 Port 2 Port 5
Port 6 Port 4 Port 6
Port 12 Port 6 Port 9

Port 12 Port 12
Port 15 Port 14

Noted that all those ports are dedicated to its own area. Port 1-5 in area A,
port 6-10 in area B, and port 11-15 in area C. Therefore, the program will find the
route based on the algorithm. The program also calculates the utilization of the

tanker in routing. However, the calculation of tanker utilization is based on the
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planning horizon time length. Because the program sets the planning horizon is 7,

then the tanker utilization is the utilization of the tanker on those 7 days of work.

The scheduling result can be seen in table 4.8 below.

Table 4.8 Scheduling Result of Dataset 1

Tanker | Product | Area Route Utilization
Tanker 1 1 A P1---D1---P3 0.22
Tanker 2 2 A P2---P4 0.30
Tanker 3 3 A P3---D1---P5 0.21
Tanker 4 1 B 0.00
Tanker 5 2 B P8---D2---P6 0.22
Tanker 6 3 B P6---D2---P6---P9 0.44
Tanker 7 1 C P15---D3---P12 0.20
Tanker 8 2 C P14---D3---P12---P15 0.49
Tanker 9 3 C P12---D3---P14 0.35

From all the route, there is no late delivery. Therefore, there is no lateness

cost imposed to the tanker. The cost imposed are port charge and management fee,

bunker cost for traveling and bunker cost for discharging. The cost recapitulation

can be seen in table 4.9 below.

Table 4.9 Dataset 1 Cost Recapitulation

Cost
Port Charge and Management Fee | Rp 77,000,000.00
Bunker Consumption (L/B) Rp  9,311,545,364.13
Bunker Consumption (Discharge) | Rp 392,527,476.00

Lateness Cost

Rp

TOTAL COST Rp

9,781,072,840.13

Table 4.7 is quite revealing in several ways that the ports involved in

delivery process are not all. There are 9 ports that have need to be supplied in

interval of 7 days of planning horizon.
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4.5.2 Dataset 2 Scheduling

In second dataset scheduling, from 8 ports there are several critical port.
Same as dataset 1, those critical ports grouped by product and sorted based on the
smallest Days of Supply. Therefore, the result of critical port selection of Dataset 2
can be seen in table 4.10 below.

Table 4.10 Critical Ports in Dataset 2
Product 1 | Product 2 | Product 3
Port 5 Port 2 Port 2
Port 3 Port 1 Port 3

Port 1 Port 5

After determining and sort all critical ports, the program will continue to
find the optimal route. The number of tanker in Dataset 2 is 6 tankers dedicated for
2 for each product. Hence, from the result we can see that not all the tanker is being
used in the specific planning horizon. It means that by the current condition of the
inventory and such, there are only 4 tankers needed to run the routing for 7 days of

planning horizon. The routing result can be seen in table 4.11 below.

Table 4.11 Routing Result of Dataset 2

Tanker | Product Route Utilization
Tanker 1 1 P8---D1---P5 0.02
Tanker 2 1 P7---D1---P5---P3---D1---P1 0.60
Tanker 3 2 -- 0.00
Tanker 4 2 P8---D1---P2---P1---P5 0.62
Tanker 5 3 P3---D1---P2---P3 0.47
Tanker 6 3 -- 0.00

Overall routing operation in dataset 2 need Rp 6,091,820,702.71 based on
the sum of port charge and management fee, traveling and discharging bunker
consumption, and lateness cost. The cost recapitulation can be see in table 5.8

below.
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Table 4.12 Cost Recapitulation of Dataset 2

Cost
Port Charge and Management Fee | Rp 66,000,000.00
Bunker Consumption (L/B) Rp 5,852,778,469.66
Bunker Consumption (Discharge) |Rp 173,042,233.05
Lateness Cost Rp -
TOTAL COST Rp 6,091,820,702.71

If the routing is done optimally, there should be no minus stock in the
inventory of every port. Therefore, condition of last stock inventory of all ports in

Dataset 2 can be seen in table 4.13 below.

Table 4.13 Last Stock in Dataset 2

Product 1 | Product 2 | Product 3
Port 1 3416 1880 492
Port 2 2611 5624 1503
Port 3 4822 2339 2076

Port 4 988 1230 247
Port 5 1612 828 1414
Port 6 1746 1623 1240
Port 7 340 4264 4785

Port 8 1810 6755 2545

4.5.3 Dataset 3 Scheduling

As mentioned before that Dataset 3 different is not too far with Dataset 2.
Both have the same number of ports and tankers, but the differences are the number
of depots and the condition of the inventory. In consequence, the critical ports from
Dataset 3 can be seen in table 4.14 below.

Table 4.14 Critical Ports in Dataset 3

Product 1 Product 2 Product 3
Port 6 Port 8 Port 3
Port 2 Port 7 Port 6

Port 6 Port 2
Port 5
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Even if there are 2 depots, the depot selection is based on the nearest depot
from the current location of the tanker. Therefore, between one depot and another
can be any difference in the usage. Thus, there is no restriction area for the tanker
so that the tanker from depot 1 can also have a route to depot 2 and vice versa. The

routing result of Dataset 3 can be seen in table 4.15 below.

Table 4.15 Routing Result of Dataset 3

Tanker | Product Route Utilization
Tanker 1 1 P8---D1---P6 0.19
Tanker 2 1 P7---D1---P2 0.27
Tanker 3 2 -- 0.00
Tanker 4 2 P8---D2---P8---P7---D1---P6---P5 0.54
Tanker 5 3 P3---D1---P3---P6---P2 0.59
Tanker 6 3 -- 0.00

Same as before, the cost arrangement also the same. Dataset 3 needs Rp
5,559,921,378.48 to run the optimal routing. Therefore, the cost recapitulation can

be seen in table 4.16 below.

Table 4.16 Cost Recapitulation of Dataset 3

Cost
Port Charge and Management Fee | Rp 62,500,000.00
Bunker Consumption (L/B) Rp 5,270,347,094.63
Bunker Consumption (Discharge) |Rp  227,074,283.85
Lateness Cost Rp -
TOTAL COST Rp 5,559,921,378.48

If the routing is done optimally, there should be no minus stock in the
inventory of every port. Hence, the last stock condition of all ports in Dataset 3 can

be seen in table 4.17 below.

Table 4.17 Last Stock of Dataset 3

Product 1 | Product 2 | Product 3
Port 1 848 1392 1691
Port 2 2220 477 1240
Port 3 709 4967 340
Port 4 4432 370 1096
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Product 1 | Product 2 | Product 3
Port 5 1441 1612 719
Port 6 5440 7140 3032
Port 7 5253 2992 6308
Port 8 3886 1756 1612

From the several datasets it can be concluded that the model and algorithm
always can result the optimal route. Therefore, even if all the tanker is not being
used for the routing, but it is can be because of the inventory condition and the less
of critical ports in the planning horizon. It can be seen from Dataset 2 and Dataset
3 by having a different condition of inventory, the program still can result the route.
However, despite the condition of the inventory and demand rate, the algorithm still
can result an optimal route. So the algorithm is consistent enough to result the
schedule and it can be concluded that the model and algorithm is robust to solve

inventory ship routing problem for dedicated tanker fleet.

4.6 Real Case Data Solving

The real case data are taken based on the condition at one of Energy
Company in Indonesia for tanker delivery scheme on Jawa Timur, Bali, NTB, and
NTT provinces. Therefore, there are total of 17 ports with 3 depots and 1 depot for
each area. Each area is dedicated for itself, it means the responsibility of supply and
delivery as well as the tanker can only deliver to the area itself. However, this
dedicated area delivery scheme based on the location of the ports. Thus, the
assumption is by reducing the possibility of far delivery it will reduce the cost
significantly because the highest cost is the traveling cost (bunker cost). The area

scheme of this scenario can be seen in figure 4.12 below.
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Figure 4.12 Scenario 2 Delivery Area Scheme

In order to conduct all the delivery works, there are 12 tankers available, 4
for each area. Therefore, each tanker are dedicated for certain product. So there will
be at least one tanker for each product at each area. The allocation for each area can

be seen in table 4.18 below.

Table 4.18 Area Allocation for each Port

Area A Area B Area C
Depot Manggis|Depot Reo Reo|Depot Kalabahi
Ampenan Bima Dilli
Tanjung Wangi Badas Larantuka
Ngurah Rai Maumere Tenau
Camplon Ende Ende Atutupu
Gresik Waingapu

However the performance of delivery depends on the condition of
inventory. Thus, the program need to run the scheme for a month or four weeks.
The inventory and tankers position of the last week will become the input for the
next run period. By using this scheme, at least all the condition of the inventory can
be covered. All ports need to be supplied at least once a month depend on the
inventory condition. The input data for initial inventory can be seen in table. 4.19

below.
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Table 4.19 Initial Inventory for Scenario 2

Tanker Pl P2 P3
Ampenan 2288 047 5684
Tanjung Wangi| 5851 8514 4554
Ngurah Rai 1062 1701 987
Camplon 1780 1860 1192
Gresik 2761 2550 1546
Bima 7450 2876 7139
Badas 5446 1261 3341
Maumere 2159 337 2197
Ende Ende 1693 1012 1630
\Waingapu 2028 4883 5616
Dilli 6024 296 4859
Larantuka 4779 1108 2600
Tenau 5513 1616 6109
Atutupu 2379 1231 1683

All other details of the port, depot, and tanker for real data case provided in
Appendix D. Therefore, the initial inventory of each tanker and the cost detail can
be seen in table 4.20, 4.21, and 4.22 respectively.

Table 4.20 Tanker Initial Inventory for Scenario 2

Tanker Assigned Product | Initial Inventory
Kerta Dua 3 1401
Andika 1 1652
Karmila 2 1294
Kelud 1 1855
Cakra Bahana 1 1837
Mundu 2 1427
Ketaling 3 1125
Dorolonda 2 884
Kurau 1 1069
Egon 3 1321
Alor 2 1854
Dompu 3 958
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Table 4.21 Port Charge and Management Fee for Scenario 2

Port Charge and Management Fee

Depot Manggis | Rp 3,480,900.00 |Maumere Rp 2,545,075.00
Ampenan Rp 3,415,300.00 [Ende Ende Rp 2,545,075.00
Tanjung Wangi | Rp 2,545,075.00 |Waingapu Rp 2,750,000.00
Ngurah Rai Rp 2,545,075.00 [Depot Kalabahi | Rp 2,985,000.00
Camplon Rp 2,545,075.00 |Dilli Rp 2,545,075.00
Gresik Rp 2,545,075.00 |Larantuka Rp 2,545,075.00
Depot Reo Reo | Rp 3,100,900.00 Tenau Rp 2,545,075.00
Bima Rp 3,415,300.00 |Atutupu Rp 2,045,000.00
Badas Rp 2,545,075.00

Table 4.22 Bunker Price and Product Price for Scenario 2
Bunker Price |Rp 8,280.00
Product Price
P1
P2
P3

Rp 6,500.00
Rp 12,000.00
Rp 5,500.00

For the first period of scheduling, the input data are still based on the first
one. But for the next period, the input is the output of the previous period of
scheduling. Accordingly, data that become input for the next period are inventory
condition and tanker position. This repetition is done until four times or one month
of scheduling. Thus, the routing result for all 12 tankers in for periods of scheduling
can be seen in table 4.23, 4.24, 4.25, and 4.26.

Table 4.23 Period 1 Tanker Route
Tanker
Kerta Dua
Andika
Karmila
Kelud
Cakra Bahana
Mundu
Ketaling
Dorolonda
Kurau

Route
Camplon---Manggis---Gresik---Manggis---Ngurah Rai

Ampenan---Manggis---Gresik
Ngurah Rai---Manggis---Ngurah Rai
Bima---Reo Reo---Waingapu
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Tanker Route
Egon
Alor Tenau---Kalabahi---Dilli
Dompu
Table 4.24 Period 2 Tanker Route
Tanker Route
Kerta Dua |Ngurah Rai---Manggis---Camplon---Manggis---Tanjung Wangi
Andika  |Ngurah Rai---Manggis
Karmila  |Gresik---Manggis---Ngurah Rai---Camplon
Kelud Ngurah Rai---Manggis---Ampenan---Manggis---Camplon---Gresik
Cakra Bahana|Waingapu---Reo Reo---Maumere---Ende Ende
Mundu  |Badas---Reo Reo---Ende Ende--Badas---Reo Reo--Bima
Ketaling |Waingapu---Reo Reo---Ende EndeEnde Ende---Reo Reo---Badas
Dorolonda |Badas---Reo Reo
Kurau Larantuka---Kalabahi---Atutupu
Egon Kalabahi---Kalabahi---Atutupu
Alor Dilli---Kalabahi---Tenau---Atutupu---Larantuka
Dompu

Table 4.25 Period 3 Tanker Route

Tanker Route
Tanjung Wangi---Manggis--Ampenan---Manggis---Gresik---
Kerta Dua Maarjmgg?s---aggurah F?aigg i P anagis-—cres
Andika [Ngurah Rai---Manggis---Ngurah Rai
Karmila [Camplon---Manggis---Gresik---Ngurah Rai
Kelud |Gresik---Manggis---Tanjung Wangi---Camplon
Cakra
Bahana |Ende Ende---Reo Reo---Bima---Maumere---Waingapu---Badas
Mundu
Ketaling |Badas---Reo Reo---Maumere---Reo Reo---Bima
Dorolonda
Kurau |Atutupu---Kalabahi---Larantuka---Atutupu---Tenau
Egon  |Atutupu---Kalabahi---DilliDilli---Kalabahi---Atutupu
Alor
Dompu
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Table 4.26 Period 4 Tanker Route
Tanker Route

Kerta Dua |Ngurah Rai---Manggis---Camplon---Manggis---Tanjung Wangi
Andika
Karmila |Ngurah Rai---Manggis---Camplon---Ampenan---Ngurah Rai

Kelud  |[Camplon---Manggis---Camplon
Cakra  |Badas---Reo Reo---Ende Ende---Bima---Maumere---Badas---
Bahana |Waingapu

Mundu  |Ende Ende---Reo Reo---MaumereEnde Ende---Reo Reo
Ketaling |Bima---Reo Reo---Ende Ende
Dorolonda |Bima---Reo Reo---Ende Ende
Kurau  [Tenau---Kalabahi---Atutupu---Dilli---Tenau---Larantuka
Egon  |Atutupu---Kalabahi---Atutupu
Alor Larantuka---Kalabahi---Atutupu---Tenau---Kalabahi--Larantuka
Dompu  |Tenau---Kalabahi---Larantuka

Due to the condition of the inventory, there are various conditions of route,
whether the tanker is idle or even force to deliver late deliveries. The definition of
late deliveries itself is when the current inventory level reach zeroes level before
any tanker can make the delivery. From the tables there are no late deliveries
occurred for 4 periods of scheduling. Therefore, tanker Dompu is idle for three
periods. This happened because delivery frequency and demand for area C is small
for the assigned product. It is the same condition with tanker Mundu for period 1
and 3. However, those tankers are still needed in other period. The recapitulation of

total cost for all 4 periods can be seen in table 4.27 below.

Table 4.27 Cost Recapitulation of Real Case Data Solving
Period
Rp 2,792,822,102.33
Rp 9,430,366,462.52
Rp 10,917,820,052.02
4 Rp 12,396,603,012.01
Total Cost Rp 35,537,611,628.88

WIN| -

From the cost it can be concluded that frequency of delivery is raised from

time to time. This happened because the inventory condition at some point will
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deplete and need to be supplied.The high cost does not include the penalty cost due
to late deliveries. So, from the route and cost seen that 12 tanker is sufficient to
cover all deliveries in area A, B, and C. Thus, another output that can be a
consideration is tanker utilization. The recapitulation of tankers utilization can be
seen in table 4.28 below.

Table 4.28 Tanker Utilization Recapitulation

Period

Tanker 1 > 3 2 Average
Kerta Dua 0.27 0.29 0.38 0.29 0.31
Andika 0.00 0.03 0.05 0.00 0.02
Karmila 0.21 0.30 0.44 0.40 0.34
Kelud 0.03 0.31 0.23 0.16 0.18
Cakra Bahana| 0.20 0.24 0.74 0.90 0.52
Mundu 0.00 0.21 0.01 0.17 0.10
Ketaling 0.00 0.53 0.56 0.19 0.32
Dorolonda 0.00 0.28 0.00 0.47 0.19
Kurau 0.00 0.09 0.54 0.54 0.29
Egon 0.00 0.07 0.29 0.09 0.11
Alor 0.20 0.62 0.00 0.50 0.33
Dompu 0.00 0.00 0.00 0.20 0.05

Average 0.08 0.25 0.27 0.33 0.23

Tanker utilization calculation is based on the planning horizon. It means that
the tanker operational time divided by the time of the entire planning horizon.
However, not all tankers fully operated for 7 days. Many deliveries are done in day
one or two which is good that port can be supplied as fast as possible, but in other
way make the tanker utilization is not so high. The exact parameter to see is when
the tanker utilization is zero. It means that the tanker is idle for the entire planning
horizon. If the tanker has too many idle periods, it become a strong consideration
in evaluating the area. From table 4.28, the number of idle tankers for 4 periods is
11 times with tanker Dompu is idle for entire 3 periods. Therefore, the decision to
increase or reduce the number of tanker available also needs to consider about the

number of late delivery as well as the cost implied. If the scheduling done well,
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there will be no extreme inventory condition in the ports. Therefore, example of

port’s inventory graph can be seen in figure 4.13, 4.14, and 4.15 below.

Figure 4.13 Inventory Flow of Port Gresik, Product 3

Figure 4.14 Inventory Flow of Port Camplon, Product 3
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Figure 4.15 Inventory Flow of Port Camplon, Product 2
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CHAPTER V
NUMERICAL EXPERIMENTS

This chapter conducts the numerical experiments regarding the model and
algorithm. All numerical experiments consist of solving several experiments with
its own purposes and then analyze the result. The list of experiments and its

purposes can be seen in table 5.1 below.

Table 5.1 List of Experiments

. Decision
Experiments Purpose Variable Parameter

To decide the best Port and Depot Location,
Number of |Capacity, Daily Demand Rate,
number of tankers e L
1 ) . Tanker [Tanker Position, Initial
required to fulfill a .
i Required |Inventory, Cost, Real case
certain demand. )

data, Area allocation scheme
Port and Depot Location,
Capacity, Number of tanker

To evaluate the

performgnce of 12 Daily available, Tanker Position,
2 tankers in order to Demand Initial Inventory, Cost, Real
fulfill deliveries with Rate Y, LOsL,

case data, Area allocation

various demand rate
scheme

5.1 Experiment1

The key aspect to this experiment is to decide the best number of tanker
required to fulfill certain demand. Demand data, input, and other parameter for this
experiment is using real data case that the same as sub-chapter 4.6. The decision
variable in this experiments is to modify the number of tanker in the beginning of
the planning horizon.

5.1.1 Description
This experiment uses input and parameter from real data case. Therefore, in
order to find the best number of tankers required, perform analysis based on the

result for each scenario with its own changing condition. Thus, every scenario in
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this experiment is affected by another scenario. Table 5.2 below shows the list of

scenarios for this experiments.

Table 5.2 Scenario’s List in Experiment 1

Scenario Nl%r;r?gr()f Changing Condition
1 11 Removing tanker Dompu
2 10 |Removing tanker Mundu
3 9 Removing tanker Andika

5.1.1.1 Scenario 2: 11 Tankers

Due to the result of using 12 tankers, there is a lot of idle tankers and a small
number of utilization. Therefore, this scenario is try the same demand scheme by
removing tanker Dompu from Area C. So the number of tankers available in the
beginning of planning horizons is 11 tankers. Same as before, scheduling done in 4
periods and compare it with real data case’s result. The tanker allocation for

scenario 1 can be seen in table 5.3 below.

Table 5.3 Tanker Allocation for Scenario 1 Experiment 1

Area
A B C
Kerta Dua Cakra Bahana Kurau
Andika Mundu Egon
Karmila Ketaling Alor
Kelud Dorolonda

After running the program in scenario 1 for 4 periods, then compare the
result with result from the real data case. The comparison of tanker utilization and
idle tankers recapitulation of scenario 1 with real data case can be seen in table 5.4
and 5.5 below.

Table 5.4 Tanker Utilization Comparison for Scenario 1 Experiment 1

Tanker Real Data Case Experlmgnt 1,
Scenario 1
Kerta Dua 0.31 0.31
Andika 0.02 0.02
Karmila 0.34 0.34
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Tanker Real Data Case Experlmgnt L
Scenario 1

Kelud 0.18 0.18
Cakra Bahana 0.52 0.52
Mundu 0.10 0.10
Ketaling 0.32 0.32
Dorolonda 0.19 0.19
Kurau 0.29 0.22
Egon 0.11 0.17
Alor 0.33 0.33
Dompu 0.05 -

Average 0.23 0.25

Table 5.5 Number of Idle Tanker Comparison for Scenario 2 Experiment 1

Period Real Data Case Experiment 1, Scenario 2
1 7 6
2 1 0
3 3 2
4 1 1
Total 12 9

Dompu tanker previously only had 0.05 utilization and only supply the
product in 1 period. Therefore, in removing Dompu it has less impact to the

utilization which is only increase 0.02 from 0.23. Although, the number of idle

tankers is decreasing from 12 to 9.

Table 5.6 Total Cost Comparison for Scenario 1 Experiment 1

Period Real Data Case Experiment 1, Scenario 1
1 Rp 2,792,822,102.33 |Rp 2,792,967,097.62
2 Rp 9,430,366,462.52 | Rp 9,430,366,462.52
3 Rp  10,917,820,052.02 |[Rp  10,917,820,052.02
4 Rp  12,396,603,012.01 |[Rp  11,486,055,335.46
Total Cost Rp  35,537,611,628.88 |Rp  34,627,208,947.62
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From table 5.10 can be seen that the total cost for scenario 2 is lower than
real data case. This occurred because Dompu’s route in real data case must be
covered by another tanker which is causing the more efficient than before. However
in this scenario, there are no late deliveries occurred. So by using 11 tanker is
sufficient to fulfill all the demand and deliveries. But still the average tanker
utilization is still small and there are a lot of idle tanker in 4 periods of scheduling.

Figure 5.1 below presents the inventory summary for port Atutupu, product 3.

Figure 5.1 Inventory Flow of Port Atutupu, Product 3 using 11 Tankers

5.1.1.2 Scenario 2: 10 Tankers

In scenario 2, Scenario 1 is not significantly different from the real data case.
Thus, scenario 2 performed to evaluate is 10 tankers sufficient to fulfill all
deliveries. The changing is removing tanker Mundu from Area B. So the tanker

allocation become like in table 5.7 below.

Table 5.7 Tanker Allocation for Scenario 2 Experiment 1

Area
A B C
Kerta Dua Cakra Bahana Kurau
Andika Ketaling Egon
Karmila Dorolonda Alor
Kelud
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Same as the previous scenarios, the program runs the scheduling for 4
periods. Therefore, the result of tankers utilization and number of idle tankers can

be seen in table 5.8 and 5.9 below.

Table 5.8 Tanker Utilization Comparison for Scenario 2 Experiment 1

Tanker Real Data Case Experlmgnt L
Scenario 2

Kerta Dua 0.31 0.31
Andika 0.02 0.02
Karmila 0.34 0.34
Kelud 0.18 0.18
Cakra Bahana 0.52 0.48
Mundu 0.10 -

Ketaling 0.32 0.32
Dorolonda 0.19 0.41
Kurau 0.29 0.29
Egon 0.11 0.17
Alor 0.33 0.33
Dompu 0.05 -

Average 0.23 0.30

Table 5.9 Idle Tanker Comparison for Scenario 3 Experiment 1

Period Real Data Case Experiment 1, Scenario 3
1 7 4
2 1 0
3 3 2
4 1 1
Total 12 7

Refering to table 5.8, the tanker utilization is increasing from 0.23 to 0.30.
Tanker Mundu removal give slightly changes in tanker utilization. Therefore, the
number of idle tanker is decreasing from 12 to 7. The total cost for this scenario can

be seen in table 5.10 below.
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Table 5.10 Total Cost Comparison for Scenario 2 Experiment 1

Period Real Data Case Experiment 1, Scenario 2
1 Rp 2,792,822,102.33 | Rp 5,096,560,294.94
2 Rp 9,430,366,462.52 | Rp 9,488,203,427.23
3 Rp  10,917,820,052.02 |[Rp  10,709,776,913.72
4 Rp  12,396,603,012.01 |[Rp  10,666,879,976.05
Total Cost Rp  35,537,611,628.88 |Rp  35,961,420,611.93

There are no late deliveries occurred in this scenario. Thus, there are no
lateness cost given to the total cost. By using 10 tankers, the total cost is increasing
about Rp 424,465,901,34 from the total cost in the real data case. It is because the

route in period 1 for area B is less efficient than before. So, 10 tankers are sufficient

to fulfill all demand and deliveries.

5.1.1.3 Scenario 3: 9 Tankers

By using dedicated tanker policy, the limit of 3 Areas with 3 products
scheduling for real data case is 1 for each. So that makes the number of tankers is 9
tankers for this scenario. This scenario runs by removing tanker Andika from Area

A. Therefore, the result of tankers utilization and number of idle tankers can be seen

in table 5.11 and 5.12 below.

Table 5.11 Tanker Utilization in Scenario 3 Experiment 1

Tanker Real Data Case Experlmgnt L
Scenario 3

Kerta Dua 0.31 0.31
Andika 0.02 -

Karmila 0.34 0.34
Kelud 0.18 0.24
Cakra Bahana 0.52 0.48
Mundu 0.10 -

Ketaling 0.32 0.31
Dorolonda 0.19 0.41
Kurau 0.29 0.22
Egon 0.11 0.17
Alor 0.33 0.25
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Tanker Real Data Case Experlmgnt 1
Scenario 3
Dompu 0.05 -
Average 0.23 0.33

Table 5.12 Idle Tanker Comparison of Scenario 3 Experiment 1

Period Real Data Case Experiment 1, Scenario 3
1 7 3
2 1 0
3 2 2
4 1 0
Total 12 5

By removing tanker Andika, the tanker utilization is increasing from 0.23
to 0.33. Even at some period the tanker utilization can reach to 0.70. Along with
that, the number of idle tanker also declines into 5. This occurred because at some
point, there are no deliveries that need to be fulfilled. So that the program forces the
tanker to have no route or idle. Therefore, the total cost for this scenario can be seen
in table 5.13 below.

Table 5.13 Total Cost Comparison of Scenario 3 Experiment 1

Period Real Data Case Experiment 1, Scenario 3
1 Rp 2,792,822,102.33 | Rp 5,106,358,294.94
2 Rp 9,430,366,462.52 | Rp 8,796,265,429.82
3 Rp  10,917,820,052.02 |[Rp  11,064,487,661.56

4 Rp  12,396,603,012.01 |[Rp  11,531,238,527.97
Total Cost Rp  35,537,611,628.88 |Rp  36,498,349,914.29

The concerned issue of using 9 tankers is late deliveries. Therefore, from
the inventory flow indicates that there are no late deliveries occurred in 4 periods.
From the total cost indicates that it has less route efficiency. So by using 9 tankers
is sufficient to fulfill all demand and deliveries. Proven by one of example of

inventory summary in port Bima, product 1. It can be seen in figure 5.2 below.
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Figure 5.2 Inventory Flow of Port Bima, Product 1, using 9 Tankers

5.1.2 Analysis of Experiment 1
By elaborating all the scenarios, the result recapitulation of experiment 1

can be seen in table 5.14 below.

Table 5.14 Comparison of Each Scenario in Experiment 1

Scenario Number of T_ane_r ldle Total Cost
Tanker | Utilization [Tanker
Real Case Data 12 0.23 12 |Rp 35,537,611,628.88
1 11 0.25 9 Rp 35,961,420,611.93
2 10 0.30 7 Rp 35,961,420,611.93
3 9 0.33 5 Rp 36,498,349,914.29

From result of all 3 scenarios, by removing several tankers it still sufficient
to fulfill all demands. Because there are no late deliveries occurred in all scenarios.
Still in all scenarios, there are conditions when the stock is below safety stock, but
always there is a route to fulfill those demands. However, by referring to tanker
utilization, even by minimizing the number of tanker, the average tanker utilization
is still small about 0.33. This is because almost all deliveries are done in the middle
of the week. Causing the work hours of the tanker only until the middle even before

that. Compared to the work hours in all planning horizon, makes the tanker
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utilization is small. Eventhough some tanker in certain period has utilization more
than 0.50.

Minimum number of tanker required to deliver all demand with current Area
scheme is 9 tankers. Therefore, the result of running scheduling using 9 tankers
shows good result. Tanker utilization increase 0.10, and there is no late deliveries
occurred. So the best number of tanker required to deliver all demand in real data

case is 9 tankers.

5.2 Experiment 2
In this experiment, the aim is to know the limit of 12 tankers in order to fulfill
deliveries with various demand rates. So the changing variable is the daily demand

rate with other input and parameter still the same with the real data case.

5.2.1 Description

The demand is various from 125% to 150% from real case data demand rate.
The comparison data which is 100% demand rate, is already provided in sub-
chapter 4.6. So it will not repeat again. Demand rate is the parameter that can
determine how much inventory has depleted each day as well as determine is the
port critical or not based on the inventory condition.

The number of tankers available is 12 tankers with 4 tankers for each area.
Therefore, the scheduling performed in 4 periods or 4 weeks. Thus, real case data
daily demand rate can be seen in table 5.15 below.

Table 5.15 100% Demand Rate as Basis

Port Daily Demand Rate

P1 P2 P3
Ampenan 285 41 355
Tanjung Wangi| 304 250 457
Ngurah Rai 145 189 140
Camplon 157 138 123
Gresik 212 485 489
Bima 447 250 365
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Port Daily Demand Rate

P1 P2 P3
Badas 254 167 227
Maumere 178 77 129
Ende Ende 136 89 149
\Waingapu 380 200 183
Dilli 231 236 298
Larantuka 287 85 101
Tenau 290 180 140
Atutupu 285 106 153

5.2.1.1 Scenario 1: 125% Demand Rate

Logically, if the demand rate higher than before, it will affect to the
increasing frequency of delivery. Therefore, the route condition will not be the same
as before. The big question is 12 tankers sufficient to cover delivery area with high
demand rates. So the demand rate used for this scenario can be seen in table 5.16

below.

Table 5.16 125% Demand Rate for Scenario 1 Experiment 2

Port Daily Demand Rate

P1 P2 P3
Ampenan 357 52 444
Tanjung Wangi| 380 313 572
Ngurah Rai 182 237 175
Camplon 197 173 154
Gresik 265 607 612
Bima 559 313 457
Badas 318 209 284
Maumere 223 97 162
Ende Ende 170 112 187
\Waingapu 475 250 229
Dilli 289 295 373
Larantuka 359 107 127
Tenau 363 225 175
Atutupu 357 133 192
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From the recapitulation, it is known that the number of idle tanker total only
8. This number is low because the frequency of delivery is more than original.
Therefore, the tankers utilization also increases to 0.32. This indicates a good use
of 12 tankers. Thus, the recapitulation of late deliveries, lateness cost, and total cost
of this scenario can be seen in table 5.17 below.

Table 5.17 Recaptulation for Scenario 1 Experiment 2

Period L-ate. Lateness Cost Operational Cost Total Cost
Deliveries
1 0 Rp -|Rp  8,678,304,195 | Rp  8,678,304,195
2 0 Rp - | Rp  13,939,668,938 | Rp  13,939,668,938
3 1 Rp 116,025,000 | Rp  13,258,315,565 | Rp  13,374,340,565
4 0 Rp -| Rp 14,601,974,903 | Rp  14,601,974,903
Total 1 Rp 116,025,000 | Rp 50,478,263,601 | Rp  50,594,288,601

In this scenario, there are late deliveries occured. 1 late delivery for port
Atutupu in period 3. All this late deliveries happened in the first day because the
condition of the inventory is so low in the beginning of the planning horizon. Force
the program to do late deliveries. Port Atutupu have only 3000 capacity with
demand rate of 357. Logically, the stock will be depleted with only 6 days. Even if

the deliveries made in every period.

Due to late deliveries, there is lateness cost charged for the cost. In this
scenario, by increasing the demand rate, the frequency of delivery also increased.
The increasing of delivery frequency have a significant impact to cost which is
higher than 100% demand rate. Therefore, 12 tankers are sufficient to fulfill almost
all demand and delivery with 4 late deliveries.

5.2.1.2 Scenario 2: 150% Demand Rate

This scenario is extreme condition, which is the demand rate is increase
about a half from the normal one. Therefore, demand rate for this scenario can be
seen in table 5.18 below.
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Table 5.18 150% Demand Rate for Scenario 2 Experiment 2

Port Daily Demand Rate

P1 P2 P3
Ampenan 428 62 533
Tanjung Wangi| 456 375 686
Ngurah Rai 218 284 210
Camplon 236 207 185
Gresik 318 728 734
Bima 671 375 548
Badas 381 251 341
Maumere 267 116 194
Ende Ende 204 134 224
\Waingapu 570 300 275
Dilli 347 354 447
Larantuka 431 128 152
Tenau 435 270 210
Atutupu 428 159 230

Therefore, there are a lot of late deliveries in this scenario. Because the

inventory condition is extreme that many ports have small value of days of supply

at the same period forced the program to make a late deliveries. At some point,

because the demand is too high and the capacity of the tanker are limited, forced

the tanker to reduce the amount of product delivered to the port. So that all ports

can be supplied, even not at the maximum point.

There are only about 6 idle tanker for all periods with tanker utilization

average of 0.40. Due to many late deliveries, there are penalty cost embedded in the

total cost. Therefore, the recapitulation of this scenario as seen in table 5.19 below.

Table 5.19 Recapitulation for Scenario 2 Experiment 2

Period I_.ate' Lateness Cost Operational Cost Total Cost
Deliveries
1 1 Rp 212,400,000 | Rp 11,834,885,168 [ Rp 12,047,285,168
2 4 Rp 462,200,000 | Rp 14,140,091,994 [ Rp  14,602,291,994
3 5 Rp 1,070,000,000 | Rp 16,293,548,954 | Rp  17,363,548,954
4 8 Rp 1,968,775,000 | Rp 16,531,127,426 [ Rp  18,499,902,426
Total 18 Rp 3,713,375,000 | Rp 58,799,653,541 | Rp  62,513,028,541
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Different with scenario 1, late deliveries occurred in this scenario because
tanker was coming late after the stock runs out. Therefore, there are lost in sales at
that day so there are lateness cost. In this scenario, total of lateness cost is Rp
3,713,375,000 which is a high cost. Thus, operational cost is increasing due to
increasing of delivery frequency as the impact of high demand rate. In this
condition, 12 tankers are not sufficient to deliver all demand on time because there
are 18 late deliveries in this scenario. Figure 5.3 below provides the condition of

inventory in port Bima for product 1.

Figure 5.3 Inventory Flow of Port Bima, Product 1, Experiment 2

5.2.2  Analysis of Experiment 2
From the all two scenarios, 12 tanker is actually not sufficient to deliver all
deliveries on time especially for 150% demand rate. The recapitulation of results in

experiment 2 presented in table 5.20 below.

Table 5.20 Recapitulation of Experiment 2

Scenario 125% Demand Rate 150% Demand Rate
Idle Tanker 8 9
Utilization 0.32 0.39

Late Deliveries 1 18

Lateness Cost | Rp 116,025,000 | Rp 3,713,375,000
Operational Cost | Rp  50,478,263,601 | Rp  58,799,653,541
Total Cost Rp 50,594,288,601 | Rp 62,513,028,541
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In 150% demand rate, the tanker utilization only 0.39 but there are late 18 late
deliveries. The issue of late deliveries in this experiment has received considerable
critical attention. It is because dedicated tanker policy, make the tanker only can
cover other tanker deliveries if have same product assigned. However, in this case
many products only covered by one tanker. Which makes the tanker not flexible in
terms of routing. Causing many late deliveries for several ports. Therefore, 12
tankers is sufficient to fulfill almost all demand and deliveries for 125% demand

rate, but not sufficient for 150% demand rate.
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ATTACHMENT A

Dataset 1 Input

ATTACHMENT

Port Coordinates and Capacity

Port Coordinate Capacity Assigned
X Y P1 P2 P3 Depot
P1 59 387 5000 | 8500 | 2500 1
P2 380 78 12000 | 2500 | 12000 1
P3 470 266 8000 | 3000 | 12000 1
P4 33 91 8500 | 2500 | 7000 1
P5 188 487 8500 | 10000 | 8500 1
P6 473 387 3500 | 8000 | 3500 2
P7 461 215 2500 | 12000 | 5000 2
P8 34 100 7000 | 8500 | 7000 2
P9 110 45 6000 | 8500 | 5000 2
P10 465 462 6000 | 8500 | 10000 2
P11 144 428 | 12000 | 7000 | 6000 3
P12 140 86 7000 | 3500 | 2500 3
P13 160 369 3500 | 10000 | 2500 3
P14 306 355 6000 | 12000 | 8000 3
P15 351 235 7000 | 7000 | 7000 3

Port Demand Rate and Initial Inventory

Port Daily Demand Rate Initial Inventory
P1 P2 P3 P1 P2 P3

P1 93 68 62 4024 4210 | 2325
P2 332 424 12 11846 2396 | 2411
P3 475 29 279 1277 1613 | 3038
P4 451 239 200 4613 1894 | 6416
P5 178 95 432 7208 8133 | 2332
P6 395 457 293 3372 1866 | 1195
P7 53 292 423 2109 9405 | 4864
P8 471 498 472 5820 5878 | 4877
P9 268 59 434 5686 6593 | 3255
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Port Daily Demand Rate Initial Inventory
P1 P2 P3 P1 P2 P3
P10 111 20 278 2675 7867 | 9210
P11 20 146 338 5146 3000 | 3732
P12 299 427 408 1736 1485 | 1265
P13 160 354 187 1508 5447 | 2500
P14 365 105 411 5582 3098 | 1682
P15 200 361 176 6674 2425 | 3901
Depot Coordinates
Depot Coordinate
X Y
D1 260 118
D2 123 244
D3 496 109
Ship Input Detail
Ship [Name Inventory Assigned | Initial Initial Position Pumping
Minimum|Maximum| Product |Inventory| KM |Destination| Rate
1 | S1 900 9000 1 1500 2 30
2 | S2 650 6500 2 6500 1 35
3 | S3 900 9000 3 2000 |6.7 4 30
4 | S4 650 6500 1 6500 8 5 30
5 | S5 800 8000 2 2000 8 4 35
6 | S6 750 7500 3 1500 9 2 30
7 | S7 600 6000 1 1000 4 6 30
8 | S8 650 6500 2 1000 2 5 30
9 | S9 1000 10000 3 5000 6 6 35
Port Charge and Management Fee
Port Charge Port Charge
n n
Port ManZgSment Port Mangggment
Fee Fee
P1 Rp 2,500,000 | P10 |Rp 4,500,000
P2 Rp 3,500,000 | P11 |Rp 2,500,000
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Bunker and Product Cost

Time Windows

Port Charge Port Charge
n n
Port ManZgSment Port Mangggment
Fee Fee
P3 Rp 4,500,000 | P12 |Rp 3,500,000
P4 Rp 2,500,000 | P13 |Rp 4,500,000
P5 Rp 4,500,000 | P14 |Rp 2,500,000
P6 Rp 2,500,000 | P15 |Rp 4,500,000
P7 Rp 3,500,000 D1 |Rp 4,500,000
P8 Rp 2,500,000 D2 | Rp 4,500,000
P9 Rp 3,500,000 D3 | Rp 4,500,000
Bunker Price Rp 8,280
Product Price
Pl Rp 6,500
P2 Rp 12,000
P3 Rp 5,500
Port Depot
Open 8 6
Close 16 18
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ATTACHMENT B

Dataset 2 Input

Port Coordinates and Capacity

Port Coordinate Capacity Assigned
X Y P1 P2 P3 Depot
P1 416 455 5000 | 3500 5000 1
P2 355 316 3500 | 2500 3000 1
P3 481 43 2500 | 8000 2500 1
P4 151 38 7000 | 8000 6000 1
P5 82 151 8000 | 3500 7000 1
P6 60 212 7000 | 8500 5000 1
P7 27 25 7000 | 5000 10000 1
P8 87 141 7000 | 3500 6000 1

Port Initial Inventory and Demand Rate

Port Daily Demand Rate Initial Inventory
P1 P2 P3 P1 P2 P3
P1 198 178 212 1098 1193 3107
P2 160 189 220 3000 648 825
P3 251 254 270 800 3008 2002
P4 108 106 141 3367 989 5251
P5 297 236 184 766 1807 6073
P6 195 170 246 2868 2018 3532
P7 122 251 258 5676 3171 8561
P8 297 218 292 4418 3272 4589
Depot Coordinates
Coordinate
Depot | Name X Y
D1 176 432
Ship Input Detail
_ Inventory Assigne | Initial Initial Position Pumpin
Ship | Minimu | Maximu Inventor | | Destinati g Rate
m m Product y on
S1 600 6000 1616 1 9 30
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_ Inventory Assigne | Initial Initial Position Pumpin
Ship | Minimu | Maximu d Inventor | | Destinati g Rate
m m Product y on
S2 1000 10000 1 1008 10 8 50
S3 600 6000 2 826 9 8 30
S4 1200 12000 2 1905 4 9 50
S5 850 8500 3 966 9 4 40
S6 1000 10000 3 1054 10 7 50
Port Charge and Management Fee
Port Port Charge and
Management Fee
P1 Rp 2,500,000
P2 Rp 4,500,000
P3 Rp 4,500,000
P4 Rp 3,500,000
P5 Rp 4,500,000
P6 Rp 2,500,000
P7 Rp 3,500,000
P8 Rp 4,500,000
Bunker and Product Price
Bunker Price Rp 8,280
Product Price
Pl Rp 6,500
P2 Rp 12,000
P3 Rp 5,500
Time Windows
Port Depot
Open 8 6
Close 15 18
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ATTACHMENT C

Dataset 3 Input

Port Coordinates and Capacity

Port Coordinate Capacity Assigned
X Y P1 P2 P3 Depot
P1 416 455 5000 | 3500 5000 1
P2 355 316 3500 | 2500 3000 1
P3 481 43 2500 | 8000 2500 1
P4 151 38 7000 | 8000 6000 1
P5 82 151 8000 | 3500 7000 2
P6 60 212 7000 | 8500 5000 2
P7 27 25 7000 | 5000 10000 2
P8 87 141 7000 | 3500 6000 2

Port Demand Rate and Initial Inventory

Port Daily Demand Rate Initial Inventory
P1 P2 P3 P1 P2 P3
P1 198 178 212 2234 2638 3175
P2 160 189 220 1281 1800 1391
P3 251 254 270 2466 6745 795
P4 108 106 141 5188 1112 2083
P5 297 236 184 3520 1691 2007
P6 195 170 246 1221 1187 1452
P7 122 251 258 6107 995 8114
P8 297 218 292 5965 600 3656
Depot Coordinates
Coordinate
Depot | Name X Y
1 D1 176 432
2 D2 451 23
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Ship Input Detail

' Inventory Assigne | Initial Initial Position Pumpin

Ship | Minimu | Maximu d Inventor KM Destinati g Rate

m m Product y on
S1 800 8000 1 1616 1 9 30
S2 1000 10000 1 1008 10 8 50
S3 600 6000 2 826 9 8 30
S4 1200 12000 2 1905 4 9 50
S5 850 8500 3 966 9 4 40
S6 1000 10000 3 1054 10 7 50

Port Charge and Management Fee
Bunker
Port Port Charge and Price Rp 8,280
Management Fee Product Price

P1 Rp 2,500,000 P1 Rp 6,500

P2 Rp 4,500,000 P2 Rp 12,000

P3 Rp 4,500,000 P3 Rp 5,500

P4 Rp 3,500,000

P5 Rp 4,500,000

P6 Rp 2,500,000

P7 Rp 3,500,000

P8 Rp 4,500,000

Time Window
Port Depot
Open 8 6
Close 15 18

91




ATTACHMENT D

Real Case Data Input and Output

Port Coordinate and Capacity

Name Coordinate Capacity Assigned
X Y P1 P2 P3 Depot
Ampenan | 421.123 | 223.815 | 10000 2000 10000 1
Tva\‘/r;‘r‘:gig 238.028 | 289.769 | 9000 | 9000 | 10000 1
Ngurah Rai | 320.971 | 222.638 | 2500 2200 2500 1
Camplon 117.288 | 390.63 | 2000 2200 2000 1
Gresik 47.9622 | 398.257 | 8500 12000 9000 1
Bima 179.765 | 180.647 | 12000 | 10000 | 10000 1
Badas 32.8838 | 178.435 | 6000 6000 8000 1
Maumere | 564.505 | 162.951 | 2500 2000 2500 1
Ende Ende | 499.834 | 138.618 | 2500 2000 2500 1
Waingapu | 348.568 | 49.0308 | 8000 6000 7500 1
Dilli 310.952 | 210.148 | 6500 6500 6000 1
Larantuka 21.898 | 232.269 | 7000 2000 6000 1
Tenau 89.7818 | 26.545 | 7000 3500 6500 1
Atutupu 235.404 | 160.376 | 3000 2000 2000 1
Port Initial Inventory and Capacity
Daily Demand Rate Initial Inventory
Name

P1 P2 P3 P1 P2 P3
Ampenan 285 41 355 2288 947 5684
va/rgr‘:gig 304 | 250 | 457 | 5851 | 8514 | 4554
Ngurah Rai 145 189 140 1062 1701 987
Camplon 157 138 123 1780 1860 1192
Gresik 212 485 489 2761 2550 1546
Bima 447 250 365 7450 2876 7139
Badas 254 167 227 5446 1261 3341
Maumere 178 77 129 2159 337 2197
Ende Ende 136 89 149 1693 1012 1630
Waingapu 380 200 183 2028 4883 5616
Dilli 231 236 298 6024 296 4859
Larantuka 287 85 101 4779 1108 2600
Tenau 290 180 140 5513 1616 6109
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Name Daily Demand Rate Initial Inventory
P1 P2 P3 P1 P2 P3
Atutupu 285 106 153 2379 1231 1683

Depot Coordinates and Time Windows

93

Name Coordinate Port Depot
X Y Buka 8 6
Manggis | 359.299 | 245.661 Tutup 16 18
Reo Reo | 370.49 | 199.45
Kalabahi | 197.082 | 245.541
Cost Detail
Port Charge and Management Fee
Manggis Rp 3,480,900.00 B;r?‘gsr Rp 8,280.00
Reo Reo Rp 3,100,900.00
Kalabahi Rp 2,985,000.00 Product Price
Ampenan Rp 3,415,300.00 P1 Rp 6,500.00
Tva\‘/r;‘r‘:gig Rp 2,545,075.00 P2 Rp 12,000.00
Ngurah Rai Rp 2,545,075.00 P3 Rp 5,500.00
Camplon Rp 2,545,075.00
Gresik Rp 2,545,075.00
Bima Rp 3,415,300.00
Badas Rp 2,545,075.00
Maumere Rp 2,545,075.00
Ende Ende Rp 2,545,075.00
Waingapu Rp 2,750,000.00
Dilli Rp 2,545,075.00
Larantuka Rp 2,545,075.00
Tenau Rp 2,545,075.00
Atutupu Rp 2,045,000.00




Period 1 Output

Number of
Ship Route Late Deliveries
Camplon---Manggis---Gresik---Manggis---

Kerta Dua | Ngurah Rai 0
Andika 0
Karmila Ampenan---Manggis---Gresik 0
Kelud Ngurah Rai---Manggis---Ngurah Rai 0
Cakra

Bahana Bima---Reo Reo---Waingapu 0
Mundu 0
Ketaling 0
Dorolonda 0
Kurau 0
Egon 0
Alor Tenau---Kalabahi---Dilli 0
Dompu 0

Ship Total Cost Utilization
Kerta Dua Rp 1,019,170,304.54 0.27
Andika Rp - 0.00
Karmila Rp 839,839,086.74 0.21
Kelud Rp 106,847,774.21 0.03
Cakra Bahana | Rp 421,217,461.40 0.20
Mundu Rp - 0.00
Ketaling Rp - 0.00
Dorolonda Rp - 0.00
Kurau Rp - 0.00
Egon Rp - 0.00
Alor Rp 405,747,475.44 0.20
Dompu Rp - 0.00

Rp 2,792,822,102.33 0.08

Period 2 Output

Ship

Route

Number of Late

Deliveries
Ngurah Rai---Manggis---Camplon---Manggis--
Kerta Dua | -Tanjung Wangi 0
Andika Ngurah Rai---Manggis 0
Karmila Gresik---Manggis---Ngurah Rai---Camplon 0
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Ship Route Numbe_:r Of Late
Deliveries
Ngurah Rai---Manggis---Ampenan---Manggis-
Kelud --Camplon---Gresik 0
Cakra
Bahana Waingapu---Reo Reo---Maumere---Ende Ende 0
Badas---Reo Reo---Ende Ende--Badas---Reo
Mundu Reo--Bima 0
Waingapu---Reo Reo---Ende EndeEnde Ende--
Ketaling -Reo Reo---Badas 0
Dorolonda | Badas---Reo Reo 0
Kurau Larantuka---Kalabahi---Atutupu 0
Egon Kalabahi---Kalabahi---Atutupu 0
Dilli---Kalabahi---Tenau---Atutupu---
Alor Larantuka 0
Dompu 0
Ship Total Cost Utilization
Kerta Dua Rp 1,142,454,718.23 0.29
Andika Rp 88,658,391.84 0.03
Karmila Rp 1,153,174,263.51 0.30
Kelud Rp 1,114,098,618.69 0.31
CakraBahana | Rp  728,669,498.03 0.24
Mundu Rp  515,055,100.30 0.21
Ketaling Rp 1,703,406,733.90 0.53
Dorolonda Rp  760,533,599.62 0.28
Kurau Rp 317,839,486.61 0.09
Egon Rp  249,174,964.63 0.07
Alor Rp 1,657,301,087.17 0.62
Dompu Rp - 0.00
Rp 9,430,366,462.52 0.27
Period 3 Output
: Number of
Ship Route Late Deliveries
Tanjung Wangi---Manggis--Ampenan---
Kerta Dua | Manggis---Gresik---Manggis---Ngurah Rai 0
Andika Ngurah Rai---Manggis---Ngurah Rai 0
Karmila Camplon---Manggis---Gresik---Ngurah Rai 0
Kelud Gresik---Manggis---Tanjung Wangi---Camplon 0
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. Number of
Ship Route Late Deliveries
Cakra Ende Ende---Reo Reo---Bima---Maumere---
Bahana Waingapu---Badas 0
Mundu 0
Badas---Reo Reo---Maumere---Reo Reo---
Ketaling Bima 0
Dorolonda 0
Atutupu---Kalabahi---Larantuka---Atutupu---
Kurau Tenau 0
Atutupu---Kalabahi---DilliDilli---Kalabahi---
Egon Atutupu 0
Alor 0
Dompu 0
Ship Total Cost Utilization
Kerta Dua Rp 1,440,222,595.73 0.38
Andika Rp  128,233,027.01 0.05
Karmila Rp 1,730,287,414.67 0.44
Kelud Rp  860,940,640.49 0.23
Cakra Bahana | Rp 2,712,271,658.64 0.74
Mundu Rp  203,054,388.30 0.01
Ketaling Rp 1,457,995,824.70 0.56
Dorolonda Rp - 0.00
Kurau Rp 1,490,243,873.73 0.54
Egon Rp 894,570,628.75 0.29
Alor Rp - 0.00
Dompu Rp - 0.00
Rp 10,917,820,052.02 0.29
Period 4 Output
Number of Late
Ship Route Deliveries
Kerta Ngurah Rai---Manggis---Camplon---Manggis---
Dua Tanjung Wangi 0
Andika 0
Ngurah Rai---Manggis---Camplon---Ampenan-
Karmila | --Ngurah Rai 0
Kelud Camplon---Manggis---Camplon 0
Cakra Badas---Reo Reo---Ende Ende---Bima---
Bahana | Maumere---Badas---Waingapu 0
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Number of Late
Ship Route Deliveries
Ende Ende---Reo Reo---MaumereEnde Ende---
Mundu Reo Reo 0
Ketaling | Bima---Reo Reo---Ende Ende 0
Dorolon
da Bima---Reo Reo---Ende Ende 0
Tenau---Kalabahi---Atutupu---Dilli---Tenau---
Kurau Larantuka 0
Egon Atutupu---Kalabahi---Atutupu 0
Larantuka---Kalabahi---Atutupu---Tenau---
Alor Kalabahi--Larantuka 0
Dompu | Tenau---Kalabahi---Larantuka 0
Ship Total Cost Utilization
Kerta Dua Rp 1,142,974,012.23 0.29
Andika Rp - 0.00
Karmila Rp 1,548,398,157.87 0.40
Kelud Rp  485,361,522.10 0.16
Cakra Bahana | Rp 3,671,126,504.91 0.90
Mundu Rp  405,412,483.00 0.17
Ketaling Rp  443,245,304.31 0.19
Dorolonda Rp 1,007,891,419.17 0.47
Kurau Rp 1,673,213,589.10 0.54
Egon Rp  344,502,262.74 0.09
Alor Rp 1,198,886,658.02 0.50
Dompu Rp  475,591,098.55 0.20
Rp 11,921,011,913.46 0.34
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Inventory Flow of Product 1

Port 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
Ampenan 2003 | 1718 | 1433 | 1148 [ 863 578 293 | 7715 | 7430 | 7145 | 6860 [ 6575 | 6290 [ 6005 | 5720 | 5435 | 5150 | 4865 | 4580 | 4295 | 4010 | 3725 | 3440 | 3155 [ 2870 [ 2585 [ 2300 | 2015
Tanjung Wangi | 5547 | 5243 | 4939 | 4635 | 4331 | 4027 | 3723 | 3419 | 3115 | 2811 | 2507 | 2203 | 1899 | 1595 | 8696 | 8392 | 8088 | 7784 | 7480 | 7176 | 6872 | 6568 | 6264 | 5960 | 5656 | 5352 | 5048 | 4744
Ngurah Rai 2355 | 2210 | 2065 | 1920 [ 1775 | 1630 | 1485 | 1340 | 1195 | 1050 | 905 760 615 470 | 2355 | 2210 | 2065 | 1920 | 1775 | 1630 | 1485 | 1340 | 1195 | 1050 | 905 760 615 470
Camplon 1623 | 1466 | 1309 | 1152 | 995 838 681 524 367 | 1529 | 1372 | 1215 | 1058 [ 901 744 | 1686 | 1529 | 1372 [ 1215 [ 1058 [ 901 744 | 1686 | 1529 | 1372 [ 1215 | 1058 [ 901
Gresik 2549 | 2337 | 2125 | 1913 [ 1701 | 1489 | 1277 | 1065 | 853 | 7864 | 7652 | 7440 | 7228 | 7016 | 6804 | 6592 | 6380 | 6168 [ 5956 | 5744 | 5532 | 5320 | 5108 | 4896 | 4684 | 4472 | 4260 | 4048
Bima 7003 | 6556 | 6109 | 5662 [ 5215 | 4768 | 4321 | 3874 | 3427 | 2980 | 2533 | 2086 | 1639 | 1192 | 745 | 4106 | 3659 [ 3212 | 2765 | 2318 | 1871 | 1424 | 977 | 3659 | 3212 | 2765 | 2318 | 1871
Badas 5192 | 4938 | 4684 | 4430 [ 4176 | 3922 | 3668 | 3414 | 3160 | 2906 | 2652 | 2398 | 2144 | 1890 | 1636 | 1382 | 1128 | 874 | 2730 | 2476 | 2222 | 1968 | 1714 | 1460 | 1206 | 2476 | 2222 | 1968
Maumere 1981 [ 1803 | 1625 | 1447 | 1269 | 1091 | 913 735 | 1966 | 1788 | 1610 [ 1432 | 1254 | 1076 | 898 720 | 1788 | 1610 | 1432 | 1254 | 1076 | 898 720 542 | 1610 | 1432 [ 1254 | 1076
Ende Ende 1557 | 1421 | 1285 | 1149 | 1013 | 877 741 605 | 2228 | 2092 | 1956 [ 1820 | 1684 | 1548 | 1412 | 1276 | 1140 | 1004 | 868 732 596 460 | 2092 | 1956 | 1820 | 1684 | 1548 | 1412
Waingapu 1648 | 7240 | 6860 | 6480 | 6100 | 5720 | 5340 | 4960 | 4580 | 4200 | 3820 | 3440 | 3060 [ 2680 | 2300 | 1920 | 1540 | 4480 | 4100 | 3720 | 3340 | 2960 | 2580 | 2200 | 1820 [ 1440 [ 3340 | 2960
Dilli 4176 | 3945 | 3714 | 3483 | 3252 | 3021 | 2790 | 4176 | 3945 [ 3714 | 3483 | 3252 | 3021 | 2790 | 2559 | 2328 | 2097 | 1866 | 1635 | 1404 [ 1173 | 942 [ 4538 | 4307 | 4076 | 3845 | 3614 | 3383
Larantuka 2483 | 2196 | 1909 | 1622 [ 1335 | 1048 | 761 | 2483 | 2196 | 1909 | 1622 | 1335 | 1048 | 761 474 | 3426 | 3139 | 2852 | 2565 | 2278 | 1991 | 1704 | 1417 | 1130 | 2852 | 2565 | 2278 | 1991
Tenau 3193 | 2903 | 2613 | 2323 [ 2033 | 1743 | 1453 | 3193 | 2903 | 2613 | 2323 | 2033 | 1743 | 1453 | 1163 | 873 583 | 2840 | 2550 | 2260 | 1970 | 1680 | 1390 | 3130 [ 2840 [ 2550 | 2260 | 1970
Atutupu 2715 | 2430 | 2145 | 1860 | 1575 | 1290 [ 1005 | 2715 | 2430 | 2145 | 1860 | 1575 | 1290 | 1005 | 720 435 | 2145 | 1860 | 1575 | 1290 | 1005 | 720 | 2145 | 1860 | 1575 | 1290 | 1005 | 720
Inventory Flow of Product 2

Port 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
Ampenan 906 865 824 783 742 701 | 660 619 578 | 537 | 496 | 455 | 414 | 373 332 | 291 250 209 168 127 86 45 4 1877 | 1836 | 1795 | 1754 | 1713
Tanjung Wangi | 8264 | 8014 7764 | 7514 | 7264 | 7014 | 6764 | 6514 | 6264 | 6014 | 5764 | 5514 | 5264 | 5014 | 4764 | 4514 | 4264 | 4014 | 3764 | 3514 | 3264 | 3014 | 2764 | 2514 | 2264 | 2014 | 1764 | 1514
Ngurah Rai 1512 | 1323 1134 945 756 567 378 | 1822 | 1633 | 1444 | 1255 | 1066 | 877 688 499 310 | 1633 | 1444 | 1255 | 1066 [ 877 688 499 [ 1633 | 1444 | 1255 | 1066 [ 877
Camplon 1722 | 1584 1446 | 1308 | 1170 | 1032 | 894 756 | 1924 | 1786 | 1648 [ 1510 | 1372 | 1234 | 1096 [ 958 820 682 544 406 268 130 | 1924 | 1786 | 1648 | 1510 | 1372 | 1234
Gresik 2065 [ 7030 6545 | 6060 [ 5575 | 5090 | 4605 | 4120 [ 3635 | 3150 | 2665 | 2180 [ 1695 | 1210 | 725 | 6545 | 6060 | 5575 | 5090 | 4605 | 4120 | 3635 | 3150 [ 2665 | 2180 [ 1695 | 1210 [ 725
Bima 2626 | 2376 2126 | 1876 | 1626 | 1376 | 1126 | 876 [ 9500 | 9250 [ 9000 | 8750 [ 8500 | 8250 | 8000 | 7750 | 7500 | 7250 | 7000 | 6750 | 6500 | 6250 | 6000 [ 5750 | 5500 [ 5250 | 5000 | 4750
Badas 1094 927 5332 | 5165 | 4998 | 4831 | 4664 | 4497 [ 4330 | 4163 | 3996 | 3829 [ 3662 | 3495 | 3328 | 3161 | 2994 | 2827 | 2660 | 2493 | 2326 | 2159 | 1992 | 1825 | 1658 | 1491 | 1324 | 1157
Maumere 260 1769 1692 | 1615 | 1538 [ 1461 | 1384 | 1307 | 1230 | 1153 | 1076 | 999 | 922 | 845 768 | 691 614 | 537 460 | 383 306 [ 229 | 1769 | 1692 | 1615 | 1538 | 1461 | 1384
Ende Ende 923 834 745 656 567 | 478 | 389 | 300 | 1733 | 1644 | 1555 | 1466 | 1377 | 1288 | 1199 | 1110 | 1021 | 932 843 754 | 665 | 576 | 487 | 1733 | 1644 | 1555 [ 1466 | 1377
Waingapu 4683 | 4483 4283 | 4083 | 3883 | 3683 | 3483 | 3283 | 3083 | 2883 | 2683 | 2483 | 2283 | 2083 | 1883 [ 1683 | 1483 | 1283 | 1083 | 883 683 | 483 | 5600 [ 5400 | 5200 | 5000 | 4800 | 4600
Dilli 4612 | 4376 4140 | 3904 | 3668 | 3432 | 3196 | 4612 | 4376 | 4140 | 3904 | 3668 | 3432 | 3196 | 2960 | 2724 | 2488 [ 2252 | 2016 | 1780 | 1544 | 1308 | 1072 | 836 | 5556 | 5320 | 5084 | 4848
Larantuka 428 343 258 1660 | 1575 | 1490 | 1405 | 428 343 258 | 1660 | 1575 | 1490 | 1405 | 1320 | 1235 | 1150 | 1065 | 980 895 810 725 640 555 470 385 300 215
Tenau 176 3140 2960 | 2780 | 2600 | 2420 | 2240 | 176 | 3140 [ 2960 | 2780 | 2600 | 2420 | 2240 | 2060 [ 1880 | 1700 [ 1520 | 1340 [ 1160 | 980 800 | 3140 | 2960 | 2780 | 2600 [ 2420 | 2240
Atutupu 383 277 1682 | 1576 | 1470 | 1364 | 1258 | 383 277 | 1682 | 1576 | 1470 | 1364 | 1258 | 1152 | 1046 | 940 834 728 622 516 | 1894 | 1788 | 1682 | 1576 | 1470 | 1364 | 1258
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Inventory Flow of Product 3

Port 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

Ampenan 5329 | 4974 | 4619 | 4264 | 3909 | 3554 | 3199 | 2844 | 2489 | 2134 | 1779 | 1424 | 1069 | 714 | 7645 | 7290 | 6935 | 6580 | 6225 | 5870 | 5515 | 5160 | 4805 | 4450 | 4095 | 3740 | 3385 | 3030

Tanjung Wangi | 4097 | 3640 | 3183 | 2726 [ 2269 | 1812 | 1355 | 898 | 441 | 6629 | 6172 [ 5715 | 5258 | 4801 | 4344 | 3887 | 3430 | 2973 [ 2516 | 2059 | 1602 | 1145 | 688 | 6629 | 6172 [ 5715 | 5258 | 4801

Ngurah Rai 847 | 707 | 2080 | 1940 | 1800 | 1660 [ 1520 | 1380 [ 1240 | 1100 [ 960 [ 820 | 680 [ 540 | 400 [ 260 [ 120 [ 1940 [ 1800 | 1660 [ 1520 | 1380 [ 1240 | 1100 [ 960 [ 820 | 680 [ 540

Camplon 1069 | 946 | 823 | 700 | 577 | 454 | 331 | 208 | 1754 | 1631 | 1508 | 1385 | 1262 | 1139 | 1016 | 893 | 770 | 647 | 524 | 401 | 278 | 155 | 1754 | 1631 | 1508 | 1385 | 1262 | 1139

Gresik 1057 | 7533 | 7044 | 6555 | 6066 | 5577 | 5088 | 4599 | 4110 | 3621 | 3132 | 2643 | 2154 | 1665 | 1176 | 687 | 7533 | 7044 | 6555 | 6066 | 5577 | 5088 | 4599 | 4110 | 3621 | 3132 | 2643 | 2154
Bima 6774 | 6409 | 6044 | 5679 | 5314 | 4949 | 4584 | 4219 | 3854 | 3489 | 3124 | 2759 | 2394 | 2029 | 1664 | 1299 | 934 | 8540 | 8175 | 7810 | 7445 | 7080 | 6715 | 6350 | 5985 | 5620 | 5255 | 4890
Badas 3114 | 2887 | 2660 | 2433 | 2206 | 1979 | 1752 | 1525 | 1298 | 1071 | 7092 | 6865 | 6638 | 6411 | 6184 | 5957 | 5730 | 5503 | 5276 | 5049 | 4822 | 4595 | 4368 | 4141 | 3914 | 3687 | 3460 | 3233

Maumere 2068 | 1939 | 1810 | 1681 | 1552 | 1423 | 1294 | 1165 | 1036 | 907 | 778 | 649 | 520 | 391 | 262 | 2113 | 1984 | 1855 | 1726 | 1597 | 1468 | 1339 | 1210 | 1081 | 952 | 823 | 694 | 565

Ende Ende 1481 | 1332 | 1183 | 1034 [ 885 | 736 | 587 | 438 | 2202 | 2053 | 1904 [ 1755 | 1606 | 1457 | 1308 | 1159 | 1010 | 861 [ 712 | 563 | 414 | 265 | 2202 | 2053 | 1904 [ 1755 | 1606 | 1457

Waingapu 5433 | 5250 | 5067 | 4884 | 4701 | 4518 | 4335 | 4152 | 3969 | 3786 | 3603 | 3420 | 3237 | 3054 | 2871 | 2688 | 2505 | 2322 | 2139 | 1956 | 1773 | 1590 | 1407 | 1224 | 1041 | 858 | 675 | 492

Dilli 2475 | 2177 | 1879 | 1581 | 1283 | 985 | 687 | 2475 | 2177 | 1879 | 1581 | 1283 | 985 | 687 | 389 | 5404 | 5106 | 4808 | 4510 | 4212 | 3914 | 3616 | 3318 | 3020 | 2722 | 2424 | 2126 | 1828
Larantuka 1792 | 1691 | 1590 | 1489 | 1388 | 1287 | 1186 | 1792 | 1691 | 1590 | 1489 | 1388 | 1287 | 1186 | 1085 | 984 | 883 | 782 | 681 | 580 | 479 | 378 | 5798 | 5697 | 5596 | 5495 | 5394 | 5293
Tenau 4989 | 4849 | 4709 | 4569 | 4429 | 4289 | 4149 | 4989 | 4849 | 4709 | 4569 | 4429 | 4289 | 4149 | 4009 | 3869 [ 3729 | 3589 | 3449 | 3309 [ 3169 | 3029 [ 2889 | 2749 [ 2609 [ 2469 | 2329 [ 2189

Atutupu 1847 | 1694 | 1541 | 1388 | 1235 | 1082 | 929 | 1847 | 1694 | 1541 | 1388 | 1235 | 1082 | 929 | 776 | 623 | 1541 | 1388 | 1235 | 1082 | 929 | 1847 | 1694 | 1541 | 1388 | 1235 | 1082 | 929
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ATTACHMENT E
Experiment 1 Output
Scenario 1: 11 Tankers

Period 1 Output

Ship Route
Camplon---Manggis---Gresik---Manggis---Ngurah
Kerta Dua Rai
Andika
Karmila Ampenan---Manggis---Gresik
Kelud Ngurah Rai---Manggis---Ngurah Rai
Cakra Bahana Bima---Reo Reo---Waingapu
Mundu
Ketaling
Dorolonda
Kurau
Egon
Alor Tenau---Kalabahi---Dilli
Ship Total Cost Utilization
Kerta Dua Rp 1,019,170,304.54 0.27
Andika Rp - 0.00
Karmila Rp 839,839,086.74 0.21
Kelud Rp 106,847,774.21 0.03
Cakra Bahana | Rp 421,217,461.40 0.20
Mundu Rp - 0.00
Ketaling Rp - 0.00
Dorolonda Rp - 0.00
Kurau Rp - 0.00
Egon Rp - 0.00
Alor Rp 405,892,470.73 0.20
Rp 2,792,967,097.62 0.08

Period 2 Output

Ship Route
Kerta Dua Ngurah Rai---Manggis---Camplon---Manggis---Tanjung Wangi
Andika Ngurah Rai---Manggis
Karmila Gresik---Manggis---Ngurah Rai---Camplon
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Ship Route
Ngurah Rai---Manggis---Ampenan---Manggis---Camplon---
Kelud Gresik
Cakra
Bahana Waingapu---Reo Reo---Maumere---Ende Ende
Mundu Badas---Reo Reo---Ende Ende--Badas---Reo Reo--Bima
Waingapu---Reo Reo---Ende EndeEnde Ende---Reo Reo---
Ketaling Badas
Dorolonda Badas---Reo Reo
Kurau Larantuka---Kalabahi---Atutupu
Egon Kalabahi---Kalabahi---Atutupu
Alor Dilli---Kalabahi---Tenau---Atutupu---Larantuka
Ship Total Cost Utilization
Kerta Dua Rp 1,142,454,718.23 0.29
Andika Rp 88,658,391.84 0.03
Karmila Rp 1,153,174,263.51 0.30
Kelud Rp 1,114,098,618.69 0.31
CakraBahana | Rp  728,669,498.03 0.24
Mundu Rp  515,055,100.30 0.21
Ketaling Rp 1,703,406,733.90 0.53
Dorolonda Rp  760,533,599.62 0.28
Kurau Rp 317,839,486.61 0.09
Egon Rp  249,174,964.63 0.07
Alor Rp 1,657,301,087.17 0.62
Rp 9,430,366,462.52 0.27
Period 3 Output
Ship Route
Tanjung Wangi---Manggis--Ampenan---Manggis---Gresik---
Kerta Dua | Manggis---Ngurah Rai
Andika Ngurah Rai---Manggis---Ngurah Rai
Karmila Camplon---Manggis---Gresik---Ngurah Rai
Kelud Gresik---Manggis---Tanjung Wangi---Camplon
Cakra
Bahana Ende Ende---Reo Reo---Bima---Maumere---Waingapu---Badas
Mundu
Ketaling Badas---Reo Reo---Maumere---Reo Reo---Bima
Dorolonda
Kurau Atutupu---Kalabahi---Larantuka---Atutupu---Tenau
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Egon

Atutupu---Kalabahi---DilliDilli---Kalabahi---Atutupu

Alor

Ship Total Cost Utilization
Kerta Dua Rp 1,440,222,595.73 0.38
Andika Rp  128,233,027.01 0.05
Karmila Rp 1,730,287,414.67 0.44
Kelud Rp  860,940,640.49 0.23
Cakra Bahana | Rp 2,712,271,658.64 0.74
Mundu Rp  203,054,388.30 0.01
Ketaling Rp 1,457,995,824.70 0.56
Dorolonda Rp - 0.00
Kurau Rp 1,490,243,873.73 0.54
Egon Rp 894,570,628.75 0.29
Alor Rp - 0.00

Rp 10,917,820,052.02 0.29

Period 4 Output

Ship Route
Kerta Dua | Ngurah Rai---Manggis---Camplon---Manggis---Tanjung Wangi
Andika
Karmila Ngurah Rai---Manggis---Camplon---Ampenan---Ngurah Rai
Kelud Camplon---Manggis---Camplon
Cakra Badas---Reo Reo---Ende Ende---Bima---Maumere---Badas---
Bahana Waingapu
Mundu Ende Ende---Reo Reo---MaumereEnde Ende---Reo Reo
Ketaling Bima---Reo Reo---Ende Ende
Dorolonda | Bima---Reo Reo---Ende Ende
Kurau Tenau---Kalabahi---Atutupu---Dilli
Egon Atutupu---Kalabahi---Larantukal arantuka---Kalabahi---Atutupu

Larantuka---Kalabahi---Atutupu---TenauTenau---

Alor KalabahiLarantuka---Kalabahi

Ship Total Cost Utilization
Kerta Dua Rp 1,142,974,012.23 0.29
Andika Rp - 0.00
Karmila Rp 1,548,398,157.87 0.40
Kelud Rp  485,361,522.10 0.16
Cakra Bahana | Rp 3,671,126,504.91 0.90
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Ship Total Cost Utilization
Mundu Rp  405,412,483.00 0.17
Ketaling Rp  443,245,304.31 0.19
Dorolonda Rp 1,007,891,419.17 0.47
Kurau Rp 647,085,620.86 0.26
Egon Rp 935,673,652.99 0.31
Alor Rp 1,198,886,658.02 0.50

Rp 11,486,055,335.46 0.33
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Product 1 Inventory Flow

2

Port 1 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
Ampenan 2003 | 1718 | 1433 | 1148 [ 863 578 293 | 7715 | 7430 | 7145 | 6860 [ 6575 | 6290 [ 6005 | 5720 | 5435 | 5150 | 4865 | 4580 | 4295 | 4010 | 3725 | 3440 | 3155 [ 2870 [ 2585 [ 2300 | 2015
Tanjung Wangi | 5547 | 5243 | 4939 | 4635 | 4331 | 4027 | 3723 | 3419 | 3115 | 2811 | 2507 | 2203 | 1899 | 1595 | 8696 | 8392 | 8088 | 7784 | 7480 | 7176 | 6872 | 6568 | 6264 | 5960 | 5656 | 5352 | 5048 | 4744
Ngurah Rai 2355 | 2210 | 2065 | 1920 [ 1775 | 1630 | 1485 | 1340 | 1195 | 1050 | 905 760 615 470 | 2355 | 2210 | 2065 | 1920 | 1775 | 1630 | 1485 | 1340 | 1195 | 1050 | 905 760 615 470
Camplon 1623 | 1466 | 1309 | 1152 | 995 838 681 524 367 | 1529 | 1372 | 1215 | 1058 [ 901 744 | 1686 | 1529 | 1372 [ 1215 [ 1058 [ 901 744 | 1686 | 1529 | 1372 [ 1215 | 1058 [ 901
Gresik 2549 | 2337 | 2125 | 1913 [ 1701 | 1489 | 1277 | 1065 | 853 | 7864 | 7652 | 7440 | 7228 | 7016 | 6804 | 6592 | 6380 | 6168 [ 5956 | 5744 | 5532 | 5320 | 5108 | 4896 | 4684 | 4472 | 4260 | 4048
Bima 7003 | 6556 | 6109 | 5662 [ 5215 | 4768 | 4321 | 3874 | 3427 | 2980 | 2533 | 2086 | 1639 | 1192 | 745 | 4106 | 3659 [ 3212 | 2765 | 2318 | 1871 | 1424 | 977 | 3659 | 3212 | 2765 | 2318 | 1871
Badas 5192 | 4938 | 4684 | 4430 [ 4176 | 3922 | 3668 | 3414 | 3160 | 2906 | 2652 | 2398 | 2144 | 1890 | 1636 | 1382 | 1128 | 874 | 2730 | 2476 | 2222 | 1968 | 1714 | 1460 | 1206 | 2476 | 2222 | 1968
Maumere 1981 [ 1803 | 1625 | 1447 | 1269 | 1091 | 913 735 | 1966 | 1788 | 1610 [ 1432 | 1254 | 1076 | 898 720 | 1788 | 1610 | 1432 | 1254 | 1076 | 898 720 542 | 1610 | 1432 [ 1254 | 1076
Ende Ende 1557 | 1421 | 1285 | 1149 | 1013 | 877 741 605 | 2228 | 2092 | 1956 [ 1820 | 1684 | 1548 | 1412 | 1276 | 1140 | 1004 | 868 732 596 460 | 2092 | 1956 | 1820 | 1684 | 1548 | 1412
Waingapu 1648 | 7240 | 6860 | 6480 | 6100 | 5720 | 5340 | 4960 | 4580 | 4200 | 3820 | 3440 | 3060 [ 2680 | 2300 | 1920 | 1540 | 4480 | 4100 | 3720 | 3340 | 2960 | 2580 | 2200 | 1820 [ 1440 [ 3340 | 2960
Dilli 60 -176 | -412 | -648 | -884 | -1120 | -1356 | 4612 | 4376 | 4140 | 3904 [ 3668 | 3432 | 3196 | 2960 | 2724 | 2488 | 2252 | 2016 | 1780 | 1544 | 1308 | 1072 | 836 | 5556 [ 5320 [ 5084 | 4848
Larantuka 1023 | 938 853 768 683 598 513 428 343 258 | 1660 | 1575 | 1490 | 1405 | 1320 | 1235 [ 1150 | 1065 [ 980 895 810 725 640 555 | 470 385 300 215
Tenau 1436 | 1256 | 1076 | 896 716 536 356 176 | 3140 | 2960 | 2780 [ 2600 | 2420 | 2240 | 2060 | 1880 | 1700 | 1520 | 1340 | 1160 | 980 800 | 3140 | 2960 | 2780 [ 2600 [ 2420 | 2240
Atutupu 1125 | 1019 [ 913 807 701 595 489 383 277 | 1682 | 1576 | 1470 | 1364 [ 1258 | 1152 | 1046 | 940 834 728 622 516 | 1894 | 1788 | 1682 | 1576 | 1470 | 1364 | 1258
Product 2 Inventory Flow
Port 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
Ampenan 906 865 824 783 742 701 [ 660 619 578 | 537 | 496 | 455 | 414 | 373 332 [ 291 250 209 168 127 86 45 4 1877 | 1836 | 1795 | 1754 | 1713
Tanjung Wangi | 8264 | 8014 7764 | 7514 | 7264 | 7014 | 6764 | 6514 | 6264 | 6014 | 5764 [ 5514 | 5264 | 5014 | 4764 | 4514 | 4264 | 4014 | 3764 | 3514 | 3264 | 3014 | 2764 | 2514 | 2264 | 2014 | 1764 | 1514
Ngurah Rai 1512 | 1323 1134 945 756 567 | 378 | 1822 [ 1633 | 1444 | 1255 | 1066 [ 877 688 | 499 | 310 [ 1633 | 1444 [ 1255 | 1066 [ 877 688 | 499 | 1633 | 1444 | 1255 | 1066 | 877
Camplon 1722 | 1584 1446 | 1308 | 1170 | 1032 | 894 756 | 1924 | 1786 | 1648 | 1510 | 1372 | 1234 | 1096 | 958 | 820 682 | 544 | 406 268 130 | 1924 | 1786 | 1648 | 1510 [ 1372 | 1234
Gresik 2065 [ 7030 6545 | 6060 | 5575 | 5090 | 4605 | 4120 [ 3635 | 3150 | 2665 | 2180 [ 1695 | 1210 | 725 | 6545 | 6060 | 5575 | 5090 | 4605 | 4120 | 3635 | 3150 [ 2665 | 2180 | 1695 | 1210 [ 725
Bima 2626 | 2376 2126 | 1876 | 1626 | 1376 | 1126 | 876 [ 9500 | 9250 | 9000 | 8750 | 8500 | 8250 | 8000 | 7750 | 7500 | 7250 | 7000 | 6750 | 6500 | 6250 | 6000 | 5750 | 5500 | 5250 | 5000 | 4750
Badas 1094 927 5332 | 5165 | 4998 | 4831 | 4664 | 4497 | 4330 | 4163 | 3996 | 3829 [ 3662 | 3495 | 3328 | 3161 | 2994 | 2827 | 2660 | 2493 | 2326 | 2159 | 1992 | 1825 | 1658 | 1491 | 1324 | 1157
Maumere 260 1769 1692 | 1615 | 1538 | 1461 | 1384 | 1307 | 1230 | 1153 | 1076 [ 999 922 845 768 691 614 537 460 383 306 229 | 1769 | 1692 | 1615 | 1538 | 1461 | 1384
Ende Ende 923 834 745 656 567 478 389 300 [ 1733 | 1644 | 1555 | 1466 | 1377 | 1288 | 1199 | 1110 | 1021 | 932 843 754 665 576 487 | 1733 | 1644 | 1555 | 1466 | 1377
Waingapu 4683 | 4483 4283 | 4083 | 3883 | 3683 | 3483 | 3283 | 3083 | 2883 | 2683 [ 2483 | 2283 | 2083 | 1883 [ 1683 | 1483 | 1283 | 1083 | 883 683 | 483 | 5600 [ 5400 | 5200 | 5000 | 4800 | 4600
Dilli 5793 [ 5562 5331 | 5100 | 4869 | 4638 | 4407 | 4176 [ 3945 | 3714 | 3483 | 3252 [ 3021 | 2790 | 2559 | 2328 | 2097 | 1866 | 1635 | 1404 | 1173 | 942 | 4538 | 4307 | 4076 | 3845 | 3614 | 3383
Larantuka 4492 | 4205 3918 | 3631 | 3344 | 3057 | 2770 | 2483 [ 2196 | 1909 | 1622 | 1335 [ 1048 | 761 | 474 | 4426 | 4139 | 3852 | 3565 | 3278 | 2991 | 2704 | 2417 | 2130 | 1843 | 1556 | 1269 [ 982
Tenau 5223 [ 4933 4643 | 4353 | 4063 | 3773 | 3483 | 3193 | 2903 | 2613 | 2323 | 2033 | 1743 | 1453 | 1163 [ 873 583 | 3840 | 3550 | 3260 | 2970 [ 2680 | 2390 [ 2100 | 1810 | 1520 | 1230 [ 940
Atutupu 2094 [ 1809 1524 | 1239 | 954 | 669 | 384 | 2715 | 2430 | 2145 | 1860 | 1575 | 1290 | 1005 | 720 | 435 | 2145 | 1860 [ 1575 | 1290 [ 1005 | 720 | 2145 | 1860 [ 1575 | 1290 | 1005 | 720
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Product 3 Inventory Flow

Port 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
Ampenan 5329 | 4974 | 4619 | 4264 | 3909 | 3554 | 3199 | 2844 | 2489 | 2134 | 1779 | 1424 | 1069 | 714 | 7645 | 7290 | 6935 | 6580 | 6225 | 5870 | 5515 | 5160 | 4805 | 4450 | 4095 | 3740 | 3385 | 3030
Tanjung Wangi | 4097 | 3640 | 3183 | 2726 [ 2269 | 1812 | 1355 | 898 | 441 | 6629 | 6172 [ 5715 | 5258 | 4801 | 4344 | 3887 | 3430 | 2973 [ 2516 | 2059 | 1602 | 1145 | 688 | 6629 | 6172 [ 5715 | 5258 | 4801
Ngurah Rai 847 | 707 | 2080 | 1940 | 1800 | 1660 [ 1520 | 1380 [ 1240 | 1100 [ 960 [ 820 | 680 [ 540 | 400 [ 260 [ 120 [ 1940 [ 1800 | 1660 [ 1520 | 1380 [ 1240 | 1100 [ 960 [ 820 | 680 [ 540
Camplon 1069 | 946 | 823 | 700 | 577 | 454 | 331 | 208 | 1754 | 1631 | 1508 | 1385 | 1262 | 1139 | 1016 | 893 | 770 | 647 | 524 | 401 | 278 | 155 | 1754 | 1631 | 1508 | 1385 | 1262 | 1139
Gresik 1057 | 7533 | 7044 | 6555 | 6066 | 5577 | 5088 | 4599 | 4110 | 3621 | 3132 | 2643 | 2154 | 1665 | 1176 | 687 | 7533 | 7044 | 6555 | 6066 | 5577 | 5088 | 4599 | 4110 | 3621 | 3132 | 2643 | 2154
Bima 6774 | 6409 | 6044 | 5679 | 5314 | 4949 | 4584 | 4219 | 3854 | 3489 | 3124 | 2759 | 2394 | 2029 | 1664 | 1299 | 934 | 8540 | 8175 | 7810 | 7445 | 7080 | 6715 | 6350 | 5985 | 5620 | 5255 | 4890
Badas 3114 | 2887 | 2660 | 2433 | 2206 | 1979 | 1752 | 1525 | 1298 | 1071 | 7092 | 6865 | 6638 | 6411 | 6184 | 5957 | 5730 | 5503 | 5276 | 5049 | 4822 | 4595 | 4368 | 4141 | 3914 | 3687 | 3460 | 3233
Maumere 2068 | 1939 | 1810 | 1681 | 1552 | 1423 | 1294 | 1165 | 1036 | 907 | 778 | 649 | 520 | 391 | 262 | 2113 | 1984 | 1855 | 1726 | 1597 | 1468 | 1339 | 1210 | 1081 | 952 | 823 | 694 | 565
Ende Ende 1481 | 1332 | 1183 | 1034 [ 885 | 736 | 587 | 438 | 2202 | 2053 | 1904 [ 1755 | 1606 | 1457 | 1308 | 1159 | 1010 | 861 [ 712 | 563 | 414 | 265 | 2202 | 2053 | 1904 [ 1755 | 1606 | 1457
Waingapu 5433 | 5250 | 5067 | 4884 | 4701 | 4518 | 4335 | 4152 | 3969 | 3786 | 3603 | 3420 | 3237 | 3054 | 2871 | 2688 | 2505 | 2322 | 2139 | 1956 | 1773 | 1590 | 1407 | 1224 | 1041 | 858 | 675 | 492
Dilli 4561 | 4263 | 3965 | 3667 [ 3369 | 3071 [ 2773 | 2475 | 2177 | 1879 | 1581 [ 1283 | 985 | 687 | 389 | 5404 | 5106 | 4808 | 4510 | 4212 | 3914 | 3616 [ 3318 | 3020 [ 2722 | 2424 | 2126 | 1828
Larantuka 2499 | 2398 | 2297 | 2196 | 2095 | 1994 | 1893 | 1792 | 1691 | 1590 | 1489 | 1388 | 1287 | 1186 | 1085 | 984 | 883 | 782 | 681 | 580 | 479 | 378 | 5798 | 5697 | 5596 | 5495 | 5394 | 5293
Tenau 5969 | 5829 | 5689 | 5549 | 5409 | 5269 | 5129 | 4989 | 4849 | 4709 | 4569 | 4429 | 4289 | 4149 | 4009 | 3869 | 3729 | 3589 | 3449 | 3309 | 3169 | 3029 | 2889 | 2749 | 2609 | 2469 | 2329 | 2189
Atutupu 1530 | 1377 | 1224 | 1071 | 918 | 765 | 612 | 1847 | 1694 | 1541 | 1388 | 1235 | 1082 | 929 | 776 | 623 | 1541 | 1388 | 1235 | 1082 | 929 | 776 | 623 | 1541 | 1388 | 1235 | 1082 | 929
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Scenario 2: 10

Tankers

Period 1 Output

Ship Route
Camplon---Manggis---Gresik---Manggis---Ngurah
Kerta Dua Rai
Andika
Karmila Ampenan---Manggis---Gresik
Kelud Ngurah Rai---Manggis---Ngurah Rai
Cakra Bahana Bima---Reo Reo---Waingapu
Ketaling
Dorolonda Waingapu---Reo Reo---Maumere---Badas
Kurau
Egon
Alor Tenau---Kalabahi---Dilli
Ship Total Cost Utilization
Kerta Dua Rp 1,019,170,304.54 0.27
Andika Rp - 0.00
Karmila Rp 839,839,086.74 0.21
Kelud Rp 106,847,774.21 0.03
Cakra Bahana | Rp 421,217,461.40 0.20
Ketaling Rp - 0.00
Dorolonda Rp 2,303,593,197.31 0.50
Kurau Rp - 0.00
Egon Rp - 0.00
Alor Rp 405,892,470.73 0.20
Rp 5,096,560,294.94 0.14
Period 2 Output
Ship Route
Kerta Dua | Ngurah Rai---Manggis---Camplon---Manggis---Tanjung Wangi
Andika Ngurah Rai---Manggis
Karmila Gresik---Manggis---Ngurah Rai---Camplon
Kelud Ngurah Rai---Manggis---Ampenan---Manggis---Camplon---Gresik
Cakra
Bahana Waingapu---Reo Reo---Maumere---Ende Ende
Ketaling Waingapu---Reo Reo---Ende Ende---Reo Reo---Badas
Dorolonda | Badas---Reo Reo---Ende Ende---Reo Reo---Bima
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Ship Route

Kurau Larantuka---Kalabahi---Atutupu

Egon Kalabahi---Kalabahi---Atutupu

Alor Dilli---Kalabahi---Tenau---Atutupu---Larantuka

Ship Total Cost Utilization
Kerta Dua Rp 1,142,454,718.23 0.29
Andika Rp 88,658,391.84 0.03
Karmila Rp 1,153,174,263.51 0.30
Kelud Rp 1,114,098,618.69 0.31
Cakra Bahana | Rp  728,669,498.03 0.24
Ketaling Rp 1,703,406,733.90 0.53
Dorolonda Rp 1,461,631,744.62 0.54
Kurau Rp 317,839,486.61 0.09
Egon Rp  249,174,964.63 0.07
Alor Rp 1,657,301,087.17 0.62
Rp 9,616,409,507.23 0.30
Period 3 Output
Ship Route

Tanjung Wangi---Manggis--Ampenan---Manggis---Gresik---

Kerta Dua | Manggis---Ngurah Rai

Andika Ngurah Rai---Manggis---Ngurah Rai

Karmila Camplon---Manggis---Gresik---Ngurah Rai

Kelud Gresik---Manggis---Tanjung Wangi---Camplon

Cakra

Bahana Ende Ende---Reo Reo---Bima---Maumere---Waingapu---Badas

Ketaling Badas---Reo Reo---Maumere---Reo Reo---Bima

Dorolonda

Kurau Atutupu---Kalabahi---Larantuka---Atutupu---Tenau

Egon Atutupu---Kalabahi---DilliDilli---Kalabahi---Atutupu

Alor

Ship Total Cost Utilization
Kerta Dua Rp 1,440,222,595.73 0.38
Andika Rp  128,233,027.01 0.05
Karmila Rp 1,730,287,414.67 0.44
Kelud Rp  860,940,640.49 0.23
Cakra Bahana | Rp 3,430,773,863.50 0.74
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Ship Total Cost Utilization
Ketaling Rp 1,457,995,824.70 0.56
Dorolonda Rp - 0.00
Kurau Rp 1,490,243,873.73 0.54
Egon Rp 894,570,628.75 0.29
Alor Rp - 0.00

Rp 11,433,267,868.58 0.32

Period 4 Output

Ship Route
Kerta Dua | Ngurah Rai---Manggis---Camplon---Manggis---Tanjung Wangi
Andika
Karmila Ngurah Rai---Manggis---Camplon---Ampenan---Ngurah Rai
Kelud Camplon---Manggis---Camplon
Cakra Badas---Reo Reo---Ende Ende---Maumere---Bima---Badas---
Bahana Waingapu
Ketaling Bima---Reo Reo---Ende Ende
Dorolonda | Bima---Reo Reo---Maumere---Waingapu---Ende Ende
Kurau Tenau---Kalabahi---Atutupu---Dilli
Egon Atutupu---Kalabahi---Larantukal arantuka---Kalabahi---Atutupu
Larantuka---Kalabahi---Atutupu---TenauTenau---
Alor KalabahiLarantuka---Kalabahi

Ship Total Cost Utilization
Kerta Dua Rp 1,142,974,012.23 0.29
Andika Rp - 0.00
Karmila Rp 1,548,398,157.87 0.40
Kelud Rp  485,361,522.10 0.16
Cakra Bahana | Rp 2,652,370,009.47 0.75
Ketaling Rp  443,245,304.31 0.19
Dorolonda Rp 1,612,885,038.20 0.61
Kurau Rp  647,085,620.86 0.26
Egon Rp 935,673,652.99 0.31
Alor Rp 1,198,886,658.02 0.50

Rp 10,666,879,976.05 0.35
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Product 1 Inventory Flow

Port

2

3

1 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
Ampenan 2003 | 1718 | 1433 | 1148 [ 863 578 293 | 7715 | 7430 | 7145 | 6860 [ 6575 | 6290 [ 6005 | 5720 | 5435 | 5150 | 4865 | 4580 | 4295 | 4010 | 3725 | 3440 | 3155 [ 2870 [ 2585 [ 2300 | 2015
Tanjung Wangi | 5547 | 5243 | 4939 | 4635 | 4331 | 4027 | 3723 | 3419 | 3115 | 2811 | 2507 | 2203 | 1899 | 1595 | 8696 | 8392 | 8088 | 7784 | 7480 | 7176 | 6872 | 6568 | 6264 | 5960 | 5656 | 5352 | 5048 | 4744
Ngurah Rai 2355 | 2210 | 2065 | 1920 [ 1775 | 1630 | 1485 | 1340 | 1195 | 1050 | 905 760 615 470 | 2355 | 2210 | 2065 | 1920 | 1775 | 1630 | 1485 | 1340 | 1195 | 1050 | 905 760 615 470
Camplon 1623 | 1466 | 1309 | 1152 | 995 838 681 524 367 | 1529 | 1372 | 1215 | 1058 [ 901 744 | 1686 | 1529 | 1372 [ 1215 [ 1058 [ 901 744 | 1686 | 1529 | 1372 [ 1215 | 1058 [ 901
Gresik 2549 | 2337 | 2125 | 1913 [ 1701 | 1489 | 1277 | 1065 | 853 | 7864 | 7652 | 7440 | 7228 | 7016 | 6804 | 6592 | 6380 | 6168 [ 5956 | 5744 | 5532 | 5320 | 5108 | 4896 | 4684 | 4472 | 4260 | 4048
Bima 7003 | 6556 | 6109 | 5662 [ 5215 | 4768 | 4321 | 3874 | 3427 | 2980 | 2533 | 2086 | 1639 | 1192 | 745 | 4106 | 3659 [ 3212 | 2765 | 2318 | 1871 | 2424 | 1977 | 4659 | 4212 | 3765 | 3318 | 2871
Badas 5192 | 4938 | 4684 | 4430 [ 4176 | 3922 | 3668 | 3414 | 3160 | 2906 | 2652 | 2398 | 2144 | 1890 | 1636 | 1382 | 1128 | 874 | 3730 | 3476 | 3222 | 1968 | 1714 | 1460 | 2730 | 2476 | 2222 | 1968
Maumere 1981 [ 1803 | 1625 | 1447 | 1269 | 1091 | 913 735 | 1966 | 1788 | 1610 [ 1432 | 1254 | 1076 | 898 720 | 1788 | 1610 | 1432 | 1254 [ 1076 | 898 | 1966 | 1788 | 1610 | 1432 | 1254 | 1076
Ende Ende 1557 | 1421 | 1285 | 1149 | 1013 | 877 741 605 | 2228 | 2092 | 1956 [ 1820 | 1684 | 1548 | 1412 | 1276 | 1140 | 1004 | 868 732 596 460 | 2092 | 1956 | 1820 | 1684 | 1548 | 1412
Waingapu 1648 | 6860 | 6480 | 6100 | 5720 | 5340 | 4960 | 4960 | 4580 | 4200 | 3820 | 3440 | 3060 [ 2680 | 2300 | 1920 | 1540 | 3480 | 3100 | 2720 | 2340 | 2960 | 2580 | 2200 | 1820 [ 3720 [ 3340 | 2960
Dilli 5793 | 5562 | 5331 | 5100 [ 4869 | 4638 | 4407 | 4176 | 3945 | 3714 | 3483 | 3252 | 3021 | 2790 | 2559 | 2328 | 2097 | 1866 [ 1635 | 1404 | 1173 | 942 | 4538 | 4307 | 4076 | 3845 | 3614 | 3383
Larantuka 4492 | 4205 | 3918 | 3631 | 3344 | 3057 | 2770 | 2483 | 2196 | 1909 | 1622 | 1335 | 1048 | 761 474 | 4426 | 4139 | 3852 | 3565 | 3278 | 2991 | 2704 | 2417 | 2130 | 1843 | 1556 | 1269 | 982
Tenau 5223 | 4933 | 4643 | 4353 [ 4063 | 3773 | 3483 | 3193 | 2903 | 2613 | 2323 | 2033 | 1743 | 1453 | 1163 | 873 583 | 3840 | 3550 | 3260 | 2970 | 2680 [ 2390 | 2100 [ 1810 | 1520 | 1230 | 940
Atutupu 2094 | 1809 | 1524 | 1239 [ 954 669 384 | 2715 | 2430 | 2145 | 1860 [ 1575 | 1290 [ 1005 | 720 435 | 2145 | 1860 | 1575 | 1290 | 1005 | 720 | 2145 | 1860 | 1575 | 1290 | 1005 | 720
Product 2 Inventory Flow

Port 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
Ampenan 906 865 824 783 742 701 [ 660 619 578 | 537 | 496 | 455 | 414 | 373 332 [ 291 250 209 168 127 86 45 4 1877 | 1836 | 1795 | 1754 | 1713
Tanjung Wangi | 8264 | 8014 7764 | 7514 | 7264 | 7014 | 6764 | 6514 | 6264 | 6014 | 5764 [ 5514 | 5264 | 5014 | 4764 | 4514 | 4264 | 4014 | 3764 | 3514 | 3264 | 3014 | 2764 | 2514 | 2264 | 2014 | 1764 | 1514
Ngurah Rai 1512 | 1323 1134 945 756 567 | 378 | 1822 [ 1633 | 1444 | 1255 | 1066 [ 877 688 | 499 | 310 [ 1633 | 1444 [ 1255 | 1066 [ 877 688 | 499 | 1633 | 1444 | 1255 | 1066 | 877
Camplon 1722 | 1584 1446 | 1308 | 1170 | 1032 | 894 756 | 1924 | 1786 | 1648 | 1510 | 1372 | 1234 | 1096 | 958 | 820 682 | 544 | 406 268 130 | 1924 | 1786 | 1648 | 1510 [ 1372 | 1234
Gresik 2065 [ 7030 6545 | 6060 | 5575 | 5090 | 4605 | 4120 [ 3635 | 3150 | 2665 | 2180 [ 1695 | 1210 | 725 | 6545 | 6060 | 5575 | 5090 | 4605 | 4120 | 3635 | 3150 [ 2665 | 2180 | 1695 | 1210 [ 725
Bima 2626 | 2376 2126 | 1876 | 1626 | 1376 | 1126 | 876 626 | 376 | 9000 [ 8750 | 8500 | 8250 | 8000 | 7750 | 7500 | 7250 | 7000 | 6750 | 6500 | 6250 [ 6000 | 5750 | 5500 | 5250 [ 5000 | 4750
Badas 1094 927 5332 | 5165 | 4998 | 4831 | 4664 | 4664 | 4497 | 4330 | 4163 | 3996 | 3829 | 3662 | 3495 | 3328 | 3161 | 2994 | 2827 | 2660 | 2493 | 2326 | 2159 | 1992 | 1825 | 1658 | 1491 | 1324
Maumere 260 1769 1692 | 1615 | 1538 | 1461 | 1384 | 1307 | 1230 | 1153 | 1076 [ 999 922 845 768 691 614 537 460 383 306 229 | 1769 | 1692 | 1615 | 1538 | 1461 | 1384
Ende Ende 923 834 745 656 567 478 389 300 [ 1733 | 1644 | 1555 | 1466 | 1377 | 1288 | 1199 | 1110 | 1021 | 932 843 754 665 576 487 398 | 1644 | 1555 | 1466 | 1377
Waingapu 4683 | 4483 4283 | 4083 | 3883 | 3683 | 3483 | 3283 | 3083 | 2883 | 2683 [ 2483 | 2283 | 2083 | 1883 [ 1683 | 1483 | 1283 | 1083 | 883 683 [ 483 283 | 5400 | 5200 [ 5000 | 4800 [ 4600
Dilli 60 6028 5792 | 5556 | 5320 | 5084 | 4848 | 4612 [ 4376 | 4140 | 3904 | 3668 [ 3432 | 3196 | 2960 | 2724 | 2488 | 2252 | 2016 | 1780 | 1544 | 1308 | 1072 | 836 | 5556 | 5320 | 5084 | 4848
Larantuka 1023 938 853 768 683 598 | 513 | 428 343 | 258 | 1660 [ 1575 | 1490 | 1405 | 1320 | 1235 | 1150 | 1065 | 980 | 895 810 [ 725 640 555 | 470 | 385 300 [ 215
Tenau 1436 | 1256 1076 896 716 536 [ 356 176 | 3140 | 2960 | 2780 | 2600 | 2420 | 2240 [ 2060 | 1880 | 1700 | 1520 | 1340 | 1160 | 980 | 800 | 3140 | 2960 | 2780 | 2600 | 2420 | 2240
Atutupu 1125 | 1019 913 807 701 595 | 489 | 383 277 | 1682 | 1576 | 1470 | 1364 | 1258 | 1152 | 1046 | 940 834 | 728 622 516 | 1894 | 1788 | 1682 | 1576 | 1470 | 1364 | 1258

109




Product 3 Inventory Flow

Port 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
Ampenan 5329 | 4974 | 4619 | 4264 | 3909 | 3554 | 3199 | 2844 | 2489 | 2134 | 1779 | 1424 | 1069 | 714 | 7645 | 7290 | 6935 | 6580 | 6225 | 5870 | 5515 | 5160 | 4805 | 4450 | 4095 | 3740 | 3385 | 3030
Tanjung Wangi | 4097 | 3640 | 3183 | 2726 [ 2269 | 1812 | 1355 | 898 | 441 | 6629 | 6172 [ 5715 | 5258 | 4801 | 4344 | 3887 | 3430 | 2973 [ 2516 | 2059 | 1602 | 1145 | 688 | 6629 | 6172 [ 5715 | 5258 | 4801
Ngurah Rai 847 | 707 | 2080 | 1940 | 1800 | 1660 [ 1520 | 1380 [ 1240 | 1100 [ 960 [ 820 | 680 [ 540 | 400 [ 260 [ 120 [ 1940 [ 1800 | 1660 [ 1520 | 1380 [ 1240 | 1100 [ 960 [ 820 | 680 [ 540
Camplon 1069 | 946 | 823 | 700 | 577 | 454 | 331 | 208 | 1754 | 1631 | 1508 | 1385 | 1262 | 1139 | 1016 | 893 | 770 | 647 | 524 | 401 | 278 | 155 | 1754 | 1631 | 1508 | 1385 | 1262 | 1139
Gresik 1057 | 7533 | 7044 | 6555 | 6066 | 5577 | 5088 | 4599 | 4110 | 3621 | 3132 | 2643 | 2154 | 1665 | 1176 | 687 | 7533 | 7044 | 6555 | 6066 | 5577 | 5088 | 4599 | 4110 | 3621 | 3132 | 2643 | 2154
Bima 6774 | 6409 | 6044 | 5679 | 5314 | 4949 | 4584 | 4219 | 3854 | 3489 | 3124 | 2759 | 2394 | 2029 | 1664 | 1299 | 934 | 8540 | 8175 | 7810 | 7445 | 7080 | 6715 | 6350 | 5985 | 5620 | 5255 | 4890
Badas 3114 | 2887 | 2660 | 2433 | 2206 | 1979 | 1752 | 1525 | 1298 | 1071 | 7092 | 6865 | 6638 | 6411 | 6184 | 5957 | 5730 | 5503 | 5276 | 5049 | 4822 | 4595 | 4368 | 4141 | 3914 | 3687 | 3460 | 3233
Maumere 2068 | 1939 | 1810 | 1681 | 1552 | 1423 | 1294 | 1165 | 1036 | 907 | 778 | 649 | 520 | 391 | 262 | 2113 | 1984 | 1855 | 1726 | 1597 | 1468 | 1339 | 1210 | 1081 | 952 | 823 | 694 | 565
Ende Ende 1481 | 1332 | 1183 | 1034 [ 885 | 736 | 587 | 438 | 2202 | 2053 | 1904 [ 1755 | 1606 | 1457 | 1308 | 1159 | 1010 | 861 [ 712 | 563 | 414 | 265 | 2202 | 2053 | 1904 [ 1755 | 1606 | 1457
Waingapu 5433 | 5250 | 5067 | 4884 | 4701 | 4518 | 4335 | 4152 | 3969 | 3786 | 3603 | 3420 | 3237 | 3054 | 2871 | 2688 | 2505 | 2322 | 2139 | 1956 | 1773 | 1590 | 1407 | 1224 | 1041 | 858 | 675 | 492
Dilli 4561 | 4263 | 3965 | 3667 [ 3369 | 3071 [ 2773 | 2475 | 2177 | 1879 | 1581 [ 1283 | 985 | 687 | 389 | 5404 | 5106 | 4808 | 4510 | 4212 | 3914 | 3616 [ 3318 | 3020 [ 2722 | 2424 | 2126 | 1828
Larantuka 2499 | 2398 | 2297 | 2196 | 2095 | 1994 | 1893 | 1792 | 1691 | 1590 | 1489 | 1388 | 1287 | 1186 | 1085 | 984 | 883 | 782 | 681 | 580 | 479 | 378 | 5798 | 5697 | 5596 | 5495 | 5394 | 5293
Tenau 5969 | 5829 | 5689 | 5549 | 5409 | 5269 | 5129 | 4989 | 4849 | 4709 | 4569 | 4429 | 4289 | 4149 | 4009 | 3869 | 3729 | 3589 | 3449 | 3309 | 3169 | 3029 | 2889 | 2749 | 2609 | 2469 | 2329 | 2189
Atutupu 1530 | 1377 | 1224 | 1071 | 918 | 765 | 612 | 1847 | 1694 | 1541 | 1388 | 1235 | 1082 | 929 | 776 | 623 | 1541 | 1388 | 1235 | 1082 | 929 | 776 | 623 | 1541 | 1388 | 1235 | 1082 | 929
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Scenario 3: 9 Tankers

Period 1 Output

Ship Route
Kerta Dua Camplon---Manggis---Gresik---Manggis---Ngurah Rai
Karmila Ampenan---Manggis---Gresik
Kelud Ngurah Rai---Manggis---Ngurah Rai
Cakra Bahana | Bima---Reo Reo---Waingapu
Ketaling
Dorolonda Waingapu---Reo Reo---Maumere---Badas
Kurau
Egon
Alor Tenau---Kalabahi---Dilli

Ship Total Cost Utilization
Kerta Dua Rp 1,019,170,304.54 0.27
Karmila Rp 849,637,086.74 0.22
Kelud Rp 106,847,774.21 0.03
Cakra Bahana | Rp 421,217,461.40 0.20
Ketaling Rp - 0.00
Dorolonda Rp 2,303,593,197.31 0.50
Kurau Rp - 0.00
Egon Rp - 0.00
Alor Rp 405,892,470.73 0.20

Rp 5,106,358,294.94 0.16

Period 2 Output

Ship Route
Kerta Dua Ngurah Rai---Manggis---Camplon---Manggis---Tanjung Wangi
Karmila Gresik---Manggis---Ngurah Rai---Camplon
Kelud Ngurah Rai---Manggis---Ampenan---Camplon---Gresik
Cakra
Bahana Waingapu---Reo Reo---Maumere---Ende Ende
Ketaling Waingapu---Reo Reo---Ende Ende---Badas

Badas---Reo Reo---Ende EndeEnde Ende---Reo ReoBadas---

Dorolonda Reo Reo
Kurau Atutupu---Kalabahi---Atutupu
Egon Kalabahi---Kalabahi---Atutupu
Alor Tenau---Kalabahi---Atutupu---Larantuka
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Ship Total Cost Utilization
Kerta Dua Rp 1,142,454,718.23 0.29
Karmila Rp 1,153,174,263.51 0.30
Kelud Rp 1,501,002,926.21 0.23
Cakra Bahana | Rp  727,336,970.03 0.24
Ketaling Rp 1,935,303,665.13 0.49
Dorolonda Rp 1,333,425,664.62 0.54
Kurau Rp 203,342,164.62 0.06
Egon Rp  248,050,644.13 0.07
Alor Rp 1,035,450,949.12 0.28

Rp 9,279,541,965.59 0.28

Period 3 Output

Ship

Route

Tanjung Wangi---Manggis---Ampenan---Manggis---Gresik---

Kerta Dua | Manggis---Ngurah Rai

Karmila Camplon---Manggis---Ngurah Rai---Gresik

Kelud Gresik---Manggis---Ngurah Rai---Tanjung Wangi---Camplon
Cakra

Bahana Ende Ende---Reo Reo---Bima---Maumere---Waingapu---Badas
Ketaling Badas---Reo Reo---Maumere---Reo Reo---Bima

Dorolonda

Kurau Atutupu---Kalabahi---Larantuka--- Atutupu---Tenau

Egon Atutupu---Kalabahi---DilliDilli---Kalabahi---Atutupu

Alor

Ship Total Cost Utilization
Kerta Dua Rp 1,990,819,591.04 0.38
Karmila Rp 1,365,822,501.27 0.33
Kelud Rp 984,858,373.88 0.38
Cakra Bahana | Rp 3,430,773,863.50 0.74
Ketaling Rp 1,457,995,824.70 0.56
Dorolonda Rp - 0.00
Kurau Rp 1,490,243,873.73 0.54
Egon Rp 894,570,628.75 0.29
Alor Rp - 0.00

Rp 11,615,084,656.87 0.36
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Period 4 Output

Ship Route
Kerta Dua | Ngurah Rai---Manggis---Camplon---Manggis---Tanjung Wangi
Karmila Gresik---Manggis---Camplon---Ampenan---Ngurah Rai
Kelud Camplon---Manggis---Ampenan---Camplon
Cakra Badas---Reo Reo---Ende Ende---Maumere---Bima---Badas---
Bahana Waingapu
Ketaling Bima---Reo Reo---Ende Ende
Dorolonda | Bima---Reo Reo---Maumere---Waingapu---Ende Ende
Kurau Tenau---Kalabahi---Atutupu---Dilli
Egon Atutupu---Kalabahi---Larantukal arantuka---Kalabahi---Atutupu
Larantuka---Kalabahi---Atutupu---TenauTenau---
Alor KalabahiLarantuka---Kalabahi

Ship Total Cost Utilization
Kerta Dua Rp 1,142,974,012.23 0.29
Karmila Rp 2,311,188,606.30 0.38
Kelud Rp 1,447,687,545.65 0.30
Cakra Bahana | Rp 2,652,370,009.47 0.75
Ketaling Rp  443,245,304.31 0.19
Dorolonda Rp 1,612,885,038.20 0.61
Kurau Rp 647,085,620.86 0.26
Egon Rp 935,673,652.99 0.31
Alor Rp 1,198,886,658.02 0.50

Rp 12,391,996,448.02 0.40
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Product 1 Inventory Flow

Port 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
Ampenan 2003 | 1718 | 1433 | 1148 [ 863 578 293 | 4715 | 4430 | 4145 | 3860 [ 3575 [ 3290 [ 3005 | 2720 | 2435 | 2150 | 1865 | 1580 | 1295 | 1010 | 4715 | 4430 | 4145 [ 3860 [ 3575 [ 3290 | 3005
Tanjung Wangi | 5547 | 5243 | 4939 | 4635 | 4331 | 4027 | 3723 | 3419 | 3115 | 2811 | 2507 | 2203 | 1899 | 1595 | 1291 | 8392 | 8088 | 7784 | 7480 | 7176 | 6872 | 6568 | 6264 | 5960 | 5656 | 5352 | 5048 | 4744
Ngurah Rai 2355 | 2210 | 2065 | 1920 [ 1775 | 1630 | 1485 | 1340 | 1195 | 1050 | 905 760 615 470 | 2210 | 2065 | 1920 | 1775 | 1630 | 1485 [ 1340 | 1195 | 1050 | 905 760 615 | 470 325
Camplon 1623 | 1466 | 1309 | 1152 | 995 838 681 524 | 1686 | 1529 | 1372 [ 1215 | 1058 [ 901 744 587 | 1529 | 1372 | 1215 | 1058 [ 901 744 | 1686 | 1529 | 1372 [ 1215 | 1058 [ 901
Gresik 2549 | 2337 | 2125 | 1913 [ 1701 | 1489 | 1277 | 1065 | 4576 | 4364 | 4152 | 3940 | 3728 | 3516 | 3304 | 3092 | 2880 | 2668 | 2456 | 2244 | 2032 | 1820 | 1608 | 1396 | 1184 | 972 760 548
Bima 7003 | 6556 | 6109 | 5662 [ 5215 | 4768 | 4321 | 3874 | 3427 | 2980 | 2533 | 2086 | 1639 | 1192 | 745 | 4106 | 3659 [ 3212 | 2765 | 2318 | 1871 | 2424 | 1977 | 4659 | 4212 | 3765 | 3318 | 2871
Badas 5192 | 4938 | 4684 | 4430 [ 4176 | 3922 | 3668 | 3414 | 3160 | 2906 | 2652 | 2398 | 2144 | 1890 | 1636 | 1382 | 1128 | 874 | 3730 | 3476 | 3222 | 1968 | 1714 | 1460 | 2730 | 2476 | 2222 | 1968
Maumere 1981 [ 1803 | 1625 | 1447 | 1269 | 1091 | 913 735 | 1966 | 1788 | 1610 [ 1432 | 1254 | 1076 | 898 720 | 1788 | 1610 | 1432 | 1254 [ 1076 | 898 | 1966 | 1788 | 1610 | 1432 | 1254 | 1076
Ende Ende 1557 | 1421 | 1285 | 1149 | 1013 | 877 741 605 | 2228 | 2092 | 1956 [ 1820 | 1684 | 1548 | 1412 | 1276 | 1140 | 1004 | 868 732 596 460 | 2092 | 1956 | 1820 | 1684 | 1548 | 1412
Waingapu 1648 | 6860 | 6480 | 6100 | 5720 | 5340 | 4960 | 4960 | 4580 | 4200 | 3820 | 3440 | 3060 [ 2680 | 2300 | 1920 | 1540 | 3480 | 3100 | 2720 | 2340 | 2960 | 2580 | 2200 | 1820 [ 3720 [ 3340 | 2960
Dilli 5793 | 5562 | 5331 | 5100 [ 4869 | 4638 | 4407 | 4176 | 3945 | 3714 | 3483 | 3252 | 3021 | 2790 | 2559 | 2328 | 2097 | 1866 [ 1635 | 1404 | 1173 | 942 | 4538 | 4307 | 4076 | 3845 | 3614 | 3383
Larantuka 4492 | 4205 | 3918 | 3631 | 3344 | 3057 | 2770 | 2483 | 2196 | 1909 | 1622 | 1335 | 1048 | 761 474 | 4426 | 4139 | 3852 | 3565 | 3278 | 2991 | 2704 | 2417 | 2130 | 1843 | 1556 | 1269 | 982
Tenau 5223 | 4933 | 4643 | 4353 [ 4063 | 3773 | 3483 | 3193 | 2903 | 2613 | 2323 | 2033 | 1743 | 1453 | 1163 | 873 583 | 3840 | 3550 | 3260 | 2970 | 2680 [ 2390 | 2100 [ 1810 | 1520 | 1230 | 940
Atutupu 2094 | 1809 | 1524 | 1239 [ 954 669 384 | 2715 | 2430 | 2145 | 1860 [ 1575 | 1290 [ 1005 | 720 435 | 2145 | 1860 | 1575 | 1290 | 1005 | 720 | 2145 | 1860 | 1575 | 1290 | 1005 | 720
Product 2 Inventory Flow

Port 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
Ampenan 906 865 824 783 742 701 [ 660 619 578 | 537 | 496 | 455 | 414 | 373 332 [ 291 250 209 168 127 86 45 4 1877 | 1836 | 1795 | 1754 | 1713
Tanjung Wangi | 8264 | 8014 7764 | 7514 | 7264 | 7014 | 6764 | 6514 | 6264 | 6014 | 5764 [ 5514 | 5264 | 5014 | 4764 | 4514 | 4264 | 4014 | 3764 | 3514 | 3264 | 3014 | 2764 | 2514 | 2264 | 2014 | 1764 | 1514
Ngurah Rai 1512 | 1323 1134 945 756 567 | 378 | 1822 [ 1633 | 1444 | 1255 | 1066 [ 877 688 | 2011 | 1822 | 1633 | 1444 [ 1255 | 1066 [ 877 688 | 499 | 1444 | 1255 | 1066 | 877 688
Camplon 1722 | 1584 1446 | 1308 | 1170 | 1032 | 894 756 | 1924 | 1786 | 1648 | 1510 | 1372 | 1234 | 1096 | 958 | 820 682 | 544 | 406 268 130 | 1924 | 1786 | 1648 | 1510 [ 1372 | 1234
Gresik 2065 [ 9030 8545 | 8060 | 7575 | 7090 | 6605 | 6120 [ 5635 | 5150 | 4665 | 4180 [ 3695 | 3210 | 2725 | 8545 | 8060 | 7575 | 7090 | 6605 | 6120 | 5635 | 5150 | 4665 | 4180 | 3695 | 3210 | 2725
Bima 2626 | 2376 2126 | 1876 | 1626 | 1376 | 1126 | 876 626 | 376 | 9000 [ 8750 | 8500 | 8250 | 8000 | 7750 | 7500 | 7250 | 7000 | 6750 | 6500 | 6250 [ 6000 | 5750 [ 5500 | 5250 [ 5000 | 4750
Badas 1094 927 5332 | 5165 | 4998 | 4831 | 4664 | 4664 | 4497 | 4330 | 4163 | 3996 | 3829 | 3662 | 3495 | 3328 | 3161 | 2994 | 2827 | 2660 | 2493 | 2326 | 2159 | 1992 | 1825 | 1658 | 1491 | 1324
Maumere 260 1769 1692 | 1615 | 1538 | 1461 | 1384 | 1307 | 1230 | 1153 | 1076 [ 999 922 845 768 691 614 537 460 383 306 229 | 1769 | 1692 | 1615 | 1538 | 1461 | 1384
Ende Ende 923 834 745 656 567 478 389 300 [ 1733 | 1644 | 1555 | 1466 | 1377 | 1288 | 1199 | 1110 | 1021 | 932 843 754 665 576 487 398 | 1644 | 1555 | 1466 | 1377
Waingapu 4683 | 4483 4283 | 4083 | 3883 | 3683 | 3483 | 3283 | 3083 | 2883 | 2683 [ 2483 | 2283 | 2083 | 1883 [ 1683 | 1483 | 1283 | 1083 | 883 683 [ 483 283 | 5400 | 5200 [ 5000 | 4800 [ 4600
Dilli 60 6028 5792 | 5556 | 5320 | 5084 | 4848 | 4612 [ 4376 | 4140 | 3904 | 3668 [ 3432 | 3196 | 2960 | 2724 | 2488 | 2252 | 2016 | 1780 | 1544 | 1308 | 1072 | 836 | 5556 | 5320 | 5084 | 4848
Larantuka 1023 938 853 768 683 598 | 513 | 428 343 | 258 | 1660 [ 1575 | 1490 | 1405 | 1320 | 1235 | 1150 | 1065 | 980 | 895 810 [ 725 640 555 | 470 | 385 300 [ 215
Tenau 1436 | 1256 1076 896 716 536 [ 356 176 | 3140 | 2960 | 2780 | 2600 | 2420 | 2240 [ 2060 | 1880 | 1700 | 1520 | 1340 | 1160 | 980 | 800 | 3140 | 2960 | 2780 | 2600 | 2420 | 2240
Atutupu 1125 | 1019 913 807 701 595 | 489 | 383 277 | 1682 | 1576 | 1470 | 1364 | 1258 | 1152 | 1046 | 940 834 | 728 622 516 | 1894 | 1788 | 1682 | 1576 | 1470 | 1364 | 1258
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Product 3 Inventory Flow

Port 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
Ampenan 5329 | 4974 | 4619 | 4264 | 3909 | 3554 | 3199 | 2844 | 2489 | 2134 | 1779 | 1424 | 1069 | 714 | 7645 | 7290 | 6935 | 6580 | 6225 | 5870 | 5515 | 5160 | 4805 | 4450 | 4095 | 3740 | 3385 | 3030
Tanjung Wangi | 4097 | 3640 | 3183 | 2726 [ 2269 | 1812 | 1355 | 898 | 441 | 6629 | 6172 [ 5715 | 5258 | 4801 | 4344 | 3887 | 3430 | 2973 [ 2516 | 2059 | 1602 | 1145 | 688 | 6629 | 6172 [ 5715 | 5258 | 4801
Ngurah Rai 847 | 707 | 2080 | 1940 | 1800 | 1660 [ 1520 | 1380 [ 1240 | 1100 [ 960 [ 820 | 680 [ 540 | 400 [ 260 [ 120 [ 1940 [ 1800 | 1660 [ 1520 | 1380 [ 1240 | 1100 [ 960 [ 820 | 680 [ 540
Camplon 1069 | 946 | 823 | 700 | 577 | 454 | 331 | 208 | 1754 | 1631 | 1508 | 1385 | 1262 | 1139 | 1016 | 893 | 770 | 647 | 524 | 401 | 278 | 155 | 1754 | 1631 | 1508 | 1385 | 1262 | 1139
Gresik 1057 | 7533 | 7044 | 6555 | 6066 | 5577 | 5088 | 4599 | 4110 | 3621 | 3132 | 2643 | 2154 | 1665 | 1176 | 687 | 7533 | 7044 | 6555 | 6066 | 5577 | 5088 | 4599 | 4110 | 3621 | 3132 | 2643 | 2154
Bima 6774 | 6409 | 6044 | 5679 | 5314 | 4949 | 4584 | 4219 | 3854 | 3489 | 3124 | 2759 | 2394 | 2029 | 1664 | 1299 | 934 | 8540 | 8175 | 7810 | 7445 | 7080 | 6715 | 6350 | 5985 | 5620 | 5255 | 4890
Badas 3114 | 2887 | 2660 | 2433 | 2206 | 1979 | 1752 | 1525 | 1298 | 1071 | 7092 | 6865 | 6638 | 6411 | 6184 | 5957 | 5730 | 5503 | 5276 | 5049 | 4822 | 4595 | 4368 | 4141 | 3914 | 3687 | 3460 | 3233
Maumere 2068 | 1939 | 1810 | 1681 | 1552 | 1423 | 1294 | 1165 | 1036 | 907 | 778 | 649 | 520 | 391 | 262 | 2113 | 1984 | 1855 | 1726 | 1597 | 1468 | 1339 | 1210 | 1081 | 952 | 823 | 694 | 565
Ende Ende 1481 | 1332 | 1183 | 1034 [ 885 | 736 | 587 | 438 | 2202 | 2053 | 1904 [ 1755 | 1606 | 1457 | 1308 | 1159 | 1010 | 861 [ 712 | 563 | 414 | 265 | 2202 | 2053 | 1904 [ 1755 | 1606 | 1457
Waingapu 5433 | 5250 | 5067 | 4884 | 4701 | 4518 | 4335 | 4152 | 3969 | 3786 | 3603 | 3420 | 3237 | 3054 | 2871 | 2688 | 2505 | 2322 | 2139 | 1956 | 1773 | 1590 | 1407 | 1224 | 1041 | 858 | 675 | 492
Dilli 4561 | 4263 | 3965 | 3667 [ 3369 | 3071 [ 2773 | 2475 | 2177 | 1879 | 1581 [ 1283 | 985 | 687 | 389 | 5404 | 5106 | 4808 | 4510 | 4212 | 3914 | 3616 [ 3318 | 3020 [ 2722 | 2424 | 2126 | 1828
Larantuka 2499 | 2398 | 2297 | 2196 | 2095 | 1994 | 1893 | 1792 | 1691 | 1590 | 1489 | 1388 | 1287 | 1186 | 1085 | 984 | 883 | 782 | 681 | 580 | 479 | 378 | 5798 | 5697 | 5596 | 5495 | 5394 | 5293
Tenau 5969 | 5829 | 5689 | 5549 | 5409 | 5269 | 5129 | 4989 | 4849 | 4709 | 4569 | 4429 | 4289 | 4149 | 4009 | 3869 | 3729 | 3589 | 3449 | 3309 | 3169 | 3029 | 2889 | 2749 | 2609 | 2469 | 2329 | 2189
Atutupu 1530 | 1377 | 1224 | 1071 | 918 | 765 | 612 | 1847 | 1694 | 1541 | 1388 | 1235 | 1082 | 929 | 776 | 623 | 1541 | 1388 | 1235 | 1082 | 929 | 776 | 623 | 1541 | 1388 | 1235 | 1082 | 929
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ATTACHMENT F

Experiment 2 Output

Scenario 1: 125% Demand Rate

Period 1 Output

Ship Route
Camplon---Manggis---Gresik---Manggis---Ngurah Rai---
Kerta Dua | Camplon---Tanjung Wangi
Andika
Karmila Ampenan---Manggis---Gresik---Ngurah Rai
Kelud Ngurah Rai---Manggis---Ngurah Rai---Ampenan
Cakra
Bahana Bima---Reo Reo---Waingapu
Mundu
Ketaling
Dorolonda | Waingapu---Reo Reo---Maumere---Badas
Kurau Larantuka---Kalabahi---Atutupu
Egon
Alor Tenau---Kalabahi---Dilli---Tenau
Dompu

Ship Total Cost Utilization
Kerta Dua Rp 1,936,205,498.42 0.69
Andika Rp - 0.00
Karmila Rp 1,890,406,401.86 0.47
Kelud Rp  468,329,119.81 0.21
CakraBahana | Rp  421,217,461.40 0.19
Mundu Rp - 0.00
Ketaling Rp - 0.00
Dorolonda Rp 2,300,374,554.31 0.50
Kurau Rp 311,034,361.61 0.08
Egon Rp - 0.00
Alor Rp 1,350,736,797.09 0.46
Dompu Rp - 0.00

Rp 8,678,304,194.50 0.22
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Period 2 Output

Ship Route

Tanjung Wangi---Manggis---Ampenan---Manggis---Camplon---

Kerta Dua | Gresik---Ngurah Rai

Andika Ngurah Rai---Manggis---Camplon

Karmila Ngurah Rai---Manggis---Ngurah Rai---Camplon---Gresik

Kelud Ampenan---Manggis---Gresik---Ngurah Rai

Cakra

Bahana Waingapu---Reo Reo---Maumere---Ende Ende---Bima

Mundu Badas---Reo Reo---Ende EndeBadas---Reo Reo
Waingapu---Reo Reo---Ende EndeEnde Ende---Reo Reo---Badas-

Ketaling --Maumere

Dorolonda | Badas---Reo Reo---Bima

Kurau Atutupu---Kalabahi---Atutupu---Larantuka

Egon Kalabahi---Kalabahi---Atutupu---Dilli

Alor Tenau---Kalabahi---Atutupu---Larantuka

Dompu

Ship Total Cost Utilization
Kerta Dua Rp 2,143,908,361.56 0.53
Andika Rp  636,185,460.15 0.19
Karmila Rp 832,078,435.09 0.23
Kelud Rp 1,842,650,660.06 0.45
Cakra Bahana | Rp 1,699,523,269.14 0.46
Mundu Rp 516,069,193.30 0.21
Ketaling Rp 2,883,772,706.06 0.67
Dorolonda Rp  760,533,599.62 0.28
Kurau Rp  979,456,047.50 0.26
Egon Rp 606,904,896.74 0.30
Alor Rp 1,038,586,309.12 0.28
Dompu Rp - 0.00

Rp 13,939,668,938.32 0.32
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Period 3 Output

Ship Route
Ngurah Rai---Manggis---Tanjung Wangi---Manggis---Camplon---
Kerta Dua | Ngurah Rai---Gresik
Andika Camplon---Manggis---Ngurah Rai
Karmila Gresik---Manggis---Ngurah Rai---Ampenan---Gresik---Camplon
Kelud Ngurah Rai---Manggis---Tanjung Wangi---Camplon
Cakra Bima---Reo Reo---Maumere---Waingapu---Badas---Bima---Ende
Bahana Ende
Mundu Ende Ende---Reo Reo---MaumereEnde Ende---Reo Reo
Maumere---Reo Reo---BimaBima---Reo Reo---Ende Ende---
Ketaling Maumere
Dorolonda | Bima---Reo Reo---Waingapu
Kurau Larantuka---Kalabahi---Tenau---Atutupu---Dilli
Egon Dilli---Kalabahi---Atutupu
Alor Larantuka---Kalabahi---Tenau---Atutupu
Dompu Tenau---Kalabahi---Larantuka

Ship Total Cost Utilization
Kerta Dua Rp 2,436,733,304.18 0.82
Andika Rp  318,144,688.16 0.08
Karmila Rp 1,381,720,224.15 0.39
Kelud Rp 570,301,056.40 0.17
Cakra Bahana | Rp 2,860,600,357.81 0.88
Mundu Rp  403,509,221.50 0.17
Ketaling Rp 1,246,086,241.82 0.46
Dorolonda Rp 666,010,893.20 0.29
Kurau Rp 1,206,115,240.20 0.40
Egon Rp  247,406,937.19 0.07
Alor Rp 1,202,533,202.60 0.46
Dompu Rp  719,154,197.33 0.30

Rp 13,258,315,564.54 0.37
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Period 4 Output

Ship Route

Kerta Dua | Gresik---Manggis---Camplon---Ngurah Rai---Gresik

Andika
Camplon---Manggis---Ngurah Rai---Gresik---Camplon---

Karmila Manggis---Tanjung Wangi
Camplon---Manggis---Ampenan---Camplon---Manggis---Ngurah

Kelud Rai

Cakra Ende Ende---Reo Reo---Maumere---Waingapu---Bima---Badas---

Bahana Ende Ende

Mundu Maumere---Reo Reo---Ende EndeMaumere---Reo Reo
Maumere---Reo Reo---Waingapu---Ende EndeEnde Ende---Reo

Ketaling Reo---Maumere

Dorolonda | Waingapu---Reo Reo---Badas

Kurau Dilli---Kalabahi---Atutupu---Tenau---Larantuka---Dilli

Egon Atutupu---Kalabahi---DilliDilli---Kalabahi---Atutupu

Alor Atutupu---Kalabahi---Dilli---Larantuka

Dompu

Ship Total Cost Utilization
Kerta Dua Rp 2,047,722,903.91 0.61
Andika Rp - 0.00
Karmila Rp 1,463,109,881.45 0.52
Kelud Rp 1,184,138,549.20 0.27
Cakra Bahana | Rp 2,972,330,872.59 0.89
Mundu Rp  318,548,373.53 0.17
Ketaling Rp 1,445,939,448.47 0.62
Dorolonda Rp 1,325,750,729.44 0.30
Kurau Rp 1,886,664,018.76 0.55
Egon Rp 701,936,746.82 0.28
Alor Rp 1,255,833,379.22 0.44
Dompu Rp - 0.00

Rp 14,601,974,903.38 0.39
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Period 1 Inventory Flow

Port 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
Ampenan 1931] 7286] 6929| 6572| 6215| 5858 5501 5144| 4787] 4430 4073] 3716] 3359| 3002| 2645| 2288 1931 1574 1217 860 503| 7643 7286 6929 6572 6215 5858] 5501
Tanjung Wangi 5471 5091) 4711) 4331) 3951] 3571 3191 2811 2431 2051 1671 1291 911 531| 7620 7240 6860/ 6480] 6100] 5720 5340] 4960| 4580| 4200] 3820[ 3440[ 3060[ 2680
Ngurah Rai 2318 2136) 1954| 1772) 1590] 1408] 1226] 1044 862 1954 1772 1590 1408) 1226| 2318| 2136] 1954| 1772| 1590| 1408 1226 1044 862| 1954 1772 1590 1408) 1226
Camplon 1583 1386 1189 992 795 598| 401 204 1606) 1409] 1212| 1015 818| 621 424| 1606) 1409] 1212| 1015 818| 621 424] 1606| 1409] 1212| 1015 818 621
Gresik 2496 2231) 1966) 1701) 1436] 1171 906 641 7470[ 7205 6940 6675 6410] 6145 5880 5615 5350| 5085] 4820| 4555 4290| 4025 3760[ 3495 3230] 2965 2700] 2435
Bima 6891 6332 5773 5214] 4655 4096| 3537| 2978| 2419 6323 5764 5205 4646 4087| 3528) 2969] 2410| 1851| 3205| 2646 2087 1528 969 410] 3764 3205 2646 2087
Badas 5128| 4810] 4492| 4174] 3856] 3538| 3220] 2902 2584 2266 1948 1630 1312 994| 676 358 40 2728] 2410] 2092| 1774| 1456| 1138 820 502[ 2410[ 2092 1774
Maumere 1936] 1713] 1490] 1267 1044] 821 598 375] 1831f 1608 1385 1162 939 716 493| 1831f 1608 1385 1162 939 716 493| 1831| 1608 1385 1162 939 716
Ende Ende 1523| 1353] 1183| 1013] 843| 673| 503| 333| 2160] 1990/ 1820 1650/ 1480 1310/ 1140( 970] 800| 630] 460 1480 1310/ 1140f 970/ 800| 630] 460/ 1480 1310
Waingapu 1553| 7050] 6575] 6100] 5625| 5150[ 4675 4200[ 3725 3250 2775 2300 1825 1350 875 400[ 3575 3100[ 2625 2150 1675 1200 725| 3575 3100] 2625 2150] 1675
Dilli 5735 5446| 5157| 4868| 4579] 4290] 4001| 3712| 3423 3134 2845 2556 2267| 1978 1689] 1400] 3133] 2844| 2555| 2266| 1977| 1688 1399| 1110[ 1844| 1555 1266 977
Larantuka 4420 4061 3702 3343 2984 2625 2266 1907] 6282] 5923| 5564| 5205| 4846 4487 4128 3769 3410] 3051 2692] 2333] 1974| 1615| 1256| 2923| 2564 2205 1846 1487
Tenau 5150 4787) 4424) 4061) 3698] 3335 2972| 2609| 2246 1883| 1520[ 1157 794 431 68| 3274 2911 2548 2185 1822 1459 1096| 3274| 2911] 2548] 2185] 1822| 1459
Atutupu 2643 2286 1929 1572) 1215 858 501 2643 2286 1929 1572) 1215 858 501 144 -213] 1929| 1572| 1215 858 501| 2643 2286 1929 1572] 1215 858 501

Period 2 Inventory Flow

Port 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
Ampenan 895 843 791 739 687 635 583 531 479 427 375 323 271 219 167| 1896] 1844| 1792| 1740 1688| 1636 1584 1532] 1480| 1428 1376] 1324| 1272
Tanjung Wangi | 8201 7888| 7575 7262| 6949 6636 6323| 6010[ 5697| 5384] 5071| 4758 4445 4132| 3819 3506 3193] 2880| 2567 2254] 1941] 1628 1315 1002] 6748| 6435 6122| 5809
Ngurah Rai 1464 1227 1489| 1252] 1015 778 541] 1963 1726 1489] 1252| 1015 778 541| 1726 1489 1252| 1015 778 541 304| 1963 1726 1489] 1252| 1015 778 541
Camplon 1687 1514| 1341] 1168 995 822 649| 476] 1854| 1681] 1508 1335] 1162 989 816 643| 1681] 1508| 1335 1162 989 816| 1854| 1681| 1508 1335 1162 989
Gresik 1943 6786] 6179] 5572 4965 4358| 3751 3144 6786 6179] 5572| 4965 4358| 3751 3144 2537| 5572] 4965| 4358 3751) 3144 2537| 6179 5572] 4965| 4358 3751 3144
Bima 2563 2250] 1937| 1624] 1311 998 685 372| 7374 7061 6748] 6435 6122| 5809] 5496 5183 4870] 4557| 4244] 3931) 3618 3305 2992| 2679| 2366 2053] 1740| 1427
Badas 1052 843| 5164| 4955| 4746| 4537 4328 4119] 3910] 3701 3492) 3283| 3074 2865 2656| 2447| 2238| 2029 1820| 1611 1402) 1193| 5582 5373| 5164| 4955 4746 4537
Maumere 240 1709] 1612| 1515 1418] 1321 1224 1127) 1030] 933 836 739 642 545 448| 1709] 1612| 1515 1418] 1321 1224 1127] 1030] 933 836 739 642 545
Ende Ende 900 788 676 564 452 340 228 116| 1664 1552| 1440| 1328 1216] 1104 992 880 768 656 544 432 320 208| 1776 1664| 1552| 1440 1328 1216
Waingapu 4633 4383| 4133] 3883[ 3633] 3383] 3133| 2883 2633| 2383] 2133| 1883] 1633] 1383| 1133| 5500/ 5250| 5000{ 4750f 4500] 4250] 4000[ 3750 3500] 3250{ 3000f 2750] 2500
Dilli 1 5910 5615] 5320f 5025| 4730] 4435] 4140 3845 3550] 3255| 2960 2665 2370] 2075 1780 1485 1190 895 600 305 10| 5910[ 5615 5320] 5025 4730 4435
Larantuka 1001 894| 787 680 573 466 359 252| 1786] 1679| 1572 1465 1358| 1251 1144 1037 930] 823 716 609 502 395 288 1679] 1572| 1465 1358) 1251
Tenau 1391 1166| 2825| 2600] 2375 2150[ 1925 1700] 1475| 1250| 1025 800 575 350 125 3050] 2825| 2600| 2375 2150] 1925| 1700[ 1475 1250] 1025 800 575 350
Atutupu 1098 965 832 699 566 433 300] 1734] 1601| 1468 1335 1202| 1069 936 803 670| 1601) 1468| 1335 1202) 1069 936| 803] 670 537] 404 271 138]
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Period 3 Inventory Flow

Port 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
Ampenan 5240| 4796 4352| 3908 3464| 3020[ 2576| 9556| 9112 8668| 8224 7780| 7336| 6892| 6448| 6004[ 5560| 5116 4672| 4228 3784| 3340| 2896| 2452| 2008 1564| 1120| 676
Tanjung Wangi | 3982] 3410 2838 2266 7140| 6568| 5996| 5424| 4852 4280 3708 3136| 2564| 1992| 1420| 8856| 8284 7712 7140| 6568| 5996| 5424| 4852| 4280 3708 3136| 2564| 1992
Ngurah Rai 812| 637] 1975 1800] 1625 1450 1275 1100] 925| 750/ 1800 1625 1450 1275| 1100] 925| 750 575 1625 1450 1275 1100f 925 1800/ 1625 1450/ 1275/ 1100
Camplon 1038| 884 730 1384 1230 1076| 922| 768| 614] 1538| 1384 1230 1076| 922| 768 614] 460 1384 1230 1076| 922| 768 1692| 1538 1384 1230/ 1076] 922
Gresik 934] 7164| 6552| 5940 5328 4716| 4104| 3492 2880 7164| 6552 5940 5328| 4716 4104 3492 2880 2268 1656 5328 4716 4104 3492| 2880 5940 5328 4716 4104
Bima 6682| 6225 5768| 5311 4854| 4397| 3940| 3483| 3026] 2569| 2112| 1655| 1198 741| 284 7086| 6629| 6172 5715| 5258 4801 4344| 3887| 3430| 2973 2516| 2059| 1602
Badas 3057| 2773 2489| 2205( 1921| 1637| 1353| 1069| 785 501| 6864 6580| 6296 6012| 5728| 5444 5160| 4876 4592| 4308 4024| 3740| 3456| 3172| 2888[ 2604| 2320| 2036
Maumere 2035 1873 1711 1549 1387| 1225 1063| 901 739 577| 415 1528| 1366| 1204| 1042 880] 718| 1690 1528| 1366| 1204| 1042 880| 718| 1690[ 1528| 1366| 1204
Ende Ende 1443| 1256] 1069 882 695 508 321| 134| 2126] 1939] 1752) 1565 1378 1191| 1004| 817 630] 1752 1565 1378 1191| 1004| 817] 1939 1752] 1565 1378 1191
Waingapu 5387| 5158 4929| 4700[ 4471 4242| 4013| 3784 3555 3326| 3097| 2868| 2639 2410{ 2181 1952 1723| 1494 1265 1036| 807| 578| 7042| 6813| 6584 6355 6126] 5897
Dilli 4486] 4113] 3740] 3367) 2994| 2621) 2248| 1875| 5627] 5254| 4881) 4508| 4135 3762| 3389) 3016| 2643] 2270] 1897) 1524| 1151) 778| 5254| 4881) 4508| 4135 3762| 3389
Larantuka 2473| 2346 2219| 2092| 1965| 1838 1711 1584| 1457 1330| 1203| 1076] 949| 822| 695] 5746 5619| 5492 5365| 5238 5111| 4984 4857| 4730| 4603 4476] 4349 4222
Tenau 5934| 5759 5584| 5409| 5234| 5059 4884| 4709| 4534 4359| 4184 4009| 3834 3659| 3484 3309 3134| 2959 2784| 2609| 2434| 2259| 2084| 1909| 1734 1559| 1384 1209
Atutupu 1491 1299| 1107| 915 723| 531 339| 1808| 1616 1424| 1232| 1040 848| 656 1808 1616| 1424| 1232| 1040| 848| 656 464| 272| 1424| 1232| 1040[ 848| 656
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Scenario 2: 150% Demand Rate

Period 1 Output

Ship Route
Kerta Camplon---Manggis---Gresik---Ngurah Rai---CamplonCamplon---
Dua Manggis---Tanjung Wangi
Andika
Karmila | Ampenan---Manggis---Gresik---Ngurah Rai
Kelud Ngurah Rai---Manggis---Ngurah Rai---Ampenan---Camplon
Cakra
Bahana Bima---Reo Reo---Waingapu---Maumere
Mundu Badas---Reo Reo
Ketaling | Waingapu---Reo Reo---Ende Ende
Dorolond | Waingapu---Reo Reo---Maumere---Badas---Ende EndeWaingapu--
a -Reo Reo
Kurau Larantuka---Kalabahi---Atutupu
Egon
Alor Tenau---Kalabahi---Dilli---Tenau---Atutupu
Dompu

Ship Total Cost Utilization
Kerta Dua Rp 2,175,309,784.45 0.74
Andika Rp - 0.00
Karmila Rp 1,890,406,401.86 0.47
Kelud Rp 1,405,085,903.44 0.41
Cakra Bahana | Rp 1,209,660,178.70 0.40
Mundu Rp 734,286,724.12 0.30
Ketaling Rp  365,546,185.96 0.18
Dorolonda Rp 2,171,612,502.63 0.47
Kurau Rp 311,034,361.61 0.08
Egon Rp 54,534,989.01 0.00
Alor Rp 1,517,408,136.30 0.61
Dompu Rp - 0.00

Rp 11,834,885,168.06 0.30
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Period 2 Output

Ship Route
Tanjung Wangi---Manggis---Gresik---Manggis---Ampenan---
Kerta Dua | Camplon---Manggis---Tanjung Wangi---Ngurah Rai
Andika
Karmila Ngurah Rai---Manggis---Ngurah Rai---Camplon---Gresik
Camplon---Manggis---Gresik---Manggis---Camplon---Ngurah
Kelud Rai---Tanjung Wangi
Cakra Maumere---Reo Reo---Maumere---Ende Ende---Bima---
Bahana Waingapu---Badas
Mundu
Ende Ende---Reo Reo---BadasBadas---Reo Reo---Maumere---
Ketaling Ende Ende---Bima
Dorolonda | Ende Ende---Reo Reo---Ende Ende
Kurau Atutupu---Kalabahi---Atutupu---Larantuka---Tenau
Egon Atutupu---Kalabahi---AtutupuAtutupu---Kalabahi---Dilli
Alor Atutupu---Kalabahi---Larantuka---Atutupu---Tenau
Dompu

Ship Total Cost Utilization
Kerta Dua Rp 2,355,884,600.67 0.64
Andika Rp - 0.00
Karmila Rp  843,155,074.09 0.24
Kelud Rp 1,950,435,947.49 0.56
Cakra Bahana | Rp 2,513,192,935.95 0.71
Mundu Rp - 0.00
Ketaling Rp 2,681,110,665.31 0.72
Dorolonda Rp  309,605,867.61 0.16
Kurau Rp 1,326,776,766.78 0.53
Egon Rp  651,513,261.09 0.16
Alor Rp 1,469,310,446.73 0.61
Dompu Rp - 0.00

Rp 14,100,985,565.73 0.36
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Period 3 Output

Ship Route

Ngurah Rai---Manggis---Camplon---GresikGresik---Manggis---
Kerta Dua | Tanjung Wangi---Ngurah Rai
Andika Gresik---Manggis---Camplon---Ngurah Rai
Karmila Gresik---Manggis---Ngurah Rai---Ampenan---Gresik---Camplon
Kelud Tanjung Wangi---Manggis---Ampenan
Cakra Badas---Reo Reo---Maumere---Waingapu---Bima---Ende Ende---
Bahana Badas
Mundu Bima---Reo Reo---Ende Ende

Bima---Reo Reo---Maumere---Ende EndeEnde Ende---Reo Reo---
Ketaling WaingapuWaingapu---Reo Reo---Bima

Ende Ende---Reo Reo---Maumere---WaingapuEnde Ende---Reo
Dorolonda | Reo
Kurau Tenau---Kalabahi---Atutupu---Dilli---Tenau---Larantuka
Egon Dilli---Kalabahi---Atutupu---Larantuka---Dilli
Alor Tenau---Kalabahi---Dilli---Atutupu---Tenau
Dompu

Ship Total Cost Utilization
Kerta Dua Rp 1,484,425,253.13 0.48
Andika Rp 977,393,022.79 0.31
Karmila Rp 1,384,777,200.15 0.40
Kelud Rp  340,725,368.26 0.08
Cakra Bahana | Rp 3,485,076,117.77 0.94
Mundu Rp 1,401,251,375.80 0.45
Ketaling Rp 1,833,744,551.78 0.69
Dorolonda Rp  868,309,640.15 0.33
Kurau Rp 1,680,052,593.10 0.55
Egon Rp 1,630,315,002.82 0.59
Alor Rp 1,207,478,827.78 0.43
Dompu Rp - 0.00

Rp 16,293,548,953.52 0.44
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Period 4 Output

Ship Route

Ngurah Rai---Manggis---AmpenanAmpenan---Manggis---
Camplon---GresikGresik---Manggis---Tanjung Wangi---Ngurah

Kerta Dua | Rai

Andika Ngurah Rai---Manggis---Camplon
Camplon---Manggis---Ngurah Rai---GresikGresik---

Karmila ManggisCamplon---Manggis---Camplon

Kelud Ampenan---Manggis---Tanjung Wangi---Ngurah Rai

Cakra Badas---Reo Reo---Waingapu---Maumere---Badas---Bima---Ende

Bahana Ende

Mundu

Ketaling Bima---Reo Reo---Maumere---Ende Ende---Bima

Dorolonda | Waingapu---Reo Reo---Badas---Ende Ende

Kurau Tenau---Kalabahi---Atutupu---Dilli---Tenau---Larantuka

Egon Dilli---Kalabahi---Atutupu---Larantuka---Dilli

Alor Tenau---Kalabahi---Dilli---Atutupu---Tenau

Dompu

Ship Total Cost Utilization
Kerta Dua Rp 1,808,983,115.85 0.56
Andika Rp 636,574,930.65 0.19
Karmila Rp 1,690,898,419.00 0.67
Kelud Rp 689,191,999.91 0.21
Cakra Bahana | Rp 3,084,253,587.45 0.87
Mundu Rp - 0.00
Ketaling Rp 1,758,053,102.13 0.47
Dorolonda Rp 2,345,325,847.23 0.46
Kurau Rp 1,680,052,593.10 0.55
Egon Rp 1,630,315,002.82 0.59
Alor Rp 1,207,478,827.78 0.43
Dompu Rp - 0.00

Rp 16,531,127,425.92 0.42
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Product 1 Inventory Flow

Port 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
Ampenan 1860 7144| 6716] 6288| 5860 5432 5004| 4576| 4148| 3720] 3292| 2864| 2436 2008 7572| 7144| 6716] 6288 5860 5432| 5004| 4576] 4148| 3720| 3292 2864 2436] 2008
Tanjung Wangi | 5395| 4939| 4483| 4027| 3571| 3115| 2659| 2203| 1747| 1291| 6176 5720| 5264| 4808| 4352 3896] 3440| 2984 2528| 2072| 1616 7544 7088 6632[ 6176 5720| 5264| 4808
Ngurah Rai 2282) 2064| 1846| 1628 1410| 1192| 974] 756| 538 320 1628 1410| 1192] 974] 756] 538| 1846 1628| 1410] 1192| 974 756 2064 1846| 1628| 1410 1192 974
Camplon 1544| 1308 1292| 1056) 820 584| 348] 112 -124| 1292| 1056| 820| 584| 348 112 1528| 1292| 1056 820| 584| 348 112 1528 1292 1056 820| 584| 348
Gresik 2443 2125| 1807) 1489| 1171| 853] 535 217| 7546| 7228| 6910| 6592| 6274| 5956 5638| 5320] 5002 4684| 4366| 4048 3730| 3412] 3094| 2776] 2458| 2140| 1822 1504
Bima 6779] 6108| 5437| 4766| 4095| 3424| 2753| 2082| 1411| 3987| 3316| 2645| 1974| 1303| 632| -39 -710 3316| 2645| 1974| 1303 632 -39] -710| -1381| 1645 974 303
Badas 5065 4684| 4303| 3922| 3541| 3160| 2779 2398| 2017| 1636| 1255| 4095| 3714| 3333| 1952 1571 1190] 809| 428] 1333 952 571 190 -191| 2095| 1714 1333| 952
Maumere 1892) 1625| 1432| 1165 898| 631| 364 97| 1699| 1432| 1165/ 898 631 364 97 1699| 1432] 1165| 898] 631 364 97| -170| 1432| 1165| 898| 631] 364
Ende Ende 1489 1285| 1081| 877 673] 469| 265 61| 2092| 1888| 1684| 1480| 1276 1072 868| 664| 460 256 1276 1072| 868 664 460 256 52| -152| 1072| 868
Waingapu 1458| 6860| 6290 5720 5150| 4580| 4010| 3440| 2870| 2300 3720| 3150| 2580| 2010| 440| -130| 2720 2150 1580| 1010| 440| -130|] 3290| 2720| 2150| 1580| 1010 440
Dilli 5677| 5330| 4983| 4636| 4289| 3942| 3595| 3248| 2901| 2554| 2207| 1860| 1513 1166] 819| 3306 2959| 2612| 2265 1918| 1571 819] 3306] 2959| 2612| 2265 1918| 1571
Larantuka 4348| 3917| 3486| 3055| 2624| 2193| 1762| 1331| 900| 3707| 3276| 2845| 2414 1983| 1552| 1121| 690| 2776 2345 1914| 1483| 1552| 1121 690| 2776| 2345| 1914| 1483
Tenau 5078| 4643| 4208| 3773| 3338| 2903| 2468| 2033| 1598| 1163| 3260| 2825| 2390 1955| 1520| 1085 3195| 2760| 2325 1890| 1455| 1520| 1085 3195 2760] 2325 1890| 1455
Atutupu 2572| 2144| 1716| 1288| 860| 432 4| -424| 2144| 1716| 1288 860 432 4 -424| 1716 1288] 860| 432 4 -424| -424] 1716 1288 860| 432 4 -424

Product 2 Inventory Flow

Port 1234556789 fw|uu]2]13]14]15]16]|217|218|10| 20 |21|22|23|24]25]26]27]028
Ampenan | 885| 823| 761 699 637 575 513 451 389 327| 265| 203| 141] 79| 17|1876|1814|1752|1690| 1628| 1566 1504| 1442 1380 1318] 1256] 1194|1132
Tanjung Wangi| 8139| 7764 7389| 7014 6639 6264| 5889 5514| 5139| 4764| 4389| 4014| 3639| 3264| 2889| 2514| 2139| 1764 1389 1014| 639| 264| -111| -486|5500] 5125|4750 4375
Ngurah Rai |1417|1133|1348|1064| 780] 496| 212[1916[1632(1348]1064| 780 496| 212|1632|1348|1064| 780] 496| 212| -72|1916|1632|1348|1064| 780| 496| 212
Camplon  |16531446/1239|1032| 825| 618| 411| 204|1786|1579]1372(1165| 958| 751| 544| 337|1579(1372|1165| 958 751| 544 337| 130| -77|1165| 958| 751
Gresik  [1822]6544(5816(5088| 4360| 3632| 2904| 2176| 6544| 5816| 5088| 4360| 3632| 2904| 2176| 1448| 4088 3360 2632| 1904|1176 44848164088 3360 2632| 1904|1176
Bima 2501 7250 6875 6500 6125 5750 5375( 5000{ 4625|4250 3875 3500| 3125| 2750| 2375| 5250| 4875] 4500| 4125 3750 3375/ 3000 2625 2250 1875| 1500] 1125| 750
Badas  [1010| 759]|4996|4745|4494 4243|3992 3741|3490/ 3239|2988| 2737|2486 2235( 1984| 1733[ 1482|1231 | 980| 729| 478| 227|5498|5247|4996|4745|4494 4243
Maumere | 221|1652|1536|1420|1304|1188[1072| 956| 840| 724| 608| 492| 376| 260| 144|1652|1536|1420|13041188|1072| 956| 840| 724| 608| 492| 376| 260
Ende Ende | 878| 744| 610(1330(1196(1062| 928| 794|1732|1598]|1464]1330|1196]1062| 928| 794|1598|1464|1330[1196|1062| 928| 794|1598]1464|1330(1196(1062
Waingapu _|4583|4283(3983| 3683 | 3383| 3083|2783 | 2483| 2183|1883 1583|1283 983| 683| 383| 83/5100/4800|4500|4200|3900(3600{3300{3000{2700{2400{2100{1800
Dill -58|4792| 4438|4084 |3730| 3376|3022 2668| 2314|1960 | 1606 |1252| 898| 544| 190(4792|4438[4084(3730|3376(3022| 190|4792|4438(4084|3730|3376|3022
Larantuka | 980| 852| 724| 596| 468| 340| 212| 84|1744|1616]1488|1360|1232|1104| 976| 848| 720 592| 464| 336| 208| 976| 848| 720] 592| 464| 336| 208
Tenau  [1346|1076(2690(2420(2150|1880|1610|1340]|1070| 800|24202150|188016101340|1070|2690|2420{2150{1880|1610{1340| 1070[ 2690| 2420| 2150| 1880| 1610
Atutupu  [1072] 913| 754(1205(1046| 887| 728 569| 410|1523|1364|1205)1046| 887| 728|1523|1364|1205|1046| 887| 728| 728|1523|1364]12051046] 887| 728
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Product 3 Inventory Flow

Port 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
Ampenan | 5151|4618 4085| 3552| 3019| 2486| 1953| 1420| 887) 6401|5868 5335| 4802| 4269| 3736 3203| 2670| 2137| 1604{ 1071| 538| 7467) 6934 6401| 5868] 5335) 4802 4269
Tanjung Wangi| 3868( 3182| 2496| 1810| 1124 3884 3198( 2512| 1826 1140| 454/ -232|3884|3198| 2512| 1826/ 1140(5256|4570| 3884| 3198| 2512| 1826(1140| 454|4570| 3884|3198
Ngurah Rai | 777| 567[1870|1660|1450|1240)1030{ 820 610{ 400| 190| -20|1240{1030{ 820| 610| 400|1660|1450]1240|{1030| 820| 610| 400 190|1450|1240|1030
Camplon | 1007] 822| 637|1260|1075| 890 705] 520| 335[ 150|1260|1075| 890| 705| 520|1630(1445)1260|1075| 890| 705| 520 335|1445]| 1260|1075 890| 705
Cresik 812| 5798|5064 4330| 3596| 2862 2128| 1394| 6532( 5798|5064 4330|3596 2862| 2128|6532 5798| 5064 4330|3596 | 2862| 2128 1394|5798 5064|4330 3596 2862
Bima 6591) 6043|5495[4947]4399| 3851| 3303[ 2755|2207] 1659 1111{5260|4712]| 4164| 3616| 3068|2520] 1972)| 1424|4712|4164|3616] 3068| 6356(5808|5260| 4712|4164
Badas 3000]2659(2318|1977|1636|1295| 954| 613|7318[6977)|6636|6295|5954|5613]5272(4931|4590| 4249|3908 3567|3226|2885[2544| 2203]| 1862|1521 |1180| 839
Maumere  [2003|1809|1615|1421|1227)1033| 839| 645| 451| 257(1530|1336|1142( 948| 754|1918|1724(1530)|1336|1142| 948| 754]1918(1724|1530)1336|1142| 948
Ende Ende  [1406)|2052)1828|1604|1380|1156| 932| 708| 484| 260{1604|1380|1156 932| 708]|2052|1828|1604)|1380|1156| 932| 708|2052(1828|1604)1380|1156| 932
Waingapu |5341)|5066|4791(4516|4241|3966|3691|3416(3141[2866|2591|2316|2041|1766(1491|1216| 941|6400|6125|5850|5575|5300]5025|4750|4475(4200|3925|3650
Dilli 4412(3965|3518|3071(2624|2177]|1730{1283|5106| 4659|4212 |3765| 3318|2871 [2424|1977]1530(3212|2765| 2318|1871 |2424)|1977|1530(3212| 2765|2318 1871
Larantuka |2448]2296(2144|1992)1840|1688]|1536|1384|1232(1080| 928| 776| 624| 472| 320( 168|4544]4392|4240(4088)|3936| 320( 168]|4544]4392|4240|4088)|3936
Tenau 5899 (568954795269 [ 5059 | 4849|4639 (4429|4219]4009|3799 | 3589 3379|3169 (2959 2749]2539(2329 2119|1909 | 1699|2959 | 2749| 2539 2329| 2119| 1909| 1699
Atutupu 1770] 1540{ 1310{1080| 850| 620 390| 1770 1540]1310{1080] 850| 620[ 390| 160|1540(1310{1080] 850| 620 390| 160|1540(1310|1080| 850 620 390
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CHAPTER VI
CONCLUSION AND SUGGESTION

In this chapter explains about conclusion gain from the entire research as well

as the suggestion that can be given to the next research.

6.1 Conclusion

Several conclusions that can be taken from this research is as follows:

1. This research can make a model for multi-product inventory ship routing
problem with multi depot using dedicated tanker policy. The model
developed objective function is to minimize cost. Several constraints in the
model are routing constraint, loading and unloading constraint, time
constraint, and inventory constraint.

2. Heuristic algorithm developed for this research model can solve the problem
and can be applied to the program developed by using VBA in Microsoft
Excel. Algorithm developed consist of three big steps which are critical port
selection and sorting, tanker assignment, and routing process.

3. From the results of numerical experiments, shows that the developed
algorithm fulfill the constraints in the model.

4. There are several conclusions that can be taken from the numerical
experiments, such as:

a. From the first experiment which is to determine the best number of
tankers available. This experiment confirmed that the best number
of tankers available for the real case data is 9 tankers.

b. Second experiment has shown that by using 12 tankers is sufficient
to deliver almost all the products in 125% demand rate. However,
further analysis showed that 12 tankers is not sufficient for 150%

demand rate due to a lot of late deliveries occurred.
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c. Itis better to anticipate critical ports by using long planning horizon
and it will make the inventory last longer. But this must also within
the consideration of the ability of tankers to supply the port.

d. Overall, the developed model and algorithm can accommodate
problem solving by providing supporting decision tools in order to

know the best number of tanker available.

6.2 Suggestion
In conducting this research, there were several evaluation regarding the

research. Therefore, several suggestion taken from this research are:

1. Further research might add more constraint regarding technical port
loading/unloading regulation and dynamic routing that make the model and
algorithm more complex.

2. Furthere research could also develop more by adding inventory cost and

load/unload setup to the objective function.
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