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ABSTRACT

Navy as a marine core in the defense force is responsible to providing security for realizing
stability and security of the country. At any time there was invasion of other countries past
through sea, TNI AL must be able to break the enemy resistance line through a sea operation
to obtain the sea superiority. But this time the endurance of Stricking force Unit at only 7-10
days and required replenishment at sea to maximize the presence in the theater of operations
to meet a demand of the logistics: HSD, Freshwater, Lubricating Oil, foodstuffs and amonisi.
For the optimal replenishment at sea required scheduling model supporting unit to get the
minimum time stricking force unit was on node rendezvous. Replenishment at sea scheduling
model for stricking force unit refers to the problems Vehicle routing problem with time windows
using Genetic Algorithms. These wheel base used is roulete for reproduction, crossover and
mutation of genes. Genetic algorithms have obtained optimum results in the shortest route
provisioning scenario uses one supporting unit with total time of 6.89 days. In scenario two
supproting unit with minimal time is 4.97 days. In scenario the changing of node replenishment
Genetic Algorithm also get optimal time is 4.97 days with two supporting unit. Research
continued by changing the parameters of the population, the probability of crossover and

mutation that can affect the performance of the genetic algorithm to obtain the solution.

Keywords: Genetic Algorithm, Model Scheduling, Stricking Force unit.

1. INTRODUCTION.
Geographical

Third Lombok Strait and the Arafuru sea is still

Indonesia is  very vulnerable human smuggling and illegal
strategic because it is the world that is in the fishing and the fourth is area Ambalat are still

cross international traffic and can be a transit .
very prone to conflict.

trade lane world. The State Indonesia also . . .
Any time the enemy invasion through

has the natural resources and abundant non- sea, the Navy must be able to break the

biological so making interest other countries
to be possesed the trade lanes and abundant
natural resources.

Under these conditions, the territorial
waters of the hot area which could trigger
open conflict with neighboring countries
divided into 4 parts. The first area is the

Malaka strait. The second is the Natuna sea,

enemy resistance line with sea operation to
obtain the sea superiority. The key to
successful operational success of the battle is
determined by the ability to continue and
efficient
1991).

Replenishment at sea have a high

logistics (Rutenberg and Allen,

level of uncertainty so that changes that occur
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both routes, the loading, unloading and the
amount of cargo and inventory to be
that must be
2011).

scheduling and route determination is very

transported into a thing

considered (Christiansen, For the
important because it ensures every customer
can be served.

Brown and charlyle research (2008),
about the optimization work scheduling CLF
in supporting logistics for 13 battle groups
scattered throughout the world. The method
used MIP with the help of software GAMS. In
these studies did not use a bridgehead and
not calculate the optimal route and service
time replenishm.

Combination of MIP method and
Genetic Algorithm has been applied on a
container ship with a time deadline constraints
in the pickup and delivery simultaneously
(Karlatfis et al., 2009, Maras et al., 2013).
Determination of the inventory of the company
cement (Christiansen et al., 2011). VRP
problems with combining MIP and heuristic
methods variable neighborhood descent
(VND) is used to inventory model in the
delivery of fuel (Vidovic et al., 2013). Lenhart,
(2006)
implementing USMC

review the scheduling CSS in
logistics support to
troops in combat zones with heuristic VRP.
The benefit of Genetic Algorithms is
the number of variables that can be handled
quite a lot and be able to utilize computer
systems that implement parallel (Haupt,
2002). A genetic algorithm allows a population
comprising many invidu, to evolve under
selection rules that have been set into the
stage that maximizes fitness (Santosa, 2011).
In addition Genetic algorithms are very

flexible and good enough to be combined with

other methods (Syamsi, 2002). Genetic
algorithms are also very good in finding the
least cost and the shortest route. (Tan et al,
2001).

From the review of research shows
that the model that has been studied the most
minimal cost oriented by choosing the
shortest route and fleet use. But in marine
operations costs not accounted for in actual
fact what is needed is the advantage can be
obtained through existing resources.

For that is the focus of this research
is "How to make a model of scheduling and
optimum route supporting force wunit in
distributing aid to the logistical needs of each
warship stricking force unit at sea operations

S0 as to provide durability in the ocean,”

2. MATERIAL/METHODOLOGY
2.1. Replenishment At Sea.
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Figure 2.1. RAS Tactical

According to Dunn (1992), Tactics
gas station is a tactic in conducting the RAS
where the position of logistics ships were in
the middle of the unit of time. Delivery boy
tactics are tactics RAS where supply ships
came to the ships that were carrying out
patrols in the sector of duty.Taktik circuit rider,
which is a combination gas station and
delivery tactics boy where each combatant
ships and boats supplay logistics given
rendezvous node locations to implement
RAS. )
In this study, which will be the focus of the
replenishment at sea is the provision of class

| are both dry and wet food, provision of class
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[ll, namely HSD, Lube oil and fresh water and
supplies class V is ammunition.

2.2. Prior research
Gue (2003), create a model of the

new concept with the USMC combat logistical
support and accommodate the transportation
from time to time, dynamic movement of
troops as well
Lenhardt (2006), developed a model of
optimization of the use of resources, asset

as scheduling supplay.

and service network of the Combat Service
Support (CSS) to USMC on the battlefield.
The aim is to support the logistical needs such
as water, fuel and ammunition for the Marines
who were fighting. The concept of this model
been applied in World War Il and the cold war
that the Marines excel in combat.
According to Laporte (1992), Vehicle Routing
Problem can be described as a problem in
designing an optimal distribution route with
branch and bound method, direct search tree,
mixed integer programming, and heuristic
(2001),

Problems VRP time windows can use local

column generation. Tan et al.,
search method is very simple but it is not able
to resolve optimally. Simulated Annealing is
the best in speed or compromising its
performance due to a more systematic
approach. Genetic Algorithms and Tabu
search turned out to have a near-optimal
solution best and highly effective in resolving
the total cost of the smallest in all categories.

Nishi and Izuno (2014), to create a
model to solve the problems of the
assignment and scheduling of transport
tankers carrying crude oil to the limited
capacity of vessels using MIP algorithm
combined with a column generation heuristic
(2004),

fleet to

algorithms. Ho and Haugland

examines the homogeneous

determine the route through the vehicle
routing and scheduling problem with time
windows and split delivery (VRPTWSD).
Hennig et al., (2014) compared the approach
of two models of tankers carrying crude oil to
solve the problem of scheduling and route
determination to capture and separate
delivery.

Christiansen et. al., (2011), reviewed
the problems of Inventory Routing Problem in
various cement products allocated to different
port silos and minimize total transportation
costs and can meet all the needs of
customers on consumption harbor. Vidovic,
M., et al (2013) made a model to solve the
problems of inventory routing problem in the
delivery of gasoline so that the cost of
inventory and transportation costs can
minimize the Variable Heuristic method
(VND).
Al-Khayyal and Hwang, (2007), applying the

neihbourhood Descent

compatibility issues and implement a
dedicated compartement rules on ships for
delivery of liquid chemicals from the factory to
the book. Mixed

Progamming method is proposed to solve the

the port of Integer
problems of inventory routing and scheduling
problems of liquid bulk cargo ship in the taking
then sends it to the entire island. Then
Siswanto et.al. (2011) developed the problem
of Al-khayyal and Hwang (2007) of dedicated
compartement be undedicated compartment.
The problems are route selection, the
selection of the ship, the activity of loading
and unloading activities by using the exact
method MILP and one step greedy heuristic.
Bronmo et al., (2007), making scheduling
cargo ship bulk cargo at pickup and delivery

with the proposed method is Progamming



Linear, Mixed Integer Progamming combined
with a column generation heuristic.

Bilgen and Ozkarahan, (2007), made
a model of the problem mixing and delivery of
products from manufacturers to port the port
of consumers with different ship within 3
months of using MIP. Laporte et. al., (2010),
examined the problems of vehicle routing
problem at a car company that will hire a
vessel to deliver a car to its customers with
production and demand constraints are
limited by the date of the contract with the
customer. The method used is to model the
problem into a Mixed Integer Programming.

Karlatfis et al., (2009), get a container
ship routes services to perform retrieval and
delivery to deadline time and solved by
Genetic Encryption can be applied to a small
container fleet in the Aegean Sea.

2.3 . Research Flowchart
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Figure 3.1. Research flowchart

2.4. Sea Operation scenario.

Country aggressor X has planned its
invasion by sending additional aid forces,
logistics and combat equipment to the armed
separatist movements and forces ahead of
them. Country X purpose is to support the
strategic plan for resource control Liquefied
Natural Gas, oil refineries and coal in East

Kalimantan region. Palawan Island has ruled

previously and brigdehead developed as a
base for military force to be moved to the
South. Operational strength The strength of
the enemy has the form 2 BCM Sea, 1 AT, 2
BU, 2 KS, 2 PKR, 2 PK, 2 KCR, 2 PR. PKR
class and KCR equipped C-802 missiles with
arange 75 NM and SAM missiles with a range
11 NM. Furthermore, Marine Operations

carried out according to the scenario.

2.5. Model Formulation
a. Indices:
W is available fleet supporting unit, k is

warship of supporting unit that will be able to
replenishment at sea for each node i, j and it
is a belongs W, Node i,j: is node of
replenishment { 1, 2, 3, 4, 5, 6, 7, 8} which
place to wait replenishment of supporting unit
k, p is the depot for k loading logistics. C C is
a set of nodes replenishm consisting of i, j, p.
(Ljp € C)

b. Decision Variable.

Xijr =1, if supporting unit k served node j
after served node i, = O, if otherwise, t; is
time to wait atau time for striking force unit to
replenish from supporting unit k in node i {i =
1,2,3,4,5,6, 7, 8} [hari]. q; is initial time to
came from i [day]

c. Constant variable

d;; is distance from i,j[day], Ej is the
cargo capacity from supporting unit [day]

E; is demand commodity logistic in node i and
to constraint time windows for supporting unit
replenishment [day]

d. Parameter

sy is the necessary time to served
replenishment in node i by ship k [day],

t;j is time to traverse arc i to j [day]

The Objective function



Minimize time to wait in rendezvous area and
shortes route.

8
min t; ¢y
2
Constraint
a. Ensure that every demand node is served by
exactly one ship
Xjpe <1 Vjec )
iEC kKEW
injk <1 Viec 3)
jEC kew
b. Guarantess that a ship exits the demand node
it enter
ZXipk = Zijk VpEC,kE w (4)
ieC jec
c.  Ship Capacity

<

ZEL- in,-k < E, VKkeEW )

ieC jec

d. Handles maximum allowable travel time

Nsie Yt D> Ky < Tovk €W (6)

ieC jec ieC jec

e. Ensure that maximum available number of
ship is not exceeded.

Zxojks1 Vkew )
jec
mes1 Vkew ®)
jec

Ensure successive arrival times between ports

f.
a < a;+ sttt (1— X)) Vi,jEC kKEW (9)

g. Restricts arrival times as time windows
a>E VjeC (10)
ag=0 11

4. RESULT AND DISCUSSION
4.1. Accumulation data
Table 4.1. Supporting ship capacity

Table4.3.daily consumption

HSD . R ML| Bahan Kering| Bahan Basah
No  |NamaKapal | Personel (lterthar) AT (liter/hari) (iterthar) |(kg/hari) T
1 [PKR-1 186 53,232 2,790 40 490 419
2 |PKR-2 186 53,232 2,790 40 490 419
4 [PKR-3 186 53,232 2,790 40 490 419
5  |PKR-4 112 24,000 1,680 160 295 252
6 |[PKRS 112 24,000 1,680 160 295 252
7 |PKR-6 80 28,700 1,200 30 211 180
8 |PKR7 80 28,700 1,200 30 211 180
9 |KCT-1 55 16,320 825 30 145 124
10 |KCT-2 55 16,320 825 30 145 124
11 [KCR-1 50 7,000 750 30 132 113
12 [KCR-2 50 7,000 750 30 132 113
13 [KCR-3 50 7,000 750 30 132 113
14 [PK-1 67 15,500 1,005 120 125 151
15 |PK-2 67 15,500 1,005 120 125 151
16 |FPB-1 50 16,500 750 40 132 113
17 [FPB-2 50 16,500 750 40 132 113
18 [BR-1 57 8,987 855 20 107 128
19 |BR-2 57 8,987 855 20 107 128
20 [Ks1 34 6,000 510 120 90 16
21 [KS-2 34 6,000 510 120 90 16

UT BANTU

1 JuTBantu-l [ 120] 16,000 | 1,800 | 80 360 | 240
2 JurBanu2 | 75 | 15,000 | 1,125 | 60 | 225 | 150

Tabel 4.4. Distance calculation bridgehead to
the rendezvous [days

1289 | 1318 | 1388] 14611 | 1095 | 1142 | 1200 | 1.2935
1289 00872 | 01966 | 0312 | 019375 | 0.1775 | 0.2088 | 0.2905
1318 | 0.0872 0109 | 0225 | 02435 | 0.2547 | 04724 | 0222
1388 | 0.1966 | 0.1096 0116 | 0332 | 0255 | 088 | 0.169
14611 | 0312 | 0.22% | 0116 043 | 03479 | 026 | 018
1095 | 019375 [ 02435 | 0332 | 0435 01 | 0204 | 032
1142 | 04775 | 02547 | 0255 | 03479 | 0.1 0105 | 0227
1202 | 02088 | 0188 | 0188 | 026 | 0204 | 0.0 010
12935 | 02905 | 0.1694 | 0.1694 | 018 | 0326 | 0227 | 012
Table 4.5. Minimal endurance calculation result
1 8 2.05
2 5 0.24
3 4 0.41
4 7 0.68
5 6 0.37
6 8 0.47
7 6 0.37
8 10 0.25

42, Processing data with GA.

Range Kapasitas muatan

No [NamaKRI Speed - ) ]

(NM) | HSD (iter) | Makanan (kg) | ML (iter) | Air Tawar (iter)
1 |UT bantu1 12| 15,000 | 7,872,250 340,000 | 38,000 753,000
2 |UT bantu 2 7| 2,160 | 4,324,387 100,000 | 710,140 1,175,000
Table 4.2. Stricking force ship capacity.

Range| Kapasitas

No  |NamaKRI |Speed (NM) HSD (liter) [ Makanan (kg) | Minyak Lumas (Itr) | Air Tawar (Itr)
1 |PKR-1 15 5,000 557,650 7,851 9,165 33,500
2 |PKR-2 15 5,000 557,650 7,851 9,165 33,500
4 |PKR-3 15 5,000 557,650 7,851 9,165 33,500
5 |PKR-4 16 4,000 200,000 4,000 14,000 55,000
6 |PKR-5 16 4,000 200,000 4,000 14,000 55,000
7 __|PKR-6 18 4,000 218,000 3374 5,682 30,000
8 |PKR-7 18 4,000 218,000 3374 5,682 30,000
9 |KCT-1 15 1,200 146,000 1,980 3,183 20,000
10 |KCT-2 15 1,200 146,000 1,980 3,183 20,000
11 |KCR-1 17 2,000 74,904 1,800 1,589 35,000
12 |KCR-2 17 2,000 74,904 1,800 1,589 35,000
13 |KCR-3 17 2,000 74,904 1,800 1,589 35,000
14 |PK-1 20 2,000 93,805 1,091 2,600 20,000
15 |PK-2 20 2,000 93,805 1,091 2,600 20,000
16 |FPB-1 18 2,000 141,600 1,980 3,183 20,000
17 |FPB-2 18 2,000 141,600 1,980 3,183 20,000
18 |BR-1 10 3,000 54,000 1,038 3,000 16,000
19 |BR-2 10 3,000 54,000 1,038 3,000 16,000
20 |KS-1 8 7,200 117,000 1,224 4,000 22,000
21 |KS-2 8 7,200 117,000 1,224 4,000

22,000

Figure 4.1. Genetic Algoritm

a. Formation of the initial population.




Generating initial population is a
process raises a humber of individuals
randomly or through certain procedures.
Once the population size is specified, then
performed the generation of the initial
population. In generating initial population
using permutation encoding using matlab
software. The next step is to check the S'
chronologically. Next is making random
process that meets the capacity and time
constraints. After the initial population
awakened early population then check the
calculated fitness value of each individual.
Fitness value is used as a reference for
achieving optimal value, which is looking for
an individual with the greatest fitness.

b. Selection.

Selection methods using the wheel
roulete which is the simplest method and is
often known as stochastic sampling with
replacement.

1) Calculate the fitness value of each
individual

2) Calculate the probability value of each
individual (Table 4.11).
3) From the probability, calculated quota of
each individual in number  1-100
4) Generate a random number between 1-100
5) From the resulting number, specify which
individuals are selected in the selection
process.

c. Crossovers.

One of the most important
components in the genetic algorithm is
crossovers. Crossover is a process crosses a
pair of chromosomes of parents to produce
offspring that would be the individual in the
next generation. Offspring produced from the
expected crossover inherit traits possessed
by chromosome parents.

d. Mutation.

In the next step is the genes mutation.
This operator serves to replace the missing
genes from the population as a result of a
selection process that allows the re-
emergence of genes that do not appear in the
generation of the initial population. Mutated
child chromosomes by adding a random value
that is very small and low probability.
Probability mutation (pm) is the percentage of
the total number of genes in a population of
mutated. At this stage, using sequence-based
mutation (SBM) involves two offspring
crossover to mutate. Early stage, this method
select randomly breaknode is a node between
two subscribers in one route. If it appears

twice on one route, one must be removed
from service. If a customer appears in the
result of mutations and appeared on the old
route, the customer is removed from the old
route.

f. The formation of the next generation
population.

Formation of the population for the
next generation based on the fithess value.
Chromosome mutation and cross-over
included in the next population. If you have a
fithess value is smaller than the chromosome
with the biggest fithess in populations in which
the chromosomes descendants now be

inserted into the population should be
different from the existing chromosome
populated.

Fitness value of the process of
establishing a new population of crossover
and mutation results are then compared with
the fithess value of the initial population. For
the fitness value of new populations smaller
than the initial value of the fitness population,
individuals who have a smaller fithess value
which replaces the position of the population.

Comparison continues until the last
descendant chromosomes.
Genetic  Algorithms  process  will

continue until stopping criteria are met.
Stopping criteria used is dependent on the
generation achieved, if the n-th generation
has been achieved then the genetic algorithm
will stop and accept the solution as the

optimal solution.

4.3. Scenario shortest route
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Figure 5.1. Scenario shortest route.

Genetic algorithms produce the best
routeis0-5-1-2-3-4-8-7-6-0
with a total distance of 3.1505 today. The best
route is starting to show steady at genasi to
73 to the generations to 100. It can be
concluded that the best individuals survive
and have already started to form. The shortest
route is generated by Genetic Algorithm was
used as a reference for placing the unit at
which the task will receive a briefing from
supporting unit.

4.4, Skenario Il
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Results of the shortest route
generated by the genetic algorithm by
including a time windows and demand at any
node pembekalannyais1 -6-7-2-3-4
—5-9 -8 with a total of 6.8992 today and
the best fitness value was 0.14494.

Results of the software running
matlab shows that the best individuals began
resulting in the generation to 8. Next
generation to generation 8 up to 100 showed
the best stability invidu survive. This means
that these generated through genetic
algorithm has shown that the optimal solution.

:
at

4.5. Scenario
replenishment
supporting ship

The change node
sea with single

Tablel 5.1. Replenishm distance matrix is a

straight line
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Figure 5.3. Route scenario llI

Distance matrix inserted into the matlab
program that has been created. The shortest
route is0-1-2-34-5-6-7-8-0bya
distance of 2.4766 today. After the shortest
distance is determined then the next step is to
enter the time constraints in accordance with
the order from the shortest route is obtained.
Then the constraints of time and service time
running by Genetic Algorithm with Matlab
4.6. Scenario IV Double supporting
ship
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Figure 5.4. Route scenario IV.

These scenario Il then restored by
inserting an additional one element of
auxiliary tasks. In the early stages of
improvement is the inclusion of two elements
inserted into the auxiliary task that has been
formed in the second scenario. The next
stage performs the sequence of genetic
algorithms. Generated initial population of
200 population with probability cross over =
0.9 and the maximum is 100. The result
generation running the genetic algorithm is a
back route is changedto1-6-7-2-9-3-4 -
5 - 8 with a total time of replenishm is 4 , 97
days of unit 8 o'clock task and the best fitness
is 0.2012

4.7. Scenario V The change node
replenish form a straight line.
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Figure 5.5. Route Skenario V

In Scenario V This is the scenario
when a node briefing on the fourth scenario
has been known by the enemy. The
alternative to change the node of replenishm
as in scenario lll also implemented in skenario
V. However, implementation using double
supporting ship is help to get the briefing time
and bestrouteis0-1-2-4-7-3-5-6

— 8 —0 with total time optimal replenishm was
4.97 days. The result is the same with the
optimal scenario 1V is 4.97 days, but the total
distance is different. In scenario IV total
distance of 5,962 days, while the total
distance of 4.8464 V scenario today.

5.7. Simulation of parameter changes Genetic
Algorithm

Of the total population parameter
change is affecting the population of the many
combinations of solutions are available, the
larger the population the more likely genetic
algorithm find the optimal solution. The more
population then was only increasing
computation and genetic algorithms iterations
needed more in order to try all possible
combinations of existing solutions. The
number of population would affect the total
time provisioning and optimal route.

Conclusion of the change the greater
the probability of crossover is fixed and a
maximum population of 100 iterations
generation proved that time replenishm
optimum, ie 4.97 days. For these are indeed
very sensitive because it is constantly
changing against the probability of crossover
parameters.

To change the probability of mutation
is the greater the probability of mutation, the
more convergent service combinations. But
for the time provisioning continued to show no
change still showed optimal results is 4.97
days.

5. CONCLUSION.

The results of running of Genetic
Algorithms can be concluded that the
scheduling model has been in line with
expectations, namely:

a. In scenario replenishm with single
supporting ship KRI Arun obtained
Route 1-6-7-2-3-4-5-9-8
with a total waiting time at every node is
6.8992 today. The result is inefficient
because there is a delay in node 2, 8 and
7 so that it can be optimized back.

b. In the scenario replenishm with double
supporting unit ship KRl ARUN get the
route 0 -2 -3 -4-7-0 and support
2 KRl SORONG get these route 0 — 5 —
6 — 1 — 8 — 0. Total wait time replenish is
4 , 97 days in which the result is more
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optimal than the scenario with an single
supporting unit ship.

C. In the scenario replenishm obtained
without fighting element of the task 1 KRI
Arun0-6-1-8-7-0and element 2 KRI
task Sorong getthe 0-5-2-3-4-0 by
the total time of the 6156 briefing.

d. In the scenario changes replenishm
node gained 1 routes supporting ship
KRIArun0-1-2-4-7-0 and ship
2 KRI Sorong getthe 0 -3 -5-6-8—
0 by atotal of 4.97 days replenishm time
and distance 4.84 days. This means that
this scenario is the most optimal in terms
of distance and time optimal replenishm.

€. At the change of the parameters that
influence the genetic algorithm is the
number of population under 30 for a total
time of replenishm above 4.97 days. As
for the parameters of crossover and
mutation does not give effect to the total
time that is optimal replenishm.

6.2. Suggestion.

Genetic Algorithm is an optimization
method that is applied in various fields which
assessed can be optimized. The key to the
use of genetic algorithms is the formulation of
the objective function of a case. Possibilities
for further development of the application of
genetic algorithm is as follows:

a. The author only develop a simple battle
without involving their aircraft, marine and
other defense equipment. To that can be
developed for large-scale battles
involving elements of aid personnel,
combat aircraft Air Force, Marines and
Army.

b. In this thesis, the author also does not
address the real battle in the theater of
operations because of the logistics
amonition only under the assumption that
less is so close to the reality on the
ground. The next process is to estimate
the process of shooting a battle with the
scenario of damage from ships, aircraft
and personnel involved in the fighting.
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