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PREFACE

On behalf of the Organizing Committee, it is my pleasure to welcome you to the
Postgraduate International Conference on Operation Research. It is hosted by The Indonesia
Naval Technology College (STTAL) and is being supported by Indonesia Navy.

The main theme of International Conference includes Operation Research, Logistics
Management, Policy and Strategy, Naval Technology. The goal of the conference is to
provide a platform to academics, scholars, researchers and practitioners to present and
disseminate the latest innovative ideas, research results, and findings on various aspects of
Maritime Science.

On behalf of the organizing committee, | wish to thank all authors for their papers and
contributions to this conference. | would like to thank the keynote speakers for sharing their
wealth of experiences and knowledge in Maritime Science.

Finally, | would like to thank all speakers, participants and attendees. | look forward to days of
stimulating presentations, debates, friendly interactions and thoughtful discussions that will
forward Maritime Science.

Surabaya, 13 November 2017
Chairman of Committee,

Dr. Ahmadi
Captain Navy
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The Value of the Naval
Operations Analyst:
Problem-solving Skills
at the Operational
Level of War

P
L5

L™

l_=  Prof. Jeff Kline
CAPT.USN (Ret)
Naval Postgraduate School




Deftinitions

Naval Combat: adjective 1: relating to combat on
the sea (~missions) 2: designed or destined for
combat (~troops and sailors)

Analyst: nowun 1: a person who analyzes or who 1s
skilled in analysis[i]

Naval Combat Analyst: Pro-active crisis-planning
operator capable of applying critical thinking and
problem solving techniques to war fighting and
operational environments at the Task Force level.
Not to be confused with an Analyst of Combat.

[i] Webster’s New Collegiate Dictionary, G.&C. Mesriam Co, Springfield, MA 1979

Theme:

A community of operationally-
experienced officers knowledgeable
in Operations Analysis methods 1s
valuable for their unique combined
talents at the operational-level of
command.

....or: get “em out of Headquarters and into the tield !




Traditional Uses of Officers
educated in Operations Analysis

¢ Great for Force Structure Planning!

* Weapon/System Acquisition and Testing

¢ Manpower analysis

¢ Logistics Planning

¢+ Modeling and Simulation development

¢ Post-conflict evaluation (Analysis of Combat)

Renewed Emphases Needed:

* Send OA naval officers to current
operations planning staffs — they alone

hold the unique experience and talents to
fill this niche.

AR * Not to “a dViSe”, but active]y plan for the

Commander 1n the operations or plans
branch—particularly in crisis action
planning.

¢ Team with civilian analysts




Where OA officers are Needed:

SUMMARY OF CRISIS ACTION PROCEDURES

I Ll v
SITUATION CRISIS COA coa EXECUTION
DEVELOP- ASSESS- DEVELOP- SELECTION PLANNING
MENT MENT

Mission:
ask & Purpose

Mission
Analysis

Analysis of Factors:

. Test for
Space, Forces, & Time

Adequacy

Develop Own
. CoursesofiAction

Analysis of
ECOASs/COAs

Tests for
Feasibility/
Acceptability

Comparison
of COAs

The
Decision




Examples from the OA tool set
for planning in a Crisis
¢ Problem formulation: objective
identification and metric selection
¢ Decision Analysis
4 ¢ Game Theory
)& + Network Analysis
2% + Scarch Theory
¢ Basic Risk analyses (Probs and Stats)
¢ Simple Modeling and Simulation
¢ Optimization: Resource assignment

After the Planning 1s done:
EXECUTE!

Real-time operations
Palfe evaluation using

97} : v

of lig, planning metrics

Sﬁ‘\‘ Search planning and execution

Ctwor
analye;
lysig for targey sl
€Ction




An Example:
Decrease Risk for
General Officers
being targeted in Operations

B~ e ‘__" P )
S S5 PR

A Case S’rudy iINn Hypothesis Testing

12.08.12 11

Overview

Situation: Iraqg 2008, perceived high number of insurgent attacks
against Forward Operating Bases (FOB) within 30 minutes after arrival
of a particular U.S. Army General. General believed he was being
targeted.

Decision: |dentify if General was being selected for insurgent attack
and if so, discover means, which identified that he was visiting the
FOB.

Objective: Decrease risk of General officer movements.

OA Contribution: Confirmed evidence of General officer targeting
by Hypothesis Testing (Statistics) and made recommendations on
changing the movement procedures decreasing the risk for the
General officer.

Result or outcome: Reduction of insurgent attacks against Generals

12.08.12 12




Situation

* lrag Forward Operating Bases (FOB)
received indirect fire frequently, General
officer visit or nof.

« A particular U.S. Army General had made
twenty helo trips and in ten of these, the FOB
being visited received indirect fire within
thirty minutes of his helo landing.

Approach

« Experience of the General: his visits friggered
the attacks on FOBs

« Hypothesis: it is "deliberate” and not
“random” that there are more attacks on
FOBs after helo landing with Generals sitting
in the helol

+ Testing by the OA: seeking evidence by
collecting and analyzing data —> providing
evidence for hypothesis




OA Contribution

L ]

Collecting the Data

o During the time period of interest, how many
indirect attacks occurred on FOBs2 Of these,
how many attacks were there within thirty
minutes of a helo landinge

o Result: Based on the data, any “random” Helo
landing triggering attack on a FOB was 20%.
“Generals Experience” (Data)

o Based on the data, the General's Helo landing
triggered a FOB attack 10 out of 20 fimes (i.e.
50%)

OA Contribution
Providing Evidence

= HYPtheSis TeSiing Binomial (=20, p=0.2) Probability Mass Function

Chance for 50% of FOB o N N

attacks after a helo 020 S et
landing (General officer 2015 in arow
movements) is only 0.3% y o /

0.05 1 !

0.00

0123456789101 121314151617 18 1920
Number of Visits Attacked

CONCLUSION: Data analysis supports the
Generals hypothesis




Follow-on actions
supported by OA

« Several indicators were discovered which
could have indicated General officer
movements:

o Clear communicationreferences
o General officer helo markings

« Once these indicators were removed,
the risk of insurgent attacks for the
General officer movements decreased
from 50% to 20%.

A short Sea Story. ..

USS AQUILA (PHM-4)
Two ways to transit:

LM2500 Gas Turbine
“Fast with lots of Gas”

Two Mercedes Diesels
“Slow fuel sipper mode”

L.P. provides transit planning options. Minimize
fuel for a particular transit time, or minimize
transit time for a particular fuel allowance.




How to educate the Combat
Analyst. ..

G, |+ Theory of War

¢ Operations Planning Process

¢ Tools and techniques grounded in
Scenario-basedinstruction

& . Understanding of basic analytic methods

(quick turn around analysis)

Unsolicited Philosophy for
Officer-Analysts

* A little understandable analysis
will carry your message further
than the most complex
mathematical models

* You are an officer and decision
maker first — analyst second.

¢ See point one—communicate to
the senior officer.

[-10
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Family-based Self Organized
Learning Environment to Support
SISHANTA as a Cybernetics
Defense Network

Daniel Mohammad Rosyid -DOE ITS
Masroro Lilik Ekowanti -DPA UHT
16/11/2017, STTAL Surabaya

1

The threats to Indonesia in the
21st century landscape is more of
neocortical warfare in which
territorial occupation is
considered tobe increasingly

risky, costly and unnecessary
(Sayidiman Surjohadiprodjo 2015)

Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT

Kevnote Il
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Asymmetrical investment and
trade agreement is combined with
war of the mind to instill a sense

of inferiority complex,
promote unhealthy and
consumptive life style of the
community, espescially the young

Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT

Natural resource acquisition can
be carried out through
asymmetrical long-term foreign
Investment and trade agreement
on the basis of free marketism

Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT
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Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT

Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT
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Research Problem :

How can we develop an operation
strategy to provide a sustainable
defense response to neocortical
threats in a democratic society ?

Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT

2

The most subtle form of the
neocortical warfare is through

education
twisted into

the school system

Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT

II-4



Mass, forced school systems
deteriorates the independent
learning capacity of a society by
taking over the educative tasks of
the family as the most
formative base of any society

Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT

-5



Independence of the mind is NOT
the objective of any (mass,
forced) school system which is

basically a miseducation of
the mass

Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT

The school system and TV are

the Institutional duo
as the misiles of the neocortical
warfare

Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT

[1-6



Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT

The school system and TV are
the instruments neccessary to
support a growth-obsessed
Industrial society
-the most destructive form in
damaging our planet

Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT
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3

The independent learning
capacity of a family provides the

basis for a universal defense

system
against neocortical warfare

Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT

The Sistem Pertahanan Semesta
(SISHANTA UU34/2004) against
neocortical threat can be
formulated as a
Cybernetics Defense Network
(CDN)

Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT

-8



Cybernetics is preoccupied with
operation models
distinguished by being
hierarchical, adaptive and making
permanent use of feedback loops,
l.e.
organizational dynamics

A Cybernetics Defense Network is
an operational strategy to
provide timely and effective, yet
efficient universal defense
responses to any neocortical
threat

Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT

-9



The Markas Besar TNI as the
core of SISHANTA plays as a
defense syndicator by which
Self Organized Learning
Environment (SOLE) nodes are
orchestrated in a networking,
flexible fashion

Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT

Family-based SOLEs are then
orchestrated as a cybernetics
defense network to smartly
response to imminent neocortical
threats

Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT

[1-10



A family is a typical SOLE
In which independent learning
and smart decision making is
nurtured and continuously
exercised leading to a
sustainable, healthy and
productive community

Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT

4

Healthy and productive families
will improve the social capital of a
community leading to more
cohesive and egalitarian nation

Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT

-11



Decision making processes at
different levels will be much more
efficient and smarter leading to
lower political and social costs

Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT

Family SOLE-based Cybernetics
Defense Network is key to a
sustainable universal defense
system in a truely democratic
society

Daniel M. Rosyid ITS - Masroro L. Ekowanti UHT

11-12
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Implementation of Maritime Defense Pillar in Support of

Global Maritime Fulcrum: Challenges and Solutions

Rear Admiral DR. Amarulla Octavian, S.T., M.Sc., D.E.S.D.
Dean, Defense Management Faculty

Indonesia Defense University
amarulla.octavian@idu.ac.id

Abstract: Global Maritime Fulcrum’s fifth pillar of maritime defense is crucial in supporting and
protecting the achievement of the other four pillars. This government policy is a strategic move
in facing and anticipating dynamics of national, regional, and global strategic environment. As
population grow in less-prosperous areas in the world, conflict and radicalization tend to grow
and become today’s and future’s phenomena. Depleting land resources is met with higher
demand of food and energy. Resources at sea has become the ideal alternative to sustain the
world’s need of food and energy, along with the need to push economic growth. This implies
increased activities at sea should be anticipated along with the implications of more conflicts at
sea than on land. It is therefore paramount to discuss further how the fifth pillar could protect
and support the other four pillars to achieve current and future national interest. Maritime
defense has a strong influence on the development of Indonesia’s maritime culture. It is also
needed to support maritime resources development, protect maritime infrastructure and
connectivity development, and strengthen maritime diplomacy.

Keywords: Global Maritime Fulcrum e Maritime Defense e Maritime Resources e Maritime
Infrastructure e Defense Apparatus.

1. Introduction

Global Maritime Fulcrum (GMF) policy consists of five pillars, which are; 1) maritime
culture development; 2) maritime resources management; 3) maritime infrastructure and
connectivity development; 4) maritime diplomacy; and 5) maritime defense, where all of these
pillars are connected as a unity and influence one another.” Maritime defense may be the last
pillar, but in fact it is the most crucial one in order to protect the sustainability of the other four
pillars. Its influence is very-well dominated by global security realities, which have become
unstable due to many factors. Climate change has caused drought and food scarcity. Global
population has increased significantly, yet again in less prosperous regions such as the Middle

! http://www.presidenri.go.id/berita-aktual/indonesia-sebagai-poros-maritim-dunia.html, accessed on 13 October
2017 at 10.47 Jakarta time.
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East, South Asia, Southeast Asia, and Africa, conflict and radicalism continue to rise with the
promise of escalated violence in the future. Global economy has yet to show significant
development ever since the 2008 financial crisis, which would mean more countries would fall
into bankruptcy and triggering further social unrest. The latter would entail the rise of
radicalism, terrorism, civil war, and even, interstate wars. Land resources for energy and food
are depleting, resulting in resource competition and more will go to the seas for these
resources as well as to push economic growth.

These are the realities of our time. In the past decade we see more competition on
maritime resources, which has also triggered more conflicts. Such a reality is evident in
Indonesia. For example is the IUU fishing practice by fishermen of neighboring countries in
Indonesia’s seas. In response, Indonesia implements the “ship-sinking” policy to ships used for
IUU fishing, although the policy is met by various responses. Another good example is
Indonesia-Malaysia dispute in Ambalat. A similar dispute is evident in the South China Sea,
where China claims almost all of the body of water and is met by protests from countries in the
region and beyond. Not only are conflicts causing tension among countries, along with civil
wars, we are looking at more radicalization and terrorism in the Middle East and Southeast Asia,
in which all could very well influence Indonesia’s security. Terrorist groups conduct criminal acts
at sea, from smuggling, drug cartel, and kidnapping as their fund raising methods.” They also
conduct maritime terrorism as evident in the Superferry incident in the Philippines in 2004.>
There are concerns such activities could be practiced in Indonesia. Hence, there is a growing
need to increase the role of maritime defense apparatus in securing Indonesian waters from
threats on security, sovereignty, and violation of law at sea. It is evident, therefore, the fifth
pillar of GMF truly influence and support the development of maritime culture and the
implementation of maritime diplomacy in order to protect Indonesia’s national interest in the
future.

2. The Influence of Maritime Defense upon the Development of Maritime Culture

Indonesia is currently experiencing sea blindness, a condition where the sea is not
considered as a strategic aspect.* Some experts believe the condition comes from colonialism
and its success in erasing the true identity of people as a maritime nation. Sea blindness has
caused the people and the government to turn their backs from the sea, as can be seen in
policies and the characteristics of the people. The characteristics of Indonesia’s geography,
which is an archipelago with semi-enclosed waters, indicate our threats and opportunities
mostly come from the sea. Alfred T. Mahan underlined the importance of people and
government characters in the development of a country’s seapower.” Without these two
characters, the ability and sustainability of a nation to “rule the seas” will hardly be realized.

In order to eliminate its sea blindness, the Indonesian government has put in place its
maritime-oriented policy, starting with the first GMF pillar of developing people and
government characters based on the development of maritime culture. The culture, in this

2WiIIiams, Phil, Terrorist Financing, in Shmella, Paul et.al, Fighting Back: What Governments Can Do About Terrorism,
Stanford: Stanford University Press, 2011, p. 51.

3 BBC, Bomb Caused Philippine Ferry Fire, http://news.bbc.co.uk/2/hi/asia-pacific/3732356.stm, accessed on 23
October 2017 at 01.32 Jakarta time.

4TiII, Geoffrey, Indonesia as a Growing Maritime Power: Possible Implications for Australia, Sea Power Centre
Australia, 2015, p. 4.

> WestCott, Allan (Eds), Mahan on Naval Warfare: Selections from the Writings of Rear Admiral Alfred T. Mahan, 1918, p. 43-
-48.
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context, goes beyond the understanding of the sea as a tradition and spiritual bond; the sea is
an arena for life and work, it is an identity and a part of the country’s strategic development
policy. The goal is simple; to develop a consensus between the people and the government to
never again turn their backs from the sea. This policy also aims to educate high-quality, skilled
human resources to take on important posts in the maritime world. These human resources are
crucial to manage Indonesia’s maritime resources, to protect activities at sea from threats of
crime, and to uphold sovereignty at sea. The challenge, nevertheless, is structural since the
culture of land and agrarian is rooted deep within the psyche of the country, and therefore
requires re-internalization of maritime culture in a step-by-step manner.

The first step is to educate the people on maritime affairs through formal education
(schools and universities), non-formal education (courses), and informal education (fishermen
groups, for example). The goal is to develop human resources with skills in the maritime domain
and to develop the people’s awareness on the importance of maritime security. This step
necessitates an increase in number and capacity of formal education institutions on maritime
science (seafaring, port management, maritime logistics, marine science, marine biology, to
name a few). It should be followed by increasing the interest to join these institution by
providing information, counseling and employment and attractive salary package. Changes
should be made to school curriculum to include local content. For instance, schools located
near coastal areas should include maritime security and marine conservation into their
curriculum. Schools should also focus on providing lessons on Indonesia’s maritime history in
order to increase maritime awareness since early stage, enhance the interest of students to
contribute in the field of maritime security in their adulthood, and to increase students’ sense of
pride as a nation of strong maritime roots and culture;

Second, the government needs to increase the proportion of higher education and
researches on maritime defense and strategic management in order to have high quality
analysts and decision makers in the maritime area who are visionary and scholarly;

Third, to maintain the preservation of the people’s maritime culture. Rituals, norms and
values related to the seas should be preserved to maintain the bond between those living along
the coastal areas with the sea. Through such preservation, the people could develop their own
awareness on the social-cultural aspects of the sea in their lives, pushing them to protect and
respect the sea even more. Efforts can be seen in the preservation of the culture of Bakaro
Village, West Papua with its tradition of giving food to fishes in at sea as well as the Larung and
Sedekah Laut tradition, where locals show their respect and gratitude by providing offerings to
the sea. These traditions also valuable tourist attraction; more the reason to preserve such
ways. The private sector can also play a part in this third step by promoting maritime traditions
to tourists and mass media;

Fourth, to increase awareness on the importance of maritime security and sustainability
through counseling, public service announcement, and social service activities. It is important to
ensure that the message on the role of maritime sustainability as the key to balance culture,
social life, economy and public safety, especially in coastal areas, is understood clearly by the
people. A polluted sea or the extinction of a certain species would have devastated
consequence to the coastal people, including the loss of their culture and rituals, such as fish
harvesting or sea turtle hunting (Tabob ritual in Maluku) or whale hunting (Lamalera, East Nusa
Tenggara). Other examples are the increased activities of IUU fishing (using trawls and bombs)
and kidnapping and piracy activities at sea. All would only do harm to the coastal people, taking
away their livelihood. Counseling should come not only from the government, but also from
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academics and defense and security apparatus, including the Polair (Water/Maritime Police),
Bakamla (Coast Guard), and TNI AL (the Indonesian Navy);

Fifth, developing a positive image on the good relations among maritime defense
apparatus to people living in coastal areas to promote an awareness and culture of reporting
suspicious activities on and off shore as well as cooperating with the authorities. This will allow
not only the development of people-based Maritime Domain Awareness (MDA), but also a
sense of pride and sympathy among the people, which would then encourage some to be a part
of the apparatus.

It is hoped through these five steps, Indonesia could once again develop its maritime
culture as well as ensure it is sustainable. Culture and mindset are abstract and structural, and
therefore the dominant changer would rely on education apparatus. Maritime defense
apparatus can play an important part by providing counseling and implement best practices.

3. Maritime Defense in Support of Maritime Resources Development

The future holds many challenges for Indonesia. Food and energy scarcity, global
economic crisis due to climate change and low global economic growth are just some of these
challenges that may occur in coming decades. By 2030, Indonesia will have a population of 300
million people. At the same time, Indonesia “may’” become a net importer of food and energy.
This means Indonesia requires a stable flow of food and energy, followed by positive economic
growth in order to maintain its political, economy, social, and defense-security stability. One
way is to develop maritime resources. The seas are abundant with food and energy, from fish
stocks, oil and gas reserves deep within the seabed to blue energy resources of tidal waves,
solar and wind power, underwater geothermal, and Ocean Thermal Energy Conversion (OTEC).
Sea-borne trade, marine resource exploitation and maritime industry will also push economic
growth, allowing sea management to assist Indonesia to break free from economic crisis. In
short, Indonesia’s ticket out of food, energy and economic crises is the development of its
maritime resources and potentials. This, however, implies more activities will happen at sea,
which will require more protection from maritime defense apparatus along with protection of
maritime resources from criminal activities, pollution and claims from other countries.

In order to protect the second GMF pillar, maritime defense apparatus should conduct
activities to safeguard national maritime resources in Indonesian waters until some areas of
high seas that are linked directly with the country’s resources. Thus, a number of efforts should
be taken into consideration.

First, the government should establish basing infrastructure on the locations of national
maritime resources, such as the western coast of Sumatera, Natuna Sea, Karimata Strait,
southern coast of Java, Timor Sea, Arafura and Banda Seas, northern coast of Sulawesi,
Halmahera Sea, and the Pacific Ocean in the north of Papua. These basings will maximize the
response time and support effective fleet deployment in facing illegal activities at sea, including
IUU fishing and illegal oceanography surveys and waste disposal. In return, they provide sense
of security against threat at sea. Basings will also allow more effective deployment of defense
apparatus in dealing with provocation, threats against sovereignty and annexation of
Indonesia’s maritime area from other countries;

Second, providing effective detection and communication facilities as well as
weaponries to optimize law enforcement and uphold sovereignty at sea. These facilities include
radar, sonar, acoustic transmitter, communication towers, listening posts, targeting system,
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CCTVs, Automatic Identification System (AIS), Vessel Monitoring System (VMS), and
navigational assistance;

Third, procuring special weapon systems for maritime security in the Exclusive Economic

Zone (EEZ), high seas, and deep sea. They include corvettes and frigates, patrol vessels, aircraft
and helicopters for intelligence, surveillance, reconnaissance (ISR) and communications, UAVs
and Unmanned Sub-Surface Vessels (USSVs), navigation satellites, and weapons for deterrence;

Fourth, strengthening Bakamla as Indonesia’s coast guard with the capacity as a single
agency-multi tasks in order to eliminate current confusion in decision making process on law

enforcement a sea (multi agency). Having Bakamla as the national coast guard allows the
international community to better comply with Indonesia’s rules and regulations as they sail
and conduct activities in our seas. Allocating particular zones in maritime defense is also an
important step strengthening the role of Bakamla as a single agency-multi tasks, especially for
TNI AL, Polair, Ministry of Fishery Affairs, and Customs. This should be followed by development

of an integrated communication and information and intelligence sharing system among
maritime defense and law enforcement apparatus to attain effective and efficient response and
asset deployment at sea;

Fifth, develop synergy of TNI AL-Bakamla maritime defense system to safeguard EEZ and
the high seas to have a dynamic and flexible system, able to face various types of threat from
both state and non-state actors. Bakamla would be responsible for pollution at sea, IUU Fishing,
and sea pillage, while TNI AL will uphold sovereignty at sea through the deployment of its
assets for better and more effective deterrence. Nevertheless, both agencies could also uphold
the law in regards to certain criminal acts at sea, such as smuggling, piracy, hijacking,
kidnapping and maritime terrorism. It is crucial to strengthen Bakamla so that the agency can
avert provocation and uphold sovereignty upon foreign warships in Indonesian waters as well
as the high seas. Japan’s practice of deploying its coast guard vessels to face warship and
paramilitary intrusion into its waters is an important lesson, where upholding sovereignty does
not always require warships. This practice has even maintain stability in regards to the tensions
between Japan and China, allowing both countries to avoid conventional war;

Sixth, conduct combine exercises between TNI AL and civilian maritime law enforcement
agencies in order to develop interoperability and sharing of best practices on effective maritime
defense. The exercise will not only enhance the skills of their personnel, but also to eliminate
ambiguity when tow or more agencies are conducting law enforcement operation in the same
area. Members of maritime society should take part in such exercises to develop a bond
between law enforcement agencies and the people. It will also increase civilian ability in facing
certain threats at sea;

Seventh, by conducting cooperation with other countries, in particular those along areas
prone to maritime security threats or where agreement on maritime boundaries has yet to be
achieved. Cooperation may include coordinated and joint patrols. This is especially important to
ensure no parties could take advantage of “unguarded” areas at sea.

4. Maritime Defense to Protect Maritime Infrastructure Development

As a developing country, infrastructure development is one of Indonesia’s national
priorities. The country is still experiencing local economic fragmentation, one of the
consequences of its lack of infrastructure and efficient connectivity system.® The lack of

®Harvard Kennedy School, The Sum is Greater than the Parts: Melipatgandakan Kemakmuran di Indonesia Melalui
Integrasi Lokal dan Global, Jakarta: PT. Gramedia Pustaka Utama, 2014, p. xiv-xix.
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infrastructure has put a huge burden on logistics. In 2012, Indonesia has the most expensive
logistical cost in shipping among ASEAN countries, with a proportion of 15 percent from the
value of goods.” Around 70 percent of Indonesia’s trade are concentrated in Tanjung Priok Port,
a signal of uneven distribution of maritime infrastructure and the vulnerability of its national
logistical system if Tanjung Priok Port faces problems.? Indonesia’s Logistic Performance Index
(LPI) decreased from rank 59 in 2012 to 63 in 2016.° In the face of such issues, GMF included the
development of maritime infrastructure as its third pillar, and it has become the current
administration’s main priorities on national infrastructure development. In the near future, the
country will see anincrease in the number of maritime infrastructure all around the world.

The role of maritime infrastructure is essential in breaking economic fragmentation since
sea transportation is more efficient and cheaper compared to land and air transportation.
Indonesia’s geography is dominated by islands and waters, which should provide competitive
advantage in regards to logistics. Maritime infrastructure development will require
safeguarding from threats of smuggling, piracy, sabotage, terrorism and hacking, to allow safe
and smooth operation. Next are efforts to ensure such safety and security.

First, maritime infrastructure, especially ports, should have 20 percent of their land to
develop defense-security facilities. The planning should involve TNI AL, Bakamla, National
Intelligence Agency (BIN), Polair, and other related stakeholders. An effective deployment of
defense-security assets is the main goal here, by assuring security clearance, mapping of
existing underwater cables, decreasing the size of shadow areas, and lower the possibility of
ports becoming the gateway of criminal activities. The facilities should accommodate personnel
from maritime defense agencies in order to provide cross-agency security system. other
infrastructure, such as the weather station, could be integrated with other detection
equipment in order to detect anomalies and signs of natural disasters at sea that may very well
have grave impact on land, allowing early detection of such disasters;

Second, maritime infrastructure, especially ports, should be designed and built in
adherence to international security indicators, from CSI, ISPS Code and SOLAS. This will allow
more effective prevention of criminal acts as well as nurturing international trust and
confidence on Indonesian ports, inviting more ships to anchor at Indonesian ports. Integrating
national security clearance systems for ports with international security system will decrease
dwelling time and expedite Indonesia’s trade process in the international level;

Third, maritime infrastructure must be able to withstand cyber threats and attacks.
Modern ports operate by computer and are linked to the internet through effective and
efficient port service system. The system relies heavily on computers and the internet in
controlling the container terminal and monitoring ship movement from VMS and AIS controls.
Malware attacks such as ransomware and hackers who could change the course of a vessel
should become the reasons for any maritime infrastructure to develop its cyber defense
system." A cyber attack on Tanjung Priok Port would be a major disaster for Indonesia’s
national logistic system. The same system should also be equipped in oil off-shore platforms,

7 Ibid.

® Ibid.

*World Bank, International LPI Global Ranking, https://lpi.worldbank.org/international/global, accessed on 25
September 2017 at 23.43 Jakarta time.

10Jonathan, Saul, Global Shipping Feels Fallout From Maersk Cyber Attack, https://www.reuters.com/article/us-cyber-

attack-maersk/global-shipping-feels-fallout-from-maersk-cyber-attack-idUSKBN19K2LE, accessed on 21 October 2017

at 20.34 Jakarta time.
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communication system, and satellites. A hacked system may happen just for a few days,
however, the consequences are immense in terms of financial lost, damaged equipment and
infrastructure, and even the lost of lives. In short, cyber security should be a top priority in
ports. Hence, the role of National Cryptographic Agency (in short LAN, soon to become
National Cyber and Cryptographic Agency), BIN, Polri, and TNI is important in managing cyber
threats in ports. Indonesia should also conduct cyber cooperation to ensure an integrated
security system;

Fourth, in order to safeguards national maritime infrastructure, patrols and protection
should be implemented in the coastline, EEZ and high seas by maritime law enforcement and
maritime defense agencies. Maritime infrastructures — ports, offshore oil platforms, buoys,
lighthouse, to name a few - are prone to various threats, from ship colliding, robbery, to
becoming a target of a terrorist attack. The value of these infrastructure are crucial to national
economy and security as well as the sake of people’s lives. The challenge in securing these
infrastructures is in their different locations, far from one another. Maritime defense agencies
must have the ability to cover a large area of operations along with quick time of response.
Aircraft is a valuable asset in this matter, able to reach a location faster than ships and has
better range of vision. Therefore, the Indonesian Air Force (TNl AU) should be involved in
protecting maritime infrastructures.

5. Maritime Defense for Maritime Connectivity

Protection of maritime infrastructure is correlated with protection of maritime
connectivity. A logistic system requires not only infrastructure but also a good connectivity
system. Although infrastructure and connectivity are both parts of the third GMF pillar, they do
not share a common security system. The prior is stationary while the latter is mobile.
Protection of maritime connectivity should be able to face dynamics at sea, and therefore
necessitates a different set of assets and methods. This paper will not only discuss ways to
better protect Indonesia’s maritime connectivity, but also how a connectivity network may
cover the archipelago better and link the system with foreign logistics network.

First, the Sea Toll Road (Tol Laut) program should be developed not only for shipping
along National Inner Circle or Lingkar Dalam Nasional (includes Malacca Strait, Karimata Strait,
and northern part of Java Sea, to name a few), but also National Outer Ring or Lingkar Luar
Nasional, including the waters in the western part of Sumatera, southern part of Java Sea,
Sulawesi Sea, northern part of Papua, and deepwater areas (Arafuru and Banda Seas);

Second, the program should connect national ports with international ports; Singapore,
Port Klang, Hong Kong, Macau, Shanghai, Mumbai, Rotterdam, Dubai, Sevastopol, Vladivostok,
Tokyo, Quebec, Lagos, Hawai, Darwin, Canberra, Brussels, Istanbul, Wellington, New York,
Caracas, Narvik, Stockholm, Helsinki, Busan, and other strategic port cities. Such international
connectivity will push exports and imports to and from these countries. In order to support this
idea, Indonesia needs to develop main ports in each of its big islands as the main export ports
to particular countries. For example, main ports in Sumatera would be located in Aceh, Padang,
and Bangka/Belitung, for Kalimantan in Pontianak and Balikpapan, for Sulawersi in Makassar,
Plau and Bitung, for Nusa Tenggara in Lombok and Kupang, for Maluku in Ambon and Morotai,
and Papua will be in Sorong, Biak, Jayapura, and Merauke. Such planning will ensure efficiency
and better management of shipping connectivity to other countries, as well as supporting
security (through the implementation of ISPS Code and CSI);
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Third, protection of both National Inner and Outer Circles by maritime defense agencies.
The protection should be reviewed from two aspects, accidents at sea and crimes at sea. Both
routes have different characteristics. The former consists of relatively shallow waters with big
and small islands, and so deployed platforms should consist of small and medium forces (patrol
ships of 23-60 meters and corvettes) along with medium aircraft (two engines). The latter is
dominated by semi-enclosed waters, where bigger ships, corvettes and frigates, would be able
to handle big waves and bad weather. Aircraft should be large (four engines) with longer
coverage distance, higher endurance, and able to withstand bad weather. Some waters in the
National Inner Circle are famous for their big waves, including Flores Sea, Makassar Strait,
Maluku Sea and Seram Sea, and therefore require bigger ships to patrol the area. Medium-sized
surveillance aircraft would be sufficient. It is important to involve TNI AU in order to better
detecting and tracking ships and security threats. Along with TNI AL, Bakamla and Polair, these
agencies should have an integrated information and intelligence sharing system, including land
detection infrastructures: radars, listening posts, and weather stations;

Fourth, maritime defense forces should be able to have forward presence until EEZ and
the high seas, especially in certain coordinates of ships coming towards and outwards. Such
presence is crucial in order to tackle hijacking, kidnapping, ship collision, illegal waste dumping,
and capture of suspicious vessels of possible sabotage or maritime terrorism;

Fifth, regulate all ships beyond 300 GT to use AIS (in line with SOLAS regulations) for
monitoring and tracking ships, either to respond to accidents at sea or to track down suspicious
vessels. It is hard to track and warn ships without AIS in case of danger, which would also
endanger other ships at sea. All ports should have VMS and hotline for assistance request in
case of accident or natural disaster at sea. This mechanism could increase crew safety and allow
better management of shipping routes and logistics;

Sixth, every ship with AIS should also equipped itself with cyber defense system,
including VMS equipment on land to prevent hacking efforts that could disrupt shipping routes,
allow sabotage activities or even terrorism. Ships are now sailing by using automatic navigation
by GPS. The system is prone to hacking or malware attack, and so cyber defense system is
paramount. Worst case scenarios include ships navigating outside their course and colliding
with other ships, such container, LNG and supertanker vessels, or even with a port, a sea traffic
jam due to a sinking ship in a narrow strait. Hackers and malware attacks could also sink ships
on the location of international underwater cables that could have catastrophic consequences
on national and global stability.

6. Maritime Defense to strengthen Maritime Diplomacy

Diplomacy plays an important role in maintaining security stability. Achieving national
interests through diplomacy and negotiation should be an expertise mastered by Indonesia in
regional and global arena. Maritime defense could strengthen such craftsmanship in order to
realize Indonesia’s GMF policy through the following efforts.

First, Indonesia should ensure the Sea Toll Road program is connected to international
connectivity network. The negotiation is crucial to allow Indonesian-flagged vessels to anchor
at international ports and take part in global logistics system. In order to attain international
confidence in this matter, all of Indonesia’s ports should comply with ISPS Code and CSlI,
especially the ones connecting directly with global maritime connectivity network. Adequate
maritime defense will strengthen clearance process and increase efficiency of national-regional-
global logistics systems;

111-8



Second, Indonesia should conduct MoU and cooperation with other countries on safety
of navigation in order to have their maritime authorities to monitor Indonesian-flagged vessels
in their waters from criminal acts at sea as well as accidents at sea;

Third, China’s Belt and Road Initiative (BRI) should be negotiated to align the project
with Indonesia’s national interest. It should be mandatory for maritime infrastructures built
based on BRI program to allocate 20 percent of their land for security facilities. Raw materials
and workers should come from Indonesia in order to boost local economic growth. Profit
sharing system should also be negotiated in order to ensure Indonesia’s benefits from the
arrangement. Another important factor is the prohibition of any deployment of Chinese military
force in order to uphold sovereignty;

Fourth, Indonesia should anticipate the development of Kra Canal by developing
maritime infrastructure in Aceh (Sabang) and Natuna (Ranai) as well as other commercial
infrastructures, including industrial complexes, warehouses, oil distillery and bunker, and
factories of cement, steel and fish processing. Indonesia should also start to negotiate on how
its ships could pass Kra Canal safely and economically for a better and effective national,
regional, and global connectivity. If Indonesia could utilize Kra Canal, it will ensure a better
connectivity from norther Sumatera to Natuna, Anambas, West Kalimantan, and also to
countries in East Asia;

Fifth, through naval diplomacy, Indonesia should strengthen its sovereignty and national
interest at sea from threats of state and non-state actors through discussion, agreement, and
deterrence. The latter is done by modernizing its maritime defense fleet and increasing its
presence at sea. Such deterrence will make countries thin twice before conducting any kind of
provocation, since Indonesia’s maritime defense forces could tackle such intent as soon as
possible with modern and reliable assets and platforms. The modernization process must
follow the principles of reasonable navy and reasonable naval security forces to avoid
unwanted tensions and regional arms race;

Sixth, conduct coordinated and joint patrol in certain hot spots, which should be agreed
first through MoUs. Sea monitoring is not only challenging but also expensive. Hence,
cooperation with neighboring countries provides solution to the issue. Joint and coordinated
patrols could also be done in disputed waters (where boundaries are yet to be clear) in order to
prevent security and defense gaps, which then will allow criminals to take advantage and
hamper national security;

Seventh, conclude maritime boundary negotiations with neighboring states. Agreement
on existing maritime dispute should be achieved as soon as possible in order to conduct more
effective maritime security efforts and avoid escalating tension that may erupt at any given
time. Designation of maritime boundary coordinates will also assist in marine resources
exploitation;

Eighth, conduct negotiation for cooperation on maritime cyber security. It is a fact that
Indonesia’s cyber security abilities are still in premature, including in the maritime domain. As a
country with a strategic location on map, a transit of ships sailing from all over the world, the
vulnerability of Indonesia’s cyber space upon its maritime infrastructures and assets could bring
about unpredicted lost. If such thing occurred, Indonesia will lose not only its face but also its
place in the international community.
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7. Conclusion

In an unstable and uncertain world, maritime security challenges and threats could easily
hamper the realization of GMF policy. This condition necessitates a priority on the fifth pillar of
GMF; maritime defense. Weak apparatus could not protect Indonesia’s interest, and therefore
requires strengthening of both agencies and capacities as the policy’s primary objectives. New
ideas and initiatives are important in order to accelerate the realization of GMF. The programs
discussed in the paper are for long-term, which requires consistency in terms of maritime policy.
The absence of commitment and consensus among policy makers, operators and evaluators
will only make GMF a mere dream or hope that could never be realized. Thus, ensuring the
people and government awareness to look at the sea should be done vigorously and structured
in order to eliminate sea blindness, which has separated Indonesia from its true identity; a
nation strong and triumphant at sea.
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ABSTRACT

Indonesian Small and Medium Enterprises (SMEs) have attempted to implement Enterprise Resource Planning
(ERP) System to enhance their business sustainability and become more competitive in the global market, albeit
with some problems. Drawing from the relevant literature of information system success models, knowledge
management and user behaviour, this study has developed a research model to examine various factors of
knowledge transfer process in ERP implementation within Indonesian SMEs. The research model includes
specific constructs and paths which affect the evaluation of a successful knowledge transfer strategy. Multiple
Criteria Decision Making and Goal Programming were used to select the most appropriate knowledge transfer
strategy in an adopting company. The study found that consulting companies and management supports have
significant roles to the factors that lead to good knowledge transfer. The proposed model, with minor

modifications, can asssit Indonesian SMEs in deciding and selecting their knowledge transfer strategy.

KEYWORDS : ERP system, Goal Programming , Knowledge Transfer, Multiple Criteria Decision Making, Small

and Medium Enterprises.

1. INTRODUCTION.

Nowadays, modern companies utilise
computerised process and automation in various
operational fields ranging from accounting, supply
chain management to production supervision. The
adoption and use of Information Technology (IT),
particularly complex software such as Enterprise
Resource Planning (ERP) system, have mostly
been initiated by large companies. With the growing
trend toward computerisation in the business world
and availability of more affordable options of ERP
system, in the form of open source software or
modular version, Small and Medium Enterprises
(SMEs) have also begun to invest in ERP
implementation projects.

ERP system is developed as a group of
computer applications that integrates and

coordinates various business processes both

across and within a company (Davenport, 1998). In
recent years, ERP vendors have expanded their
market segment to SMEs since almost all of the
large enterprises have already implemented ERP
systems and the market has become close-to-
saturation (Stein and Hawking, 2003). As a result,
there are now a wide range of ERP products for
business owners to choose from including products
dedicated to the SMEs market.

The SMEs sector in Indonesia is regarded as
one of the main drivers of the Indonesian economy.
Saksono (2014) underlined the significant role of
SMEs that form the backbone of world economies
to ensure growth with equity among countries. In
this regard, data from BPS survey in 2013 shows
that the SME sector in Indonesia constitutes more
than 99.98 per cent of all Indonesian enterprises

and employs 97.2 per cent of the total workforce



(Yudhoyono, 2014). Ministry of Cooperatives and
SMEs recorded that with respect to the GDP
contribution, Indonesian SMEs have recently
contributed around 57 per cent to Indonesian GDP
in 2016.

While the SME sector in Indonesia is
recognised for its contribution to the economy, there
are considerable obstacles faced by these
companies, especially from the lack of technological
infrastructure and business expertise. Globalization,
intense competition from similar companies in Asian
regions along with increasing demand for better
quality products has prompted Indonesian SMEs to
improve their competitiveness to stake a larger
share in the world markets.

For many SMEs, demand for better service
by business partners or customers often provide the
impetus for IT implementation. In many SMEs, their
supply chain partners have often pushed their
decision to adopt IT. Studies about IT adoption in
SMEs reveal that the small firms often decide to
implement IT in order to deliver quality service and
effective communication to their suppliers and
customers (Caldeira and Ward, 2002). The
efficiency of ERP system-based communication in
supply chains at large enterprises has motivated
SMEs to implement ERP application to develop
supply networks with their business partners
(Argyropoulou, Loannou and Prastacos, 2007).

While Indonesian SMEs have also begun to
implement ERP in their operations, the systems
remain under-utilised in these firms and many are
yet to fully experience the benefits of ERP systems.
The studies of ERP adoption in Indonesian SMEs
reveal that the problems in under-utilisation of ERP
stem from a considerable knowledge gap between
ERP vendors, consultants and recipient companies
(Sarosa, 2007; Handayani, 2008). The critical role
of knowledge for ERP success is also reflected in
the broader literature on ERP implementation,

where authors generally agree that an effective

knowledge transfer facilitates corporate investment
to adopt ERP system, in particular, to capture,
elevate and retain ERP system knowledge among
their employees (Soja, 2008; Abdallah and Albadri,
2010; Heinze and Hake , 2010).

Interest has then grown in examining how
knowledge is acquired and maintained during ERP
system implementation projects but this has not
been investigated in depth in the ERP projects of
smaller firms. Furthermore, research that focus on
the adoption of ERP systems in Indonesian SMEs
do not explain how small and medium firms actually
manage the knowledge transfer process in the ERP
system projects. There appears to be little research
emphasizing on knowledge transfer process in
Indonesian SMEs’ ERP system implementation
projects, challenges that their managers face in
managing the process, and how to address those
challenges. To that end, this paper reports on a
quantitative research to examine the contribution of
factors that influence the selection of knowledge
transfer strategies in Indonesian SMEs’ ERP
projects.

The question of what causes the success
or failure of adoption of IS in an organisation has
become an interesting topic for researchers.
Research in end user's training for IT
implementation projects support the notion that
knowledge transfer plays an essential role for
successful IT system implementation (Haines and
Goodhue, 2003; Karlsen and Gottschalk, 2004).
This case applies to the implementation of the ERP
system as a complex IT product that can be
distinguished from other software solutions due to
its explicit and inherent business rules which could
impose different ways of doing business and bring
about culture change in adopting organisations. In
the process of ERP implementation, the transfer of
knowledge during the projects is considered as one
of the significant support factors for ensuring a

successful and beneficial ERP project (Skok and



Legge, 2002). These scholars argue that the better
knowledge of the ERP projects will allow for better
training of staff on wider level as a result of being
exposed to new knowledge.

Since ERP systems are expensive,
complex, time consuming and difficult to implement,
competent external experts are important to
increase the likelihood of ERP implementation
success. Many organisations lack the personnel
with IT expertise to carry out ERP system
implementation, and often those organisations
acquire the required expertise by hiring consulting
companies to guide them through the whole
implementation process (Li, Liao and Lei, 2006).
The process of knowledge transfer involves
exchange of knowledge and its application between
the knowledge source and its recipient. According
to Argote and Ingram (2006), knowledge transfer is
“a process through which an individual or an
organisational unit (e.g., a group, department, and
division) is influenced by the experience of another
individual or unit which becomes apparent by
changes that are produced in the knowledge base
or results of the individual or recipient unit”. When
the implementation partners fail to capture the
adopting organisation's business process and
requirements for the system, the ERP system
implementation may be deemed as unsuccessful in
fulfilling the needs of the adopting organisation.
Conversely, even a perfectly-installed ERP system
can turn out to be a wasteful investment when the
end-users do not understand how to operate the
ERP system in their daily activities.

Therefore, knowledge is not merely a
component of the training given to users while
adopting ERP systems, but the ability of trainers to
disseminate the knowledge and the users to absorb
that knowledge can be a significant factor of ERP
success. ERP success is not merely a matter of
logistical success in implementation of the

technology, but is determined by the way the

organisation is able to disseminate knowledge
about the usage and benefits of IS among its
employees. Timbrell, Andrews and Gable (2001)
argue that knowledge management plays a
significant role in evaluating the sources of
knowledge transfer problems and solving the most
important barriers in ERP system projects. The
proposed model in this paper describes the problem
related to the selection of knowledge transfer
strategies in a hierarchical form and integrates the
criteria. of knowledge transfer with various
knowledge transfer strategy options. It also
explicitly evaluate the tangible and intangible
constraints regarding the strategy alternatives and
formulate a multiple criteria goal programming
model to identify the best knowledge transfer

strategy.

2. LITERATURE REVIEW
2.1 Knowledge Transfer Strategies

A vast literature of knowledge management
research has examined many range of knowledge
transfer strategies, and attempted to classify them.
One strategy classification is system-based strategy
which emphasizes on the capability to make, save,
share, and utilize an organization’s documented
knowledge through advanced ITs (Davenport et al.,
1998). Another classification focuses on the belief
that tacit knowledge which existing in peoples’
heads is the most valuable knowledge and should
be transferred through direct contacts and social
relationships (Choi et al., 2008). This strategy is
classified as human-oriented strategy. Knowledge
transfer process using human-oriented strategy is
considered time consuming, expensive and slow.
Therefore, tacit knowledge transfer process
requires an efficient codification into explicit medias
(Schulz and Jobe, 2001).

An organization needs to understand which
knowledge transfer strategies better suited to their

circumstances. Some authorts suggest a



combination of knowledge transfer strategies while
others argue that knowledge transfer strategies
should be implemented solely (Choi et al., 2008)
However, other researchers argued that
organizations should pursue a balanced approach
which calls for the combination of knowledge
transfer strategies appropriately (Choi et al. 2008).
Choi and Lee (2003) showed that combination set
of system-based and human-oriented strategies
resulted in better knowledge transfer performance.
Wu and Lee (2007) suggested a dynamic strategy
as a combination of both knowledge management
strategies. The dynamic strategy combines the
concept of human-oriented and system-based
knowledge transfer strategies and emphasizes on
both tacit and explicit (Wu and Lee, 2007).
Organizations should consider their decision criteria
when selecting their strategies.Therefore, it is
necessary to evaluate different criteria in the
practice of choosing the appropriate knowledge
transfer strategy.
2.1 Knowledge Transfer Criteria

After reviewing the literature on the
dynamic relationships between ERP Systems,
knowledge management and organisational
characteristics, many of criteria in DelLone and
McLean IS Success Model (DeLone and McLean,
2003) and Knowledge Management System
Success (KMS) framework (Kulkarni, Ravindran
and Freeze, 2007) found to be the most relevant for
this study. The DeLone and MclLean IS success
model (DeLone and McLean, 2003) established a
sufficient foundation for predicting the relationship
between user’s intentions and IS usage, but it does
not include the perception of the user’s confidence
in the external partner chosen by the organisation
to implement the system. KMS model (Kulkarni
et.al., 2007) follows the path of DelLone and
McLean IS success model but excludes consultant
involvement in their model. Wong and Lu (2005)

modified DeLone and McLean IS success model by

adding the factor of external IT experts to measure
the success of computerisation in Taiwan's SMEs.
They suggested that confidence towards external
experts as the partner in the development of IT may
affect the success rate of IS implementation. Many
studies have underlined consultant involvement as
one of the key determinants of successful
implementation of ERP systems (Willcocks and
Sykes, 2000; Loh and Koh, 2004; Ifinedo, 2008).
Therefore, this study needs to examine how SMESs’
employees tend to use their knowledge to rate the
credibility of their ERP consultants. In accordance
with Ko, Kirsch and King (2005), the present study
contends that consultant or external source
credibility relates to the extent to which their
knowledge source is perceived to be reliable and
knowledgeable. To examine the SMEs’
management perception towards consultants’
capability in delivering ERP system projects, a
construct of ERP Vendor Credibility is added to the
original KMS model.

Knowledge management practice will
contribute anything to the organizations’ goals only
if it receives support from their own employees.
Kulkarni et. al. (2007) asserts that the commitment
of the management to provide both monetary and
non-monetary rewards can improve employee
efforts to share and reuse knowledge. Motivation
factors or rewards are required to motivate
employees to generate and contribute their
knowledge to knowledge repositories in the
organisation rather than hoard it for their individual
benefit. In the context of ERP systems, many
studies of ERP projects have proved that rewards
and incentives have a significant relation with
employee participation to support the new system
and reduce any resistance to the ERP project
(Calvert and Seddon, 2006; Da Silveira, Snider and
Balakrishnan, 2012). To investigate how SMEs
motivate employees to contribute to knowledge

repositories and participate to support ERP



projects, this study adds Incentives as a construct
to the KMS model.

An organisation with good leadership
stands out from its competition because it provides
a rewarding work environment where the
employees at all levels are encouraged to create
business value work with others who have same
state of mind and experience accomplishment in
their work. Sarosa (2007) recognised that
Indonesian SMEs are likely to have a owner
manager and immediate family member influence
which designates the final decision in every
organisational aspects. This situation, where the
enterpreneur or owner manager acts as dominant
decision maker and facilitates innovative business
process, is reflected in this study as SME’s Owner
Leadership construct.

The effectiveness of knowledge transfer
process is dependent on whether the firm has
sufficient absorptive capacity before that ERP
project is implemented. Therefore, it is necessary to
define the term absorptive capacity to understand
organisational innovation and best practices from a
knowledge management perspective. Ko et al.
(2005) studied knowledge transfer from ERP
consultants to an organisation and found that the
organisations’ absorptive capacity and prior
knowledge about ERP systems influence the
knowledge transfer between their employees and
consultants. Absorptive Capacity is regarded as
the recipients’ ability to value, assimilate and apply
knowledge of ERP system in their business
activities, which is then hypothesised to influence
their perception towards knowledge transfer
process in ERP system project. It is necessary for
the adopting company to put their best employees
on the ERP project team (Vandaie 2008). By doing
this, the adopting company selects employees with
adequate prior knowledge and learning capacity to
absorb the new knowledge which can ensure

transfer of knowledge between ERP project team

members to contribute to successful ERP system
implementation.

Encouraging processes of knowledge
sharing where people share and discuss their
ideas, opinions and insights can enable them to
develop new innovations in operations of their
company. The culture of an organisation has an
important role in shaping this condition. Karlsen and
Gottschalk (2004) posit that organisational culture
influences knowledge transfer as it shapes
assumptions held by the employees in an
organisation about knowledge worth exchanging.
They further argue that organisational -culture
defines the relationship between knowledge source
and recipients, develops social interaction where
knowledge sharing can happen and shapes the
process of knowledge creation and distribution in
organisations. A knowledge sharing culture is an
environment where there is a willingness from each
individual to disseminate information across the
organisation, regardless of its size. In the case of
ERP system implementation, the team members
must know what the others do, gather information
from end-users about their business processes and,
in return, inform the end-users and their managers
about the new process being implemented. With the
aim of fostering this culture, individuals must
comply with the norms, values and beliefs that
employees shaped and honed in the organisation.
A defiance of these rules will cause bottlenecks in
the knowledge-transfer and important information
will not reach the intended audience.

By adopting an ensemble view of IS and
KMS models, this study investigates knowledge
transfer strategy in ERP system implementation in
Indonesian SMEs. The abovementioned literature
review has established a foundation for developing
a conceptual model that can be employed to
analyse the effectiveness of knowledge transfer in
ERP system implementation. The DelLone and

McLean IS success model and the KMS model



provide a framework that explains the criteria in
ERP implementation that not only focus on the
perceptions of users or user satisfaction but
organisational culture and external factors. Since
most of the issues in this research are covered by
both models, they are adopted in integration with
several adjustments. This study poposed a model
based on the results of group decision-making and
this literature review that there are five criteria,
including SME owner leadership (OL), Incentives
(), absorptive capability (AC), knowledge sharing
culture (KC), and ERP vendor capability (VC), as

knowledge transfer strategy evaluation criteria.

3. METHODOLOGY

A survey questionnaire, developed from the
research model was distributed to a sample frame
drawn from State Ministry of Cooperative and SMEs
database and mailing list of Indonesian small and
medium firms and ERP user members’ directories.
The questionnaire was send by using e-mail; the
criteria evaluation and selection of launch strategy
were defined; the final criteria was extracted in
whish a score of four on the Likert 5-point scale
must be achieve. A total of 56 responses were
received, producing more than the minimum
threshold of 50. In terms of the proportion of the
receive responses against the overall targeted
sample, the response rate of 56 completed
responses from 355 invitations made a response
rate of 16%. Since the response rate for survey
research in industrial studies typically fall between
15-30% (Vlosky, Westbrook and Poku, 2002), the
response rate of this study is acceptable by those
general norms.
3.1 Analytic Network Process

Analytic Network Process or ANP is a

general theory of relative measurement based on a
methodology that deals with effects of interacting
elements within control criteria (Saaty, 1999). ANP

uses mathematical theory to derive a composite

priority ratio from an individual ratio scale and
measure influences that deals with dependencies
and feedback. ANP is one of the major approaches
in the multiple decision making process that
provides a common framework for treating
decisions without making assumptions about the
independence of criteria at many different levels.
ANP uses a network map to describe the priorities
in a system based on interdependency and
feedback. The ANP network map also produces a
structured influence network of criteria among
clusters and nodes. Clusters are groups of
indicators for criteria classification while nodes are
criteria or indicators for the model construction. In
order to develop the framework of the problem,
pair-wise comparisons matrix would be constructed
to evaluate all the interactions among the elements.
Moreover, priority vectors would be calculated to
obtain a supermatrix of the influences among the
elements. This supermatrix is derived from the
inclusion of priority vectors to obtain overall
priorities in a system involving interdependent
influences of elements on each other. When the
criteria are interrelated, the entry of supermatrix of a
hierarchy of n given would indicate the

interdependency, and the supermatrix is as follows
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Fig.1 Supermatrix of ANP (Source: Saaty, 2005)
Since W entries are composed of the
vectors entered from the pair-wise comparisons, W
is a partitioned matrix with the columns of a
supermatrix usually total more than one. Therefore,
each column of the matrix needs to sum to unity
and the supermatrix must be transformed to form a

column stochastic matrix. In order to obtain the



global priority vectors, the limiting value is
calculated by raising W to powers (Saaty and
Vargas, 1998).

Once, the supermatrix is transformed into a
column stochastic matrix, it is raised to a achieve
convergence of the importance weights (Saaty,
1996). The supermatrix is raised to the power of
2k+1, where k is an arbitrarily large number. In
other words, the supermatrix limiting powers now

becomes W',

Normalizing each block of this
supermatrix can capture all the interactions and
obtain the final priorities of all elements in the

matrix.

3.2 The technique for order preference by
similarity to an ideal solution (TOPSIS)

Chen and Hwang (1992), with reference to
Hwang and Yoon (1981) proposed the technique for
order preference by similarity to an ideal solution
(TOPSIS) method to obtain the performance ratings
of the available alternatives. TOPSIS is a distance-
based MCDM that calculate the distance of each
option from the best and worst performing
alternatives to determine the positive-ideal and
negative-ideal solutions. Positive-ideal solutions are
alternatives that maximize the benefits and
minimize the cost, while negative-ideal solution are
alternatives that minimizes the benefits and
maximizes the total cost. TOPSIS method should
pick alternatives which have the farthest distance
from the negative-ideal solution and the shortest
distance from the positive-ideal solution. The
process TOPSIS method comprises of these
following steps:
Step 1: Calculate the normalized decision matrix.
This step allows comparisons across criteria by

transforming  attribute dimensions into  non-

dimensional attributes. The normalized value [jis

calculated as follows:

m
2 . _ H—-
r =X Zl:xij i=1,2,..,mand j=1,2, .., n.
\ <

@
Step 2: Calculate the weighted normalized decision
matrix. Multiply each column of the normalized

decision matrix by its associated weight. The

weighted normalized value Vi is calculated as
follows:
Vij = rijx Wj i=1,2,...,mandj=1,2,..,n.

)

= th

where: Wj is the weight of the J criterion or

n
attribute and ZWj =1.
j=1

Step 3: Determine the positive-ideal (A) and
negative-ideal ( A") solutions.
A ={maxy;, | jeC,). (miny, | je CO}={v;| i =12...m}
3)
A ={miny,[jeC,) (maxy, [ jeC}={v,li=12...m}
(4)
Step 4: Calculate the separation measures, using
the m-dimensional Euclidean distance. The
separation measures of each alternative from the

positive ideal solution and the negative ideal

solution, respectively, are given as:

Si= Ji(vu V)i =12

S = Ji(vij V)t i=12e.m

(6)
Step 5: Calculate the relative closeness to the ideal

solution. Choose the option with RCi* value closest

to 1. The relative closeness of the alternative A

with respect to A is defined as follows:



(1)
Step 6: Rank the preference order. The index value
of *CCi lies between 0 and 1. A larger index value is

closer to the ideal solution for alternatives.

3.3. Multiple Criteria Goal Programming

Multiple  Criteria. Goal = Programming
(MCGP) allows the decision-maker to set multi-
choice aspiration levels for each goal to avoid
underestimation of the decision. The rapid
development of MCGP has led to significant
diversity in models and methods. However, few
studies have explored using MCGP to address real-
world Multiple Criteria Decision Making (MCDM)
problems, such as a product launch strategy
selection, which involve the conflict of criteria. In
fact, the conflicts between criteria and the
incompleteness of information make it very difficult
for decision-makers to build a reliable mathematical
model for the representation of their preference. In
this study, a MCGP problem is stated in the
following model (Chang et al. 2014):

Min Z = py (CCd™ ,CCa ) + (&1 &)

(8)
subject to
axj—di" +di =y;

9)
Yi— €' + € = Gimin OF Gimax

(10)
Oimin = Yi = Oimax:

(11)
X j+d;

(12)

di+, di—, ei+, e 2 0, i= 1,2,..,n, j =12, ..,

m,

where x; is the knowledge transfer strategy; a; is the

j'th knowledge transfer strategy using the closeness
coefficient of the i"" SMEs resources; and y; is the i"
available resource or limitation factor that must be
considered in the selection decision; px denotes
some k priority preemptive priority (p; > pz2 >,..., Px),
for the strategy goals, and other variables are
defined as in MCGP. The proposal model bases the
selection of the knowledge transfer strategy x; on
the TOPSIS determined closeness coefficient (CC))
for corresponding d", and di. The larger CC; is, the
more likely the corresponding strategy will be

selected.

4, RESULT AND DISCUSSION.

This study proposes an application of
knowledge transfer strategy selection for SMEs to
succesfully implement their ERP system. To
illustrate the application and the effectiveness of the
proposed ANP, TOPSIS and MCGP models for
knowledge transfer strategy selection knowledge
transfer strategy selection, the model was
introduced to a medium manufacturer in Indonesia
as a case study. First, a sample of SMEs was
invited to participate in a survey to provide their
opinions about the evaluation criteria for knowledge
transfer strategy. The survey including experts who
have rich experience in new product launches
strategy was used to propose the criteria. The
knowledge transfer strategy evaluation process in
ERP system implementation of Indonesian SMEs is
demonstrated as follows:

Step 1. After reviewing the literature and
interviewing various practitioners, three knowledge
transfer strategies remained for further evaluation. It
was determined that there is an interdependence
relationship among criteria; the attribute of criterion
OL are concerned with criteria KC and |, and the
attribute of criterion VC are concerned with criteria |
and AC. In addition, the attribute of criterion KC
influences criteria | and VC; the attribute of criterion

VC influences criterion OL. In order to check net



work structure or relationship in the considered
criteria or candidate strategy, a group discussion
was formed because the type of network or
relationship depends on the users’ judgement.

Figure 2 presents the interdependence relationship
among the evaluation criteria, which was
determined by the discussion group in a thorough

manner.
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Fig. 2 The interdependence relationship among evaluation criteria: SME owner leadership (OL),

Incentives (1), absorptive capability (AC), knowledge sharing culture (KC), and ERP vendor capability

Step 2. The team members were asked to evaluate

all proposed criteria pairwise without assuming

(VC)

comparison values, the result is presented in Table
1. The normalized weights matrix (w1) of criteria is

interdependence among them. Generating a as follows:
geometric mean of the evaluators’ pairwise
KC 0.245
I 0.198
VC 0.181
AC 0.136
wr = oL = | 0.240
which represents the related local priority of these criteria.
Table 1. Criteria pairwise comparison matrix
KC I AC oL W,
KC 1 2.728 4.369 0.428 0.244
I 0.367 1 2.358 0.739 0.199
VC 0.824 0.540 2.115 0.572 0.182
AC 0.229 0.424 1 0.249 0.135
oL 2.336 1.353 4.016 1 0.241

Note: SME owner leadership (OL), Incentives (I), absorptive capability (AC), knowledge sharing culture (KC),

and ERP vendor capability (VC)



Step 3. Next, the interdependence among the
evaluation criteria was considered. The team
members examined the impact of all criteria by
using pairwise comparison. The normalized
eigenvectors for these matrices are calculated and

shown as five columns in Table 2, where zero was

assigned to the eigenvector weights of the
evaluation criteria that are independent. The value
presented in Table 2 indicates the degree of the
relative impact for each evaluation criterion. KCMC,
SCIl. MMVC. NOAC, TCOL

Table 2. The interdependence matrix of the evaluation criteria

W3 KC I VvC AC oL

KC 0.471 0.241 0.249 0.154 0.241
I 0 0.197 0.245 0.201 0.203
VvC 0.274 0.183 0.343 0.233 0.214
AC 0.255 0.134 0.164 0.197 0.189
oL 0 0.244 0 0.215 0.153

Note: SME owner leadership (OL), Incentives (), absorptive capability (AC), knowledge sharing culture (KC),

and ERP vendor capability (VC)

Step 4. The relative importance of the criteria
considering interdependence can be calculated. w,
can be obtained by synthesizing the results from
Steps 2 to 3: w, = w3 x wj; obtained knowledge
sharing culture (KC) = 0.288; Incentives (I) = 0.161;
ERP vendor capability (VC) = 0.246; absorptive
capability (AC) = 0.190 and SMEs owner leadership
(OL) = 0.115, shown as follows:

0.288
0.161
0.246
Wo = Wi X Wq= 0.190
0.115

Step 5. In this step of the decision procedure,
evaluators were asked to establish the decision
matrix by comparing the alternatives under each of
the individual criteria. Moreover, all evaluators were
asked to give a set of crisp value within the range
from 1 to 10 to represent the performance of each
alternative with respect to each criterion. After
determining the decision matrix by using Egs. (1)
and (2), the normalized decision matrix of the new
product launch strategy alternatives can be

obtained as shown in Table 3.

Table 3. The weighted normalized decision matrix

w, KC | VC AC oL

HOS 0.448 0.507 0.346 0.552 0.620
SBS 0.333 0.314 0.193 0.201 0.192
DKS 0.218 0.179 0.640 0.247 0.187

Note: * The knowledge transfer strategies such as HOS = Human-oriented strategy, SBS = System-based

strategy, and DKS = Dynamic strategy.
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In the meanwhile, the overall priorities for the
candidate launch strategies wanp are calculated by
multiplying we by we.

0472
0.254
Wane = Wp X We= | 0.319

It is demonstrated in Step 5 that the results of the
ANP method are (HOS, SBS, DKS) = (0.472,
0.254,0.319)". Therefore, the human-oriented
strategy will have the highest weights value (0.472).
Consideration to ANP method this strategy will be

selected.

Step 6. By using Eqgs (3) and (4), the final ranking
procedure should determine the ideal and negative-
ideal solutions. Therefore, the positive-ideal and
negative-ideal solutions are determined as follows:
A* = (0.448, 0.507, 0.640, 0.552,
0.620),
A— = (0.218, 0.179, 0.193, 0.201,
0.187).
By using Egs (5), (6) and (7), the computed
distances of each launch strategy to the ideal
solution (d") and the negative-ideal solution (d)),
and the closeness coefficient (CCj*) are presented
in Table 4. In Table 4 the human-oriented strategy
will have the highest CCj* value (0.434), therefore,
when consideration to TOPSIS method the HOS

will be chosen.

Table 4. Computations of d;", diand CCj*

Note: * The knowledge transfer strategies such as
HOS = Human-oriented strategy, SBS = System-
based strategy, and DKS = Dynamic strategy.

Step 7. The closeness coefficients (CCJ-*, i=1,2,3)
are obtained from Step 6 for each strategy. To
formulate the MCGP model, the specific criteria
constraints and range of the strategy was taken
from one of medium-sized manufacturer company
in Indonesia, as shown in Table 5. Knowledge
transfer strategy weights are used as CCJ-* (e.g.,
HOS = 0.434, SBS = 0.292, DKS = 0.381) in an
objective function (e.g., p» (0.434d, + 0.292 ds +
0.381 d¢ in Table 5)) to allocate resources among

the strategies.

Table 5. Specific criteria of new launch strategies

and value ranges

Strategies Cost Hours Employees
HOS 3000 1056 22
SBS 8000 864 18
DKS 6500 960 20
Range 8000 1200 25

Wp d’ di CCi

HOS 1.275 0.979 0.434
SBS 1.017 0.419 0.292
DKS 0.951 0.585 0.381

The MCGP model formulation to select a

knowledge transfer strategy is shown below

Min Z = (d1+) + (d2+) + (d3+) + 0.434 d4-+ 0.292 d5- +

0.381dg (13)

Subject to :

3000X; + 8000X, + 6500X; + d;" — d;" = 8000
(14)

1056X; + 864X, + 960Xs + d,  — d," = 1200
(15)

22X; + 18X, + 20Xs+ d3 — d3' =25
(16)

Xi+ds=1
17)

Xo+ds =1
(18)

Xs+ds =1
(19)
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Xl+ X2+ X3= 1
(20)
Xj=0orl,j=1,23

Based on the MCGP model formulation, the
knowledge transfer strategy selection problem was
solved using LINGO (Schrage 2002) on a AMD
Athlon 11-X4 CPU 3.00 GHz-based microcomputer
in a few seconds of computer time. The optimal
solutions are as follows:

x1=1,x2=x3=0,
That is, the goals are fully satisfied, and x1 = 1

denoted that the HOS strategy will be selected.

5. CONCLUSION.

Collaborative evaluation technology is a
popular method used in finding a solution to the
problem of MCDM. One of the reasons for the
popularity of ANP, TOPSIS and MCGP as an
applicable method is the fact that it considers not
only tangible and intangible criteria but also multi-
choice aspiration levels. Given that many multiple-
choice aspiration levels may exist in the real world,
a multiple-choice method is most appropriate for a
decision problem, which involves the evaluation of
different criteria or attributes such as knowledge
transfer strategy selection in ERP system
implementation in SMEs.

When a firm is going to implement an ERP
system, managers are always challenged with
finding the proper strategy to support the
implementation. The knowledge transfer strategy
adopted also determines whether an ERP system
implementation would succeed or fail. To achieve
this goal, decision makers should apply the best
method and accurate criteria to analyze and solve
the knowledge transfer strategy selection problems.
This paper illustrates how the ANP, TOPSIS and
MCGP model would be implemented to help SMEs
manufacturers in implementing their ERP system.

Using this model, a selected company was able to

determine the best knowledge transfer strategy for
their ERP system project. Results show that the
human oriented strategy is the best choice for the
company. This finding also suggests that human-
oriented strategy is more appropriate for improving
knowledge sharing culture, absorptive capacity,
SMEs owner leadership and vendor involvement
within the company. This finding also confirms that
the manufacturing companies can achieve strategic
benefits in ERP system implemetation through
focusing on effective knowledge transfer strategy.
Although the above mentioned approaches can
deal with multiple criteria, they have not taken into
consideration the impact of knowledge content
quality and business requirements of company
stakeholders on the evaluating criteria. In reality,
the weightings of knowledge transfer evaluating
criteria depend a lot on business strategies and
priorities. In cases where the weightings are
assigned subjectively and arbitrarily  without
considering the majority of company stakeholders,
the strategies selected may not provide what a

company exactly wants.
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ABSTRACT

In this paper, we present a procedure for assessing supplier's performance, which is an extension of the
Analytic Hierarchy Process, which its integrated to Grey Theory methods. Reseachers use different
methodologies of MCDM to solve supplier evaluation and selection problems. Integrated AHP, which it is
implemented in the software package Expert Choice. The rangking of supplier’s perfomance is calculated with
grey theory methods after its calculated by AHP procedure. Some specific criteria for measure the performance
of the chemical suppliers, among others: guarantee product quality, the accuracy of product delivery to the
laboratory suppliers, communication between laboratories and suppliers, after sales service, handling of
complaints by suppliers and prices of products. The data obtained are primary data obtained from
guestionnaires and performance measurement Chemical Supplier Paiton Unit 9 at the laboratory of water later
on though the method of Grey- Analytic Hierarchy Process (G-AHP). We present a procedure for supplier
performance measurement using G-AHP.Value weighting of votes chemicals supplier performance in PT. PJB
UBJ O & M by the method of Grey- Analytic Hierarchy Process (G-AHP) is the weight values for Supplier "A"
against the criteria of 0,498, weight values for Supplier "B" against the criteria of 0,942, weight values for
Supplier "C" against the criteria of 0,908, and weight values for Supplier "D" against the criteria of 0,711. So, the
best chemical supplier, which its calculated by G-AHP is Supplier A. Copyright © 2017 STTAL. - All rights

reserved.

KEYWORDS : Supplier performance, Analytic Hierarchy Process, Grey Theory, Expert Choice

1. INTRODUCTION. the right suppliers. Since this selection process

Supplier selection is an issue of strategic
importance for any company. Since by deciding the
best supplier, companies can save material cost
and increase competitive advantage. Supplier
evaluation is necessary to know what the supplier is
doing well in each area of action. There are several
evaluation models for supplier selection and
evaluation in the literature (Chaharsooghi and
Ashrafi, 2014; N. Aissaoul, et al., 2007; I. de Boer et
al., 2001). Measuring supplier performance, which
includes multi criteria and multiple conflicting

objectives, can be defined as the process of finding

mainly involves the evaluation of different criteria
and various supplier attributes, it can be considered
as a multiple criteria decision making (MCDM).

The Analytic Hierarchy Process (AHP) has
been used in various setting to make decisions and
solving multiple criteria decision making problems.
Several papers have compiled the AHP succes in
very different fields (Ishizaka Alessio and Labib
ashraf, 2009; Ayhan M.B., 2013). Multiple criteria
has led to AHP applications in conjunction with
many other decision support tools and

methodologies, recent years, many researchers
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using fuzzy AHP applications for supplier selection
problem, but some negative comment or criticism
on Fuzzy theory have been subject too for some
researchers (Abdullah Lazim, 2013). Although
many authors have expressed critisms of AHP, but
the popularity of AHP for solving problem MCDM is
a fact (Whitaker, 2007). The Grey Theory method
is a method for decision making characterized by
incompplete  information  under the  multi-
dimensional decision circumstance, providing a
flexible approach wusing different weighting
coefficients. Since the AHP have some criticism

2, METHODOLOGY

because of weaknesses and have been subject of
substantial debate among specialis in MCDM
metods, we interest to integreted AHP and Grey
theory for supplier performance evaluation. The
Grey-AHP is expected to fit the best supplier
performance evaluation, providing a simple and
straightforward method. The purpose of this paper
is to present a procedure for assessing supplier's
performance, which is an extension of the Analytic
Hierarchy Process, which its integrated to Grey

Theory methods.

Identifying Supplier
Performance Criteria

!

AHP—)

Structure
The Decision Hierarchy

l

Expert Choice
f Software

Construct a Set of
Pairwise Comparison
(Weighing)

l

Pairwise Comparison of
Option on each Criterion
(Scoring)

l

Grey

Theory

Crisp Belief Decision Matrix
X

Establish Comparative
Xn

Establish Standard
Series
Xo

L

Obtain Different
Do

r

r

Complate Relation
Coeficient

J_J

Introduce The Group Weight
of Supplier Performance
Criteria

-

Determine Degree of
Relationship

]

l

Rangking of Supplier
Performance

Fig. 1 The G-AHP for Supplier Performance Measurement
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2.1 Supplier Performance Evaluation

Supplier Performance Evaluation has been
studied extensively in the literature. The majority of
supplier evaluations consist of only three factors :
price, quality and delivery (Hirakubo and
Kublin,1998) and early researches showed special
emphasis mainly on cost and then on reliability,
responsiveness, safety, and environtmental (Huang
and Keskar, 2007). In this paper, we used six
criteria for supplier performance evaluation for
measure the performance of suppliers, among
others: guarantee product quality, the accuracy of
product delivery to the Ilaboratory suppliers,
communication between laboratories and suppliers,
after sales service, handling of complaints by
suppliers and prices of products.
2.2 The Analytic Hierarchy Process

The Analytic Hierarchy Processs (AHP) is a
theory of measurement through pairwise
comparisons and relies on the judgements of
experts to derive priority scales. (Saaty, T.L.,2008).
To make a decision in an organised way to
generate priorites we need to decompose the
decision into the following steps.

a. Define the problem and determine the

kind of knowledge sought.

b. Structure the decision hierarchy from

the top with the goal of the decision, then the

objectives from a broad perspective, through

the intermediate levels (criteria on which

subsequent elements depend) to the lowest

level (which usually is a set of the

alternatives).

C. Construct a set of pairwise comparison

matrices. Each element in an upper level is

used to compare the elements in the level

immediately below with respect to it.

d. Use the priorities obtained from the

comparisons to weight the priorities in the

level immediately below. Do this for every

element. Then for each element in the level

below add its weighed values and obtain its

overall or global priority.

e. Continue this process of weighing and

adding until the final priorities of the

alternatives in the bottom most level are

obtained.
2.3 Expert Choice

In 1983, Dr. Saaty joined Dr. Ernest Forman,
a professor of management science at George
Washington University, to co-found Expert Choice.
The AHP and Expert Choice software engage
decision makers in structuring a decision into
smaller parts, proceeding from the goal to
objectives to sub-objectives down to the alternative
courses of action. Decision makers then make
simple pairwise comparison judgments throughout
the hierarchy to arrive at overall priorities for the
alternatives. Expert Choice is intuitive, graphically
based and structured in a user-friendly fashion so
as to be valuable for conceptual and analytical
thinkers, novices and category experts. Because
the criteria are presented in a hierarchical structure,
decision makers are able to drill down to their level
of expertise, and apply judgments to the objectives
deemed important to achieving their goals. At the
end of the process, decision makers are fully
cognizant of how and why the decision was made,
with results that are meaningful, easy to
communicate, and actionable. The expert choice
steps will explored in the next section in case study.
2.4 Grey Theory

Grey theory, proposed by Julong Deng
(1989), deals with decisions characterized by
incomplete information, and explores system
behavior using relational analysis and model
construction (Shih et al.,, 1996; Wu et al., 1984;
Chang et al., 2001; Liu et al., 2011; Geum et al.,
2011). Grey theory provides a measure to analyze
relathionship between discrete quantitative and
gualitative series, and all components in the series

shall conform to the following characteristics :
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existent, countable, extensible and independend. [B01(1)  Ap1(2) B0:(3) ... Ags(k) ]
The construction of grey model is describe as IAOZQ) AOZ(Z) A02(3) T Aozz(k) I

below: (Chang et al., 2001; Liu et al.,2011)

(1) Establish comparative series

An information series with n components or
decision factors, such as some specific
criteria for measure factors of the supplier’s
performance can be expressed as,

X' = (X;(1),X/(2), .., X/(K)) €X, , where
x; (k) denotes the the kth factors of x;. If all
information series are comparable, the n
information series can be described as the

following matrix :

Xy
K
=107
[.XnJ
X1 X@) - Xy (k)
Xz'(l) Xz'(z) Xz'(k) 1)
X1 X2 T Xu(k)

(2) Establish the standard series
Degree of relation can describe the
relationship of two series, thus, an objetive
series called the standard series shall be
established, and expressed as
Xo = X,(1),X,(2), ..., Xy (k). When
conducting the performance of the supplier,
the smaller the score, therefore the
standard series can be the lowest level of
all the performance of the supplier.(Pillay &
Wang, 2003)
Xo = X, (1), X,(2), ..., X,(k)) = (0,0, ...,0)
2
(3) Obtain  the difference  between
comparative series and standard series
To discover the degree of grey relationship,
the difference between the comparative
and standard series, D,, is calculated and
reflected in a form of a matrix as seen
below :

lAOm(l) AOm(Z) AOm(B) " Ao (k)
3

Where A,;(k) = ||Xo(k) — X;(R)]|, Xo(k) is
the standard series and X;(k) is the
comparative series.

(4) Compute the grey relational coefficient
To compute the relational coefficient, the
decision factors of the suppliers
performance model are compared with the
standard series. The grey relation

coefficient, y(X,(k), X;(k) , is expressed as

min Amax
Y(Xo(0), X)) = priasimer. (1)

Where

Xo(k) is the standard series and X;(k) is
the comparative series.

Boj = 1% = X; (||

Bnin = BN [1Xo (k) = X; ()|

Bmax = "5 %o () = X; (K|

¢ is an identifier, ¢ € (0,1) , only affecting
the relative value of risk without changing
the priority. Generally, ¢ can be 0,5.

(5) Determine the degree of relation

Before finding the degree of relation, the
relative weight of the decision factors shall
be first decided in order to be used in the

following formulation,

[(X0 X)) = R Bey (X (), X; (k) (5)
where f, is the weighting coefficient of
factors, and X} B, =1

if all factors are equally important, the

above formulation can be modified as:

M(X; X;) = =~ Ziey ¥ (X; (), X, () (6)
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(6) Rank the factors of the supplier's
performance
Based on the degree of relation between
comparative series and standard series, a
relational series can be constructed. If
y(Xo, X)) = y(X,,X;), which indicates the
degree of relation between X; dan X, is
greater than that between X; dan X,.
AN ILLUSTRATIVE CASE STUDY.
One of the existing power plants in
Indonesia, Paiton Unit 9 is a capacity of 660
MW. Viewing of how important this power
plant in Indonesia it can be said that the
power plant is a vital tool of the state, then
there is need for maintenance, protection and
reliable operation. The main ingredient is
water for generating steam, the water used
must meet the parameters have been
specified by the manufacturer listed in the
manual book. To support this required
technical chemicals and chemical analyst

who used to perform water quality analysis
process. Chemicals used by the laboratory of
water contained in the Paiton power plant
also has a standard 9-standard, therefore the
supplier selection must be precise so that the
chemicals that come in accordance with the
specifications desired by the laboratory.

3.1 By using expert choice, The AHP consists

of follows steps : (Ishizaka and Ashraf Labib, 2009)

3.1.1 Problem modelling
Breaking dawn the problem in hierarchy,
which can be devided into three parts : goal
(The best supplier performance), criteria (1.
Guarantee product quality, 2. The accuracy
of product

delivery to the Ilaboratory

suppliers, 3. Communication between
laboratories and suppliers, 4. After sales
service, 5 Handling of complaints by
suppliers; and 6. Prices of products) and
alternatives (Supplier A, Supplier B, Supplier

C, and Supplier D).

Supplier
Performance
Communication
Guaranties The Occuracy of between After Sales Handling of Prices
Product Quality Product Delivery Laboratories & Service Complain of Product
Supplier
ES S = S 77 =
~ L = — ,
—
Supplier A Supplier D

Supplier B ’ Supplier C

Fig. 2. Hierarchy of supplier performance evaluation
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----- & Supplier A
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----- @ Supplier C

----- @ Supplier D

== Communication

----- @@ Supplier A

----- @ Supplier B
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----- @ Supplier D
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== Handling of complaints
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Fig 3. Hierarchy of supplier performance evaluation, \ which Expert Choice soft ware

3.1.2 Pairwise comparisons
At each node of the hierarchy, a matrix will collect the pairwise comparisons of the decision-maker (e.g. figure 3)

Compare the relative importance with respect to: SUPPLIER PERFORMANCE SCORE

Guarantee | The accura Communic: After sales Handling o| Prices of p
3.0 1.0 3.0 2.0
2.0 2.0

Guarantee product quality

The accuracy of product delivery
Communication

After sales services

Handling of complaints

Prices of products

Fig. 4 . Comparison matrix of supplier performance criteria

3.1.3 Judgement scales
One of AHP’s strengths is the possibility to evaluate quantitative as well as qualitative criteria and

alternative on the same preference scale of nine levels. These can be numerical, verbal or graphical.

#5 EXPEMTLNOICE ZUUU  EVA_UFNIUURU FLN SRRIFINANALIDIS_SUFFLIER FIB.anp = ]
File Edit Assessment Inconsistency Go Tools Help

DL SR D@ QR Structural adjust
& 3 s = F v BB |

9876 54321 234567813

|
14

Compare the relative importance with respect to: SUPPLIER PERFORMANCE SCORE

Fig. 5. Numerical scale
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Fig. 7 . Graphical scale

3.1.4 Priorities derivation

Once the comparisons matrices are filled,
can be calculated. The traditional AHP uses the
eigenvalue method. We start from the_case of a
consistent matrix with known priorities w;. In the

chase, comparison of alternatives i and j is given

by :;—; , Which multiplied by the priority vector w

results in:
(wi - owi Wi Wiprwy - W1 1
wj  wj Wj Wn
wj wj Wj Wn
A=wi wi w w; =n @)
- — — ... —Hws w3
wj Wi Wj Wn . .
R O
LW wj wj wplLWnpl LW |
Orgrouped: Aw = nw (8)

Where w : vector of priorities
n :dimension of the matrix
A : comparison matrix
Equation (8) is the formulation an eigenvector

problem. The calculated priorities are exact for a

consistent matrix. When slight inconsistencies are
introduced, priorities should vary only slightly
according to the perturbation theory (Saaty, 2003).
3.1.5 Consistensy

As priorities make sense only if derived from
consistent or near consistent matrices, a
consistency check must be applied. Saaty (1997)
has proposed a consistency index (Cl), which is

related to the eigentvalue method:

Cl = Amax—-n (9)

n-1

where A max = maximal eigenvalue

The consistensi ratio, the ratio Cl and Rl,is given by

cl
= (20)

CI

Where RI is the random index (the average CI of

500 randomly filled matrices.
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If CR is les than 10%, then the matrix can be
considered as having an acceptable consistensy.

3.1.6 Aggregation

The ideal mode uses a normalisation by
deviding the score of each alternative only by the
score of the best alternative under each criterion.
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3.2 Grey Theory The standard series is taken to be lowest

In order to determine better solution for the possible value, as such the value 0 .(Pillay
& Wang, 2003)
Xo = (Xo(1), X,(2),
X0(3),Xo(4), Xo(5), X,(6)) =
(00000 0)
3.2.3 Obtain the

comparative series and standard series.

alternatives for supplier evaluation proses, the data
from AHP analysis is calculated with Grey Theory
procedure as follow :
3.2.1 Establish comparative series

An

information series with criteria for

difference between
measure factors of the supplier’'s performance can

be expressed as the following matrix : The difference between the comparative and

0,388 0,582 0,571 0,538 0,560 0,455 standard series, D,, is calculated and reflected in a
¥ = 0,099 0,092 0,143 0,121 0,095 0,141 . .
~ 0115 0,163 0,143 0,121 0,095 0,141 matrix as seen below :
0,398 0,163 0,143 0,220 0,249 0,263

3.2.2 Establish the standard series

[R0: (1) = 0,388
— [4p2(1) = 0,099
~|a,:(1) = 0,115

Ay, (1) = 0,398

Dy

Ay, (2) = 0,582
Ay, (2) = 0,092
£y3(2) = 0,163
£y, (2) = 0,163

Ay, (3) = 0,571
Ay, (3) = 0,143
Ay (3) = 0,143
Ayy (4) = 0,143

3.2.4 Compute the grey relational coefficient

Ay, (4) = 0,538
Ay, (4) = 0,121
Ays(4) = 0,121
Ags(4) = 0,220

The grey relation coefficient is calculated as shown here :

Ap=0,092 A 0582
Amin + §Bmax
Ay (k) + ¢Amay
0,092 + 0,5 x 0,582
0,388 + 0,5 x 0,582
0,092 + 0,5 x 0,582
0,099 + 0,5 x 0,582

Y (Xo(K), X (k) =

y(X,(1),X,1) = = 0,564

y(X,(1),X,1) = = 0,982

Ay, (5) = 0,560
Ay, (5) = 0,095
Ay, (5) = 0,095
Ay, (5) = 0,249

Ay (6) = 0,455]
Dy, (6) = 0,141
Dy, (6) = 0,141
Ay, (6) = 0,263
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Similarly, the grey relation coefficient for all supplier performance criteria can be calculated in the same
way as shown in the matrix below :

0,564 0439 0444 0462 0450 0,513
0,982 1,000 0,882 0,930 0,992 0,887
0,943 0,844 0,882 0930 0,992 0,887
0,556 0,844 0,882 0,750 0,709 0,691

Y (Xo(k), X;(k)) =

3.2.5 Determine the degree of relation 2> supplier 3. So, the final conclusion for the
The relative weight of the decision factors supplier performance measurement is that
as shown here: supplier 1 is given the best supplier ,

Guarantee product quality : 0,250 following by supplier 4, 2 and 3.

The accuracy of product delivery : 0,152 Results should be clear and concise.
Communication : 0,115 Discussion must explore the significance of
After salesservices : 0,086 the results of the work, often in the
Handling of complaints : 0,086 concluding paragraph, not repeat them.
Prices of products . 0,311 Avoid extensive citations and discussion of
Total . 1,000 published literature. A combined Results and

Substituting the grey relation coefficient and Discussion section is often appropriate.

group weights of supplier performance

criteria will give the degree of relation for 4. CONCLUSION.

the first supplier performance score as Thera are many different methods to problem

seen here : solving of supplier performance measurement, the
I'(X,, X;) = (0,564 x 0,250) + proposed model was used to evaluation of supplier
(0,439x0,152)+(0,444x0,115)+(0,46 performance in PT PJB UBJ O & M, Probolinggo,
2x0,086)+ Indonesia. After analysing all alternative, which G-

AHP as problem solving method, The best supplier

(0,450x0,086)+(0,513x0,311) with total score 0,498 had been chosen, its Supplier
= 0,498 A
In the same way, the degree of relation is
calculated for all the supplier performance 5.  REFERENCES
evaluation and the results are shown as
bellow : Abdullah Lazim, (2013), "Fuzzy multi criteria
decision making and its applications : a brief
Grey Relation Rangking review of category ", Procedia - Social and
SUPPLIER A 0,498 1 behavioral Sciences Vol. 97, pp. 131 - 136.
SUPPLIER B 0,942 3
SUPPLIER C 0,008 4 Ayhan Mustafa Batuhan. (2013), "A Fuzzy AHP
SUPPLIER D 0,711 5 approch for Supplier Selection Problem : A Case

Study—in a Gearmotor Company", International
Journal of Managing Value and Supply Chain
(IMVSC), vol. 4 no. 3 pp. 11-23.

The degree of relation of the five supplier
performance give the rangking of the five

suppliers as supplier 1>supplier 4 > supplier
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ABSTRACT

The purpose of the writing of this articleis to give an idea of strategic and defence policy through
decentralization funds given to each village. As we know that at this time every village to obtain what is known
as the village fund. Through the Fund expexted the village could manage progress village in Fund expected the
village could manage progress village through infrastructure development as  well asthe  establishment
of Village-owned enterprises. Namau leader areas have never thought of that not only people's welfare can be
created through the production but can also be created through security, safe from terrorist threat from within
the country. Through the village Fund could do, socialization desimunation about a threat to State security.

KEYWORDS : Integrasion, marketing, Funds, decentralilalizations

1. INTRODUCTION

Organizing the defense of the country
intended to keep and protect the country's
sovereignty, territorial integrity and the safety of our
whole nation. Defense the State of the Indonesia
organized into a system of Defense universe, not
aggressive and not expansionary in order to protect
national interests. The resolution of problems
related to the defense of the country and
influenced, performed with emphasis on diplomacy
which is reinforced by modern military force

Addressing any dynamics, Indonesia is
actively encouraging global partnerships, promote
the spirit of togetherness, and realize the dynamic
balance that is the condition characterized by the
absence of the power of the dominant countries in a
region. It is done on the basis of beliefs as
opportunities for increased cooperation and
partnership in building defense force for the
progress of a country. Indonesia upholding non
active politics by holding on to the principle of
peace-loving but rather the love of freedom, as well
as neighboring countries holds that was a
companion who shared a commitment to maintain
the stability of the security in area. Build in common
view is indispensable in order to minimize the

problems encountered in international relations,
either bilateral or multilateral

Browse through a conflict that exists in the
State could arise from abroad or within the country,
the threat from abroad is easier because the
coming conflict stems from a probe into the State
and the country, the real fact secaara aka easier
known and easy to be realized.

The emergence of the concepts of modern
country through cooperation through various
activities and education causes conflicts arising
from outside its occurrence indicators will be easily
known, but not so with covert conflict in these
countries. Indonesia which consists of various
islands that are scattered in different areas will be
very difficult to keep konfili that exist in each region.
Besides that coupled with the least amount of
security apparatus in the country.

Browse an existing conflict in international
relations is a very long review with an infinite limit.
After the birth of the modern concept of the nation-
State, the cause of conflicts began to change
previously dominated by religious differences. The
nation-State in the world began to change the
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direction of the trend to determine the nature of his
own people as a nation.

Then timbulah the new interests of nation
States such as the interests of a poliical,
ideological, social and cultural security defense.
Construction of the defense of the country held by
keeping the Defense-oriented alignment of the
country namely Indonesia actively encourage global
partnerships, promote the spirit of togetherness,
and realize the dynamic balance

In the terms of realizing the country's
defense policy, Governments need to build up a
defense force, military defense and defense
nonmiliter in order to face the threats, military
threats, either nonmiliter, or hybrid. The country's
defense in the face of military threat, putting

Indonesia national armed forces (TNI) as the main
component (Komput) reinforced by a reserve
Component (Komcad) and Supporting Components
(Komduk). In the face of threats nonmiliter, placing
the Ministry/Agency (K/L) on the outside of the field
of Defense as the main elements of the Other
elements of the nation's Power-assisted. In the face
of the threat of hybrids, Indonesia applies the
pattern of military defense, backed with the power
of the nirmiliter defense diformasikan into
Supporting Components according the nature of
and the escalation that has occurred

To do the Defense States require no small
funds, along this delivered some prosen
comparison with the budget of GDP in some
countries as follows :

TABLE 1 The percentage allocation of funds defense against GDP

Year Indonesia | Malaysia | Thailand | Brunei | filipina India
1997 1,3 25 2,1 7,3 1,2 2,2
1998 11 1,6 2,1 9,4 1,2 2.2
1999 0,9 2,1 1,8 7,3 1,1 2,3
2000 11 1,7 1,5 6,5 1,1 2.3
2001 11 2,2 1,4 7,6 1 2,3
2002 1,2 2,4 1.4 7 1 2,3

Stockholm International Peace Research Institute (SIPRI)

When noted on Table 1, then it appears that
the percentage of funds used for the defence of the

still relatively small when compared with other
countries. It showed.

TABLE 2 Comparison of the amount of a percentage of the community who work in the institutions of Defense

Strengthen | Indonesia | Thailand | Malaysia | Singapura | australia | filipina

Total

Personel
Army 230,000 | 190,000 80,000 50,000 25,150 66,000
Navy 28,000 5,000 12,000 4,500 12,570 16,500
Air Force 27,000 48,000 8,000 6,000 13,200 16,000
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Marine 12,000 18,000 - - - 7500
Forces
Airplane 90 230 95 126 156 50
Helicopter 17 11 6 28 41 67
Warship 158 168 165 71 62 105
Heavy Tank - 283 - 90 71 -
Light Tank 1,197 1,728 1,236 2,014 546 604

(Cordesman, 2003)

Since January 1, 2001 Indonesia implements
the autonomous region from the side of the
authorities and decentralized fiscal finances, with
this system then expected the village could do the
construction of respective regions by using the
village Fund and develops local potential that exists
in each region respectively. The policy is based on
the Act Number 32 year 2004 revised into law No.
23 of 2014 on local governance as well as Act
Number 33 year 2004 of Financial Equalization and
regional Centre.

Regional autonomy law number 32 of 2004
concerning regional governments article 1 verse 12
mentions the village is the unity of Community law
which has territorial boundaries are authorized to
arrange and take care of the interests of the local
community which is recognized and respected in
the system of the Government of Republic
Indonesia, this means the construction of the village
have been regulated in this law

As it known in national budget funds
transferred to the area include funding Equalization
and special autonomy and funding adjustments.
Equalization Fund consists of funds for the results
of the funds division (DBH), General Allocation
funds (DAU), and special allocation Fund (DAK).
Funds for General allocation of Funds and Results
of the fund division in the form of a block grant, with
no rules of its use. While specific rules are NOT
firmly in the utilization, while DAU and DAK as a
tool of equity between regions. While DBH to
equalization and the area has been conducted in
the era of the new order as a correction over the
exploitation of the natural resources (SDA) which
was done by the Center of Government.

However, the utilization of these funds still
unclear allocation, miskipun there is already

legislation which already exists but is still going
against the interests of Fund usage terbut. For that
it would be nice if those funds are not just for the
sake of people's empowerment, infrastructure for
the enhancement of the economic family is small
but also used a pencegahaan against the dangers
people's security stability ganguan originating from
within the country for example against the threat of
radical groups, the ganguan the teoraris.

2. MATERIALS AND METHODOLOGY
2.1. Material.

The House of realist looking at politics as a
struggle to gain power (camp of power) (R.
Soeprapto, 1997). View of realism based on the
assumption that the State is the most important and
main actors in international relations. This is
because the country has sovereignty and the power
to determine policy on political, economic, and
diplomatic relations with other countries. Realism
recognizes actors other than the State, such as
IGO, NGO, multinational corporations, and terrorist
groups, but with the level of interest that's not too
dominating.

Lovell argues that there are several factors
that can explain the foreign policy strategy for a
country that comprises sejmah other variables in
analyzing foreign policy, i.e. (lovell. 1970 ):

(1) The environment (environment), (2)
Situations (situation), (3) Capability (capability),
(4)Personality  (personality), (5) Organization
(organization) Lovell also argued that the foreign
policy strategy was applied by a country is closely
related to two variables, namely the estimated
decision makers over the strategy of
implementation by other countries and estimates
their top capabilities. Initially the use of the
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terminology of the draft strategy with regard to the
operation of a war, but this time it has been used in
wider aspect. For example in the fields of politics
and economics.

J.e. Nolan defined the cooperative security
as a concept is formed to the situation after the cold
war, where traditional security strategy based on
deterrence and military confrontation is no longer
relevant. Cooperative security is carried out with the
objective of preventing the occurrence of wars. This
concept replaces the preparatory action to counter
the threat with precautions against such a threat.
This concept emphasizes on the military aspect of
cooperative security especially the prevention of
conflicts and the supervision of weaponry. (Nolan,
1994).

2.2. The Development Of The Strategic
Environment

The Asia-Pacific region is a strategic area,
both in the aspect of economic, political, or military.
In this region there are countries with a population
of over one billion (India and China), the modern
military-tech, human resources great military, an
influential against global economics and politics. In
the perspective of traditional security, the Asia-
Pacific region have the opportunity and the
challenge which is very complex, as well as risk
factors that can cause conflict between countries.
The dispute in the South China Sea, the East China
Sea, Korea Peninsula, and tension in some areas
of the border between Nations is addressed need to
wisely. While in the perspective of non-traditional
security, the area has a long history of smuggling
narcotics, smuggling of human beings, smuggling of
weapons, piracy at sea, the theft of natural
resources, as well as separatism. In addition, in the
last three decades the issue of terrorism is
increasingly strengthened, caused by various
factors, among others, economic problems and
radical leftism. The development of the Asia-Pacific.

2.3. The development of science and
technology

The progress of science and technology
affect the shape and pattern of the war in the future.
Although the patterns and forms of asymmetric war
still going on in some areas, but a conventional war
weapons technology is still growing rapidly. The war
in the future are increasingly considering the
reduction of the impact damage and casualties
among civilians, by applying the technology of high

accuracy weapons and the application of the
technology of robots on a variety of weapons
systems in order to reduce the use of and the
deployment of personnel or equipment.

The development of information and
communication technologies also create network-
based warfare that relies on information superiority,
as well as being able to implement digital or diranah
war room of siber. The impact can make the
security situation of the world, including the
alarming crime siber which knew no bounds,
including the utilization of biotechnology, genetic
engineering and nano-technology which is difficult
to detect. (Alisjahbana, 2014),

Besides engineering technology is also
developing in the world of aviation, the manufacture
of nuclear weapons or spacecraft rocket launchers,
missile or spacecraft to fly without a crew and
satellite technology are also utilized for the interests
of the defense of the country. From the aspect of
Defense, space siber has become the fifth domain
that can serve as a battlefield of the war, in addition
to the battlefield by land, sea, air and space. The
use of the systems, devices, and internet-based
plattorms tend to be increasingly pervasive
potentially be insecurity.

2.4. The Development Environment.
a. Ideology

Pancasila State ideology as the basis
and it is fundamental in the life of nation and
State order. As the Foundation of the
country, Pancasila is the source of all the
sources of applicable law in the State Union
of Republic of Indonesia. As the State
ideology of Pancasila is a philosophical view
of life and the nation of Indonesia which
consists of moral values, ethics and lofty
ideals and goals will be achieved a nation of
Indonesia. Implementing Pancasila in the life
of nation and State in the form of values of
harmony, balance and harmony, unity and
oneness, family and togetherness, that
always being philosophical foundation for
citizens in thinking, behave and act in the
framework of the Organization of the defense
of the country. Development of Variety
values and values of justice contained in the
Pancasila was intended to prevent the
emergence of other regional ego and
reinforce nationalism. The application of the
values of Pancasila will dampen the onset of
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radical peace activiies in community
environment (Genewati , 2002)

b. Politics

National political conditions are
experiencing setup significantly on
infrastructure aspects of politics, the political
superstructure, and political culture. Issues
related to political commitment should be
exercised proportionately on all aspects of
the temporary Government is constantly
working to build political communications
democratically  appropriate  mechanisms
working relationship.

The next political dynamics that
developed at this time continue to undergo
improvements towards a democratic order,
so the national political system can run well.
Democratic system which is expected to run
well, still need counting results related
improvements in the general election,
political will, communication with the Central
Government are not optimal, the head the
more interests area than national interests,
blossoming and territorial border disputes,
which will potentially cause a conflict.

C. Economy

The trend of global economic
uncertainty characterized the policy requires
a fast, precise and measurable in order to
respond to the opportunities and challenges
including the establishment of the ASEAN
Economic Community (MEA). Indonesia's
readiness in the face of five field includes
free flow of goods, services, capital, skilled,
and investment is anticipated. The
Government has been adjusting its target
economic growth in order to improve the
performance of Indonesia's economy. These
conditions will affect the business climate
especially in the sector of small and Medium
Businesses (SMEs) which absorbs labor.

d. Socio-Cultural

Globalization is laden with the spirit of
the changes impact to change values that
affect your mindset, attitude and pattern
patterns follow the next generation the nation
and nationality issues that significantly affect
order of the culture of the nation. The
development of science and technology bring
certain values that are directly or indirectly

affecting socio-cultural values of the nation
which already exists.

Understanding the nation's next
generation of related values that are
contained in the Pancasila, the 1945
constitution of the NRI, SO sesanti, and
Bhinneka Tunggal Ika, increasingly eroded
by new new values that are not in
accordance with the nation's identity.
Degradation of sublime values nation
Indonesia have influenced the decline of the
attitude of nationalism, patriotism and love of
homeland for citizens in affirming the unity
and the unity of the nation.

e. Homeland Security

Separatism is still a security issue that
threatens the country's sovereignty, territorial
integrity and safety, SO the whole nation.
Separatism is done through a political
movement and armed with exploiting the
weakness of the Organization of the
functions of Government. The handling of
security in the country as a result of
horizontal conflicts triggered by the cultural
diversity of the community, ethnic group,
religion, ethnicity, and class, as well as social
conditions still coloring conflicts that occur in
certain areas.( Arismunandar, 2000)

2.5. The Functions Of The Defense Of The
Country

The defense of the country serve to embody
and defend the entire region as a single entity
defense SO capable of protecting State
sovereignty, territorial integrity, as well as the safety
of all Nations from every threat, whether that comes
from outside as well as those arising in the country.
The effort of realizing and maintaining the entire
region as a single entity defense SO held in the
function penangkalan, penindakan, and recovery.

The function penangkalan is the embodiment
of the country's defence effort of the whole national
strength which has a psychological effect to prevent
and nullify any threat, whether from outside or
incurred  within  the country. Penangkalan
implemented physical and nonphysical, with make
the effort of building and fostering the ability of
integrated functions of State defence accord.
(Stephen , 1985)
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The function the action in the face of the
military threat is implemented by exerting the power
of the military in accordance with the defense
mechanisms of the host defense system. In the
face of military threats from outside, the
Organization of the penindakan functions adapted
to the form of the threat to determine the type of
action taken as well as the country's defense force
is used. Military threat in the form of aggression
faced by the war, and for Indonesia's holding of the
war carried out in total in the form of war universe.

The function of action the face of threats
nonmiliter, implemented by exerting the power of
the defence nirmiliter in accordance with the
mechanism of the defense system of the universe.
The Action against the threat of nonmiliter is done
with a functional approach by family outside of the
field of defense based on the type and nature of the
threat. The function penindakan is manifested in the
form of rescue measures by exerting all its
resources and national infrastructure..

The function of action the face of the threat of
military force, putting hybrid and integrated nirmiliter
according the nature of the threats faced by
observing the ability of professionally and
proportionally. The restore function is a State
Defense business alignment is carried out by
integrated defense force military and nirmiliter to
restore the condition of the country's security has
been compromised due to the war, insurgency or
attack the separatist conflict, vertical or horizontal
conflicts, riots, terrorist attack, natural disaster or
due to the threat of other nonmiliter ( Midhio,(2016).

2.6. The Purpose Of Village Development

Program  development activities, both
physical development as well as a non physical is
for the welfare of the whole community. The nature
of the need is very basic, until other needs later on
can be perceived by the public at large. For that
harmony and alignment in the carrying out of
development should be realized since the beginning
by all parties. The preparation of the development
plan is primarily a result of planning from the bottom
up and from top to bottom through the stages of
drafting across levels of Government, ranging from
village, Sub district, Regency/Municipality, province,
regional until national and vice versa (Prabawa,
2015

2.7. Village Development Funds

According to the book the execution on
Instruction of Village Development Fund (1986:4) in
development funds, explain that the village is some
money/funding provided by the Government to the
villages directly, in order to carry out or the
development process in the village to make it in the
form of physical projects that benefit the public
welfare improvement in the environment of the
village and village, on the state budget burden in
order to equitable the development and outcomes.

2.8. The use and supervision of village
development funds

Village development funds given by
Governments and third parties that should be used
to build projects in need by the community of the
village which is reflected in each program section
Village Representative Institutions (BPD) and other
activities that support the growth and improvement
of people's income and activities fostering the
welfare of society.

In order to support the successful
implementation of the management of the village
development funds formed a Team Builder as well
as supervision and control on many levels of
Government with the duties and responsibilities of
each. At the level of the village village chief as
implementing activities responsible for the
successful implementation of village development
funds. While the guidance and oversight of the
operations funded by the village representative
body (BPD) (Prabawa, 2015).

2.9. The Village Fund Allocation

The village fund allocation or abbreviated
with ADD are the funds allocated by the County
Government for the village were sourced from the
part of the Fund's financial center and regional
equalization received by District, according to Halim
(2004), the key features of good financial
management, namely:

a. Simple

A simple system that is more easily
understood and studied by those in charge of
running it, and the more likely it is followed
without wrong, can deliver results more
quickly, and easily inspected from inside and
from outside. Practical purposes to be
achieved in drawing up a financial
management one is creating simple
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procedures in line with the objectives or
results achieved.

b. Complete

Financial management should be used to
achieve all the goals, and should include any
financial activity in terms of area, so activities
should uphold the validity of budget compiling
receipts and expenses. Keep the area can
always pay off their financial obligations,
running the oversight from within, trying to
achieve results and effectiveness in activities
and extended to keep there receipts and
expenditure that does not enter the plans or
not included in the budget.

c. Useful

In this case, the power to have two facets:

1) Power to attached to financial
management concerned should be
raised, which means that high result
set must be achieved at a cost of low ,
from a number of staff and funds are
needed or results achieved should be

the maximum.

2) financial management concerned should

be designed in such a way so as to enlarge the
power to become a tool that local governments

to run activities it and not slow him down.

d. Easily adjustable

Financial management never made so stiff so
it is difficult to apply it or adjust at different
circumstance

2.10. Financial Reporting

The financial report is a structured report
regarding the financial position and the transactions
carried out by an entity reporting. Government
accounting standards (SAP) via PP. No. 24 in 2005,
which is the first SAP owned by the Government of
Indonesia. The Position Of Government Accounting
Standards (SAP). The reporting entity is the
Government unit that consists of one or more units
of Government that are a mandatory statutory
provisions deliver accountability in the form of
financial statements, with regard to the reporting
entity consist of:

a. Central Government

b. local governance

C. The wunits of Central Government
environmental organization/region or any
other organization, if the Organization's units
according to the legislation in question is

obligated to present the financial report

2.11. Methodology

START
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2

IDENTIFICATION PROBLEM

¥

RESEARCH GAP

4

DISCUSSIONS

4

CONCLUSION

3. RESULT AND DISCUSSION

Results and Discussion in this study the
author uses realist paradigm that makes the State
as the primary actor in international relations that is
rational, monolith, and take into account the cost
and benefit of each of its actions. Level and the unit
of analysis used in this study is the nation-State
(the nation-state done by the State and how the
State decided to take policies based on national
interests (national interest). The level of analysis is
more focused on what is

Theories relevant to the discussion of the
problems in this research is the theory of theory of
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security strategies. The design strategy is not
based on moral considerations, beliefs or things
emotionally, but based on rationality decision
makers ( Rizal,2003) Based on the strategy policy
makers trying to achieve the national interests and
prevent barriers over the interests of security is
understood as the ability to defend yourself
(survival) in real threat (existential threat).
(Mochtar,1989 )

For the State and the continuity of his life
regarding the issue of how projecting sovereignty
and how to develop and maintain their identity.
Required policy alignment between all the
instruments of power nasional to secure national
interests. In the context of dispute facing the South
China Sea, instrument and instrument of defence
diplomacy Indonesia must traverse a theoretically
integrated one step. The existence of the defence
instruments among which is to support diplomacy,
including if it deems diplomacy failed. Indonesia's
efforts in the field of diplomacy between focuses on
handling the issue of the South China Sea dispute
in a frame

The construction of the country's defence
posture is directed to improve the defense of the
country. Potential threats facing Indonesia are
increasingly complex and diverse, so it requires a
strong State defense capability. The country's
defence posture is constantly adapted and directed
in order to answer the various possibilities of
challenge, as well as a real threat and not real. The
construction of the State's defense held for realize a
military defense and defense nirmiliter towards a
regional maritime power respected in the Asia
Pacific region with active defensive principle in
order to ensure national interests. The country's
defence effort organized through the development
of the country's defence posture on an ongoing
basis to realize the power, the ability and the title.

Construction of posture military defense is
directed at fulfilling the Principal Strength Minimum
(Minimum Essential Force/MEF) major components
and setting up other defense components, which
prioritized the development of the maritime defense
force by leveraging technology satellite systems
and drones. While the construction of the defensive
posture nirmiliter prioritized on: Increasing the role
of family corresponding tasks and their respective
functions in the face of the threat of non military;
Resource management capabilities and national
infrastructure; as well as in the construction of the

ability of the defence nirmiliter in support of the
interests of the defense of the countryn (Muladi,
2003)

In anticipation of the development of the
security situation of the maritime region of
Indonesia at this time, particularly in the area of
Natuna Islands and territories of Merauke, the
increase in the country's defense force
development in the two areas are part of the the
construction of the country's defense posture
overall policy Plan National long-term development
(Akmal & Pazli, 2016)

The construction of the national character as
part of a mental revolution, organized through the
construction of the country's defense capability and
awareness for all citizens of Indonesia to prepare
human resources for the defence of the country, as
well as the strengthening of identity nation based on
personality and cultural based on Pancasila and
UUD 1945 NRI. National character development
done on integrated in all family, local government,
and the nation's other components. Coaching
programs Awareness Bela Negara (PKBN) realized
to form cadres bela negara which has awareness
and ability based on the values of bela negara

Empowerment of State Defense geared to
maintaining and developing the whole country's
defense power and potential in an integrated and
targeted by involving the entire citizens, and make
use of the whole

4, CONCLUSION

Based on the discussion that is the strategy
and defense policy not only performed at the central
level but also can be done atthe local level. The
emergence of the law regarding the village Fund is
an opportunity as well as a great opportunity to
involve pertahanlkan at village level,

especially with the existence of avillage
Fund then at least the village could do
the socialization and anticipation about the

existence of the threat terrorists from within the
country. Through the village Fund at least the
village could make budget on defense through the
use of the village Fund.
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ABSTRACT

Work accidents that happens in construction industry is more often comparing to others industries, it is 32%. So
that construction work has risk of accident because its area is outdoor. The causes of accident comes from the
worker or manpower itself. Based on this, it is important to mitigate the risk that can cause the accident. The
method used in this research is Interpretive Structural Modeling (ISM). Risk mitigation that has high driver power
is applying the standard of OSH for the High Rise Building worker, learning MSDS (Material Safety Data Sheet).
Workers must have SKT ((Technical Skills Certificate) or TSC (Technical Skill Certificate), Upgrading OSH
Management. While mitigation of giving space in setting and removing the scaffolding. All the setting of
scaffolding must be checked by the certificated officer. Working method must be suited with the condition of
worker and the socialization of the dangerous of spilled paint, create and obey the lifting plan, isolate the cable
connection based on the PUIL 2000. Those who are in quadrant Il has low level of Driver Power so that these
variables have no power to influence other variables in the system. It is hoped that work accident can be
decreased and it can minimize the risk (zero accident) for the construction workers.

KEYWORDS : Mitigation, Risk, Work Accident.
what has been written in Kompas (2016) that the

1. INTRODUCTION work accident which happens in construction

Construction industry has significant different
characteristic comparing with other industries. This
difference is in the condition and work system, in
construction project almost all of jobs done by
manpower with many specializations that create
different problems in each work (Andi, et.al 2005).
Besides, this kind of work has a high risk of work
accident (Handayani, 2017).

According to Sepang (2013), construction
work is such a complexity that involved construction
materials, construction equipment, construction
method, construction cost, and manpower that may
cause accidents. In line with Mohamed (2002), he
states that construction industry is well known as
the industry that has a low level of work safety

comparing with other industries. It is same with

industry is more often than other industries; it is
32%, manufacture industry 31,6%, transportation
industry 9,2%, forestry industry 3,8%, mining
industry 2,6%, and other industries 20,7%. It can be
concluded that construction work has a high risk in
work accident because this kind of working located
in outdoor area (Maryani, 2012)

The risk of work accident in construction
work comes from its manpower itself (Handayani,
2017) and (Andi et.al, 2015), it is different with
Reason (19995) in Andi et.,al (2015) states that
work accident is the result of organization and
management, while Sutarto (2008) states there are
3 factors that influence the work safety in
construction site, they are management, workplace

condition, and the workers’ awareness. The
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mitigation of work accident can prevent the accident
so that there is a correlation between the mitigation
to overcome the risk. In order to resolve the risk in
work accident, it needs to understand the
correlation between one mitigation of risk and
others. So that in modeling the correlation between
mitigation model of work accident using interpretive
structural modeling (ISM), because this method is
widely used in modeling the problem of systems
(Sianipar, 2012). The objective of this research is
modeling the mitigation plan of work accident in
order to reduce accident in construction project.

2. METHODOLOGY

This research applies Interpretive Structural
Modeling (ISM) in overcoming OSH risk that
happens in construction project, and the steps are:
2.1. The ldentification of Risk Mitigation.

Before identifying risk mitigation, for the first
we should understand the potential risk that should
be resolved. The potential risk based on the result
of research from Handayani (2017). The
identification of risk mitigation done by discussing
with the expert toward FGD (Focus Group
Discussion). Besides, identification is also done by
the study of literature based on HIRARDC. This
identification is aimed to understand the appropriate
of mitigation in handling the risk by considering its
trigger.

2.2. Deciding the type of each mitigation
contextually.

Comparison is used in deciding the type of
relation, it compares risk mitigation by using
contextual relation, which most of it are; the
influence, the cause and verbs which deals with risk
mitigation (Kanungo and Jain; 2009)

2.3. Creating Structural Self-Interaction Matrix
(SSIM) by using pairwise.

In analyzing the relation between elements,
contextual relation with what kind of type the
relation is, which one element triggers other

elements, it stated in this third phase. The relation

between 2 sub element (i and j) and the direction of
those elements are questioned (Thakar dkk., 2007).
There are four symbols in stating the relation:

V = for relation of mitigation risk i to risk j,

one way, the existence of mitigation
i triggered mitigation j

A = for mitigation j to i, one way. Mitigation j
exist if only mitigation i is done

X =it is for mitigation | to mitigation j and
from j to i, two ways, those two

mitigations are triggered each other

O = if the relation among mitigation seems
not valid (not connected)

2.4. Creating Reachability Matrix (RM) and
checking the transitivity.

In this phase, it is focused on the making of
Reachability, and this is a binary matrix

- If relation (i, j) noted as V so input (i, j)

in RM become 1 and (j, i) become 0

- If relation (i, j) noted as A so input (i, j)

in RM become 0 and (j, i) become 1

- If relation (i, j) noted as X so input (i, j)

in RM become 1 and (j, i) become 1

- If relation (i, j) noted as O so input (i, j)

in RM become 0 and (j, i) become 0
2.5. Matrix Test with Transitivity.

Transitivity is the basic assumption to ISM
which is used to achieve Final Reachability Matrix
(FRM). Transitivity states that if element A has
relation with element B and element B has relation
with element C. if the element of risk mitigation (i
and j) from RM is zero (0), so there are no direct or
indirect correlation from mitigation i to j. RM actually
has no this character because there is only indirect
relation from element i to j, input (i and j) and also
zero (0). The direct relation can be shown up by
changing FRM to successive power till there is no
input, this condition is finished if it reaches Mn-1
<Mn=Mn+1. The application of the Transitivity is

done by checking cells in reachability matrix with
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value 0, whether it is fulfill the regulation of
transitivity or not.
2.6. Deciding
reachability matrix.

partitionary level from

It includes the extraction from hierarchical
ordering from RM by partitioning in this phase. The
objective of this phase is to become the first input
for the creating of digraph from RM. The level
partition uses elements in sj and si. Reachability set
R(si) consist of some its elements and other unsure
that can be reached by si. There are also some
elements that reach si that act as the antecedent
A(si). Next, the interaction from some reachability

and antecedent (R(s) M A(s). The element R(s)) =
(R(s) M A(s)) is the top element from ISM hierarchy.

The top element has no relation to the other
element above its hierarchy. If the top element was
identified so they will be separated from other
elements. The same process continuous to all
elements. This identification level is helpful in
creating digraph and the last model of ISM.

2.7. Creating digraph with eliminated

transitivity connection.

The first digraph included transitivity relation
comes from the conical shape from RM. The
conical matrix gained from the RM partition with the
arranging of element based on its level, which
mean all elements with the same level are
collected, element that has most zero (0) in half of
diagonal and the element that has most 1 in the
below of it. To make the digraph simple, it is erased
to get the last one. If there is a relation between risk
i and j, it shown by the arrow which headed from i
toj.

2.8. Converting graph to ISM and checking the
inconsistency conceptually.

The result of digraph from this phase is
converted to ISM by eliminating the information
from the element point. Finally the ISM model is
checked for its compatibility.

3. RESULT AND DISCUSSION

Potential risk and its causes that should be
done based on the research of Handayani (2017).
The plan of risk mitigation that has been identified
by the experts and the literature HIRARDC shows
as below in Table 1.

Table 1. Potential Risk and Mitigation Risk

No | Risk Causes

Mitigation

1 Confined Limited workplace

Give space when setting and removing

the scaffolding

2 Fall Scaffolding was broken | Each of the setting scaffolding must be
checked by the certificated Scaffolder

3 Inhaling the chemical | Workers do not aware of | The work method is suited with the

substance OSH condition of the job, and give the

socialization of the dangerous of the

spilled paint

Studying MSDS (material safety data
sheet

4 The material substance | Workers do not wear the

hit the skin proper suit.

The working method should follow SNI

(Indonesian National Standard)

OSH Management Improvement
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No | Risk Causes Mitigation
5 Electrocution Shorted Isolate the cable connection based on
the PUIL 2000
6 Electrocution Get a shock from | Isolate the cable connection based on
electricity the PUIL 2000
7 Fall The construction | Follow the standard of OSH for working
method is not standard in high place
8 Scratched The worker is unskillful The worker must have SKT (Technical
Skill Certificate)
9 Slipped and fall There is no handle Provide railing and board for footing
10 | Confined Mistake in  manual | Creating and obeying the lifting plan
handle
11 | Dropped of material In a rush Applying OSH in High Rise Building
Hand cramps Get less rest Create the SOP
12
13 | Fall Working while joking Each of the setting scaffolding must be
checked by the certificated Scaffolder
14 | Eyes got material, hand | Careless Create the SOP of cutting equipment
scratched, finger cute,
get the coating liquid
15 | Inhale the chemical | Less of OSH | Sign located and workplace safety
substance, fall in hole, | commitment Do Safety Morning and Safety Induction

excavatgor hit, hand

scratched

The risk mitigation that has been identified by

OSH experts in Table 1 and the next is comparing

risk mitigation in matrix relation by using contextual

or correlation of each risk mitigation. The next step

in building the hierarchy model of ISM. The relation

between risks, for instance, for cell (iy,j;5) it says got

score 4, which means it has no relation, in cell (iy,js)

it says got 1, which means i; can trigger risk for j,,

While in (iv,jo)

it says got 2 which means risk

mitigation i, fulfilled if only risk mitigation jg, Is done.

Table 2. Risk Mitigation

No Mitigation

Give space when setting and removing the scaffolding

Each of the setting scaffolding must be checked by the certificated Scaffolder

of the dangerous of the spilled paint

The work method is suited with the condition of the job, and give the socialization

4 Studying MSDS (material safety data sheet

The working method should follow SNI (Indonesian National Standard)
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3.1. Structural Self-interaction Matrix (SSIM)
The data of the relation among risk mitigation

in SSIM by converting number into the letter which

No

Mitigation

OSH Management Improvement

Isolate the the cable connection based on the PUIL 2000

Follow the standard of OSH for working in high place

The worker must have SKT (Technical Skill Certificate)

10 Provide railing and board for footing

11 Creating and obeying the lifting plan

12 Applying OSH in High Rise Building

13 Create the SOP

14 Create the SOP of cutting equipment
15 Sign located and workplace safety

16 Do Safety Morning and Safety Induction

says relation category (AVXO). The next is creating

Table 3. Reachability Matrix

with 0 and 1. The result can be seen in Table 3.

reachability matrix (RM), it is by changing SSIM into

binary matrix. It is replaces symbol V, A, X, and O

Variabe |1 |2 |3 |4 |5 |6 7 18 (9 |10 |11 (12 |13 |14 |15 |16 Driver
I Power
1 1/11]0 |1 |0 |0 0 |0 |0 |O 0 1 0 0 0 0 4

2 1/11]0 (1 |0 |0 0 |0 |0 |O 0 1 0 0 0 0 4

3 0 |0 |21 |21 |1 |0 0 |0 |1 |0 0 0 0 0 0 0 4

4 0 |0 |0 |21 |1 |1 0|1 |1 ]0 1 0 1 1 0 0 8

5 1]/0 |0 |0 |1 |0 111 |1 |0 1 1 1 1 0 0 9

6 1 /1 (1 (1 |1 |1 11 |1 |1 1 1 1 1 1 1 16

7 0 |0 |0 |0 |O |O 110 |1 |0 0 0 0 0 0 0 2

8 1]/11]0 |0 |0 |1 0|1 |1 ]0 1 1 0 0 0 0 7

9 1 /1|1 (0 |1 |1 1|12 |1 |0 1 1 1 1 1 0 13

10 0 |0 |0 |0 |0 |1 0|1 |0 |1 0 0 0 0 1 0 4

11 0 |0 |0 |0 |0 |1 0|0 |1 |0 1 1 1 1 0 0

12 1|1 |0 (0 |0 |1 0|1 |0 |1 1 1 1 1 1 0 10

13 0 |0 |0 |0 |0 |1 0 |0 |0 |O 0 0 1 1 0 0 3

14 0 |0 |0 |0 |0 |1 0 |0 |0 ]|O 0 0 1 1 0 0 3

15 0 |0 |0 |0 |0 |1 0|1 |0 |1 1 0 0 0 1 0 5

16 1 /1 (1 (1 |1 |1 1 /1 |1 |1 1 1 1 1 1 1 16
Depend 8| 7| 4| 6| 7| 11| 5| 9] 9 5 9 9 9 9 6 2

ence
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The next

Triangular Format) by arranging variable based on

is creating Conical

Matrix (Lower

Canonical Matrix will be helpful in making the

Digraph Structural Model. Canonical Matrix that has

the level in Reachability Matrix Final. This been arranged can be seen on Table 4.
Table 4. Canonical Matrix
Variabel |7 |9 |6 |13 |14 |11 1211 |1 |4 16 |5 8|3 15 | 10 | DP | Leve
|
7 0O |0 |0 |0 |O |O 1|10 (1|0 0 0 0|0 0 |0 2 |
9 1 (11 (0 |1 |1 1 (1 |10 1 1 1)1 1 0 13 | |
6 1 (1 (1 (1 |1 |1 1 (1 (1)1 1 1 1)1 1 1 16 | |
13 0O |0 |0 |O |0 |1 0 |0 |0]O 0 0 11 0 |0 3 1
14 0O |0 |0 |O0O |0 |1 0 |0 |[0]O 0 0 11 0 |0 3 il
11 0O |0 |0 |O |0 |1 0 |0 |1]O0 1 1 11 0 |0 6 v
12 1 (10 (0 |0 |1 0|1 |01 1 1 1)1 1 0 10 | IV
1 1]1 0 |1 |0 |O 0 |0 |0]O 0 1 0|0 0 |0 4 v
2 1110 |1 |0 |O 0 |0 |0]O 0 1 0|0 0 |0 4 \
4 O |0 |0 |1 |1 |1 0|1 |10 1 0 11 0 |0 8 \
16 1 ]1 |1 |1 |1 |1 1|11 (1|1 1 1 11 1 1 16 |V
S 1|0 |0 |0 |1 |O 1|1 (1|0 1 1 11 0 |0 9 \%
8 1110 |0 |0 |1 0|1 (1]O0 1 1 0|0 0 |0 7 VI
3 0|0 (1 |1 (1 |O 0 |0 |1]O0 0 0 0|0 0 |0 4 VI
15 0O |0 |0 |0 |0 |1 0O |1 (0]1 1 0 0|0 1 |0 5 VI
10 0O |0 |0 |O |0 |1 0 |1 (0]1 0 0 0|0 1 |0 4 VI
Depende 8| 7| 4] 6| 6| 11| 5| 9| 9 5 9 9 6
nce

The score of Driver Power gained from the sum of
scores in column horizontal j, while Dependence

Power gained from the sum of scores in vertical i.

3.2.

Driver Power Dependence Matrix

The next step is classifying the key variable

which is important to develop the program. Those

variables are divided into 4 parts, those are; driver,

linkage, autonomous, and dependent (Pfohl, 2011).

Dependence from those variables is in the Figure 1
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Fig. 1 Driver Dependent Matrix

Risk mitigation in 12, 4, 9, and 6 which is
located in quadrant IV have a high driver power, so
that this variable has power to influence other
variables in the system (Retno, 2013) and these
risk mitigation as a key factor in managing risk
events. These mitigations are: Applying standard of
OSH in High rise Building, Learning MSDS
(Material Safety Data Sheet), workers must have
the certificate SKT (Technical Skills Certificate) or
TSC (Technical Skill Certificate), Upgrading OSH
Management. While mitigation of giving space in
setting and removing the scaffolding. All the setting
of scaffolding must be checked by the certificated
officer. Working method must be suited with the
condition of worker and the socialization of the
dangerous of spilled paint, create and obey the
lifting plan, isolate the cable connection based on
the PUIL 2000. Those who are in quadrant Il has
low level of Driver Power so that these variables
have no power to influence other variables in the
system (Laili, 2014)

Quadrant I. Weak Driver-Weak Dependent
Variable (Autonomus), risk mitigation in this
guadrant has a relatively small or unrelated
influence (Mirah, 2014). Risk mitigation in quadrant
| that are: Create the SOP, Create the SOP of

cutting equipment, Sign located and workplace

safety, Provide railing and board for footing, Isolate
the cable connection based on the PUIL 2000

Quadrant 1I: Strong driver-strongly
dependent variable (linkage). Risk mitigation in this
position will support the success in addressing the
causes of OSH risk that may lead to risk events.
Where as if action is not taken from this risk
mitigation then the risk incident cannot overcome.
Risk mitigation in quadrant Ill that is work method
must follow SNI (Indonesian national standard),
Conduct Safety Morning And Safety Induction.
3.3.  Structured Hierarchy of OSH Risk

Mitigation

Preparation of hierarchical structure model
based on Driver Power and level. (Pfohl 2010), The
results of the study put the overall mitigation in 6
levels as shown in Figure 2. The hierarchy level
determination indicates the dependence between

mitigation at the lower level.
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Fig. 2 Structured Hierarchy Model of OSH Risk Mitigation

4, CONCLUSION

The ISM technique produces a structural
model of risk mitigation and a DP-D matrix to
interact the hierarchy and linkages between each
risk mitigation. The risk mitigation that should be
done in overcoming the work accident is by
applying the standard of OSH in the work of High
rise Building. Learning MSDS (Material Safety Data
Sheet), workers must have SKT (Technical Skill
Certificate), Upgrading OSH Management. By
having this risk mitigation, it is hoped that work
accident can be decreased and it can minimize the

risk (zero accident) for the construction workers.
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ABSTRACT

Determination of landing beach is the most important ability of Indonesian Marines Troop as an element of the
Landing Forces in order to carry out a special amphibious operation task to determine the ideal landing beach
location for the successful execution of the task. Requirements on the determination of ideal landing beaches
should be in accordance with predetermined parameters and serve as an important component in determining
the weighting value of landing beach selection criteria. This study aims to determine the location of landing
beaches by using Borda method combined into Analytic Hierarcy Process (AHP). The research stages started
from the determination of the value of the weight of the selection criteria and the value of the alternative weight
of the landing beach result of the analysis with Borda method then processed again in the framework of AHP
method arranged in the hierarchy model by performing pairwise comparison analysis to obtain the result of
landing beach selection which is logical and has an objective value in accordance with accurate data and is very
helpful for decision makers to solve multi-criteria problems. The result of the analysis with Borda method is
known that the physical properties of Hydro-Oceanography become the first sequence with the value of weight
of 0.207 followed by the criterion of reference point with the weight value of 0.193 in the second sequence and
the type of beach criterion with the weight of 0.171 on the third sequence. From the results of analysis with AHP
method can be seen that Beach 2 with a value of weight of 0.639 was chosen to be the most appropriate beach
location for amphibious landing operations. While for the second order is Beach 1 with a weight value of 0.259
and the third is Beach 3 with a weight of 0.101.

KEYWORDS : Amphibious Operations, Landing beach, Borda method, AHP method.

1. INTRODUCTION. faced by Indonesia in the eastern part of Indonesia

As an archipelagic country, especially in the
eastern part of Indonesia with its abundant natural
resources, it has not been optimally utilized so that
it is very vulnerable to illegal activities, such as
illegal fishing, illegal mining, illegal logging and
other illegal activities (Headquarter, 2017). World
Maritime Axis Policy issued by the President of the
Republic of Indonesia demands that Indonesia
should anticipate able to maintain security stability
in the jurisdiction of NKRI. For that reason it is

necessary a thought that can answer the problems

(Headquarter, 2017).

The expansion process in the Papua region
contributes well to establish Third of The Sea Area
Command and Marine Force in Sorong West Papua
due to infrastructure development(Headquarter,
2017), facilities and infrastructure of the local area
is getting better. In order to carry out the function of
empowering the marine defense area requires the
ability of sea defense and also the ability to
maintain all the natural resources potential (Brink,
2000).
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Understanding about the coastal
characteristics of Sorong especially related to
determination of landing beach is a should be for
landing troop element in order to carry out the task
of amphibious operation especially to determine the
ideal landing beach location (Headquarter,
2013)(Brink, 2000). Requirements to determinate
the ideal landing beach should be in accordance
with predetermined parameters (Brink, 2000) and
serves as an important component in determining
weight value of landing beach selection criteria (Koc
& Burhan, 2015).

By using Borda method which is combined
into AHP method, the research stage starts from
determination of the criteria weight value and the
alternative weight value (Velazques & Hestler,
2013) (Koc & Burhan, 2015). Analysis results with
the Borda method is then reprocessed in the AHP
framework which arranged in the hierarchical model
by performing pairwise comparison analysis, it is
processed in the form of a complete matrix with
consistency analysis (Koc & Burhan, 2015). So it is
expected to get the result of alternative landing
beach are logic and objective value in accordance
with accurate data and is very helpful for decision
makers to solve multi-criteria problems(Velasquez
& Hester, 2013).

The systematic study of this research is as
follows: Chapter 2 contains a literature review on
the definition of Amphibious Operations, landing
beach and basic theories which used for the Borda
and AHP methods. In chapter 3 the results and
discussion are presented and the last is chapter 4

conclusions.

2. LITERATURE REVIEW.
2.1. Amphibious Operations.

The amphibious operation is an attack
carried out from the sea by a naval unit and a
landing troop of the Indonesian Navy loaded in

ships and amphibious landing means and landed

on the beach or coastal potential of the enemy
(Headquarter, 2013).
2.2. Landing Beach.

The landing beach is part of the coastline
required for landing one Battalion of Landing Team
or equivalent unit (Staff, 2014). Beach landing can
also be part of a coastline that has tactical values,
such as a bay beach that can be used to land a
smaller entity than the Battalion of the Landing
Team (Headquarter, 2013). In landing beach
selection, some types of oceanographic data (Brink,
2000) should be given enough consideration so that
the Marines can safely carry out their landings
(Staff, 2014)(Brink, 2000). These types of data
include the concept of landing troop operations,
coastal capacity to maneuver amphibious landing
troops, coastal approaches, natural obstacles,
coastal backdrop traits, communications
infrastructure including railroads and weather and
other hydro-oceanographic data (Collins, 1998).

2.3. Borda Method.

Borda's method proposed by its founder
Jean Charles de Borda in the 18th century is one of
the methods used to determine the best alternative
of selected alternatives (Costa, 2017). Each
alternative decision-maker choice will be judged by
its weight based on its ranking. The greatest weight
is the best alternative for decision makers
(Mohajan, 2012) (Costa, 2017). The privilege of this
method can overcome the difficulties of other
methods where people or things that are not in the
first rank will be automatically eliminated (Ishida,
2017). The basic idea in Borda Method is by
assigning weight to each of the first rank, second
rank, and so on (Ishida, 2017).

2.4. AHP Method.

AHP method is a method of decision-
making analysis that applies pairwise comparison
theory to decision variables that become the main
criteria of decision as a derived element of the

predetermined objectives(Saaty, 2012) where the
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determination of the priority scale of these criteria
depends on the assessment of experts in order to
determine the alternative choice of solutions (Saaty,
2008).

3. RESEARCH METHODOLOGY.

3.1. Flowchart of Research.

| START I

Identification & Formulation of Problem

N4
Objective Formulation & Research Benefit

A 4

In this study is divided into four stages of
research activites are arranged sequentially
starting from the stage of identification, data
collection phase, analysis and data processing and
conclusions. Its can be seen as Figure 1. as follows
(Saaty, 1990) :

Identification Phase

Secondary Data > Collecting Data Process & Primary Data

Collecting Data Phase

Y

Criterias & Alternatives Weighting (Borda Method)

Analysis & Processing Data Phase

A

Criterias & Alternatives Weighting Matrix (AHP Method)

A

New Hierarchy Structure (Criteria Weight & Alternative Weight)

Y

Alternative Ranking (AHP Method)

L 4

Conclusion

Conclusion Phase

A 4

| FINISH I

Fig. 1. Flow Chart of Research.

3.2 Research Object.

This research focuses on the process of
choosing the ideal landing beach location analysis
so that the variables that become the main criterion

in landing beach location should be analyzed

according to the prepared method. The location of
the research was conducted at TPI Jetty of Sap
Papua West Papua (Figure 2) located at 01 ° 07
'34.71"S - 131 ° 13' 29.98" E (Headquarter, 2012).
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Sorong district of West Papua has an area
of 13,603.46 km2 which consists of land area of

845,71 km2 and an area of ocean 514.65 km?2
(Headquarter, 2012). .

RESEARCH
LOCATION =

Fig.2. Research Location Map.

3.3. Research Stages.

In this research, there are several stages of
data processing analysis using a combination of
two different methods where Borda method as the
initial determination of the criteria weighting value
and the alternative of landing beach selection
followed then next stage is the analysis of AHP
method which is used as the main framework of
decision maker system builder as well as

determining the value of alternative weighted value

through the process of pairwise comparison
analysis up to the final stages of the research
(Michela, 2015).
3.3.1. Determination of landing beach criteria
weight value.

The criteria of landing beach selection in
this research can be seen in table 1 as follows
(Collins, 1998):
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Table 1. Criteria for selection of landing beach (Collins, 1998).

INFLUENCE IN AMPHIBIOUS

NO | CRITERIA IDEAL PARAMETER
OPERATIONS
1 2 3 4
1 Type of Shorelines.
a. Straight shoreline. a. Influence on currents and waves. | Straight shoreline
b.Convex shoreline. b. Effect on the direction of the shot
c.Concave shoreline. the opposing coastal defense.
2 Composition of the seafloor.
a. Sand. Influence on surface manuver Sand.
b. Sand pabbles.
¢. Muddy sand.
d. Rocky gravel.
3 Coastal gradient.
a. Steep (gradient 1:15) a. Influence on determination of a. Moderate gradient.
b.Moderate (1:15 >gradient= 1:30) ship type & landing lifeboat. 1:15 > gradient = 1:30
c.Gentle (1:30 > gradient= 1:60) b. Influence on type of break wave b. Gentle gradient
d.Mild (1:60>gradient=1:120) in shallow water area 1:30 > gradient = 1:60
e. Flat (gradient > 1:120)
4 Physical hydro-oceanography
a. Effect on landing lifeboat and
a. Wave amphibious vehicle. a. spilling wave type.
b.To determinate type of lifeboat & | b.Semidiurnal and Mixed
b. Tidal amphibious vehicle to be used. Semidiurnal tidal type
c. Current c. Current parallel shoreline
velocity < 1 knots.
5 Back area of beach a. Influence on manuver of troops & | a. Flat with an elevated
amphibious vehicles. beach backdrop.
b. There is a ramp to the
b. Defence area for protection after rear of the beach.
landing.
Point of reference for landing Can. bea k.n.own terrain sign
6 beach. a. To help identification process forits position
about landing beach.
b. As a navigation mark when on
sea surface.
7 Coastal obstacles.
a. Influence in motion power of | Selected beaches which
a. Natural obstacles combat materials and troops minimum natural obstacle.
1 |2 3 4
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b. Artificial obstacles

b. Can make amphibious vehicle
and lifeboat become broken.

8 Beach access

Make easy to manuver for troops &

vehicle on landing beach.

Selected beach which have

enough total access.

Determination of the criteria weighting value was

analyzed by using Borda method after obtaining the

table of values of criteria ranking value from expert

choice as in table 2. below

Table 2. Obtaining the rating criteria (Costa, 2017).

NO | CRITERIA

RANK

1 2 3

1 CRITERIA 1

2 CRITERIA 2

3 CRITERIA 3

The determination of the ratio value for all rankings

is weighted across all criteria (R,) (Ishida, 2017):

n
Ri= Ry (1)
=

Determination of the weight value of each criteria

(Wy) (Ishida, 2017):
Ry

Z?ll Rl

Where:

R;: The sum of all rankings is weighted for all

W, = (2)

criteria 1.
R;;: The rankings are evaluated by j for the criteria
1.

W, : Weight criteria 1 for the evaluator n.

The steps for calculation with Borda method are as
follows (Mohajan, 2012):
a. Each decision maker assigns n-1 to first
choice criteria or alternative, n-2 for second
choice, n-3 for third option and so on up to
0 for last choice criteria or alternative
(Ishida, 2017).
b. The optional alternative with the highest
amount is the winner (Ishida, 2017).
3.3.2. Determination of alternative weighted
value of landing beach option.

Determination of the weight value of
landing beach alternative is also analyzed by Borda

method as in table 3 as follows (Ishida, 2017) :

Table 3. Obtaining the rating criteria (Mohajan, 2012).

NO | CRITERIA

RANK
1 2 3

1 ALTERNATIVE 1

ALTERNATIVE 2

ALTERNATIVE 3
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As for the determination of the weight value of each
alternative in the same process as the formula (1)
and (2).
3.3.3. Weighting matrix of criteria with AHP
Method.

In order to make a decision in the AHP
method it is necessary to process the problem with
the following stages (Saad, et al., 2016):

a. Create a hierarchy structure.

The multicriteria problem in AHP is
arranged in the form of hierarchy consisting of three
main components namely the main objectives,
assessment criteria and alternative choice (Koc &
Burhan, 2015). The structure of the hierarchy can
be illustrated as shown in Figure 3 following (Taha,
2007) :

GOAL

T

CRITERIA 1 CRITERIA 2

CRITERIA 3

CRITERIA 4

ALTERNATIVE 1

ALTERNATIVE 2

ALTERNATIVE 3

Fig. 3. Hierarchy structure (Taha, 2007).

b. Create a pairwise comparison matrix.
1) Pairwise comparison based on
Saaty Scale.
At this stage begin pairwise
comparison in order to determine the

weighting value of assessment criteria
based on the Saaty Scale as in table 4
below (Saaty, 2008) :

Table 4. Assessment of criteria weighting based on Saaty scale (Koc & Burhan, 2015).

Value Definition

Explanation

The same important

Slightly more important

Very important

Absolute is very important

1
3
5 More important
7
9
2

,4,6,8 Average

1/3,1/5,1/7,1/9
(Reciprocal)

The opposite of the value 1,3,5,7,9

When in doubt between two adjacent
values

If the value of A to B is 4 then the
value of Bto Ais ¥

2) Calculates the criteria weight
(priority vector).
Calculation of the value of criteria
weight by normalizing the matrix value of

pairwise comparison by dividing all matrix

values by the sum of each matrix
column(Triantaphyllou & Mann, 1995). After
that is done the calculation of the average

value of the sum in each line matrix
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according to the following formula (Saaty,
2008) (Triantaphyllou & Mann, 1995):

A= (aij)

1 w, /W, Wy /W,
_(wo/w 1 w, /W, 3)
VVn/Wl W;L/Wz e 1

The matrix value generated from the
process is the value of the priority vector
(Triantaphyllou & Mann, 1995).

3) Testing Consistency Ratio (CR).

At this stage tested the level of
consistency ratio of matrix comparison in
pairs of criteria assessment that has been
determined the value of weight criteria
(priority vector) (Triantaphyllou & Mann,
1995). If CR>0,1

comparison process should be repeated

then the pairwise
again until it gets results CR<0,1. CR value
is derived from the division between
Consistency Index (ClI) with Index Ratio (IR)
with the following calculation phases (Koc &

Burhan, 2015):

a) Determine A,,4s by
formula (Saaty, 2008):

[Ax = AnaresX] (4)
Where x is eigen vector value

the calculation

priority vector. After process (4) has

obtained from

obtained A,,,,s mMatrix and than

determine average value of 4,,4-

b) Determine Consistency
Index (CI) by formula
(Saaty, 2008):

Cl =imakery) (5)
Where:

Cl : Consistency Index.

Amaks - Average value ‘l—x

n :Total weight.

C. Determine CR value by

formula (Saaty, 2008):

=a
CR=" (6)
Where Index Ratio value
determined in accordance with

Table 5 as follows:

Table 5. Index Ratio (IR) (Saaty, 2008).

n 1 2 3 4 5 6 7

8

9

10 | 11| 12 13 | 14| 15

IR ]0,00]0,00]|0,58]0,90

1,121 1,2 1,3

1,4

15

1,4911,5111,48] 1,56 |1,57| 1,59

At this stage it should be ensured that CR values must be consistent (CR<0,1)

(Triantaphyllou & Mann, 1995).

4) Develop a new hierarchy complete
with criteria weight.
The preparation of a new hierarchy
is needed to reinforce the key assessment
be used in the next

the

criteria that will

weighting process e choice of

alternative  weighting  against  each
assessment criterion(Gorener, et al., 2012).
The preparation of the new hierarchy can
be seen as shown in Figure 4 following

(Triantaphyllou & Mann, 1995) :
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Goal

(Weight Value)
Criteria 1 Criteria 1 Criteria 1
(Weight Value) (Weight Value) (Weight Value)

Fig. 4. Hierarchy structure with weight value (Triantaphyllou & Mann, 1995).

5) Calculation of the value of
alternative weight for each criteria.
The calculation of the value of
alternative weight for each criterion is
needed in order to construct a pairwise

comparison matrix between the alternative

elements of choice in the operation of the
assessment criteria matrix(Yogi, et al.,
2017). This process carried out a number of
assessment criteria such as table 6 as

follows (Saaty, 2012) :

Table 6. Matrix Table of Assessment Criteria (Saaty, 2012).

Criteria Alternative 1 Alternative 2 Alternative 3 Alternative n
Alternative 1 1 .
Alternative 2 1
Alternative 3 1
1
Alternative n 1
6) Develop a new hierarchy complete values of the matched comparison matrix
with the value of the weighting results of all alternative alternatives in each
criteria and the value of alternative assessment criterion that will produce
weight. alternative weighting for each criteria
The preparation of a new hierarchy (priority vector). The preparation of the new
structure with the value of the criteria hierarchy can be seen in Figure 5 as
weight and the value of alternative weight is follows (Saaty, 2012) :
required in order to display the weight
Goal
(Weight Value)
I |
Criteria 1 Criteria 2 Criteria 3
(Weight Value) (Weight Value) (Weight Value)
Alternative 1:(weight) Alternative 1:(weight) Alternative 1:(weight)
Alternative 2 :(weight) Alternative 2 :(weight) Alternative 2 :(weight)
Alternatifve 3 :(weight) Alternatifve 3 :(weight) Alternatifve 3 :(weight)
Alternatifve n:(weight) Alternatifve n:(weight) Alternatifve n:(weight)

Fig. 5. Structure hierarchy with weight value (Saaty, 2012).
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c. Determine the preferred alternative ranking.
The determination of the optional
alternative rank corresponds to the following matrix
calculations (Saaty, 2012) (Triantaphyllou & Mann,
1995):

A1 Q12 W3] [k X
[am azz a23l[ll =[J’] (7)

az; a3z 0433l lm Z

In  determining the rankings in the

alternative option is done multiplication process
matrix of value

between alternative  weight

(Triantaphyllou & Mann, 1995) as the priority matrix

element with the matrix of the corresponding criteria
weighting value as the criteria weights element so
that the final priority value of the alternative matrix
is ready to be sorted according to the rank (Koc &
Burhan, 2015).

4. RESULT AND DISCUSS
4.1.

landing beach criteria.

Determination of the weight value of

From the results of data collection filling
guestionnaire of choice of experts filled by 10
experts according to their respective fields and
table 7 as follows

obtained data

Table 7. The result of filling the questionnaire of coastal criteria criterion

NO | CRITERIA RANK
I Il 1l v |V Vi VIL | VI
1 TYPE OF SHORELINE 1 |3 1 4 1
2 HYDRO-OCEANOGRAPHY 3 |3 3 1
3 COASTAL GRADIENT 1 3 3 1 2
4 COMPOSITION OF SEAFLOOR |1 |1 2 1 4 1
5 POINT OF REFERENCE 4 |2 2 1 1
6 BACK AREA OF BEACH 1 |1 1 4
7 COASTAL OBSTACLES 1 1 3 4 1
8 BEACH ACCESS 1 1 4

a. Determination ratio value for all of ranking

in all criteria (R,):

R, = Z Ry
j=1

R.=[(1x7) + (3x6) + (1x5) + (4x4) + 0 +
(1x2) + 0 + 0]+ [(3x7) + (3x6) + (3x5) +
(1x4) + 0+ 0+ 0+ 0]+[0+ 0 + (1x5) +
(3x4) + (3x3) + 0 + (1x1) + O]+[(1x7) +
(1x6) + (2x5) + (1x4) + (4x3) + (1x2) +
0+ 0]+[(4x7) + (2x6) + (2x5) + 0 +
(1x3) + 0 + (1x1) + O]+[(1x7) + (1x6) +
0+0+ (1x3) + (4x2) + 0 + 0]+[(0+ 0 +
(1x5) + (1x4) + 0 + (3x2) + (4x1) +

0]+[(0+ 0 + 0+ 0 + (1x3) + (1x2) +
(4x1) + 0]

Ry= 48+58+27+41+54+24+19+9
R,= 280

b. Determination criteria weight value (W, ):
R,
Zﬁl Rl
W =[(1x7) + (3x6) + (1x5) + (4x4) + 0 +
(1x2) + 0 + 0]/280
W, = 48/280=10,171

W]_:
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W,=[(3x7) + (3x6) + (3x5) + (1x4) + 0 +
0+0+0/280

W,=58/280 = 0,207

W,=[0+ 0+ (1x5) + (3x4) + (3x3) + 0 +
1x1+0/280

Wy=27/280 = 0,096

W,=[(1x7) + (1x6) + (2x5) + (1x4) +
4¥3+1x2+0+01280
W,= 41/280 = 0,146

We=[(4x7) + (2x6) + (2x5) + 0 + (1x3) +
0+(1x1)+01280
Ws=54/280 = 0,193

We=[(1x7) + (1x6) + 0+ 0 + (1x3) +
(4x2) + 0 + 0]/280
W,=24/280 = 0,086

Wo=[(0+ 0 + (1x5) + (1x4) + 0 + (3x2) +
4x1+0/280
W,=19/280 = 0,068

We=[(0+0+0+0+ (1x3) + (1x2) +
4x1+0/280
W5=9/280 = 0,032

c. The ranking sequence of landing beach

selection criteria in Table 8 below:

d.
Table 8. The sequence of landing beach selection criteria
RANK WEIGHT

NO | CRITERIA I in | m v |V | VI Vil | vill | VALUE LEVEL
1 TYPE OF SHORELINE 113 |1 4 1 0,171 3

2 HYDRO-OCEANOGRAPHY 3 (3 |3 1 0,207 1

3 COASTAL GRADIENT 1 3 3 1 2 0,096 5

4 COMPOSITION OF SEAFLOOR |1 |1 |2 1 4 |1 0,146 4

5 POINT OF REFERENCE 4 2 1 1 0,193 2

6 BACK AREA OF BEACH 1|1 1|4 3 0,086 6

7 COASTAL OBSTACLES 1 1 3 4 1 0,068 7

8 BEACH ACCESS 1)1 4 0,032 8

4.2. Determination of alternative weighted a. Determination of the ratio value for all

value of landing beach option.

The data was filled by 10 experts who filled
in the alternative questionnaire table landing beach
selection and obtained the results as in table 9 as

follows :

Table 9. Results of filling questionnaires for

alternative beaches

NO | CRITERIA RANK

| ] n
1 BEACH 1 4 |3
2 BEACH 2 3 6 1
3 BEACH 3 3 1

weighted rankings (R,):

n
R]_ = ZRU
j=1

R =[(4x2) + (3x1) + 0]+[(3x2) + (6x1) +
0]+[(3x2) + (1x1) + 0]

Ry= 11+12+7

R,=30

b. Determination of the weight value from

each criterion (W, ):

R,
er;ll Rl
W, =[(4x2) + (3x1) + 0]/30

W]_:
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W, = 11/30 = 0,367 W, = [(3x2) + (1x1) + 0]/30
W,=7/30 = 0,233
W,=[(3x2) + (6x1) + 0]/30

w,=12/30=0,4 c. The

beaches alternative in Table 10. follows:

ranking sequence of landing

Table 10. Alternative ranking sequence of landing beach selection

RANK WEIGHT
NO | CRITERIA | " " VALUE LEVEL
1 BEACH 1 4 |3 3 0,367 2
BEACH 2 3 6 1 0,4 1
3 BEACH 3 3 1 6 0,233 3

4.3. Matrix weighting criteria with AHP Method.

a. Create a hierarchy structure.

LANDING BEACH
CHOICE

TYPE OF
SHORELINE

HYDRO
OCEANOGRAPHY

COASTAL
‘GRADIENT

COMPOSITION OF
SEAFLOOR

POINT OF
REFERENCE

BACK AREA
OF BEACH

COASTAL
OBSTACLES

BEACH
ACCESS

BEACH 1

Fig. 6. Hierarcy structure
b. Determine pairwise comparison matrix. helpful decision maker to determine the numbers in
The ranking sequence of weighted criteria pairwise comparison matrix with Saaty scale like
by Borda method in the previous stage makes the table 11. below :

basis of determining preference at this stage so it is

Table 11. Criteria pairwise comparison matrix

NO CRITERIA TYPE OF HYDRO- COASTAL | COMP. POINT BACK AREA | COASTAL BEACH

SHORELINE | OCEANOGRAPHY | GRADIENT [ SEAFLOOR [ REFERENCE| OF BEACH | OBSTACLES | ACCESS
1 |TYPE OF SHORELINE 1 0,333333 2 0,5 0,333333 3 4 5
2 |HYDRO-OCEANOGRAPHY 3 1 4 3 2 5 7 9
3 |COASTAL GRADIENT 0,5 0,25 1 0,5 0,333333 2 3 5
4 |COMPOSITION OF SEAFLOOR 2 0,333333 2 1 0,333333 3 4 5
5 [POINT OF REFERENCE 3 0,5 3 3 1 4 5 7
6 |BACK AREA OF BEACH 0,3333333 0,2 0,5 0,333333 0,25 1 2 3
7 |COASTAL OBSTACLES 0,25 0,142857 0,3333333 0,25 0,2 0,5 1 2
8 [BEACH ACCESS 0,2 0,111111 0,2 0,2 0,142857 0,333333 0,5 1
JUMLAH 10,283333 2,870634921 | 13,033333| 8,783333 | 4,5928571 | 18,83333333 26,5 37
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c. Determine priority vector.

Priority vector is generated from 2 stages of

calculation, the first step is to normalize the value of

each pairwise comparison matrix column and then

the second stage is to calculate the average of the

sum of each matrix row. The normalization result

matrix and priority vector can be seen in table 12:

Tabel 12. Priority vector

d. Test Consistency Ratio (CR).

If CR > 0,1 then the pairwise comparison

process should be

repeated again until

it is

MATRIX A X AX :‘&7’)‘0
1 0333 |2 0,5 0333 |3 4 |s| 01177 | 0972 | 8254
3 1 4 3 2 5 7 |9| 031212631 | 8430
0,5 025 |1 0,5 0333 |2 3 |5 | 00871|0708 | 8129
2 0333 |2 1 0333 |3 4 |s| 013701158 | 8451
3 0,5 3 3 1 4 s | 7| 02307198 | 8590
0333 |02 0,5 0333 |025 |1 2 | 3| 005530448 |8100
025 |0143 |0333 |025 |02 05 1 | 2| 0032] 0295 |8151
0,2 0111 |02 02 0143 | 0333 |05 | 1| 00239019 | 8219

TOTAL= | 66,325
AVERAGE = | 8,291

obtained CR <0,1. Determine A,,,,s by formula:

[Ax = A,,.ksx] ;where X is the eigenvector.

Table 13. Table of 1,,4,s Matrix

NO CRITERIA TYPE OF HYDRO- COASTAL | COMP. POINT BACK AREA | COASTAL | BEACH |[PRIORITY
SHORELINE | OCEANOGRAPHY | GRADIENT | SEAFLOOR [REFERENCE| OF BEACH | OBSTACLES [ ACCESS | VECTOR
1 [TYPE OF SHORELINE 0,0972447 0,11611833 0,1534527 0,056926 | 0,0725765 | 0,159292035 | 0,1509434 |0,135135| 0,1177
2 |HYDRO-OCEANOGRAPHY 0,2917342 0,34835499 0,3069054 | 0,341556 | 0,4354588 | 0,265486726 | 0,26415094 | 0,243243| 0,3121
3 |COASTAL GRADIENT 0,0486224 | 0,087088748 |0,0767263 0,056926 | 0,0725765 | 0,10619469 | 0,11320755 | 0,135135| 0,0871
4 |COMPOSITION OF SEAFLOOR | 0,1944895 0,11611833 0,1534527 0,113852 | 0,0725765 | 0,159292035 | 0,1509434 |0,135135| 0,1370
5 |POINT OF REFERENCE 0,2917342 | 0,174177495 0,230179 | 0,341556 | 0,2177294 | 0,212389381| 0,18867925 | 0,189189( 0,2307
6 |BACK AREA OF BEACH 0,0324149 | 0,069670998 |0,0383632 0,037951 | 0,0544323 | 0,053097345( 0,0754717 | 0,081081| 0,0553
7 |COASTAL OBSTACLES 0,0243112 | 0,049764999 |0,0255754( 0,028463 | 0,0435459 | 0,026548673 | 0,03773585 | 0,054054| 0,0362
8 |BEACH ACCESS 0,0194489 0,03870611 0,0153453( 0,02277 | 0,0311042 | 0,017699115 | 0,01886792 | 0,027027 | 0,0239

TOTAL 1 1 1 1 1 1 1 1

Consistency Index (Cl) obtained by formula:
Cl = (Apaks —)/(n — 1)
CI = (8,291-1)/(8-1) = 0,291/7 = 0,04186.
Consistency Ratio (CR) testing:

Table 14. Table of Index Ratio (IR)
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n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
IR 0,00|0,00{0,58(0,90(1,22y 1,2 1,3 14| 15]1,49(1,51]1,48] 1,56 |1,57] 1,59
CR = CI/IR (n=8) e. Develop a new hierarchy structure
CR= 0,0416/1,41 = 10,0295 (CR<0,1 so based on the criteria weighting value.
consistent).
Tabel 15. Criteria weight matrix
NO | CRITERIA WEIGHT
1 TYPE OF SHORELINE 0,1177
2 HYDRO-OCEANOGRAPHY 0,3121
3 COASTAL GRADIENT 0,0871
4 COMPOSITION OF SEAFLOOR 0,1370
5 POINT OF REFERENCE 0,2307
6 BACK AREA OF BEACH 0,0553
7 COASTAL OBSTACLES 0,0362
8 BEACH ACCESS 0,0239
LANDING BEACH
CHOICE
1,0000
TYPE OF HYDRO COASTAL COMPOSITION OF POINT OF BACK AREA COASTAL BEACH
SHORELINE OCEANOGRAPHY GRADIENT SEAFLOOR REFERENCE OF BEACH OBSTACLES ACCESS

0,1177

0,3121

0,0871 0,1370

0,2307

0,0553

0,0362

0,0239

Fig. 7. New Hierarcy structure with criteria weight
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f.  The result of calculating alternative weight values for each criteria.

1. TYPE OF SHORELINE 2. HYDRO-OCEANOGRAPHY

TYPE OF PRIORITY HYDRO- PRIORITY
NORMALIZIED MATRIX NORMALIZIED MATRIX
SHORELINE BEACH 1| BEACH 2BEACH 3 VECTOR OCEANO BEACH 1 | BEACH 2 | BEACH 3 VECTOR
BEACH 1 1 0,25 4 0,190]0,167(0,444] 0,267 BEACH 1 1 0,2 5 0,161] 0,149 0,385| 0,232
BEACH2| 4 1 4 |o,762[0,667]0,444] 0,624 BEACH2| 5 1 7 |0,806] 0,745]| 0,538] 0,697
BEACH3| 0,25 | 0,25 1 |o,048|0,167[0,111| 0,108 BEACH3| 02 |[o0,142857] 1 |0,032]0,106|0,077| 0,072
TOTAL| 5,25 1,5 9 1 1 1 TOTAL| 6,2 1,342857 13 1 1 1
3. COASTAL GRADIENT 4. COMPOSITION OF SEAFLOOR G.
COASTAL PRIORITY COMP. OF PRIORITY
NORMALIZIED MATRIX NORMALIZIED MATRIX
GRADIENT |BEACH 1| BEACH 2|BEACH 3 VECTOR sEAFLOOR | BEACH L | BEACH2 | BEACH3 VECTOR
BEACH1| 1 [033333] 3 ]o,231]/0,200{0,429] 0,286 BEACH1] 1 |0333333] 3 [0,231]/0,211{0375] 0,198
BEACH?2| 3 1 3 [0,692[0,600]0,429] 0,574 BEACH2| 3 1 4 |0,692|0,632[0,500] 0,608
BEACH3] 0,3333[0,33333] 1 [0,077[0,200[0,143] 0,140 BEACH 3| 0,333333] 0,25 1 |o0,077]0,158]0,125] 0,120
TOTAL| 4,3333 | 1,66667 7 1 1 1 TOTAL| 4,333333] 1,583333 8 1 1 1
5. POINT OF REFERENCE 6.BACK AREA OF BEACH
POINT OF PRIORITY BACK AREA PRIORITY
NORMALIZIED MATRIX NORMALIZIED MATRIX
REFERENCE | BEACH 1| BEACH 2[BEACH 3f No VECTOR oFBEacH | BEACH 1| BEACH2 | BEACH3 | No VECTOR
BEACH1| 1 0,25 5 [0,192]0,279]0,385] 0,252 BEACH1| 1 0,5 2 |0,286]0,273]0,333] 0,297
BEACH2| 4 1 0,769]0,718/0,538| 0,675 BEACH2| 2 1 3 |o571] 0,545]| 0,500 0,539
BEACH3| 0,2 [0,14286 0,038]0,103[0,077] 0,073 BEACH3| 05 [0333333] 1 [0,143[0,182]0,167] 0,164
TOTAL| 52 [1,39286| 13 1] 1] 1 ToTALl 35 [1,833333] 6 1 1 1
7. COASTAL OBSTACLES 8. BEACH ACCESS
COASTAL g6 p ch 1| BEACH 2| BEACH 3| NormaLZIED maTRix | PRIORITY BEACH | BEACH 1 | BEACH 2 | BEACH3 | NoRMALZEED MaTRix | PRORITY
OBSTACLE VECTOR ACCESS VECTOR
BEACH1| 1 0,5 3 [o,300{0,250]0,500] 0,350 BEACH1| 1 0,5 2 |0,286] 0,250] 0,400] 0,312
BEACH?2| 2 1 2 |o,600[0,500]0,333] 0,478 BEACH2| 2 1 2 |o571] 0,500 0,400 0,490
BEACH3[ 0,3333] 05 1 [o,100]0,250[0,167] 0,172 BEACH3] 05 0,5 1 [0,143]0,250]0,200] 0,198
TOTAL| 3,3333 2 6 1 1 1 TOTAL 3,5 2 5 1 1 1
The new hierarchy arrangement is complemented by the criteria and alternative weights.
LANDING BEACH
CHOICE
1,0000
TYPE OF HYDRO COASTAL COMPOSITION OF POINT OF BACK AREA COASTAL BEACH
SHORELINE OCEANOGRAPHY GRADIENT SEAFLOOR REFERENCE OF BEACH OBSTACLES ACCESS
0,1177 0,3121 0,0871 0,1370 0,2307 0,0553 0,0362 0,0239

Beach 1: 0,267
Beach 2: 0,624
Beach 3: 0,108

Beach 1: 0,232
Beach 2: 0,697
Beach 3: 0,072

Beach 1: 0,286
Beach 2: 0,574
Beach 3: 0,140

Beach 1: 0,272
Beach 2: 0,608
Beach 3: 0,120

Beach 1: 0,252
Beach 2: 0,675
Beach 3: 0,073

Fig. 8. New hierarcy structure with criteria and alternative weights.

g. Determine the preferred alternative

ranking (Final Priority).

Beach 1: 0,297 Beach1:0,350 Beach1:0,312
Beach 2: 0,539 Beach 2:0,478 Beach 2: 0,490
Beach 3: 0,164 Beach3:0,172 Beach 3: 0,198

The calculation of priority matrix with the

criteria weight can be seen in the following matrix

A1 Q12 i3] [k x multiplication:
QAz1 QApp A3 |1 =y
a3 Q3z A3zl lm z
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10,11777
0,3121

0,0871
0,1370 [0,259]

0,2307 Priority Matrix
0,0553 -

0,0362
10,0239

Then we get the result of alternative choice of
landing beach based on the value of weight on
matrix final priority:

Tabel 16. Final result from rank of beach

PRIORITY | FINAL

MATRIX | PRIORITY RANGKING
BEACH1 | 0,259 2

BEACH2 | 0,639 1

BEACH3 | 0,101

The ranking results show that Beach 2 is the first
rank, Beach 1 is the second rank and the last is
Beach 3.

5. CONCLUSION
Based on the results of research conducted

through data analysis conducted obtained the

following results:
a. The result of the analysis with
Borda method on the determination of the
criteria rank and the landing beach
alternative choice is known that the physical
properties of Hydro-Oceanography become
the first sequence with the value of weight
of 0.207 followed by the criterion of
reference point with the weight value of
0.193 in the second sequence and the type
of beach criterion with the weight of 0.171
on the third sequence. As for the other
criteria in order of rank that has been
presented complete with the value of each

weight. The results of this analysis can be

0,624 0,697 0,574 0,608 0,675 0,539 0478 0,49
10,108 0,072 0,140 0,120 0,073 0,164 0,172 0,19

0,267 0,232 0,286 0,272 0,252 0,297 0,350 0.3133ed as a basis of preference for the
0

ecision maker in determining the
preference of the next stage.
b. From the results of analysis with
AHP method  Final Priority  2ach 2 with
a value of weight of 0.639 was chosen to be
the most appropriate beach location for
amphibious landing operations. While for
Criteria Weight r is Beach 1 with a weight
value of 0.259 and the third is Beach 3 with
a weight of 0.101.
C. The integration between the Borda
and AHP methods is well worth using in
solving the landing beach location problem
in amphibious operations where in the early
stages of processing and data analysis the
Borda method is able to provide preference
support for decision makers to analyze data
at a later stage (AHP) according to the
stage of the process so that the results of
the resulting alternative rankings are logical
and objective.
d. In  determining ideal landing
beaches to carry out amphibian operations,
there is a need for an analysis of the
components to be used as the main
criterion for selecting and alternating

landing beach options that are multi-criteria.
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Abstract

The Navy as a defense and security force has its combat equipment and its supporting facilities projected within
the Integrated Fleet Weapon System (SSAT) with several components consists of KRI, marines, aircraft and
bases. One of the KRI's strengths is the submarine where the current condition is over 30 years old resulting in
the decrease of combat and cruising power. In order to improve the capabilities of submarine warfare, the Navy
has made new procurement and extension of submarine life, the constraint in extending its life span is the
discharged battery life of the submarine. This paper described the selection of submarine batteries in the
extended life of the ship by using the Analytic Network Process method to determine the value of the priority
weight of the alternative management system attributes based on the criteria. The results of the research was
alternative submarine batteries. The chosen one was KSB SEBANG made in Korea with a priority weighting
value of 0.474. Priority types of battery were Durability with weight of 0.201, 0.143 as operational weight, 0.129
as maintenance weight, 0.122 of spare part convenience weight, 0.115 as complexity weight, 0.110 as power

weight, 0.076 as power weight, 0.071 as reliability weight and 0.033 as dimension weight.

Keywords: Battery, Submarine, Analytic Network Process.

6. INTRODUCTION. submarine warfare, the Navy has made new

The Navy as a defense and security force
has its own combat tools and supporting facilities in
the Integrated Fleet Weapon System (SSAT)
consists of KRI, marines, aircraft and bases. The
arrangement of the Navy's combat strength is
aimed at achieving a minimum essential force
(MEF), which means a capability designed force to
face threats in order to guard and protect the
sovereignty of the state, the Republic of Indonesia
Unity and the safety of the entire nation with the
assumption that possible risks is greater than the
designed capabilities.

One of the KRI's strengths is the submarine.
The current condition of the submarine is over 30
years old. So, the combat and cruising power is
decreased. In order to improve the capabilities of

procurement and extension of submarine life. The
constraint in the extended life span is the
submarine battery itself, where current batteries are
depleted and outdated in the latest technology,
reducing the submarine's movement.

A more compatible battery replacement was
required to be able to perform the technological
functions of submarine batteries that have been
depleted. This paper aimed to provide an
explanation of the submarine batteries selection as
a new replacement in the ship using Analytic
Network Process method to determine the value of
the priority weight of alternative management
system attributes based on the criteria prepared.

An ANP method is a mathematical theory
that allows a decision maker to deal with dependent
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factors and systematic feedback. ANP is the latest
method of multi-criteria decision making that is able
to explain systematic interaction especially
problems in supply chain strategy. ANP was
developed to overcome the weaknesses of AHP
that allows modeling problems in the form of
Network. ANP is a method of solving an
unstructured problem and the dependence of
relationships between elements, permitting the
interaction and feedback of elements in the cluster
(inner dependence) and between clusters (outer
dependence).

In decision-making, the ANP method has
several advantages including its ability to assist
decision makers in measuring and synthesizing a
number of factors in the hierarchy or network,
making it more general and more applicable to
various qualitative studies (Nguyen et al 2014) .

Some of international journal were used in
this study. The title of article journals used were
described as follow, The Theoritical Structure of
Fuzzy Analytic Network Process (FANP) with
Interval Type-2 Fuzzy Sets (Senturk, et al., 2016).
Designing a Decision Support System to Evaluate
and Select Supplier Using Fuzzy Analytic Network
Process (Razmi, et al., 2009). An Analytic network
Process Model for Financial-Crisis Forecasting
(Niemiraa & Saaty, 2004). A Hybrid Approach for
Fuzzy Multi-Attribute Decision Making in Machine
Tool Selection with Consideration of The Interaction
of Attributes (Nguyen, et al.,, 2014). Analytic
Network Process (ANP) Approach for Product Mix
Planning in Railway Industry (Toroudia, et al.,
2016). Applying Fuzzy Analytic network Process in
quality Function Deployment Model (Afsharkazemi,
et al.,, 2012). An analytic network process-based
approach for location problems:the case of a new
waste incinerator plant in the Province of Torino
(Italy) (Bottero & Ferretti, 2011). Location selection
for the construction of a casino in the greater
London region (Ishizaka, et al., 2013). An ANP

based TOPSIS approach for Taiwanese service
apartment location selection (Chang, et al., 2015).
Selection of non-traditional machining processes
using analytic network process (Das & Chakraborty,
2011). Fundamentals of the analytic network
process (Saaty, 1996). A fuzzy ANP approach to
shipyard location selection (Guneri, et al., 2009).
Fuzzy group decision-making for facility location
selection (Kahraman, et al., 2003). Selection of the
optimal tourism site using the ANP and fuzzy
TOPSIS in the framework of Integrated Coastal
Zone Management: A case of Qeshm Island
(Morteza, et al., 2016). Supplier Selection: A Fuzzy-
ANP Approach (Dargi, et al., 2014). Cutting tool
material selection using grey complex proportional
assessment method (Maity, et al., 2012). An
integrated fuzzy synthetic evaluation approach for
supplier selection based on analytic network
process (Pang & Bai, 2013). Application of fuzzy
analytic network process for supplier selection in a
manufacturing organisation (Vinodh, et al., 2011).

Benefits of performing this studies was to
provide a basic alternative decision-making to
stakeholders in the selection of submarine
batteries in the extended life of use.

This paper presented systematics flow as
follows, part 1 was Introduction, part 2 was the
material and methodology used, part 3 was results

and discussion, section 4 was the conclusion.
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METHODOLOGY
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Fig. 1 Research Flow Chart

2.1. Initial Observation.

Initial observation was a preliminary
activity of the research implementation to
find ideas of research held by researchers,
because of that the results of this research
can be implemented and useful in solving
problems faced by the students.
2.2. Identification and Problem
Formulation.

After the preliminary observation,
problem identification was subsequently
performed. It would be used as research
material in this study which was the
selection of compatible Submarine batteries
to support the essential tasks as Striking
Forces Submarine in Navy Fleet.

2.3. Objective of The Study.

The next stage was to determine the
purpose of this research which was to get a
model to select the submarine batteries.
2.4, Literature Study.

In solving the problems, this study used of
decision making theory basis using ANP (Analytic
Network Process) to analyze the qualitative and
guantitative criteria. Meanwhile, the supporting
reference was a strategic policy of the Navy that
had relevance about the election of compatible
Submarine batteries.

2.5. Field Study.

Literature studies were performed to study
the various theories that support the research.
Some sources of literature study were reference
books, Scientific Journals and similar research that
discusses the concept of Multi Criteria Decision
Making MCDM and Analytic Network Process
(ANP). Field study conducted at KRl Nanggala 402
Submarine Command Unit Head of Eastern Fleet
Command, PT. PAL Surabaya, School Submarine
at Kobangdikal and STTAL. The objective was to
find out the current state of the submarine battery
and the conditions of alternative batteries that
would serve as a substitute for references and
Brainstroming with the experts.

2.6. Criteria

Selecting Submarine Batteries.

Determination for

Determination of criteria in the
selection of available and compatible
submarine batteries obtained by
brainstorming with battery energy experts
from PT. PAL Surabaya, and expert/user
such as Commander and Head of Machine
Department in KRI Cakra 401, Commander
and Head of Machine Department in KRI
Nanggala 402, Commander of Koarmatim
Submarine  Unit, Submarine  School
Commandant and STTAL Officer with
submarine as their research concentration.
The minimal initial criteria that were
compatible for the selection of submarine
batteries were mentioned as follows:

a. Weight, or the weight of submarine

battery.
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b. Dimension, or the size of submarine

battery.

C. Reliability of submarine battery.

d. Power resulted from submarine
battery.

e. Spare Part Convenience.

f. Maintenancebility, or the convenience

in maintaining Submarine battery
g. Operational of submarine battery.
h. Durability of the submarines.
i. Complexity  against all  vessel
propulsion system.
Those criteria were initial criteria
that  would be developed after
brainstorming with experts was performed.
2.7. Data Collection and Processing.
The next step was data collection
and processing. The data were collected
from the documents and interviews with
Experts as mentioned above. These data
include data on the influence factors of
battery type and battery characteristics
selection. The collection of data based on
the collecting way were called primary data
and secondary data. Primary data obtained
from the data collection through filling
guestionnaires and  interviews  with
correspondents who were decision makers
and experts about Submarine. Secondary
data was obtained from the results of the
study or reference book related to criteria
and alternatives.

Data processing data were
performed by calculating relationship extent
of a criterion using ANP Method. The
results would be recorded in the program
model, then will be processed using the
software Superdecision.

2.8. Implementation.
Weighting results from each criterion were

obtained from the data processing. It will be

implemented to the real condition of submarine

battery selection.

2.9. Interpretation and Analysis.

The analysis of data obtained from data
processing was performed. This analysis was
focused on the results of the weighting and ranking
obtained in data processing.

2.10. Conclusion and Recommendation

In this final section, a thorough conclusion
was drawn based on the results obtained to solve
the problems that had been formulated upfront. The
recommendation was an input to the Leader in the
form of a suitable alternative and compatible battery
for submarines to replace old batteries that had

been expired.

3. RESULT AND DISCUSSION.

Steps of data collection needed in this
research would be explained at this stage. The data
collection was determination of submarine batteries
criteria and modeling of network ANP along with
analysis and discussion.

3.1. Criteria and Alternatives Determination.

Alternatives and Criteria used for submarines
battery collection was obtained from brainstorming.
Based on the results of interviews and
brainstorming with experts and literature studies
that had been implemented, the criteria had been
arranged and described in Table 1 along with the

alternatives that would be presented in Table 2.

Table. 1 Criteria Used

Raised Definition/Assessment
No. o

Criteria Parameter

Operational Requirements  related to

Requirements | usage operational of

(Opsreq) submarines battery

Technical Technical Requirements

Requirements | related to design and
(Techreq) specification of submarines
battery
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Table. 2 Alternatives Used

. VARTA BZM HAGEN KSB SEBANG
No. |Requirements (Jerman) (Jerman) (Korea)
I Operational Requirements (Opsreq)
1 |Operational \ \
2 |Complexity \ \ \
3 |Maintanancebility N \ \
4 |Spare Part Convenience N \ \
I Technical Requirements (Techreq)
1 |Weight 480 cell x59 kg ¥V [480cell x 61kg YV [480cell x55kg V
2  |Dimension 1 cell 133x29x45 cmV  [145x30x45 cmV  [130x25x45 cmy
3 |Power 1,5-2,7V,200 AV [1,5-2,5V,200 A\ [1,5-3V,220 AV
4  |Reliability \ \ V
5  |Durability 10-12 thV 9-11 thy 10-15 thV

Notes: V Met the requirements for submarines.

The alternatives shown in Table 2 were the
results of Brainstroming about Battery Submarines
that had met all
requirements. The criteria mentioned in Table 3.1

operational and technical

was subcriteria that had been reviewed by experts
in which the Operational Requirements (Opsreq)
criteria had 4 (four) subcriteria while for Technical
Requirements (Techreq) criteria had 5 (five)
subcriteria. In Table 3 and Table 4 was a brief

description of each subcriteria of the two criteria.

Table. 3 Sub-criteria on Operational Requirements

(Opsreq) Criteria.

Table. 4 Sub-criteria on Technical Requirements

(Techreq) Criteria

Subcriteria | Definition/Assessment
No. .
Raised Parameter
1 Weight Battery weight that affects
overall stability and speed of
submarine
2 Dimension Dimension/battery size that
affects overall stability and
speed of submarine.
3 Power The system and the amount

of power that can be
generated and integrated
with populsion and electrical
system of submarine.

4 Reliability

Battery reliability at critical
times required including
reliability of supporting
components.

Subcriteria Definition/Assessment
No. .

Raised Parameter
1 Operational Operational convenience of

how to use the battery from
start until finish.

5 Durability

Durability and battery life in
normal maintenance
condition.

2 Complexity The complexity condition of
the battery system that was
capable of working with
other systems in the
submarine includes trouble

shooting convenience.

The description was summarized in Table 5 below:

Table. 5 Criteria dan Sub-criteria Selection

Convenience of care and
maintenance period.

3 Maintanance

Convenience to obtain
component/spare part for
repairing and maintenance.

4 Spare part
convenience

Submarine.
No. | Sub-criteria Criteria
1 Operational
2 Complexity Operational
3 Maintanance Requirements
4 | Spare part (Opsreq)
convenience
5 Weight
6 Dimension Technical
7 Power Requirements
8 Reliability (Techreq)
9 Durability
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3.1.2. The Making of ANP Model Network.
After determining the assessment criteria,

then the ANP hierarchy model as shown in Figure 2

was arranged.

CRITERIA / \
Operation ‘ Complexity ‘ Maintenance ‘ Spare Part Weight ‘ Dimension Power ‘ Rellability ‘ Durability ‘
- o~ T~ -~ il T 4 —

Fig. 2 ANP Hierarchy Model.

Based on the concept of existing models, a
model using Super Decisions software was created
to identify the existence of relationships that affect
logically. There were 9 (nine) sub-criteria that were
grouped into 2 cluster criteria: Operational
Requirements (Opsreq) and Technical
Requirements (Techreq) which had 5 (five) sub-
criteria plus 1 (one) Goal. In Figure 3, a Network
ANP model using Super Decisions software would

be described.

L

OPERATION < » WEIGHT
COMPLEXITY DIMENSION
MAINTENANCE POWER

SPW RELIABILITY

DURABILITY

VARTA BZM HAGEN KSB SEBANG

Fig. 3 ANP Model Network using Super Decisions.

The arrows in Figure 3 showed that there
was effect. The base of the arrow means that the
cluster had effect, while the arrow direction means
the cluster that was affected. For example, the
elements in Opsreq affected the Alternatives cluster
in Figure 3. While the two-way arrow showed the
relationship of mutual influence between two
clusters or the intended element (feedback). In
Figure 3, the two-way arrows on the Opsreq and
Techreq clusters indicated that the Opsreq cluster
affected the Techreq cluster and vice versa, the
Techreq cluster affect Opsreq cluster.

3.1.3. Innerdependence and Outerdependence
Relationship

In the ANP network model there were a
whole of innerdependence and outerdependence of
the clusters and elements in it. The arrows in the
picture were the influence, the base of the arrow
means the element of the affected criterion, while
the incoming arrow means that the element of the
criterion that influences. Relationships that occur in
determining the relationship innerdependence and

outerdependence was the result of brainstorming
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according to the experience of experts as
experienced officials.
a. Innerdependence Relationship in

Each Cluster.

The following is an explanation of the

relationship of each cluster's
Innerdependence criterion:
1) Innerdependence relationship in

Opsreq. Cluster

Table. 6 Innerdependence relationship in Opsreg

Cluster

2) Innerdependence relationship in
Techreq Cluster.

Table. 7 Innerdependence Relationship in Techreq

Cluster

No.

Definition/Assessment
Parameter

Innerdependence

Weight with
Dimension

The weight condition of
the submarine's
batteries is influenced
by the size /
dimensions of the
Battery.

No.

Definition/Assessment

Innerdependence
Parameter

Operation with
Complexity

How to operate
submarine battery
from start until finish,
affecting on condition
of electrical power
complexity system
and submarine
propulsion.

Weight with
Power

Condition The battery's
weight on the
submarine requires
enough power to drive
the submarine.

Dimension with
Power

The weight condition of
the submarine's
batteries requires
enough power to drive
the submarine.

Operation with
Maintenance

How to operate
submarine battery
from start until
finishing, affecting on
the battery
maintanance type of
submarines.

Power with
Reliability

Power / daya baterei
mempengaruhi
kehandalan atau
reliability dari baterei
Kapal selam.

Power with
Durability

Power / battery power
affects the reliability of
the Battery armored
submarine.

Complexity with
Maintenance

Complexity of Battery
System affecting on
the battery
maintanance type of
submarines.

Reliability with
Durability

The reliability of
submarine batteries is
strongly influenced by
the durability of
submarine batteries.

Condition The
complexity of the
battery system
requires the existence
of an easy and good
spare part
procurement system.

Complexity with
Spare Part
Convenience

Maintenance
with Spare Part
Convenience

battery maintanance
type of submarines.
requires the existence
of an easy and good
spare part

procurement system.

In Table 6 innerdependence relationship

between the criterion elements present in one

Opsreq cluster.

In Table 7, innerdependence
relationship between the criterion
elements present in one Techreq

cluster was described.
b. Outerdependence Relationship
among Clusters.

In addition to the relationship of
Innerdependence that occurs within each
cluster, there is also an Outerdependence
relationship between the clusters in the

network, which are described as follows:

Table. 8 Outerdependence Relationship among

clusters.
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Definition/Assessment

No. | Outerdependence Parameter

1 Opsreq -- The subcriteria
Techreq present on (Opsreq)
affects the technical
specifications of
submarine  batteries
purchased later on, so
as to support the
entire mission.
Similarly, it is vice
versa with the more

complete and
fulfilment of Sub
technical criteria

(Techreq) that exists,
then the tactical and

operational values
obtained will be better
and higher.

In Table 8, the outerdependence
relationship between the Opsreq cluster and the
Techreq cluster was explained.

3.1.4. Questionnaire Data Collection.

Preparation of questionnaires were done
using reference network model that had been
formed. The questionnaire was based on the
relationship between the criterion elements of
innerdependence and outerdependence and the
preference relationship between the criteria along
with the goals by pairwise comparison between the
cluster or the cluster elements.

This questionnaire aimed to find out about
how big the relationship was, based on the
assessment of the respondents. The respondents
were the experts, who were directly related of the
submarine such as Navy officers / direct users

Reasons for selecting different respondents
to fill out this questionnaire was because the
stakeholder representation was expected to give
different point of view so the result would be close
to the actual conditions.

This questionnaire led to 2 (two) assessment
objectives that were determining the submarine's
alternative priorities and determining the criteria for

ultimate/critical selection of submarines.

In  answering the questions in this
guestionnaire, respondents did not need to do
discrete weighting by numbers but only intuitively
through linguistic variables. The linguistic variable
was a variable whose value was words or
sentences. Here, we would use a statement to
compare two criteria with five basic linguistics that
were equally important, slightly more important,
more important, very important and most important.
The composition of the questionnaire that had been
made can be seen in Appendix | of this Final
Project.

3.2. Data Processing.

The next stage after obtained data, was the
activity of data processing. The method used in this
study was ANP method and the data processing
was performed through Super Decisions software.
The questionnaire data which was filled with
respondent perception about submarine selection
was the data that being processed.

To facilitate the data processing, a new
notation on alternatives criteria and sub-criteria was

created The notation list was presented in Table 9.

Table. 9 List of Notation

No. | Name Code
1 Submarine Battery Selection G
2 Operational Requirements O
3 Technical Requirements T
4 Operational 01
5 Complexity 02
6 Maintenance/ 03
7 Spare Part Convenience 04
8 Weight T1
9 Dimension T2
10 | Power T3
11 | Reliability T4
12 | Durability T5
13 | VARTA BZM Al
14 | HAGEN A2
15 | KSB SEBANG A3
16 | Respondent 1/ PT. PAL R1
17 | Respondent 2 / Dan KRI 401 R2
18 | Respondent 3 / Kadepsin 401 R3
19 | Respondent 4 / Dan KRI 402 R4
20 | Respondent 5/ Kadepsin 402 R5
21 | Respondent 6 / Dan Satsel R6
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No. | Name Code

22 | Respondent 7 / Dan Sekasel R7
23 | Responde8 8 / Pwa STTAL R8

3.2.1 Matched Comparison Matrices.

Once the network model was created, the
value pairwise comparison between criteria and
alternatives for each subcriteria could be
determined. The pairwise comparison value was
obtained by using questionnaire. The priority weight
value for each category obtained based on pairwise
comparison value would be compared to get the
final priority weight value.

The data obtained from the questionnaire
distribution were pairwise comparison values
between criteria and inter-alternatives for each
subcriteria. Assessment of respondents wouldl be
incorporated by using the geometric mean as
follows:

VIIZ X 1)
X; = Decision on comparison of the first
criterion

The calculation of the average geometric of
pairwise comparison value from the questionnaire
results could be seen in Appendix Illl. Geometric
mean recap of pairwise comparisons between

criteria and sub-criteria was presented in Table 10

Table. 10 Geometrical Average Record Value

Pairwise Comparison.

Matched Comparison | Geomean
For G

OvsT | 1,00
For O

01vs 02 3,00
O1vs 03 3,54
0O1vs O4 1,17
02vs O3 3,91
02vs 04 1,03
03vs 04 0,28
For T

TlvsT2 0,98
TlvsT3 0,98
TlvsT4 1,17
TlvsT5 0,29

Matched Comparison | Geomean
T2vs T3 0,94
T2vs T4 0,78
T2vsT5 0,31
T3vs T4 3,17
T3vsT5 0,31
T4vsT5 0,29
For O2

O1lvs O3 4,31
Olvs 04 2,47
0O3vs 04 0,31
For O2

T1lvs T2 2,77
T1vs T3 1,12
TlvsT4 3,00
T1lvsT5 0,90
T2vs T3 0,32
T2vs T4 1,12
T2vsT5 0,31
T3vs T4 3,04
T3vsT5 0,86
T4vsT5 0,34
For O3

T3vs T5 [ 1,06
For O4

T2vs T4 1,00
T2vsT5 0,36
T4vsT5 0,27
For T3

0O1vs 02 3,72
0O1vs O3 3,77
02vs 03 3,03
For T3

Tlvs T4 1,10
TlvsT5 0,29
T4vsT5 0,33
For T4

02vs 04 | 0,96
For T4

TlvsT2 0,28
TlvsT3 0,29
TlvsT5 0,99
T2vs T3 0,45
T2vsT5 0,30
T3vsTH 0,93
For T5

02vs 04 [ 0,28
For T5

T1vsT3 1,05
Tlvs T4 2,04
T3vs T4 2,74

The calculated geometric mean was

subsequently inserted into pairwise comparison
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matrices. For example, Table 11 showed a pairwise
comparison matrix between subcriteria on Opsreq
criteria. Other pairwise comparison matrices could

be seen in Appendix Ill.

Table. 11 Match Comparison Matrices Opsreg

criteria
0 01 | 02 | O3 | 04
01 | 1,00 | 3,00 | 3,54 | 1,17
02 | 0,33 |1,00 | 3,91 |1,03
03 (1,00 (0,26 [ 1,00 | 0,28
04 1391 [ 1,00 | 3,54 | 1,00
After obtaining one pairwise comparison

value for each relationship, the calculation of local

priority weighting was subsequently performed. This
calculation aimed to determine the weight of each
interconnected element. Each time the weighting of
local priorities was performed, the value of
consistency was needed to be considered. The
value of inconsistency should not exceed 0.1. For
example, it could be seen in Table 8. which showed
the inconsistency value of pairwise comparisons
between subcriteria on Opsreq criteria.

Table 12 showed that the

Inconsistency Index was obtained at 0.057779. The

Apparently,

value was still below 10% or 0.1 which means that
the answers given by the respondents in this

questionnaire had been consistent.

Table. 12 Inconsistency Index on Matching Comparison between Sub-criteria on Opsreq Criteria.

nconsistency Report

Row Cal Current al B | 0id Inc L 2
02 3.000000 1.775379 0.057779 06134 f208%
02 2000000 1.012538 0.057779 000136 772 %
) 02 2000000 1.012538 0.057779 0001318 IrT2E
Tom 03 3540000 5.145714 0.057779 0.039687 NANx%
03 3540000 7.395784 0.057779 0.035308 BB %
03 3540000 7.395784 0.057779 0.035308 38.89 %
Tam 03 3510000 2900631 0.057779 0.043709 24.35%
il 03 3310000 2135911 0.057779 0.038541 33.30%
03 3310000 2135911 0.057779 0.038541 33.30%
04 1.170000 1.505585 0.057779 0.050337 11.74 %
04 1.170000 1.900808 0.057779 0.050267 13.00%
04 1.030000 1.408070 0.057779 0.043143 1668 %
04 1.030000 11791595 0.057779 0.051045 11.66%
04 1.030000 1.408070 0.057779 0.048143 16.68 %
04 1.170000 1.900808 0.057779 0.050267 13.00%
04 3571400 3420411 0.057779 0.057654 022%
‘p. 04 3571400 3.285665 0.057779 0.057729 0.09%
E. 04 2571400 3.285665 0.057779 0057729 003z
i »l]
3.2.2 Data Processing with Su per Decisions !New synthesis for: Super Decisions Main Window: Pe; =1e=
Software. Here are the overall synthesized priorities for the -

After inserting all geometric mean into the

qguestionnaire format in the Super Decisions
software, the software did all the ANP method steps
by running Synthesize, which contained alternate
weight values as seen in the red circled value in

Tablel3.

Table 13 Alternatif Weight Value.

alternatives. You synthesized from the network Super
Decisions Main Yvindow: —

|deals [Mormals| Raw

Name Graphic
O | 0305049 | 0.116920 |0.044132
a2 | 0,294356 | 0.112621 |0,042565
T 00 | 0539628 | 0,206830 |0.078069

SELECTION BATTERIES FOR SUBMARINES

Okay | Copy Yalues | ;I

As for knowing the overall alternative and

criteria, Priorities menu on Super Decisions can be
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used to obtain the weight value of alternatives and
criteria as seen in Table 14.

Table 14 Alternatives and Criteria Weight Value.

B Ssuper Decisions Main Window: Pemilihal — 1ol x|

Here are the priorities. |

Icon Mame [rormalized by Cluster [ Limiting =1
Mo Icon A1 | 0.11692 [0.044132
Mo Icon | &2 | 0.11282 [0.04zs585
Mo Icon | A3 | 0.20683 [0.07E080
I
f
Mo Icon o I 0.00000 [0.o0o000
Mo Icon | T I 0.00000 [0.o0o000
Mo Icon | G I 0.00000 [0.o0o000
Mo Icon [o1 I 0.2513% [o.0s507e
Mo Icon |0z I 0.22634 [0.071e64
Mo Icon | O3 I 0.2531% [o.os015=
Mo Icon |O4 I 0.23919 [o.o7s73s
Mo Icom | T1 I 0.15462 [0.047301
Mo Icon | T2 I 0.06727 [o.0zo0s580
Mo Icon | T3 I 022448 [o.0es672
Mo Icon | T4 I 0. 14460 [0.044235
Mo Icon | TS I 0.40203 [o.1z5127 LT

okay | Copy values |

3.2.3. Analysis and Results of Processing Data
Analysis.

At this stage results from data processing in
the previous sub-chapter would be analyzed and
interpreted.

3.2.4. Consistency Ratio Analysis

Based the results of data processing in the
form of questionnaires, Consistency Ratio
(consistency ratio) could be obtained, where all the
value of consistency ratio was below 10% (0.1). So,
according to the fact that stated by (Saaty, 1996),
the assessment system had been called consistent.
3.2.5. Alternative Priority Analysis.

In the data processing by using Super
Decisions software, priority alternatives could be
known by looking at the weight value of each
alternative. From Table 13, we could get an
alternative priority sequence based on the weight
value of each alternative as follows:

a. First Priority was alternative 3 (A3) with

a weight value of 0.20683.

b. Second Priority was alternative 1 (Al)

with weight value 0.11692.

C. Third Priority was alternative 2 (A2)
with weight value 0,11282.
So, if the normalization of weight values was
performed, then the Priority Order of Nanggala
Class Selected Submarine Batteries could be

labeled as follows:

Table 15 Final Weighting of Battery Type Selected

Priority | Kode | JenisBaterei | NilaiBobot Normalisasi
Nilai Bobot Akhir
1 A3 |KSB SEBANG 0,20683 0,474
2 Al |VARTABIM 0,11692 0,268
3 A2 |HAGEN 0,11282 0,258
Jumlah 0,43657 1,000

3.2.6. Criteria Process Analysis

In addition to alternative priorities, the results
of data processing using Super Decisions software
also included priority criteria for submarine
batteries. The priority sequences of Battery Criteria
were based on the weight value of each alternative
as follows:

a. First Priority was Criteria T5 with the

weight of 0,125127.

b. Second Priority was Criteria O1 with

the weight of 0,089076.

C. Third Priority was Criteria O3 with the

weight of 0,080153.

d. Forth Priority was Criteria O4 with the

weight of 0,075735.

e. Fifth Priority was Criteria O2 with the

weight of 0,071664.

f. Sixth Priority was Criteria T3 with the

weight of 0,068672.

g. Seventh Priority was Criteria T1 with

the weight of 0,047301.

h. Eight Priority was Criteria T4 with the

weight of 0,044235.

i. Ninth Priority was Criteria T2 with the

weight of 0,020580.

72



So if the normalization of weighted values was
performed, then the Priority Order of Battery Criteria
Submarine could be labeled as follows:

Table 16. Final Weighting of Submarine Battery

Criteria.
Priority | Kode Kriteria Nilai Bobot .N.onnalisasi .
Nilai Bobot Akhir

1 T5 | Durability 0125127 0,201
2 01  |Operasional/Cara Pemakaian| 0,089076 0,143
3 03  |Maintenance/Perawatan 0,080153 0129
4 04  |Kemudahan Spare Part 0,075735 0122
5 02  |Complexity/Kompleksitas | 0,071664 0,115
6 T3 |Power/Daya 0,068672 0,110
7 11 |Weight/berat 0,047301 0,076
8 T4 |Reliability/Kehandalan 0,044235 0,071
9 T2 |Dimension/Dimensi 0,020580 0,033

Jumlah 0,622543 1,000

4, CONCLUSION.

Selection of Submarine batteries could be
solved by Analytical Network Process (ANP)
method, which was a selection method with many
criteria of MCDM (multi criteria decision making)
that was structured, systematic and had the ability
to accommodate interconnectedness between
criteria or alternatives. Based on the results of
brainstorming with the experts, the criteria obtained
were: Operational Requirements (Opsreq) with 4
(four) sub-criteria include operational, complexity,
maintenance, ease of spare parts. Meanwhile,
Technical Requirements (Techreq) criteria had 5
(five) sub-criteria such as weight, dimension, power,
reliability, durability.

Result of the research was alternative of
submarine battery chosen. The chosen one was
KSB type made in Korea with priority weight value
0,474. In sequence, the next alternative priority was
Varta BZM batteries made in Germany with a
priority weight of 0.268 and the next was Hagen
German-made batteries with a priority weight of
0.258

In addition to the priority of alternative types
of batteries, this research had also resulted in the
priority of battery criteria. The priority sequence of
Battery Criteria was as follows: Durability with
weight of 0.201, operational with weight of 0.143,
maintenance with weight of 0.129, spare part
convenience with weight of 0.122, complexity with
weight of 0.115, power with weight of 0.110, weight
of 0.076, reliability with weight of 0.071, and
dimension with weight of 0.033.

Based on the above research, the priority
weight of each battery was not much different so it
only needs a suitable price for the purchase of
these batteries.
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ABSTRACT

Various limitations that exist in meeting the security needs of the marine territory of the State of the Republic of
Indonesia through Sea Security Operations, resulted in the need for demands of thought and careful calculation
in optimizing the assignment of elements of marine vessels and maritime patrols to the security operations
sectors sea area of the Eastern Fleet, so as to obtain the maximum coverage area to cover the entire area of
Eastern Indonesia operating sector. A combination of the interests of the operation and logistics of Navy patrol
boats and aircraft with budgetary constraints, technical capabilities of marine vessels and maritime patrols, the
breadth of Indonesia's marine operations sector, ship maintenance schedule and patrol aircraft, and sector
vulnerability. This optimization study identifies the related decision variables, then sets the objective function as
well as the constraints as the optimization model to be developed. Problem solving using Linear Integer
Programming approach and calculation using Solver tool. Optimization obtained information about the optimum
number of ships and aircraft patrols are assigned to the sector of operation with coverage area maximum. With
comparative analysis it is known that the built model is valid.. The final result in the form of an assignment table
can be used as a reference in making Sea Security Operation planning implemented in East Eastern fleet
region. The results of the optimization schedule of one-year patrol boat deployment with real conditions of
assignment with a coverage area of 275,825,100 Nm 2, resulting in a wider coverage area / up 12.054% of the
previous area coverage area. Another optimization result is the one-year assignment schedule of patrol aircraft
to the sector of operation with maximum coverage area, with coverage area 1,308,272,950 Nmz?, the coverage
area is wider / up 11,217% from the previous area coverage area by using Linear Integer Programming
optimization calculation.

KEYWORDS : Optimization Model, Linear Programming Integer, Solver, Ship and Aircraft Navy Patrol,

Coverage Area, Operation Marine safety .

strategic value for the existence of national

1 INTRODUCTION sovereignty and maritime security in the territory of

The potential of natural resources in national jurisdiction of Indonesia (Navy, 2004).

Indonesia's abundant sea is the potential for entry While the government has not been able to

of violations and threats both from within and from maximize coastal and marine resources, due to the

outside (Bateman, 2005). Operation of Marine limitations that exist such as the readiness of

Security is a marine presence operation that has human resources and the availability of capital
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(Navy, 1994). On the other hand, many foreign
countries now enter and take existing resources
both legally and illegally, and this presents the
challenge of controlling as well as securing the
marine territory on a very wide scale of special
dimensions in accordance with the provisions of
the United Nations Convention on the Law of the
Sea (Cribb, et al.,, 2009) as well (Nordquist &
Nandan, 2011) which has been ratified in Law No.
17 of 1985 and 1994 (Fleet, 2009). This requires
resources, among them are the operational costs
that are not small in the effort of controlling and
securing the sea. This area is carried out through
the activities of Operation or Patrol of Marine
Security held by the elements of the Navy Fleet
(Navy, 2006). Thus, (Adi, 2009) the concept of
security at sea is arranged to be able to overcome
any incidents of violation of sovereignty and law in
the sea that has legal legality both nationally and
internationally where in this case the Navy should
be able to carry out the early detection of such
violations of marine security patrols with elements
of the Indonesian Fleet for the entire Indonesian
archipelago with an area of 3.9 million km2 of sea.

However, in terms of the ability of Eastern
fleet elements as well as operating costs
associated with the vastness of the marine security
operations sector is felt to be still not optimal, so
the Navy in this case. Operations Staff command
of the eastern fleet need to think and do a mature
calculation in the assignment of ships and aircraft
maritime patrol Navy so it can secure the sectors
of marine security operations (Navy, 2004).

The aim of this paper is to find a solution to
solving the problem of assigning and placing
elements of navy maritime patrol boats and aircraft
in selective prone areas on the degree of maritime
operations of the East Fleet (Navy, 2005) and
determining the number of elements of naval patrol
boats and aircraft patrolling the the framework of

marine security operations in selective prone areas

in the Eastern Fleet region with limitations covering
budget, technical capability of ship elements and
maritime patrol aircraft of the Navy, extent of
Indonesian marine operations sector, marine
maintenance schedule and maritime patrol aircraft
and sector vulnerability level (Crawford, 2006).
Approach model by using Integer Linear Program
to optimize the composition of Assignment of Fleet
elements in selective areas of vulnerability in the
operation of marine security in Eastern Fleet
region (Ballestero & Romero, 1991).

Based on the above description then the
formulation of the problem in this writing is "How to
determine the ideal number and optimization of the
assignment of elements of navy maritime patrol
boats and aircraft in selective areas selective in the
framework of sea security operations of East Fleet
region”

The Integer Linear Programming (ILP)
model or integer program is another form of Linear
Programming that arises because in reality not all
decision variables can be fractions. ILP is a Linear
Programming with the addition of a requirement
that all or some of the variables are non-negative
integers (Carter & Price, 2001).

In constructing model formulation of an
optimization problem used ILP characteristics are
(Roth & Yih, 2004) : Decision Variables,
Destination Functions, Limiters, Non Negative
variables. From the above illustration can be drawn
conclusions about the definition of linear programa
problem as follows :

The problem of ILP (Rardin, 1997) is an
optimization problem by doing the following:

a. Maximize and / or minimize a

linear function of decision variables called

goal function Z.

b. The price of the decision variables

(Xi) must satisfy a set of constraints, each

delimiter must be a linear equation or

linear inequality.
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C. A mark marker is associated with

each variable. For each Xi variable must

be non negative (Xi = 0) or Xi is not limited
in mark.

(Michalewicz & Fogel, 2004) The
transportation model is to determine the plan of
transporting a number of goods from source to
destination. This model data includes the needs
and budget to be wused, the purpose of
transportation is to determine the amount of goods
to be shipped and which tools are used so that the
cost of miniumum.

Logistics planning (Winston, 2004) is a
process of strategy in organizing a procurement,
transfer and storage, final inventory through
organizations and channels of companies / civil
and military agencies, so that current and future
benefits can be maximized through cost
effectiveness. Logistics management provides
many ways to improve efficiency and productivity
with significant contributions to lower unit costs.
The objective of logistics cost planning is to

achieve the lowest cost target, with a mission to

plan and coordinate all important activities in the
operation.

In order to, this writing is limited to marine
security operations planning by staff of the eastern
fleet command operation. Marine security patrol
(Navy, 2005) and do not discuss weaponry Ship
and maritime aircraft patrol the Navy.

Benefits that can be obtained in this paper
is to provide input to the Navy leadership in
planning the assignment and selection of elements
of maritime vessels and aircraft maritime
indonesian navy optimal in the sector operations.
And produce an optimization formulation that can
be applied in Staff Operations Command of the
eastern fleet in order to assign vessels and aircraft
maritime patrol Navy to the sector of operation.

This paper was organized as follows.
Section 2 is about Material and Methodology.
Section 3 is the result and discussion of the
research. Finally, in section 5 presents conclusion

of this paper.
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2. METHODOLOGY collecting and processing data to be analyzed and
A series of steps are taken to find the interpreted as shown in the flow chart Figure 1 as

solution of a problem through the process of below :

Identification of Problems, Limitations and Asusmptions, Setting Goals and Benefits Research
1

[ Literatur reaviews ] [ Field studies I

E |
Data collection
1.Technical Data of Navy Ships and Alrcraft
- Coverage Range
- Radar Range
- Speed
- Endurance
- Personnel
- Logistics
2.Data Sector Operations Kamla Eastern Region
- Area of Sector
- Degree of vulnerability
3. Data on Ship and AlrcraftRequirementsat
Sector operations
4. Schedule of Care and Repalr
- Patrol Boats
- Alrcraft Patrol

x
I Data Processing l

>

Optimization Formulation
1. Decision Variables
-Assignmentof Ships and Aircraft Patrols
into the operating sector
2.Function Goals
- Maximize Coverage Area coverage
3. Constraints
- Number of patrol boats and aircraftassigned
> = number of needs in the operating sector
-Coverage area of ship and aircraft patrolduring
operation does not exceed the capabilityof ship coverage and
aircraftpatrol
- Ships and aircraft carry out maintenance and
maintenance for1 Quarterin 1 year
- Operating costs of ship and aircraft
patrols to the sector of operations should notexceed allocations
available funds (Budget)

k2
Formulation Verification

Model Validation

Interpretation of Results

k2

Conclusions and recommendations

Fig 1. Optimization of naval maritime vessel work and aircraft patrols

Data collection on this research activity environment including Operation Staff, Intelligence

was conducted in Command of the eastern fleet Staff, Logistic Staff and Wing Air Command of the
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eastern fleet and patrol unit as executor of marine
security operation in East Fleet region. The data
obtained in the form of data that is qualitative and
guantitative that consists of primary and secondary
data obtained by conducting direct interviews with

relevant agencies and also with journals on the

field. Efforts in data collection are intended to
obtain valid data, so that it can be used in
accordance with research objectives.
Determination of Variables Decision of Assignment
of Ships and Aircraft Patrols to the Sector of

Operations. Check out Table 1. and Table 2. below

Table 1. Ships matrix and sector of operations

P SECTOR OPERATIONS
S-1 S-2 S-3 sS4 S-5 S-6 S-7
1 X1, X1.2 X13 X14 X15 X16 X117
2 X21 X22 X23 X24 X25 X26 X27
3 X3, X3.2 X33 X34 X35 X36 X37
4 X 4,1 X42 X43 X442 X45 X456 Xa7
5 X5, X5.2 X5.3 X5.4 X55 X56 X517
6 X 6,1 X6.2 X63 X6,4 X6,5 X 6,6 X6,7
7 X741 X7.2 X7.3 X7.4 X75 X76 X717
3 X 8,1 X82 X 83 X84 X85 X386 X87
9 X 9,1 X9.2 X9.3 X9.4 X95 X 9,6 X907
10 X101 | X102 | X103 | X104 | X105 | X106 | X107
1 X111 | X112 | X113 | X114 | X115 | X116 | X117
12 X121 | X122 | X123 | X124 | X125 | X128 | X127
13 X131 | X132 | X133 | X134 | X135 | X136 | X137
14 X141 | X142 | X143 | X144 | X145 | X148 | X147
15 X151 | X152 | X153 | X154 | X155 | X156 | X157
16 X161 | X162 | X163 | X164 | X165 | X168 | X167
17 X171 | X172 | X473 | X174 | X175 | X176 | X177
18 X181 | X182 | X183 | X184 | X185 | X186 | X187
19 X191 | X192 | X193 | X194 | X195 | X196 | X197
20 X201 | X202 | X203 | X204 | X205 | X206 | X207
21 X211 | X212 | X213 | X214 | X215 | X218 | X217
22 X221 | X222 | X223 | X224 | X225 | X226 | X227
23 X231 | X232 | X233 | X234 | X235 | X238 | X237
24 X241 | X242 | X243 | X244 | X245 | X246 | X247
25 X251 | X252 | X253 | X254 | X255 | X256 | X257
26 X261 | X262 | X263 | X264 | X265 | X268 | X267
27 X271 | X272 | X273 | X274 | X275 | X276 | X277
28 X281 | X282 | X283 | X284 | X285 | X286 | X287
Table 2. Aircraft matrix and operation sector
SECTOR OPERATIONS
e 5 S-2 S-3 S-4 S5 S-6 S-7

1 P11 P12 P13 P14 P15 P16 P17

2 P21 P22 P23 P24 P25 P26 P27

3 P31 P32 P33 P34 P35 P36 P37

4 P41 P42 P43 P44 P45 P46 P47

5 P51 P52 P53 P54 P55 P56 P57

6 P6,1 P62 P63 P64 P65 P66 P67

7 P71 P72 P73 P74 P75 P76 P77

8 P81 P82 P83 P84 P85 P86 P87

9 P91 P92 P93 P94 P95 P96 P97

10 P101 | P102 | P103 | P104 | P105 | P106 | P107

11 P11 | P112 | P113 | P114 | P115 | P116 | P117
12 P121 | P122 | P123 | P124 | P125 | P126 | P127
13 P131 | P132 | P133 | P134 | P135 | P136 | P137

14 P141 | P142 | P143 | P144 | P145 | P146 | P147

15 P151 | P152 | P153 | P154 | P155 | P156 | P157

16 P161 | P162 | P163 | P164 | P165 | P166 | P167

Benefits that can be obtained in this paper
is to provide input to the Navy leadership in
planning the assignment and selection of elements
maritime

of maritime vessels and aircraft

Indonesian navy optimal in the sector operations.
And produce an optimization formulation that can

be applied in Staff Operations Command of the
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eastern fleet in order to assign vessels and aircraft maritime patrol Navy to the sector of operation.
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Fig 2. Marine safety field operations sector map eastern fleet

2.1 Function Objectives can be

formulated as follows (Hamdan, 2003) :

Maximize the coverage area coverage of
patrol boats, mathematical models as
follows:
Maximize

Zmax = izn:1 Ci. X (1)
Maximizing the coverage area coverage of
aircraft patrol, the mathematical model as
follows:

Maximize n
Z max — Z Cij . Pij (2)
=1

2.2 For the First Limit / Obstacle is:

The number of patrol boats assigned to the
operating sector is greater than the
number of vessel sectors required based
on the operating sector vulnerability, the

mathematical model as follows:

n
zzmjzm 3)
i

The number of patrol aircraft assigned to
the operating sector is greater than the
number of aircraft requirements of the
sectors prepared based on the level of
operating  sector  vulnerability, the

mathematical model as follows :

n
zzajzm (4)
i

2.3 Second Limit / Constraint:
Coverage area patrol boats

achieved during operation does not exceed

the capability of patrol boat coverage, the

mathematical model as follows:

Coverage area of the patrol aircraft
reached during operation does not exceed

the capability of aircraft patrol coverage,

the mathematical model as follows:
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Table 3. Sector and Area of Operation Area Marine safety Eastern fleet Area

NO SECTOR LU}(\;;\:EA SUPPORT BASE
NAVAL MAIN BASE : Makassar, Manado
1. SECTORI1 136.000 !
NAVAL BASE : Sangata, Balikpapan, Tarakan, Palu Nunukan, Toli-toli
2 SECTOR N 271.030 NAVAL MAIN BA?E : Surabaya )
NAVAL BASE : Cilacap,Semarang, Banyuwangi, Benoa
NAVAL MAIN BASE : Makssar, Kupang
3. | SECTORM 191.050 NAVAL BASE : Rote, Maumere, Mataram, Kendari
" SECTORN 140.102 NAVAL MAIN BASE : Ambon
NAVAL BASE : Tual, Aru
5. SECTORV 171.375 NAVAL MAIN BASE : Menado )
NAVAL BASE : Tahuna, Temate, Manokwan
NAVAL MAIN BASE : Jayapura
6. SECTOR WV 165.775
NAVAL BASE : Sorong, Biak, Manokwari
NAVAL MAIN BASE : Ambon
7. | SECTOR W 107.610 NAVAL BASE : Maumere, Timika, Tual, Aru
Total Luas - 1.184.942 MIL?

2.4 Third Limit / Constraint.
The patrol boat according to its class
carries out maintenance and maintenance
for 1 quarter (3 months) in 1 year, the
mathematical model as follows :
X i—n = 0 —» The ship carries
out maintenance on schedule.
X i-n =3 The ship
performs the operation.
Class-grade patrol aircraft perform
maintenance and maintenance for
1 quarter (3 months) in 1 year,
mathematical model as:
Pi-n = 0 Aircraft carries

out maintenance on schedule

Pi-n =— Aircraft
conducts the operation
25 The Fourth Constraint
Constraint

Operating costs of patrol boat deployment
to the operating sector should not exceed

the allocation of available funds (budget).
Xij. Bij < Budget @)
Operating costs of patrol boat
deployment to the operating sector should
not excee@ne allocation of available funds

(budget).

Pij. Bij = Budget;; (8)

2.6 The Process of Optimizing the
Assignment of Ships and Aircraft
Patrols.

The process of optimization in the
deployment of ships and aircraft patrol is
using the Solver program from Microsoft
Office 2007 (Apte & Aruna, 2014). The
steps are as follows:

1. Model Preparation

2. Decision Variable. Matrix zero-

one ship assignment and aircraft

patrol.

3. Constraint.

4.  Objective  Function.

Maximize operating sector

coverage to be secured by ship /

aircraft patrol.

Running Program.

The program start is started by
entering the data as follows:

a. Set Target Cells = objective

function.

b. By Changing Cells = decision

variable.

c. Subject to the constrain =

Constraint function.

d. Option

- select Assume Linear Model.
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- choose Non Negative
Variable.
e. Solver = Program is run
3. OPTIMIZATION DATA ANALYSIS
this

assignment table with a zero-one number (0-1). Xij

Solving model  produces an

Table 4. Decision Variable of Aircraft

SECTOR OPERATIONS

= 1 means that the naval patrol vessel is assigned
operations to sector - j and Xij = 0 means that the i-
patrol vessel is not assigned to the sector-
operation. While Pij = 1 means the i-th patrol plane
is assigned to the j-sector and Pij = 0 means that
the i-th patrol plane is not assigned to the j-sector

operation.

Table 5. Decision Variable of Ship

SHIP SECTOR OPERATIONS

AIRCRAFT

¢
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Ship / Aircraft to - i carry out operations to sector —
Ship i / Aircraft vessel i does not carry out operations to sector — |

Ship / Aircraft carry out repairs, maintenance (not surgery)

Table 6. Table Of Results And Appeals Coverage Area Ship Patroli On Operating Release

SECTOR LARGE (Nm?) QUARTERLY. | PATROLI | QUARTERLY. Il PATROLI | QUARTERLY. Il PATROLI |QUARTERLY. IV PATROLI
SHIP ASSIGNMENT SHIP ASSIGNMENT SHIP ASSIGNMENT SHIP ASSIGNMENT
SECTOR | 136,000 X7, X14, X19, X 27 X2, X17, X15, X21 X1, X8, X13, X20 X1, X6, X13,X24
SECTOR Il 273,030 X3, X6, X10, X 26 X3, X9, X14,X18 X7, X12, X24, X25 X3, X16, X 19, X 22
SECTOR Il 191,050 X5, X 15, X18 X7, X22, X26 X9, X19, X21 X8, X14, X 16
SECTOR IV 140,102 X9, X16 X6, X23 X5, X11 X6, X11
SECTOR V 171,375 X2, X4 X1,X8 X2, X23 X2, X5, X17
SECTOR VI 165,775 X11, X17 X11,X24 X10, X 16 X21,X28
SECTOR VII 107,610 X1, X12,X13,X22 X 12, X 20, X25 X4, X15, X18, X 26 X4, X10, X 25, X 27
AMOUNT 1,184,942 | 22 SHIP ON ASSIGNMENT | 20 SHIP ON ASSIGNMENT | 21 SHIP ON ASSIGNMENT | 22 SHIP ON ASSIGNMENT
MAX COVERAGE AREA (NM?) 68,303,400 67,170,600 70,245,700 70,105,400
TOTAL COVERAGE AREA (NM?) 275,825,100
INFORMATION : DISCLAIMER DEFICIENCY/EMPTY |

(SOURCE : OPERATING STAFF)

Table 7. Table Of Results And Appeals Coverage Area Air Craft Patroli Maritime All (Cassa) On Operating

Release
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SECTOR LARGE () QUARTERLY. | PATROLI | QUARTERLY. Il PATROLI | QUARTERLY. Il PATROLI [QUARTERLY. IV PATROLI
AIRCRAFT ASSIGNMENT | AIRCRAFT ASSIGNMENT | AIRCRAFT ASSIGNMENT | AIRCRAFT ASSIGNMENT
SECTOR | 136,000 P1L,P7,P2 P4,P12 P5P9 P2, P10
SECTOR Il 273,030 THERE IS NO P8, P16 P3,P6 P4,P8
SECTOR 191,050 P5,P10 P11, P13 P13, P14 P6,P3
SECTOR IV 140,102 P3 P14 THERE IS NO P12
SECTOR V 171,375 P6, P12 P1,P15 P4,P16 P5 P13
SECTOR VI 165,775 P11 P7 P8 P9
SECTOR VI 107,610 PO, P16 P2, P10 P11, P15 P1P7
AMOUNT 1,184,942 11 AIRCRAFT 12 AIRCRAFT 11 AIRCRAFT 12 AIRCRAFT
MAX COVERAGE AREA (NM?) 324,578,550 327,178,200 325,167,600 331,348,600
TOTAL COVERAGE AREA (NM?) 1,308,272,950
INFORMATION : DISCLAIMER DEFICIENCY/EMPTY

(SOURCE : OPERATING STAFF)

The optimization results show that the
number of vessels assigned to the operations
sector is 21 vessels of 28 vessels, the maximum
coverage area secured by patrol boats in all
sectors for one year is 309,073,045 Mil°>. The
maritime patrol aircraft assigned to the sector are
12 aircraft from 16 aircraft available, the maximum
coverage area covered by patrol aircraft in all
sectors for one year is 1,473,575,931 Mil°.

The width of the sector of operations 1 to 7
is 1,184,942 mil®, meaning that the coverage area
is more than the calculation, it means that the
presence of maritime operations by marine
elements and maritime patrol aircraft is
increasingly conducted in selective areas with the
composition of the assignment above.

Visible on the results of table 6 and table
7, All maritime patrol boats and aircraft are
uniformly distributed and there is no stacking or
even shortage of boats or aircraft patrols in any of
the operating sectors and all ships or aircraft
patrols operate in accordance with their technical
capabilities in the operations sector. All areas of
operation are covered optimally (optimization
results).

4, CONCLUSION

From a series of data processing and
analysis conducted in this case study can be
drawn some conclusions such as the optimization

results of the schedule of assignment of a year

patrol boats to the operating sectors with coverage
of the maximum area, which amounted to
309,073,045 Nm 2. Compared with real assignment
condition with coverage area of 275,825,100 Nmz,
S0 coverage area is more extensive / up 12,054%

from previous area coverage area.

Another optimization result is the schedule
of one year assignment of patrol aircraft to the
operating sectors with maximum coverage area,
which is 1,473,575,931 Nm2. Compared with real
assignment  condition with coverage area
1,308,272,950 Nm?2, so coverage area is more
wide / up 11,217% from previous area coverage
area by wusing Linear

Integer Programming

optimization calculation.

Table 8. Optimization Results

THE NUMBER OF PATROL
CATAGORY OF LE'\:/EEELDCS)FB\ﬁLSJ LEf\? Eg/hil;:ETY
HO | SECIOR OPERATION AREA )
SHIP AIRCRAFT
1.| SECTOR! VERY VURNERABLE 1 2
2 | SECTORII PRONE 1 2
3. | SECTORII PRONE 3 2
4. | SECTORIV PRONE 2 1
5 | SECTORV PRONE 2 2
6. | SECTORVI PRONE 2 1
7.| SECTORVII | VERY VURNERABLE 1 2

The optimization results show that all
maritime naval vessels and aircraft operates in the
marine safety sector according to the number of
ships and aircraft patrols required by the persector
based on the vulnerability with the following

details:
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a. Coverage of sector areas In the
writing of this Final Project the
achievement of operation is still the main
thing in the optimization of ship assignment
/ aircraft to the operating sector. The cost
factor of patrol boat operation / aircraft
which in this optimization as constraint
function can be developed into the
objective function that is minimize the cost,
this can be continued for the next research
study.

b. The optimization model in this
study is flexible to data changes and can
be applied to other types of fleet element
operations. Changes on ship / aircraft data,
sector data and operating costs can be
input to this model and can be re-run.

C. This Optimization Model can be
used as consideration in decision making
of Navy Leadership. Command of the
eastern fleet Operations Staff on the
assignment of maritime naval vessels /
aircraft in the operations sector so that it
can be implemented / applied in the future.
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ABSTRACT

Indonesian Navy (TNI AL) as the main defense component of the country at sea obliged to protect the territorial
integrity and maintain stability and security at sea. The implementation of Naval Maritime Security Operation
(OPSKAMLA) is still not measurable of it's performance, the effectiveness and efficiency of the Navy's capability
in executing Opskamla and measuring the factors (variables) that affect it and implementing the optimization of
maritime security facilities and infrastructures which is inadequate. This study aims to arrange a Bayesian
Network model with Causal Mapping approach that can be used as an instrument / tool in determining the
performance of variables that build Opskamla model. This model is utilize expert opinions and literature studies
as the basis for the preparation of variables and interdependence relationships. The results of TNI AL existing
performance capabilities at 64 %. From 25 independent variables that generate 4 variables with the greatest

contribution namely Navy leadership policy, quality of teaching staff, fuel quota and government regulation.

KEYWORDS : Naval Maritime Security Operations, Bayesian Network, Causal Mapping.

1. INTRODUCTION.

Republic of Indonesia (NKRI) is the largest
archipelagic state in the world that has + 17,400
islands, with 5.8 million km” sea vast and + 81.000
km along the coastline. The territory of NKRI lies in
world cross position between two continents and
two ocean, this geographical position caused the
sea between the islands to be a sea channel which
is very important for international shipping traffic. In
the vast sea contained potential marine resources
are very abundant and have strategic value for the
development of national sustainability, but still not
managed optimally.

TNI AL as the main defense component of
the country at sea obliged to protect the territorial
integrity and maintain stability and security at sea
and protecting natural resources in the sea of
various forms of security disturbances and

violations in the territorial waters of Indonesia's

national jurisdiction. Current conditions in TNI AL
stil can not measure the performance, the
effectiveness and efficiency its abbility in executing
OPSKAMLA and measuring the factors (variables)
that affect it and implementing the optimization of
maritime security facilities and infrastructures which
is inadequate.

According the background, the author tries to
apply performance calculation model for Opskamla
capabilties in the eastern region. Mutual between
the variables will be solved by causal mapping
approach as the basis to arrange Bayesian Network
model which accommodates elements of
uncertainty that accommodates existing uncertainty
elements.

This paper describes the determination and
measurement of TNI AL capability performance
implementing OPSKAMLA in eastern region is as

expected or not and perform an accurate
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measurement of any strongly contribute factors
(variables) to OPSKAMLA performance. The
objective of this paper is assist TNl AL leader to
improve OPSKAMLA ability in the eastern region
thus can minimize violation at sea.

This paper have any literature to support the
research about it, for example paper with title
Guidelines for Using Bayesian Networks to Support
The Planning and Management Of Development
Programmes In The Water Sector And Beyond
(Cain, 2001), Navy Operation Concept to enforce
sovereignty and security at sea (Asops, 2004),
Maritime Security Operations Guide Book (Asops,
2004), Applying Bayesian Belief Networks In Sun
Tzu’'s Art Of War (Ang, 2004), An Introduction to
Bayesian Belief Networks and their Applications to
Land Operations Departement of Defence (Starr &
Shi, 2004), Principles of TNI AL Policy (Kasal,
2011), The Environment and Disease: Asociation or
Causation? (Hill, 1980), Effective Strong with
Applications to Information and Complexity
(Hitchcock, 2001), Journal : Modelling The Effect of
Behaviour for Simulation Based Human Factors
Design (Reilly, et al., 2004), Appreciation on the
Optimization of Duties of the Navy in Order to
Enforce Laws and Keep Security At Sea National
Jurisdiction of Indonesia (Koarmatim, 2013),
Maritime Security White Book (Mabesal, 2002), The
Posture of the Navy until 2024 (Mabesal, 2011),
Navy Standard Operating Procedure for Law
Enforcement and Maritime Security in National
Jurisdiction Sea (Mabesal, 2009), Maritime Air
Surveys Guide Book (Mabesal, 2005), Causal
Mapping Approach to Construction Bayesian
Networks (Nadkarni & Shenoy, 2004), Learning
Bayesian Network (Neapolitan, 2004), Qualitative
and Quantitative Approaches (Neuman, 2000),
Principles of Maritme Security (Mabesal, 2011), A
Bayesian network of eutrophication models for
synthesis, prediction, and uncertainty analysis

(Borsuk, et al., 2003), United Nations Convention

on the Law of the Sea 1982 (NATIONS, 1982),
Laws of the Republic of Indonesia number 34 of
2004 concerning Armed Foces (Goverment, 2004),
Laws of the Republic of Indonesia number 17 of
2008 concerning Shipping (Goverment, 2008),
Cognitive Mapping and Certainty Neuron Cognitive
(Tsaridas & amd Margaritis, 1997) , Strategy maps:
A spatial representation of (Day, et al., 1987),
Network Anaysis (Knoke & Kuklisnki, 1982) and An
Overview of Bayesian Network Applications in
Uncertain Domains (Igbal, et al., 2015)

This Paper is organized as follows. Section 1
Introduction, Section 2 review about Material and
Methodology. Section 3 gives result and discussion
of research. Finally, in section 4 present conclusion
this paper.

2. MATERIALS/METHODOLOGY.
2.1. Maritime Security Operation

Maritime Security Operation (OPSKAMLA) is
a daily operation at sea carried out by Indonesian
Warship (KRI) and Navy maritime patrol aircraft
which has a strategic value to enforce national
sovereignty and security stability at sea in NKRI
jurisdiction expected to prevent and take action
against all forms of security threat at sea from
violation and crime such as smuggling, wood theft,
fish theft by foreign ships and other marine natural
resources theft (Mabesal, 2011).

Due to implementation of sovereignty and
law enforcement at sea in accordance with the
united nations convention on the law of the sea
(UNCLOS 1982) (NATIONS, 1982) mentioned that
a national warship has the right to pursuit, inspect
and prosecute violation by foreign ships such as
piracy, hijacking, unauthorized fishing, territorial
border violations, and others.

There are several elements / units involved in
Opskamla implementation, among them :

a. KRI as direct prosecute againts

offenders at sea (Kasal, 2011)

b. Maritime Patrolling Aircraft (MPA) used
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for continuous surveillance marine activities

(Mabesal, 2005).

C. TNI AL base which has an important

role in support the operating units and forces

dispersion especially in the aspects of

maintenance support, repair and supply

(Mabesal, 2002)
2.2. Causal Maps

A causal map is a network diagram
representing causes and effects. The diagram
contains two basic elements: concepts which are
the nodes in the network and causal relationships
which are represented by the arcs between the
nodes. Concepts are considered as the variables of
the system and in some notations carry either
positive or negative sign implying the type of the
causal relationship and effect (Tsaridas & amd
Margaritis, 1997). Causal mapping has been used
extensively in strategy (Day, et al., 1987). Causal
maps are cognitive maps that represent the causal
knowledge of subjects in a specific domain
(Nadkarni & Shenoy, 2004). Causal maps may be
used as tools to facilitate decision making and
problem solving within the context of organizational
intervention (Nadkarni & Shenoy, 2001). The three
components of a causal map are node representing
causal concept, link representing causal connection
among causal concepts (can be positive or
negative), and strength representing causal value of
a causal connection (Nadkarni & Shenoy, 2001).
2.3 Bayesian Networks

Bayesian Networks or Bayesian Belief
Network is a probabilistic model in the form of
Directed Acyclic Graph / DAG which is used to
describe probabilistic and probabilistic inference
relationships between variables (Neapolitan, 2004).
BN is defined by 2 components: Directed Acyclic
Graph / DAG and Conditional Probability Table /
CPT. The first component is a DAG in the form of
nodes and arrows. The second component is the
Conditional Probability Table (CPT) for each

variable contained in the network. CPT for variable
distribution
P(B|Parent(B)), parent (B) is the parent node of B.

B, specializing conditional

Bayesian network model is represented at
two levels, qualitative and quantitative. At the
gualitative level, we have a directed acyclic graph in
which nodes represent variables, and directed arcs
describe the conditional independence relations,
the dependence relations are expressed in terms of
conditional probability distributions for each variable
in the network (Nadkarni & Shenoy, 2004).

BN is very effective for modeling situations
where some data is known and incoming data is
uncertain or some are not available. Uncertainty
can appear in many situations. For example,
experts may be unsure of the knowledge they
possess, the uncertainty attached to the situation
that is modeled or uncertainty about the accuracy
and availability of information
2.4 Methodology

The design of this research is divided into
three stages : preparation stage, implementation
stage and termination stage. The preparation stage
includes identification of problems and research
objectives, literature study, preliminary study and
method identification. Implementation stages
include data collection, modelling, discussion and
sensitivity analysis. While at termination stage will
be determined conclusions and suggestions from
the results of research. The research flowchart
shown in Fig.1
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Fig.1l. Flowchart Diagram
2.5 Data Collection

The data collection process is conducted
using interviews and questionnaires with the
following objectives :
a. Earn exist OPSKAMLA Performance Data
conducted by TNI AL in Eastern Region (prior

b. Eliciting Probability Tables from expert to
fulfill CPT value

C. Model Validation appropriate with existing
systems

2.6 Modelling

The causal knowledge of the experts is
represented in the causal map and the graphical
structure of the causal map is modified to Bayesian
networks model
2.6.1 Data Elicitation

Domain information is elicited from the
expert. Two different types of elicitation techniques
are typically employed to capture domain
information: structured and unstructured (Nadkarni
& Shenoy, 2004). In the this modelling process
used unstructured approach by exploring the
information domain from the OPSKAMLA experts.
2.6.2 Derivation of Causal Maps

There are four different steps in deriving
causal maps using narrative or text yielded by the
interview (Nadkarni & Shenoy, 2004).
a. Identification of Causal Statement in the
Narrative. A causal statement links two different
concepts through a causal connector. The list of
causal statements that have been made by the

researcher is shown in Table.1.

probability)
Table 1. Causal Statements
No Causal Statements No Causal Statements
1. | Opskamla performance is determined by | 9. | OPSKAMLA education is determined by the
four perspectives including quality of teachers and the teaching pattern.
organizational structure, human
resources (HR), operational and
mechanism / procedure.
2. | The organizational structure perspective | 10. | OPSKAMLA Knowledge is determined by the

is determined by several parameters
which consists of the Organization's
strategy, information technology/Data
Exchange and Coordination optimization

OPSKAMLA Education, Socialization of
maritime law and maritime law access

capability.
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/ communication.

The Human Resources Perspective | 11.

(HRD) is determined by several
parameters consisting of OPSKAMLA
Education, OPSKAMLA Knowledge and

Officer with investigator skills.

Officer with investigator skills is determined
by the investigating officers course and legal

studies scholarship program.

The operational perspective is | 12.

determined by several parameters
integration, consists of Elements / units
capabilies  (KRI, MPA), logistic
distribution system, support naval base
and OPSKAMLA sector.

Elements / units capabilities (KRI, MPA) is
determined by integration of KRI Capability,
Naval Command Center Capability (early
detection), MPA Optimization, Seaman

Professionalism and Support Naval Base.

Mechanism / Procedure perspective is | 13.

determined by two parameters namely
Law / Government Regulation and
OPSKAMLA SOP.

Logistic distribution system have constraints
and influenced by fuel quota and the pattern

of fuel distribution to Naval Base.

Organizational Strategy is determined by | 14.

the Policy of TNI AL leaders and the TNI

AL Duties Implementation.

Naval Base Support is determined by the
integration of infrastructure including mooring
/ anchorage / Runways Facility, Fuel
Facilities, Repair Facility, juristic Support and

Intelligence Function Optimization.

Information Technology / Exchange Data | 15.
quality is determined by Integration of
Infrastructure Facilities and TNI AL
leaders policy.

OPSKAMLA Sector is determined by the
Level of operation area vulnerability and

threats / violations forms

Coordination / communication
optimization is determined by
organizational strategy and coordination

pattern.

Construct Raw Causal Maps

Following causal statement is identified, the

next step is to breakdown into causal phrases,

causal connector and effect phrases. (Table 2)

Table 2 . Causal Components

Causal Causal Effect
No Effect No
Causal Phrases Conne Causal Phrases Conne | Phrase
Phrases
ctor ctor S
The organizational | OPSKAML the quality of | OPSKA
Determi Determi
1. | structure, Human A 9. | teachers and the MLA
nant ] nant .
Resources (HRD), Performan teaching pattern. educatio
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operational and ce n
Mechanism /
Procedure.
Organizational
) OPSKAMLA
Strategy, Information )
o Education, OPSKA
Technology / | Organizati o )
Determi Socialization of | Determi MLA
Exchange Data and onal 10. -
o nant maritime law and nant Knowled
Coordination / Structure -
o maritime law access ge
communication -
o capability
optimization.
OPSKAMLA o Officer
i The Investigating _
Education, ) Human ) ) with
Determi Officers Course and | Determi | ]
OPSKAMLA Resources | 11. ) investig
_ nant Legal Studies nant
Knowledge and Officer (HRD) ) ator
o , , Scholarship Program .
with investigator skills skills
] KRI Capability, Naval
Elements /  units
o Command Center
capabilities (KRI, . Element
. Capability (early ]
MPA), logistic ) ) ) | s/units
o Determi | Operation detection), MPA | Determi .
distribution system, 12. o capabilit
nant al Optimization, nant |
support naval base ies (KR,
Seaman
and OPSKAMLA ) . MPA)
Professionalism and
sector.
Support Naval Base
) Fuel quota and the Logistic
Government .| Mechanis o
] Determi pattern of fuel | Determi | distributi
Regulation and m/ 3.
nant distribution to Naval nant on
OPSKAMLA SOP. Procedure
Base system
Berthing /
anchorage /
Policy of TNI AL o Runways Facility,
| Organizati o | Support
leaders and the TNI | Determi Fuel Facilities, | Determi
) onal 14. ] - Naval
AL Duties nant Repair Facility, nant
] Strategy o Base
Implementation juristic  Support and
Intelligence Function
Optimization.
Informatio
) the Level of
Integration of n ]
. ) operation area | Support
Infrastructure Facilities | Determi | Technolog - Determi
15. vulnerability and Naval
and TNI AL leaders nant |y / T nant
) threats / violations Base
policy. Exchange
forms
Data

91



quality
Coordinati

o on/
Organizational ) )
Determi | communic

strategy and .
o nant ation
coordination pattern L
optimizatio

n

C. Design Coding Scheme. the process of final cognitive maps construction.

Raw causal maps encoding process which is Table 3 shows the code or password for each of
an expert language into certain codes to facilitate basic phrases in the variable.

Table 3. Code wording

NO NO CODEW
BASIC PHRASES CODEWORD BASIC PHRASES oRD
OPSKAMLA OPSKAMLA KNOWLE
1. KAMLA 10.
PERFORMANCE KNOWLEDGE DGE
OFFICER WITH
ORGANIZATIONAL
2. ORGANIZATION | 11. | INVESTIGATOR OFFICER
STRUCTURE
SKILLS
ELEMENTS / UNITS
HUMAN RESOURCES CAPABILI
3. HRD 12. | CAPABILITIES  (KRI,
(HRD) TIES
MPA)
LOGISTIC
LOGISTI
4. | OPERATIONAL OPERATIONAL | 13. | DISTRIBUTION .
SYSTEM
MECHANISM / SUPPORT NAVAL | NAVAL
5. PROCEDURE | 14.
PROCEDURE BASE BASE
ORGANIZATIONAL ORGANIZATION
6. 15. | OPSKAMLA SECTOR | SECTOR
STRATEGY AL STRATEGY
INFORMATION
DATA COORDINATION COORDI
7. | TECHNOLOGY / 16.
INFORMATION PATTERN NATION
EXCHANGE DATA
COORDINATION /
COORDINATION THE TNI AL DUTIES| TNIAL
8. | COMMUNICATION 17.
OPTIMIZATION IMPLEMENTATION DUTIES
OPTIMIZATION
POLICY OF TNI AL
9. | OPSKAMLA EDUCATION EDUCATION | 18. POLICY
LEADERS
19. | INTEGRATION OF | INFRASTRUCTU | 30. | FUEL QUOTA FUEL
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INFRASTRUCTURE RE QUOTA
FACILITIES
THE PATTERN OF FUEL
THE QUALITY OF TEACHERS
20. 31. | FUEL DISTRIBUTION | DISTRIB
TEACHERS QUALITY
TO NAVAL BASE UTION
BERTHING / | BERTHIN
TEACHING
21. | THE TEACHING PATTERN 32. | ANCHORAGE / G
PATTERN
RUNWAYS FACILITY FACILITY
FUEL
SOCIALIZATION OF
22. SOCIALIZATION | 33. | FUEL FACILITIES FACILITI
MARITIME LAW
ES
REPAIR
MARITIME LAW ACCESS
23. LAW ACCESS 34. | REPAIR FACILITIES FACILITI
CAPABILITY
ES
JURISTIC
THE INVESTIGATING
24, SUSPAIDIKLA 35. | JURISTIC SUPPORT SUPPOR
OFFICERS COURSE T
INTELLIGENCE
LEGAL STUDIES
25. SCHOLARSHIP 36. | FUNCTION INTEL
SCHOLARSHIP PROGRAM
OPTIMIZATION
THE LEVEL OF
VULNER
26. | KRI CAPABILITY KRI 37. | OPERATION AREA
ABILITY
VULNERABILITY
NAVAL COMMAND VIOLATI
THREATS /
27. | CENTER CAPABILITY PUSKODAL 38. ONS
VIOLATIONS FORMS
(EARLY DETECTION) FORMS
OPSKAM
28. | MPA OPTIMIZATION MPA 39. | OPSKAMLA SOP
LA SOP
GOVERN
29 SEAMAN PROFESSIONALI 40 LAW / GOVERNMENT MENT
" | PROFESSIONALISM SM " | REGULATION REGULA
TION
d. Convert Raw Causal Maps into Coded maps. Each basic phrases code in the variable is

Causal Maps drawn into the node and connected by using the

The last step that is transcribed code that has edge. The modeling with causal mapping is shown

been compiled in the previous step into the coded in Fig. 2.
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Fig.2. OPSKAMLA Causal Map

2.6.3 Modification of Causal Maps

In addition to completing encrypted causal
maps, it is also necessary to modify a causal map
to build a Bayesian network. In addition to example
in Fig. 3 (Igbal, et al., 2015).

OO

O,

Fig. 3 Example of Bayesian network

C and S are the parents of B while A is the child of
B. Similarly, W is the child of C. Furthermore,
several independence statements can be observed

amongst variables in BN. For instance, B creates

conditionally dependency; otherwise C and S are
Likewise, W and B
become conditionally independent when C is given.

independent from each other.

Also, A is conditionally independent from its
ancestors C and S if B is given.

To achieve Bayesian Network (Nadkarni &
Shenoy, 2004) suggested to notice at four major
problem in modification of the model, namely:
conditional independencies, reasoning underlying
the link between concepts, distinction between
direct and indirect relations and eliminating circular
relations. To resolve this the experts can be
provided the concepts in the form of an adjacency
matrix, where the rows represent causes and
columns represent effects. The experts are asked
to enter ‘0’(no relation), ‘+’ (positive relation) or ‘-’
(negative relation) in each cell to specify the relation
between two concepts in the matrix as shown in
Table 4.
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Table 4. Matrix adjacency

| 81
LA

PROCEDARE [ CPERATICNAL] e | smm

- Twere [z [ veomme

Facumes "

STRBUTON

o

FROFES [ue

W

Fus
KODAL

| KRt

ww | scuoua| s

| access

0

0

0

°

o

°

°

°

°

°

CAFABILITIES

SECTOR

‘SUSPAIDRILA

PUSKODAL

MPA

FuEL
awoTA
oETRBTIN

FUEL
FACILITES

[GOVERNNENT
REGULATION

PROCEDURE

oPERATIONAL

KAMLA

map is not captured by a causal map (Nadkarni &

2.6.4 Derivation of Parameters of Bayesian

Network

Shenoy, 2004). All variables assumed uncertainty

In this research, state space

level.

on same

The final step in Modelling is create a

the

interpretation of experts in OPSKAMLA. Table 5

is based on
shows the state of each of the variables contained

associated with variables

Bayesian network parameter derivation. The focus

of causal maps is to analyze the structure of the

map using network analysis techniques (Knoke &

Kuklisnki,

in the bayesian network model.

1982). Consequently, the uncertainty

associated with the different variables in causal
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procedures.

Organizatio | Structure Good, | 13. | Logistic Ability to manage logistic |Good,

n Organizational that | Notgo support running smoothly, |Notgo
has been able to| od proportionally and timely in |od
accommodate the task support of OPSKAMLA.
of law enforcement at
sea and all the
problems.

HRD The quality and | Good, | 14. | Naval Base Ability to provide | Stron
professionalism of TNI | Notgo administrative and logistical | g,
AL personnel in the od support in order to secure | Wea
implementation of the the continuity of the | k
task of opskamla operational of TNI AL
primarily as an elements / units.
investigator.

Operational | TNI AL capability in | High, | 15. Sector OPSKAMLA sector | Good,
executing OPSKAMLA | Low assignment  based on | Notgo
pattern in area aspect, consideration of threat and od
element / unit vulnerability level of the
deployment, Logistic operating areas.
usage and element /
unit capability.

Procedure | The procedures and | Good,| 16 Coordination | Procedures for improving | Good,
mechanisms contained | Notgo coordination  with  other |Notgoo
in the regulations, od Maritime Security agencies d
whether issued by the so that OPSKAMLA can be
government or internal effective.

TNI AL in OPSKAMLA
implementation.

Organizatio | the Organizational | Good, | 17. | TNI AL Duties | Duties implementation and | Good,

nal Structure improvement | Notgo TNI AL roles listed in Laws |Notgoo
Strategy | that can accommodate | od of the Republic of d
OPSKAMLA in TNI AL. Indonesia number 34 of
2004 concerning Armed
Foces.
Data The TNI AL ability to | Good, | 18. Policy Regulations made by the | Good,
Information | obtain data and | Notgo TNI leaders so that all [Notgoo
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information using | od seaman can perform the d
technology so as to task of TNI AL.
facilitate law
enforcement at sea
8. | Coordinatio | The TNI AL ability to | Good, | 19. | Infrastructure | The integrated ability of | Good,
n establish Notgo each Maritime  Security |Notgoo
Optimizatio | communication and od agency to explores, d
n coordination with other processes and processing
agencies so as to data / information and uses
facilitate law it, in current condition is
enforcement at sea. working independently.
9. Education | The TNI AL ability to | Good, | 20. Teachers Abilities / expertise from | Good,
organize learning | Notgo Quality military  teachers  who |Notgoo
about OPSKAMLA to| od master the material about d
support TNI AL OPSKAMLA.
personnel capabilities
in OPSKAMLA
implementation.
10. | Knowledge | Ability to know the | Good | 21. Teaching Presentation technique in | Good,
legislation by the TNI |, Pattern learning OPSKAMLA |Notgoo
AL personnel so they | Notg materials so the goal in d
can carry out | ood learning can be achieved
OPSKAMLA according
to procedure / SOP.
11. | Officer Increased ability and |Good, | 22. Socialization | Understanding and | Good,
amount of officers with |Notgo perceptions equating of the |Notgoo
investigator skills so |od International Sea Law and d
they can implement Maritime law for TNI AL
investigations Officers.
according to
procedures / SOP.
23. Law The Navy ability to | Good,| 32. Berthing The dock facility and its | Good,
Access provide all actual |[Notgoo Facility equipment are used to [Notgoo
maritime legislation d support all TNI AL warship d

and all derivative rules

until their translation
terms and procedures
access to Navy

Officers,

activities and  runways
facility for take off and

landing of Navy MPA.
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24. | Suspaidikla | Courses that teach | Good,| 33. | Fuel Facilities | The ability to facilitate the | Good,
TNI AL officers to have | notgoo logistics required by |Notgoo
qualifications as d elements / units d
investigators of implementing OPSKAMLA
criminal cases at sea. among others fuel,
ammunition, personel
logistic and other
25. | Scholarship | TNI AL ability in | Good, | 34. Repair Naval base facilities the | Good,
implementing notgoo Facilities serves as a maintenance |Notgoo
educational d and repair facility for TNI d
scholarship  program AL warships and MPA that
Faculty of law are conducting OPSKAMLA
undergraduate,  post
graduade and
doctoral.
26. KRI KRI  Quantity and |Strong, 35. Juristic The Naval Base capability | Good,
ability from technical, | Weak Support to facilitating the judicial |Notgoo
weaponry and process of sea violatios d
censorship.
27. Puskodal | Early detection |Strong,| 36. Intel Intelligence function Naval | Good,
capabilities possessed | Weak Base to obtain valid |Notgoo
by TNI AL namely information  about  the d
Integrated Maritime existence of a criminal
Surveillance  System action plan at sea because
Radar (IMSS) all criminal offenses are
operating system, largely initiated planning
WAN Wide Area from land-based.
Network, Auto Position
Monitoring System,
Close Circuit
Television (CCTV) and
Web-based News
Communications
28. MPA Naval MPA Quantity | Good,| 37. Vulnerability The frequency of High,
and ability in |Notgoo occurrence of certain Low
conducting  maritime d criminal cases at sea in
air patrol. certain operating areas.
29. | Professiona | TNI AL personel to | High, | 38. Violations Threats of certain criminal |Strong,
lism work in accordance | Low Forms cases in the sea such as | Weak
with their respective illegal fishing, illegal
duties and migrants, illegal logging,
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responsibilities on illegal mining and others.
OPSKAMLA.
30. | Fuel Quota | Limitations on fuel | High, | 39. OPSKAMLA | Procedures governing the | Good,
usage to support | Low SOP Hot Pursuit process and |Notgoo
OPSKAMALA for KRI rules in order to enforce the d
and MPA law and maintain security at
sea
31. Fuel The distribution | Good, | 40. Government | The rules or norms | Good,
Distribution | volume regulation in |Notgoo Regulation established by the state |Notgoo
Main Command level d that govern law d
adjusted enforcement and security at
proportionally. sea
3. Result And Discussion had been distributed to three experts. The filled
3.1 Result probability value is the average of it. Table 6 shows

Following all the states are defined, then
enter the state of each of the predefined variables
into Genie 2.0 software presented in Figure 4.

3.2 Filling Prior Probability

to fill

Possible values are used prior

probability derived from the questionnaire which

each probability value which is the prior probability
of each parent nodes.

The prior probability value according experts
perception and existing condition. For example, the
independent variable of KRI is quality and quantity
condition of it. Presented in Table 6.
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Fig.4. OPSKAMLA Performance Variable State
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Table 6. Prior Probability for each Parent Nodes

NO NODE NAME PROBABILITYEXPERTEXPERTEXPERT| AVERAGE
OF 1 2 3

1 | COORDINATION STATE 1 50% 35% 35% 40%
STATE 2 50% 65% 65% 60%
2 | TNI AL DUTIES STATE 1 70% 60% 50% 60%
STATE 2 30% 40% 50% 40%
3 | POLICY STATE 1 75% 70% 80% 75%
STATE 2 25% 30% 20% 25%
4 | INFRASTRUCTURE STATE 1 40% 35% 60% 45%
STATE 2 60% 65% 40% 55%
5 | TEACHERS STATE 1 60% 50% 70% 60%
QUALITY STATE 2 40% 50% 30% 40%
6 | TEACHING STATE 1 50% 65% 50% 55%
PATTERN STATE 2 50% 35% 50% 45%
7 | SOCIALIZATION STATE 1 45% 60% 75% 60%
STATE 2 55% 40% 25% 40%
8 | LAW ACCESS STATE 1 60% 75% 75% 70%
STATE 2 40% 25% 25% 30%
9 | SUSPAIDIKLA STATE 1 70% 80% 60% 70%
STATE 2 30% 20% 40% 30%
10 | SCHOLARSHIP STATE 1 55% 75% 65% 65%
STATE 2 45% 25% 35% 35%
11 | PROFESSIONALISM STATE 1 70% 80% 60% 70%
STATE 2 30% 20% 40% 30%
12 | KRI STATE 1 60% 70% 65% 65%
STATE 2 40% 30% 35% 35%
13 | PUSKODAL STATE 1 50% 35% 35% 40%
STATE 2 50% 65% 65% 60%
14 | MPA STATE 1 55% 80% 60% 65%
STATE 2 45% 20% 40% 35%
15 | BERTHING STATE 1 50% 60% 70% 60%
FACILITY STATE 2 50% 40% 30% 40%
16 | REPAIR FACILITIES STATE 1 45% 60% 60% 55%
STATE 2 55% 40% 40% 45%
17 | FUEL FACILITIES STATE 1 65% 60% 55% 60%
STATE 2 35% 40% 45% 40%
18 | JURISTIC STATE 1 60% 65% 70% 65%
SUPPORT STATE 2 40% 35% 30% 35%
19 | INTEL STATE 1 65% 60% 55% 65%
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STATE 2 35% 40% 45% 35%

20 | FUEL QUOTA STATE 1 50% 70% 75% 65%

STATE 2 50% 30% 25% 35%

21 | FUEL STATE 1 70% 60% 65% 65%

DISTRIBUTION STATE 2 30% 40% 35% 35%

22 | VULNERABILITY STATE 1 70% 65% 75% 70%

STATE 2 30% 35% 25% 30%

23 | VIOLATIONS STATE 1 70% 85% 85% 80%

FORMS STATE 2 30% 15% 15% 20%

24 | OPSKAMLA SOP STATE 1 75% 80% 85% 80%

STATE 2 25% 20% 15% 20%

25 | GOVERNMENT STATE 1 65% 60% 55% 60%

REGULATION STATE 2 35% 40% 45% 40%
3.3 Discussion the independent variable as well as dependent
Following the model is validated by the variable data. From the software calculation,
experts, the next step is to implement data resulting OPSKAMLA performance implemented by

processing to achieve the desired objectives using
Interface) 2.0. The

independent variable data is fed into each state of

Genie (General Network

TNI AL has a strength of 64% and 36% weakness.

as shown in Fig. 5.
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Fig.5. OPSKAMLA Performance Result
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To determine whether the model is running in

accordance with the desired, then carried out

verification by putting hard evidence (100%) on

variable Coordination, . as shown in Fig. 6.

-' .
= ==

: b1 B
EEEE B _m.m.r
e
Gty
""" L -
[O socilzation | 0ol M (5 oo ] - mmw [O votators Forms |
2 o o

Fig. 6. OPSKAMLA Performance Modification

From Fig. 6, OPSKAMLA performance changes
from 64% to 65% by changing the evidence level

Caoordination variable with 100%. This proves that

computer program can run in accordance as
desired
3.4 Sensitivity Analysis

Sensitivity analysis is performed by
changing the prior probability distribution of each
node in the range of 0% - 100%. Through this
experiment, will note where the biggest changes

occurred in systems after the parameter is changed

a. Policy. This variable is chosen as the
Organization viewpoint
The

posterior

determining factor in
because it has the highest sensitivity level.
prior probability
probability range between 58.90% to 65.10%. The

sensitivity of Policy to Kamla is shown in Figure 7.

changes generate

From the graph can be seen a significant increase
from the range prior probability 0% - 50% to the
posterior probability value. While in the range prior
probability 60% -100%

decreased

increase in sensitivity

66,00%
65,00%
64,00%
63,00%
62,00%
61,00%
60,00%
59,00%
58,00%
57,00%
56,00%
55,00%

Posterior

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Prior
Fig.7. Policy Sensitivity
Analysis

b. the results of

parameter change on determinant variable in HRD

Teachers Quality. From

perspective, Teachers Quality ranked the highest
with a posterior probability range between 60.82%
to 65.37% as shown in Figure 8. From the graph,
constant increase of prior probability value is
followed by a constantly increasing tendency of
sensitivity to the posterior probability value because
the teachers always adjust to the technological

development and dynamic situation.
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Fig. 8. Teachers Quality Sensitivity Analysis

C. Fuel Quota. Determinant variable in the
Operational Viewpoint and has the highest ranking.
Posterior probability range obtained between
61.28% s.d 64.77%. The sensitivity graph of the
Fuel Quota for Kamla is shown in Figure 9.
Increase in posterior probability value sensitivity
from priority probability range 0% - 50% is
significant, however in the range prior probability of
60% - 100% there is a decreased sensitivity. Due to
nature of fuel is consumable, the higher of fuel
usage then OPSKAMLA will be more efficiently and

effectively.

Kamla - Fuel Quota

66,00%
65,00%
64,00%
€3,00%
g

€,00%
61,00%
60,00%

59,00%
0% 10% 20% 30% 40% BOes 60% 70% 80% 90% 100%

Fig.9. Fuel Quota Sensitivity Analysis

d. Government Regulation. Determinant
variable and has the highest sensitivity level in
Procedure viewpoint. Posterior probability range
obtained between 58.28% s.d 67.09%. The

sensitivity graph of the Government Regulation on

OPSKAMLA performance is shown in Figure 10. It
can be concluded that there is an increase in
decreased sensitivity as Policy variable.

Kamla - Teachers Quality

66,00%
65,00%
64,00%

63,00%
s

562,00%

£61,00%

60,00%
59,00%

58,00%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Prior

Fig. 10. Government Regulation
Sensitivity Analysis

4, Conclusion

From the implementation of the study, it
can be concluded :
a. TNI AL capability in implementing
Opskamla in the eastern region has a
performance of 64%. This needs to be
improved and demands serious attention,
especially in determining the strategies and
policies terms and the improvement of each

Opskamla performance variables.

b. This model consists of 25
independent variables and 15 dependent
variables that construct OPSKAMLA
performance. Through sensitivity analysis,
there are 4 independent determinant
variable which influence on OPSKAMLA
performance model, Namely Policy with
posterior probability range 58.90% -
65.10%, Teachers Quality posterior
probability range 60.82% - 65.37%, Fuel
Quota with posterior probability range
61.28% s.d 64.77% and Government
Regulation with posterior probability range
58.28% s.d 67.09%. these four variables
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should be a point of concern for policy
OPSKAMLA

performance in the eastern region.

makers to improve
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ABSTRACT

Service Quality is a very important concept that must be understood if the company wants to remain competitive
and evolving. Quality of service in hospitals should be directed to patient satisfaction, it is to maintain patient
loyalty. With the development of business competition, it is important to make health care providers improving
their service qualities. Customer satisfaction is an important key to service quality management. from the initial
sampling, obtained the data of customer dissatisfaction in Dr.Ramelan hospital by 41.47%. It is necessary to do
research to determine the cause of this customer dissatisfaction. The purpose of this research is to identify the gap
between perception and expectation of customer to health service at inpatient unit of Dr.Ramelan hospital. This
paper used servqual method which was integrated with fuzzy method. Based on the results of this study, it was
showed that the attributes of X5 (bathroom hygiene and clean water availability) had the greatest gap of 25
health service attributes identified at the Dr.Ramelan hospital, with gap score -0,0433. The second on attribute
X1g (The availability of doctors and nurses at the time of patient need) with a gap score of -0,0364. And the third
on attribute X;o (Fast, accurate examination, treatment and treatment services) with a gap score of -0,0354.
Based on the results of this paper, it could be concluded that the results could assist the management of the
hospital in determining the policy strategy by prioritizing attributes that have a big gap to improve the quality of

its services.
KEYWORD : Service quality, fuzzy, Health care.

1. INTRODUCTION been recognized as the main preserve of curtomer
One of the important concepts in management loyalty (Anderson & Mittal, 2000).

and business is service quality. Service quality is a

. . With the development of business competition,
very important concepts that companies must

. . " it is important to make health care providers
understand if they want to remain competitive and

. . . . . improving their service qualities. Customer
evolving. Service quality becomes increasingly

satisfaction is an important key to service quali
important for today’s business, particularly in high- P 4 quality

. . . management. from the initial sampling, obtained the
customer involvement industries such as healthcare

. . data of customer dissatisfaction in Dr.Ramelan
services (Punnakitikashem, et al., 2012). Health

. . , , hospital by 41.47%. it is necessary to do research to
care service providers should disseminate correct

. . . . . determine the cause of this customer dissatisfaction.
information from time to time as more quality

. . . This research is to analyze how the quality of health
information leads to patient awareness and

. . . . service in inpatient unit of Dr.ramelan Surabaya
satisfaction (Dave & Dave, 2014). Service quality in

hospital. Based on th Its of this study, it could
hospitals should be directed towards the ospital. Based on the results of this study, 1t cou

. . . . be conclude that it can assist the management of
satisfaction of patients (Rafidah, et al., 2016).

. . . . the hospital in determining the policy setrategy b
Service quality and customer satisfaction have P g policy gy by
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prioritizing attributes that have a big gap to improve
the quality of its services.

The purpose of this paper was to identify the
gaps between customer expectations of a service
and their perceptions of service at Dr.Ramelan
hospital, particularly in inpatient units. This paper
used a Servqual approach that was integrated with
the fuzzy method to gain a gap between the
perceptions and expectations of consumers. This
approach had been used extensively to assess the
quality of private sector services, but there was little
application to public services (Munhurrun, et al.,
2010).

This paper had many literature to support the
research, for example paper titled “A Conceptual
Model of Service Quality and Its Implications for
Future Research” (Parasuraman, et al., 1985) and
other research such as SERVQUAL : A Multiple-
Item Scale for Measuring Consumer Perseptions of
Service Quality (Parasuraman, et al.,, 1988). Five
Imperatives  for Improving Service Quality
(Parasuraman, et al., 1990). Health Care Service
Quality: Case Example of a Hospital with Lean
Implementation (Punnakitikashem, et al., 2012). A
study on Service quality and customer satisfaction
of selected Private hospitals of Vadodara City
(Dave & Dave, 2014). Service Quality and
Determinants Of Customer Satisfaction In
Hospitals: Turkish Experience (Zaim, et al., 2010).
A Comparative Study of Service Quality on Patient
Satisfaction Between Public Hospital in Johor
Bahru (Rafidah, et al., 2016). Impact of Service
Quality on Customers’ Satisfaction (Bharwana, et
al., 2013). Essentials for improving service quality
in cancer care (Berrya & Mate, 2016). A Review on
Dimensions of Service Quality Models (Yarimoglu,
2014). Service Quality in the Public Service
(Munhurrun, et al., 2010).

The other literature supporting this paper was

Measuring Consumer Satisfaction in Healthcare

Sectore : The Applicability of Servqual (Chakraborty
& Majumdar, 2011). The Dimensions of Service
Quality for Hospital (Duffy, et al.,, 2001). Factors
influencing healthcare service quality
(Mosadeghrad, 2014). Hospital Service Quality and
its Effect on Patient Satisfaction and Behavioural
Intention (Amin & Nasharuddin, 2013). The
Assessment of Perceived Service Quality of Public
Health Care Services in Romania Using the
SERVQUAL Scale (Lorin, et al, 2013).
SERVQUAL: Measuring higher education service
quality in Thailand (Yousapronpaiboon, 2014).
Service quality assessment in health care sector:
the case of Durres public hospital (Kalaja, et al.,
2016). Assessing Obstetrics Perceived Service
Quality at a Public Hospital (Martins, et al., 2015).
(Lowrie, et al., 2015)

The results of this study can be used by the
management of the hospital as a material
consideration in determining the policy strategy to
improve the quality of service. This paper was
organized as follows. Section 1 is Introduction.
Section 2 is about Material and Methodology.
Section 3 is result and discussion of the research.
Finally, in section 5 presents conclusion of this

paper.

2. MATERIALS AND METHODOLOGY
2.1. Service Quality

The first is that customers are the sole judge
of service quality. Customers assess service by
comparing the service they receive (perceptions)
with the service they desire (expectations)
(Parasuraman, et al., 1990). Majority of research
pertaining to service quality has focused on the
measurement of service quality based on the
functional dimension (James & Kang, 2004). The
techniques of measuring service quality and service
guality dimensions have become a major area in
marketing literature during the past few decades
(Yarimoglu, 2014).
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Service quality is identified into ten
dimensions, which the customer uses to evaluate
the service quality. They are reliability,
responsiveness, competence, access, courtesy,
communication, credibility, security,
understanding/knowing the customer, and tangibles
(Parasuraman, et al., 1985). Thus, Servqual is
developed from a modification of ten dimensions to
five principal dimensions customers, which are
tangibles, reliability, responsiveness, assurance
and empathy (Parasuraman, et al., 1990). The
instrument in servqual is summarized in five
dimensions called service quality model (The Gaps
Models). Service Quality Model is a model that can
analyze the gap between two main variables, the
services expected by the customers (expectation)

and services they receive (perception) (fig.1)

Service .dﬁél'i_ty' Model

CONSUMER

Word of Mouth l Personal Needs Past Experience
Communications l

’ —_— 3 E lod Servi - J
‘ ﬂ lpetli ice

: GAPS |

I-'j’m:emd Service ——

MARKETER |

: Service Delivery GAP4 External
| (including pre- o — . . Communications
\ and post-contacts) to Consumers
| T
GAPY |
Translation of
Perceptions into
Service Quality
Specs.

GAP1

GAP2 |
'

Management
Perceptions of
Consumer Expectations |

——

Fig 1. Service Quality Model

(Parasuraman, et al., 1985)
2.2. Fuzzy

Generally, the fuzzy set is an extension of the
crisp set, the set that divides a group of individuals
into two categories, namely members and non-
members (Rose, et al., 2004). Fuzzy number is a
special fuzzy set F = {(X,ur(x)), x € R} where x
where x is the values that lie on the line of real
numbers. R' ; -w< x < +o R :1 andur is a
continuous mapping of R" into the closed interval
[0, 1] (Chan, et al., 1999). Fuzzy number is used to
describe non-precise numerical concepts. A
triangular fuzzy number (TEN), expressed by M =
(a,b,c), where a<b<c, is a special fuzzy number
and has the following type triangular membership
function (Zadeh, 1965):

0, if x<a

Ly (x) = (x-a)/(u-a), ifa<x=<u (1)

(x-b)/(u-b), ifu<x=<b
0, ifx =2b
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2.3. Methodology of Research

The methodology of this research is described as follows:

A 4

Observation & Study literature

v

| Identifikasi Variahel

v

No

Preparation of Questionnaire

v

| Distrihution of Ouestionnaires

L 2

Validity and Reliability Test

Valid

Yes

Invalid Item removed

\ 4

Recapitulation of questionnaire data

v

Recapitulation of weighted
questionnaire data

A 4

Fuzzification with TFNs
Enrmatinn

L 2

Calculating Mean

v

Defuzzifikasi

L 2

Calculation of Servqual (gap)
value without weight

Pl

<«

Y

Calculation of Servqual value
(weighted gap)

v

Conclussion

Fig 2. Flowchart of the research

The stages of this research were data
collection, validity and reliability test, fuzzyfication,
calculation of mean value, defuzzyfication,
calculation of servqual value without weight,
calculation of weight of each variable, calculation of
weighted servqual value. The stage of data

collection in this study was performed to identify the

attributes of health services, preparation of
guestionnaire, and distribute the questionnaire to
the respondents. Respondents used in this
research were patient or family of patient in
Dr.Ramelan hospital, especially in inpatient units In

this research, a total amount of 25 attributes of
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health services had been identified to be assessed by the respondents, such attributes were:

Table.1 Attribute of health services

(X1) | Convenient to Inpatient unit location
(X2) | Cleanliness, tidiness and comfort of the bedroom
(X3) | lighting and bedroom ventilation
Tangibles
(X4) | completeness of bedroom facilities
(Xs) | Cleanliness of the bathroom and availability of clean water
(Xe) | The availability of medication required by the patient
(X7) | Completeness, readiness and cleanliness of medical devices used
(Xg) | Neatness and cleanliness of the appearance of doctors and nurses
(Xg) | Taste and variety of food menu served
(X10) | Fast, accurate examination, treatment and treatment services
S X The patient's examination schedule is performed appropriatel
reliability (X11) P P ppropriately
(X12) | The service procedure is not complicated
(X13) | easy to contact the hospital staff
(X14) | The nurse's alertness when the patient needs help
responsiveness
(X15) | The ability of doctors and nurses to resolve patient complaints
(X16) | Doctors and nurses provide a clear and understandable information
(X17) | Attention to patients who need service
assurance
(X1g) | The availability of doctors and nurses at the time of patient need
(X19) | The ability of doctors to analyze the disease
(X20) | The accuracy of the medical team handles the patient
(X21) | Patience of nurses in caring for patients
X Courtesy and hospitality of nurses and doctors
empathy ( 22) y p y
(X23) | patient easy complaint submission
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(X24)

The ability of doctors and nurses to provide moral support to patients

(X25)

Service to all patients regardless of social status

3. RESULT AND DISCUSSION

3.1. Result.
In this study, Likert scale was used as
measuring tools in the guestionnaire.

Questionnaires were distributed to 98 respondents
randomly at the inpatient unit of the Dr.ramelan

hospital. The test validity and reliability from the

results of the questionnaire were performed with
SPSS 17.0 software.

Fuzzification of respondent's data (perception
and expectation) was done by changing the result
of respondent appraisal (in likert scale) to form
fuzzy number with formation TFNs (Triangular

Fuzzy Number).

Table. 2 fuzzyfication perception for attributes X;

. Atribut X1 - Atribut X1 . Atribut X1
pon |\ | Fuzzy pon |\ | Fuzzy pon |\ | Fuzzy
den. ai : den. i : den. ai :

Low [ Crisp | Upp Low | Crisp | Upp Low | Crisp [ Upp
1 3 |2 |3 4 34 |4 |3 |4 5 67 |2 |1 |2 3
2 3 |2 |3 4 35 |4 |3 |4 5 68 |4 |3 |4 5
3 3 |2 |3 4 36 |3 |2 |3 4 69 |4 |3 |4 5
4 3 |2 |3 4 37 |3 |2 |3 4 70 |4 |3 |4 5
5 5 4 5 6 38 |4 3 |4 5 71 | 4 3 4 5
6 4 |3 |4 5 39 |3 |2 |3 4 72 |5 |4 |5 6
7 5 4 5 6 40 |4 3 |4 5 73 5 4 5 6
8 3 2 3 4 41 |3 2 3 4 74 | 4 3 4 5
9 3 |2 |3 4 42 |2 |1 |2 3 7 |4 |3 |4 5
10 |3 |2 |3 4 43 |3 |2 |3 4 76 |5 |4 |5 6
11 |3 2 3 4 44 |3 2 3 4 77 |4 3 4 5
12 | 4 3 |4 5 45 |5 4 |5 6 78 |3 2 3 4
13 |3 |2 |3 4 46 |4 |3 |4 5 79 |3 |2 |3 4
14 |3 2 3 4 47 |4 3 |4 5 80 |4 3 4 5
15 |3 |2 |3 4 48 |3 |2 |3 4 81 |5 |4 |5 6
16 |4 3 |4 5 49 |4 3 |4 5 82 |3 2 3 4
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17 |3 |2 |3 4 50 |4 |3 |4 5 83 |3 |2 |3 4
18 |5 |4 |5 6 510 |3 |2 |3 4 84 |3 |2 |3 4
19 |5 |4 |5 6 52 |3 |2 |3 4 85 |4 |3 |4 5
20 |3 |2 |3 4 53 |2 |1 |2 3 86 |3 |2 |3 4
21 |5 |4 |5 6 54 |3 |2 |3 4 87 |3 |2 |3 4
22 |3 |2 |3 4 5 |4 |3 |4 5 88 |3 |2 |3 4
23 |5 |4 |5 6 56 |4 |3 |4 5 89 |3 |2 |3 4
24 |4 |3 |4 5 57 |5 |4 |5 6 90 (4 |3 |4 5
25 |3 |2 |3 4 58 |3 |2 |3 4 91 |4 |3 |4 5
26 |4 |3 |4 5 59 |4 |3 |4 5 92 |4 |3 |4 5
27 |4 |3 |4 5 60 |4 |3 |4 5 93 |3 |2 |3 4
28 |2 1 2 3 61 |3 2 3 4 94 |4 3 4 5
29 |5 |4 |5 6 62 |3 |2 |3 4 9% |4 |3 |4 5
30 |3 |2 |3 4 63 |3 |2 |3 4 % |4 |3 |4 5
31 | 4 3 |4 5 64 |4 3 |4 5 97 |3 2 3 4
32 |3 |2 |3 4 65 |4 |3 |4 5 98 |3 |2 |3 4
33 |3 |2 |3 4 66 |3 |2 |3 4

After all the fuzzification results obtained in each was calculated, and the defuzzification stage was

attribute, then the average (perceptions and subsequently performed.

expectations of respondents) from each attribute
Table. 3 Mean Perceptions of Respondents (Fuzzy) and Defuzzyfication

Fuzzy

Attri o —

bute . Defuzzyfication Attri . Defuzzyfication
Low Crisp Upp bute Low Crisp Upp

X1 2.59 3.59 4.59 3.50 X1 | 2.87 3.87 4.87 3.78

X2 2.58 3.58 4.58 3.49 X1 | 2.85 3.85 4.85 3.76

X3 2.82 3.82 4.82 3.73 X6 | 279 3.79 4.79 3.70

X4 2.60 3.60 4.60 3.51 X7 | 2.86 3.86 4.86 3.77

Xs 2.31 3.31 4.31 3.20 X1 | 273 3.73 4.73 3.64
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Xs 2.70 3.70 4,70 3.61 X1 | 2.68 3.68 4.68 3.59
X7 2.65 3.65 4.65 3.56 Xo | 2.88 3.88 4.88 3.79
Xs 297 3.97 497 3.88 X2 | 270 3.70 4.70 3.61
Xo 2.39 3.39 4.39 3.29 X2 |29 3.94 4.94 3.85
X1 | 264 3.64 4.64 3.55 X | 2.72 3.72 4.72 3.63
X1 | 268 3.68 4.68 3.59 X2 | 2.68 3.68 4.68 3.59
X122 | 262 3.62 4.62 3.53 X2 | 2.72 3.72 4.72 3.63
X1 | 259 3.59 4.59 3.50
Perception of Respondents
0.045
0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005 '
0
X1 X2 X3 X4 X5 X6 X7 X8 X9 X10X11X12X13X14X15X16X17X18X19X20X21X22X 23 X24X25
Fig 3. Perception of Respondents
Table. 4 Mean Expectation of Respondents (Fuzzy) and Defuzzyfication
Fuzzy
Attri . -
bute . Defuzzyfication Attri . Defuzzyfication
Low Crisp Upp bute Low Crisp Upp
X1 3.16 4.16 5.16 4.08 X1 | 3.54 4.54 5.54 447
X2 3.34 4.34 5.34 4.26 X5 | 3.45 4.45 5.45 4.37
X3 3.29 4.29 5.29 4.21 X1 | 3.44 4.44 5.44 4.36
X4 3.17 417 517 4.09 X7 | 3.48 4.48 5.48 4.40
Xs 3.40 4.40 5.40 4.32 X1 | 3.44 4.44 5.44 4.36
Xs 3.47 4.47 547 4.39 X19 | 3.54 454 5.54 447
X7 3.41 4.41 5.41 4.33 X2 | 3.58 4.58 5.58 4.51
Xs 3.23 4.23 5.23 415 X2 | 3.48 448 5.48 4.40
X9 3.27 4.27 5.27 419 X2 | 344 4.44 5.44 4.36
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Fig 4. Expectation of Respondents

The next stage was the calculation of

servqual value (gap) without weight (Table 5).

Servqual Value (gap score) =

Perception - Mean of Expectation

Table. 5 Servqual value (gap score) without weight

Attribute F.>ercep Ex.pec Gap attribute F.>ercep EXPec Gap
tion tation | score tion tation | score
X4 3.50 4.08 |-0.59 X 14 3.78 4.47 | -0.69
X, 3.49 426 |-0.77 X 15 3.76 437 | -0.61
X3 3.73 421 |-0.48 X 16 3.70 436 | -0.67
Xy 3.51 4.09 -0.59 X 17 3.77 4.40 -0.64
X5 3.20 432 |-1.12 X 18 3.64 436 |-0.72
X 3.61 439 |-0.78 X 19 3.59 4.47 | -0.88
X7 3.56 4.33 -0.77 X 20 3.79 4.51 -0.72
Xg 3.88 4.15 | -0.27 X 3.61 4.40 |-0.79

Mean of
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Xy 3.29 4.19 -0.90 X 2 3.85 4.36 -0.51
X 10 3.55 4.37 -0.82 X 23 3.63 4.23 -0.59
X1 3.59 4.28 -0.69 X 24 3.59 4.26 -0.67
X 12 3.53 4.24 -0.71 X 25 3.63 4.39 -0.76
X 13 3.50 4.27 -0.77

Servqual Value (Gaps Score)

0.045
0.04

0.035

Negative (-)

0

0.03
0.025
0.02
0.015
0.01
0.005 |

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10X11X12X13X14X15X16X17X18X19X20X21X22X23X24X 25

Fig 5. Servqual value (gap score) without weight

The next step after the obtained of servqual
value without weight performed was the weighting
of each attribute. In this study, the weighing of the
attribute was performed by calculating the value
average of each service quality attribute given by

the respondent. Weighted questionnaires were

distributed to experts in the health sector, in this
case the staff of Dr.Ramelan hospital as many as
10 respondents. Based on the distributed
questionnaire data, the results of weighting each

attribute were obtained as follows (Table 6):

Table. 6 Weight value of attribute

No Attribute Weight No Attribute Weight
1 X1 0.0350 14 X 14 0.0413
2 X2 0.0395 15 X 15 0.0413
3 X3 0.0377 16 X 16 0.0413
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4 X4 0.0368 17 X 17 0.0413
5 X5 0.0386 18 X 18 0.0422
6 Xe 0.0413 19 X 19 0.0413
7 X7 0.0413 20 X 20 0.0449
8 Xsg 0.0386 21 X1 0.0413
9 Xo 0.0350 22 X 22 0.0395
10 X 10 0.0431 23 X 23 0.0395
11 X1 0.0404 24 X 24 0.0386
12 X 12 0.0386 25 X 25 0.0413
13 X 13 0.0395

Weight Value of Attribute

0.045
0.04
0.035

0.03
0.025
0.02
0.015
0.01
0.005 |

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10X11X12X13 X14X15X16 X17 X18 X19X20X21 X22X23 X24 X215

=

Fig 6. Weight value of attribute

After the result of weighting each attribute were without weight with weight value of each attribute
obtained, servqual weighted value was (Table.7).

subsequently counted by multiplying servqual value

116



Table. 7 Result of final Servqual value (gap score)

Servqual Servqual .
a
No | Attribute | without Weight | Gap score No | Attribute | without Weight P
score
weight weight
1 X1 -0.59 0.0350 -0.0207 14 | X1 -0.69 0.0413 | -0.0285
2 X2 -0.77 0.0395 -0.0304 15 | X5 -0.61 0.0413 | _0.0285
3 X3 -0.48 0.0377 -0.0181 16 | X1s -0.67 0.0413 | _0.0252
4 Xa -0.59 0.0368 | -0.0217 17 | X7 -0.64 0.0413 | _0.0277
5 X5 -1.12 0.0386 -0.0433 18 | X s -0.72 0.0422 | _0.0265
6 X6 -0.78 0.0413 -0.0322 19 | X1 -0.88 0.0413 | _0.0364
7 X7 -0.77 0.0413 -0.0318 20 | X2 -0.72 0.0449 | _0.0323
8 Xg -0.27 0.0386 | -0.0104 21 | X2z -0.79 0.0413 | _0.0327
9 X -0.90 0.0350 -0.0315 22 | X22 -0.51 0.0395 | _0.0202
10 | X 1o -0.82 0.0431 -0.0354 23 | X2 -0.59 0.0395 | .0.0233
11 | Xn -0.69 0.0404 | .0.0279 24 | X4 -0.67 0.0386 | -0.0259
12 | X2 -0.71 0.0386 -0.0274 25 | X5 -0.76 0.0413 | -0.0314
13 | X3 -0.77 0.0395 -0.0304
Servqual Value (Gaps Score)
0.045
0.04
_ 0035
“d}';' 0.03
= 0.025
&
& 0.02
< 0015
0.01
0.005
0

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10X11X12X13X14X15X16X17X18X19X20X21X22X23X24X 25

Fig 7. Final of Servqual value (gap score)
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3.2. Discussion

The respondent's perception value indicated
the level of service quality received by the patient
during the use of health services at Dr. Ramelan
hospital. Based on the average value of respondent
perception, attribute X5 (Cleanliness of the
bathroom and availability of clean water) had the
lowest value, while the attribute X8 (Neatness and
cleanliness of the appearance of doctors and
nurses) had the highest value. The expectation
value of the respondent showed the respondent's
willingness to the quality of service that should be
given by Dr. Ramelan hospital. The highest
expectation value was the attribute of doctors'
ability to analyze the disease (Xj9). Whereas the
smallest expectation value was the attribute of X;
(Convenient to Inpatient unit location).

The analysis of servqual without weight was
performed to find out how big the gap between
perception and expectation of respondent to health
service in Dr. Ramelan hospital. Based on the
results of this calculation, the attribute Xs
(Cleanliness of the bathroom and availability of
clean water) had the largest gap, this showed the
biggest gap between the perception and
expectations of respondents to this attribute. While
the smallest gap value was the attribute of
Neatness and cleanliness of the appearance of
doctors and nurses (Xg).

From the weighting of each attribute by the
hospital management, the highest value of weight
on attribute Xi9 (The ability of doctors to analyze
the disease) was obtained. While the lowest weight
value was in the Convenient to Inpatient unit
location (X;) attribute. In the final result, a weighted
servqual value with the highest gap was obtained in
the attribute of Cleanliness of the bathroom and
availability of clean water (Xs) with a score of -
0,0433, The availability of doctors and nurses at the

time of patient need (Xg) with a score of -0,0364,

and attribute of Fast, accurate examination,
treatment and treatment services (Xy0) with a score
of -0,0354. this indicated that these attributes

should be a prioritized to improve service quality.

4. CONCLUSION

Based on the results and discussion above,
the policy strategy that can be taken by hospital
management to improve the quality of service was
prioritizing service quality improvement, the first on
attribute  Xs (Cleanliness of the bathroom and
availability of clean water) with a gap score of -
0,0433. The second on attribute Xz (The
availability of doctors and nurses at the time of
patient need) with a gap score of -0,0364 and the
third on attribute X;o (Fast, accurate examination,
treatment and treatment services) with a gap score
of -0,0354. Attributes these services were assessed

by customers was the least quality.
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ABSTRACT

Indonesia as one of world archipelagic country has larger water area than its land area. It has unrestricted sea

access to the main shoreline and generated threat to Indonesian territorial sovereignty. An amphibious

operation is a sea to land war operation and it most suitable for Indonesian geographic. Amphibious raid can be

combined with amphibious assault in Amphibious operation. The aim of the paper is determining the optimum

amphibious raid target that gives best impact and effectivity. Promethee analysis approach compares

alternatives target based on 6 criteria. Criteria used for determining landing point are the value of the target,

time to reach the target area, obstacle of the lane, a risk of detected, vehicles availability and withdrawal

support. From 3 alternatives given by data simulation, the best alternative has 3 benefits from given 6 criteria.

KEYWORDS : Amphibious operation, Amphibious raid, Promethee.

1. INTRODUCTION

Indonesia that located in south-east Asia has
coverage of area approximately 7,9 million square
kilometers, is one of world archipelagic country
(Persoon & Weerd, 2006). It has 13.466 named
islands stretched in equatorial, which 5 main islands
are Sumatra, Java, Borneo, Celebes and Papua
(Tumonggor & et. al., 2013). It gets to benefit from
the geographical position as central to cross line
Asia and Australia Continent and Indian and Pacific
Ocean (Manurung, 2016). The changed of goods
delivery method from land transportation route (silk
road) to ocean shipping transportation made
Indonesia become connector of Eurasian Blue Belt
that gives them great strategical value (Habova,
2015).

Indonesian people blessed with larger water
coverage compared to their land area,
approximately 63% (Hutomo & Moosa, 2005).
Plenty of natural resources especially mining
resources and the fishing product must be
managed well to increase people prosperity

(Subekti, 2013). Indonesia has lots of volcanoes

from Aceh in the north of Sumatra stretched until
Moluccas (Rinard Hinga, 2015). High rainfall rate
and soil fertility as the effect of volcanoes eruption
create large of rainforest area in Indonesia. The
most important of all, Indonesia has 3 world
shipping line: ALKI 1, ALKI 2 and ALKI 3 (Vantier,
et al., 2005).

In another hand, this geographical benefit
gives weaknesses in the transportation sector. They
found difficulties for their transportation as land
transport vehicles cannot reach all the landscape
(Ralahatu & Jinca, 2013). This situation creates
centralized of developing in Java Island. Indonesia
needs good water transportation facilities to support
the movement of humans, goods, and technology to
the rest of the country (Georgescu, 2014). The
structure of Indonesian islands composition and
unrestricted access from the sea in lots of
shorelines increase maritime vulnerability (Bakir,
2007). The government needs to assure national
security and unity of Indonesian territory. Defense
Ministry gets this role, and it executes by

Indonesian Armed Force (TNI) (Indonesia, 2004).
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Indonesia embraces active defensive
defense principal (Indonesia, 2015). It's mean that
Indonesia will avoid expansion to another nation,
but will be ready to eliminate every threat from
outside. This principal need responsive defense
system. It affected in last 10 years defense posture
development be the main priority of Defense
Ministry that booked in Indonesian Minimum
Essential Force (MEF) (Piesse, 2015). This military
policy made an extension of the dynamic changes
of military power in South East Asia and Pacific
region (Shekhar, 2013).

Java lIsland as the center of Indonesian
government and economics activities in Indonesia.
This circumstance followed by military power
concentrated in Java. Defense elements
composition in islands other than Java are
adequate, create susceptible areas especially in
nation borders (Guild & Carrera, 2013). This
situation can increase eagerness of invasion to
Indonesia territory.

An amphibious operation is war operation
that most suited for enemy’s beach area assault.
The amphibious operation generally described as
troops attack movement from sea to beach
foundation area using amphibious vehicles.
Amphibious operation initially with battleship
maneuver in the sea to deploy amphibious vehicles.
Amphibious operation arranged by a good
collaboration of communication and water
movement between the battleship and amphibious
landing unit. The accuracy of deciding beach
foundation area that giving advantageous needed
to ensure amphibious operation well executed
(Navy, 2014).

Amphibious Surveillance Unit is an elite troop
of Indonesian Marine Corps. It has best known in
special military operation. Speed, secret and deadly
ability are the main characteristic of this unit. All that

descriptions make Amphibious Surveillance Unit

especially used as a beach spies mission and
amphibious raid (TNI AL, 2003).

One of the main war principal said that war
must be finished in the shortest period (Tzu & Hou,
2003). This principle requires strategy developing
from usual strategies. Shock factor in a battle can
decide the result of war (Clausewitz & Gatzke,
1942). Technology and knowledge development
make basic and plot strategies can learn handily. It
became a vulnerable side to anticipate and
exploited by enemies. Amphibious raid
implementation concept planned an attack from the
unpredicted side can boost chaos effect for
enemies.

The aim of this paper is giving optimum
amphibious raid target as an early part of
amphibious operation using Promethee. Promethee
used for determining best amphibious raid target
option from available given alternatives.

Promethee developed by French professor
Jean-Pierre Brans, is an abbreviation of Preference
Ranking Organization Method for Enrichment of
Evaluations (Figueira, et al., 2005). It calculates
suitable alternatives for purpose and integrated
problem understanding. Promethee determines
decision problem rational and comprehensive,
grouped action, identify and quantified conflict and
synergy, and giving alternatives for a structured
reason (Behzadian, et al., 2010).

The inscriptive benefit from this paper in
giving academic contribution in amphibious
operation which referenced to improving Indonesian

national defense.

2. MATERIALS/METHODOLOGY
2.1. Promethee

Multi-criteria analysis help managers and
leaders in the decision making of decision
alternatives compared with some criteria
(Department  for Communities and  Local

Government, 2009). One of multi-criteria analysis
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methods popularly use is Promethee. Promethee
generally used in one by one comparison based on
criteria. This approach mostly applied to
environmental management, business
management, logistics and distribution, and factory
production and assembly.

Promethee used to give a solution in:

a. Alternative decision-making

b. Priority decision making
C. Resources allocation

d. Ranking

e. Conflict resolution

Promethee process consists of:

a. Threshold value calculation

b Preference degree value calculation
C. Preference index value calculation
d

Preference direction calculation

Threshold Value Calculation

{

Preference Degree VYalue
Calculation

{

Preference Index Value
Calculation

{

Prefereance Direction
Calculation

Fig. 1 Flowchart

Preference Value
Calculate preference value between alternatives

using preference function

(0 d<0
H(d)_{l d>0

H(d) = criteria margin function
d = margin of first criteria and second

criteria

Preference Index

Preference index is intensity of decision maker

preference that stating first alternative is better than

second alternative. Its considered simultaneously

from all of criteria.

¢(a,b) =YL, mP(ab): Va,beEA .........(2)
¢(a,b) = 1; strong preference a than b
¢(a,b) = 0 ; weak preference a than b

Leaving flow

Leaving flow is node lead away from a point, for

example point a.

0% (a,x) = r:—lzxeA ©(@,X) ., (3)

¢(a,x) =alternative preference of a better
than x
n = total value
Entering flow

Entering flow is node inside to a point, for example

point a.
- 1
0~ (a,x) = szeA @(,X) e (4)
¢(a,x) = alternative preference of a better
than x
n = total value

Net flow
Net flow is margin between leaving flow and
entering flow
D=0%@)—07(Q) ceererrerreieeieeee e, (5)
2.2. Amphibious Operation

First amphibious operation performed by
Continental Navy and Continental Marines in 1776
for Nassau War (Nassau Assault) in the Bahamas.
The objectives of this attack are to capture Britain
gunpowder storage, arms, and munitions. It
engages 210 marines and 50 sailors utilize ships
(Anderson, 1962). Based on usage, amphibious
operation classified in 5 types (Navy, 2014):

a. Amphibious Raid

b Amphibious Demonstration
C. Amphibious Assault
d

Amphibious withdrawal
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e. Other Operations such as conflict
prevention and disaster mitigation.

5 important phases of amphibious operation:
a. Planning; using backward planning
start from landing vehicles maneuver.

b. Embarkation; prepare every material
used to perform an amphibious operation.

C. Rehearsal; make sure every unit
mastering their assignment.

d. Moving; consist of sea maneuver and
preparation to debark amphibious vehicles
into several phases.

e. Action; is projection amphibious
operation to the land.

Amphibious operation planning conducted based
on land movement to avoid miscommunication and
allow good coordination when personal carrier
vehicles reach beach foundation area.

2.3. Amphibious Raid
Amphibious raid is quick executed
amphibious assault with a planned withdrawal.

There are 3 main aspects of Amphibious Raid:

a. Speed
b. Stealthiness
C. Support

Speed is related to time needed to reach
target area and obstacles in the lane. Stealthiness
mean a risk of being detected by enemies from
every movement we made. Support is a
combination of landing vehicles availability and
withdrawal plan support. Amphibious raid main task
is to create destruction, secure the information,
divide enemy’s concentration and search and
rescue personnel/material duty. Amphibious raid
involves small unit and operated before or
simultaneous with an amphibious assault.

Amphibious raid landing location criteria need
to consider 3 main aspects above. Each criterion
will be assessed using rating 1-5 depend on an
advantage of each criterion refer to operation

achievement :

a 1 is a high disadvantage

b 2 is a low disadvantage

C. 3 is neutral

d 4 is a low benefit

e 5 is a high benefit

Amphibious raid landing location criteria in
this analysis determined as:

a. Value of target

b Time to reach target area

C The obstacle in the lane

d. Risk of detected

e Landing Vehicles availability
f

Withdrawal support

Table 1. Criteria

Code Criteria
C1 Value of target
c2 Time to reach target area
C3 Obstacle of the lane
C4 Risk of detected
C5 Landing vehicles availability
C6 Withdrawal support

Measurement score of every criterion are:
a. Value of target measured by the
importance of each target for enemy side.
b. Time to reach target area measured by
the time needed to reach each target.
C. Obstacle of the lane measured by
difficulties on approach road to each target.
d. Risk of detected measured by enemy
detection possibilities caused by raid
amphibious movement.
e. Landing vehicles availability measured
vehicles action complexity to approach each

target.
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f. Withdrawal

2.4, Target

The target of analysis in this paper is giving
an optimal target for amphibious raid based on

criteria decided.

support

measured by

difficulty for withdrawal movement.

3. RESULT AND DISCUSSION

given by:

Table 2. Alternative targets

Given 3 alternative targets based on
intelligent data simulation. Promethee analysis

Target A B C
C1 Communication center Gunnery Port
Cc2 80 minutes 60 minutes 40 minutes
C3 Hillside Plain surface Beach area
C4 Minimal risk Considerable risk Medium risk
C5 Difficult access Accessible Accessible
C6 Open withdrawal spot | Close withdrawal spot Open withdrawal spot
Table 3. Scoring Table
A B C
C1 5 4 3
c2 3 3 5
C3 2 4 3
c4 5 4 2
C5 1 4 4
C6 5 2 4
Table 4. Preference value
(A,B) (A,C) (B,A) (B,C) (C,A) (C,B)
Criteria
H(d) d Hd) | d H(d) d Hd)| d Hd)| d H(d)
C1 1 2 1 -1 0 1 1 -2 0 -1
Cc2 0 -2 0 0 0 -2 0 2 1 2




C3 -1 0 -1 0 2 1 1 1 1 1 -1 0
C4 1 1 3 1 -1 0 2 1 -3 0 -2 0
C5 -3 0 -3 0 3 1 0 0 3 1 0 0
C6 3 1 1 1 -3 0 -2 0 -1 0 2 1
Preference index C 0.50 0.33 -

Multi criteria preference index result

(AB) = 1/¢ (1+0+0+1+0+1) = 0.50

Leaving flow result for each alternative

_1 _
(A.C) = */ (1+0+0+1+0+1) = 0.50 A = 1/(3-1) (0.50+0.50) = 0.50
(B,A) = 1/ (0+0+1+0+1+0) = 0.33 B = 1/(3-1) (0.33+0.50) = 0.417
(B,C) = 1/6 (1+0+1+1+0+0) = 0.50 C = 1/(3-1) (0.50+0.50) = 0.417

(C.A) =1/, (0+1+1+0+1+0) = 0.50

Entering flow result for each alternative
A = 1/(3-1) (0.50+0.50) = 0.417

~1 _
(C.B) = */5 (0+1+0+0+0+1) = 0.33 B = 1/(3-1) (0.50+0.50) = 0.417
C = 1/(3-1) (0.50+0.25) = 0.50

Net flow as result of Promethee analysis

Table 5. Preference index A=050-0.417 = 0.083
A B c B=0.417-0417= 0
C=0.417-0.50= -0.083
A - 0.50 0.50 ] o )
Promethee analysis for amphibious raid target
B 0.33 - 0.50 selection based on criteria determined are:

Table 6. Overview result of Promethee

Alternative | Leaving flow | Entering flow Net flow Ranking
A 0.50 0.417 0.083 1
B 0.417 0.417 0 2
C 0.417 0.50 -0.083 3

4. CONCLUSION
From this paper analysis provide result:
a. Amphibious raid target selection
evaluated with 6 criteria; Value of target,

Time to reach target area, Obstacle of the

lane, Risk of detected, Landing vehicles
availability, and Withdrawal support.

b. Each alternative target based on
intelligent data simulation has specific
situation and analyzed using Promethee

method.
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C. Alternative A gives 3 benefits and 2
disadvantages. Alternative B gives 4 benefits
and 1 disadvantages. Alternative C gives 3
benefits and 1 disadvantage.

d. Alternative A receives highest Net
Flow score; 0,083 compared to 0 for

alternative B and -0.083 for alternative C.
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ABSTRACT

There are plentiful activities conducted by the Cadets in order to hold educational process at the Naval
Academy. These activities are particularly vulnerable to physical and psychological friction, especially in routine
and nurturing activities, where activities in this phase are thought to cause the Cadets to experience excessive
mental workloads which may result in the Cadets being unable to continue their education. Therefore, this
research would identify one of the factors that were suspected to be the cause of the problem which was
psychological factor or mental workload on the Academy of Naval using Subjective Workload Asessesment
Technique (SWAT) method. SWAT method was chosen because it was easier to apply and had some
advantages in terms of results validity and accuracy, so that the performance of Cadets expected by Institution
were: Tanggap, Tanggon and Trengginas. The results of this study indicated that there was a high mental
workload for some sub activities at some level. The highest mental workload in level 1is 69,0 (RPS activity), in
level Il is 83,4 (senior junior development), in level Il is 77,6 (senior junior development). Besides this research
also showed that the mental workload between the four levels of Level I, II, lll and IV had a significant difference

in mental workload in carrying out every activity at the Academy.

KEYWORODS : Subjective Workload Assessment Technique (SWAT), Mental workload, Cadets

1. INTRODUCTION Each Cadets activity will provide workload in the

The education methods applied in the Naval
Academy are teaching, training and nurturing
methods (Yudhoyono & Jalal, 2009/2010). The
aims of the methods are described as follows:
Teaching method aims to equip Cadets with
general science and basic profession as marine
warriors. The training method aims to equip the
Cadets with the basic skills of the profession as well
as the special profession of each corps. Nurturing
aims to shape, nurture and solidify the personality
of Cadets and the spirit of true warrior (W.Masland
& Radway, 2015).

Various activities are conducted by the

Cadets in the education process in Naval Academy.

form of physical workload or mental workload. The
most dominant workload wich has a high stress
buren is the mental workload, thus the metal
workload must be considered. In addition, the
activities of Cadets are very susceptible to physical
and psychological friction, especially in routine and
nurturing activities, where activities in this phase
are expected to cause the Cadets to experience
excessive mental workload which may cause the
Cadets to not continue their education. Based on
data obtained from the Cadets Regiment recorded
during the period of 6 years (2008-2013), there
were 17 Cadets expelled, whether it was due to
mental factors or due to other factors.
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Based on those data, it can be said that there
are still very serious problems in the educational
environment, why is that? In an education, the
number of incoming education will be equal to the
number that graduated, because the Cadets who
follow the education are those who have been
through a variety of selection that is so tight both at
the regional and central levels. Among thousands
of people who register, the number of people
accepted are only £ 100 people each generation or
+ 1:20 in each enrollment, meaning that the person
accepted is a person who has qualified both
physically and psychologically/mentally for the
education. Therefore, when 1 person of each force
is expelled from education for any reason then it
can be said that the institution has not succeeded in

implementing the ideal education system.

The research that discusses about the SWAT
application are research conducted by Rubio et al.
the title Evaluation of Subjective Mental Workload:
A Comparison of SWAT, Nasa TLX and Workload
Profile. In that study, the results of the ANOVAs
performed showed that there are no differences
with  regard to the three instruments’
intrusiveness,and that among the three subjective
workload instruments WP has an outstanding
sensitivity to the different task manipulations

(Rubio, et al., 2004).

Another research conducted by Widyanti et
al that they adaptation of rating scale mental effort
for use in Indonesia (Widyanti, et al., 2013). This
study attempts to apply rsme searching task in
experiments. 80 people were asked to fill in the
guestionnaires NASA TLX and RSME. And the
result shows that RSME in line with NASA TLX.

Next research conducted by Waard about

driving a vehicle, it may seem to be a fairly simple

task (Waard, 1996). After some initial training many
people are able to handle a car safely.
Nevertheless, accidents do occur and the majority
of these accidents can be attributed to human
failure. At present there are factors that may even
lead to increased human failure in traffic. So the
author disscussed about measurement mental

workload drivers.

In the study by Battiste and Bortolussi. This
research was a part of study which investigated
workload measures for aircraft certification. No
significant main effects were found for any
performance- based measures of workload. Both
SWAT and NASA-TLX were sensitive to differences
between high and low workload flights and to
differences among flight segments (Battiste &
Bortolussi, 1988).

The Study of Sirevaag et al. This research
see claims through the process of two places
format different communication, digitally and verbal,
in a simulated high and the higher multi-function
helicopter (Sirevaag, et al., 2010). The discussed in
terms of structural and capacity communication
systems suit filed for the advancement of multi-

function helicopter.

Some of these studies showed that the
Subjective  Workload Assessment Technique
method could be used to analyze the level of
mental workload in various fields (Eggemeier, et al.,
1982) (Nygren, 1985).

Therefore, this study would identify one of
the factors that were suspected to be the cause of
the Cadets problem, namely psychological factors
or mental workload in Cadets level |, level Il, level
Il and level IV while undergoing education at Naval
Academy using SWAT method. SWAT method was
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chosen because it was easier to apply and had
several advantages in terms of validity and
accuracy of the results, so that the performance of
Cadets expected by the institution could be
obtained, namely: Tanggap, Tanggon and
Trengginas and at the same time could be a

recommendation for the institution in taking policy.

2. MATERIAL AND METHODOLOGY
2.1 Workload

Working  loads  experienced by a
worker/employee are physical workload, mental
and psychological workload arising from the work
environment (Moray, 1982). Workload is designed
in accordance with the capabilities and limitations of
both physical and mental workers. Therefore,
information on workloads obtained through
measurement becomes important. The basic
concept of mental workload leads to the difference
between the processing resources available to the
operator and the resource requirements needed in
the task (Vidulich & P.S.Tsang, 2007).

Basically, the workload explains the
interaction between an operator performing the task
and the task itself. In other words, the term
workload illustrates the difference between the
capacities of a human information processing
system that is expected to satisfy the expected
performance and that capacity is available for
actual performance (Hancock & N.Meshkati, 1988).
Henry R. Jex defined the mental workload as "the
operator's evaluation of the attentional load margin
(between their motivated capacity and the current
task demands) while achieving adequate task
performance in a mission-relevant context" (Derrick
& Wickens, 1984).

2.2 SWAT (Subjective Workload Assessment
Technique)

The SWAT Method (Subjective Workload
Assessment Tehnique) is one of the way to
measure the mental workload developed by Harry
G. Armstrong, the Aerospace Medical Research
Laboratory, Wright-Petterson Air Force Base, Ohio,
USA to answer the question of how to measure
mental workload in real environment (Real World
Environtment) naturally and objectively from
gualitative data sources (Reid & Nygren, 1988).
SWAT was divided into 2 steps (R.S.Bridger, 1995)

namely:

a. Scale Development

In the scale development, subjects are
required to conduct a card ordering of 27
(twenty seven) combination cards from the
lowest workload sequence to the highest
workload, according to the perceptions of
each person.

b. Event Scoring

In the scoring event, the tried person
(subject) is asked his SWAT rating from each
task, then SWAT rating, calculated by using
SWAT program inside the computer to know

the workload score of each combination

Based on SWAT model, human work
performances are divided into 3 workload
dimensions, namely: Time Load (T), Mental Effort
Load (E), dan Psychological Stress Load (S)
(Waard, 1996) (Moray, 1982).

a. Time Load (T)

The time load dimension depends on
the availability of time and the ability to step
over (overlap) in an activity. This is closely
related to timeliness analysis which is the
primary method to find out if the subject can

complete the task within the specified time
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range. This time load consists of three rating
categories: Low Time Load, Moderate Load,
High Time Load. As for the understanding of
each rating according to SWAT levels, it
would be described below:

1) Low Time Load. It always has
excess time. The interruption and work
simultaneously  (overlap) between
activities never happened or rarely
happened.

2) Moderate Time Load. It

sometimes has excess time. The

interruption and work simultaneously

(overlap) between activities often

happended.

3) High Time Load. It has no

excess time. The interruption and work

simultaneously  (overlap) between
activities often happened or always
happened.

b. Mental Effort Load (E)

The mental effort load is an indicator of
the mental needed and attention required to
complete an activity, it was independent of
the number of sub-jobs or time constraints
(Jung & Jung, 2001). With a low mental effort
workload, the concentration and attention
required to perform low activity and
performance tend to be automated. As these
loads increase, the concentration and
attention required would also increase. In
general, this is related to the level of
complexity of work and the amount of
information that must be processed by the

subject to carry out his work well.

High mental effort requires overall
concentration and attention according to the
complexity of the work or the amount of

information to be processed (Sekker, 2014).
Activities such as calculation, decision
making, remembering information and
problem solving are examples of mental
effort. Mental effort load consists of three
categories of rating : Low Mental Effort Load,
Moderate Mental Effort Load, High Mental
Effor Load (YM & ZM, 2005). As for the
meaning of each rating according to SWAT

levels, it would be described bellow:

1) Low Mental Effort Load. The
need for concentration and conscious
mental effort is very small. Activities
performed almost automatically and do
not need attention.

2) Moderate Mental Effort Load.

Concentration needs and moderate

conscious mental effort. The

complexity of moderate to high activity
is consistent  with  uncertainty,
predictive disability, and unfamiliarity.

Additional attention is required.

3) High Mental Effort Load. The

need for concentration and conscious

mental effort is enormous. Job
activities are so complex that they
require more attention.

C. Psychological Stress Load (S)

The workload of psychological distress
relates to conditions that can lead to
confusion, frustration, and fear during work,
thereby causing work resolution to be more
difficult than it really is (Sirevaag, et al.,
2010).

People tend to relax at low stress
level. Along with the increase of stress, there
is confusion concentration to the relevant

aspects of a job that is more caused by
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individual factors of the subject. These
factors include: motivation, fatigue, fear, skill
level, temperature, noise, vibration, and
comfort. Most of these factors affect the
performance of the subject directly if they
arrive at a high level. Albeit small, these
factors woulb be taken into account in SWAT
if it interferes and causes the individual to
exclude his ability to prevent the job from
being affected (Sheridan, 1980).

Psychological Pressure Load consists
of three rating categories: Low Psychological
Pressure Load, Moderate Psychological
Pressure Load and High Psychological
Pressure Load. As for the meaning of each
rating according to SWAT levels, it would be
described below (Eggemeier & Stadler,
1984):

1) Low Psychological Load.
Confusion, risk, frustration or anxiety
can be overcome easily.
2) Moderate Psychological Load.
The stress that arises and deals with
confusion, frustration and anxiety adds
to the existing workload. Additional
compositions are necessary to
maintain the performance of the
subjects.

3) High Psychological Load. There

is high stress associated with

confusion, frustration and anxiety. At
this level, it requires great self-control.

Each of these dimensions consists of
three rating categories with workload
intervals as follows (Sirevaag, et al., 2010)
(Luximon & Goonetilleke, 2001) :

1) Lower Load if the final scale is
0-40

2) Medium Load if the final scale is
41-60
3) Over Load if the final scale is
61-100

Methodology

This research was qualitative
research where the data was taken directly
from the respondents which was Cadets by
distributing 27 SWAT cards to be sorted
starting from the lowest and highest mental
workload and filling in the questionnaire
related to Education at Naval Academy
2012/2013. The sampling method was
taken randomly. The samples required for
the adequacy of the data in this study were
as many as 120 samples, consisting of 30
people in Level IV, 30 people of Level lll,
30 people of Level Il 30 people of Level I. It
was obtained with experiment design with

anova nested anova method without

- Data Processing
Interview < Software SWAT& Minitab

interaction.
Basic Study
‘ Froblem Identification ‘
¥
‘ Objecitve and Benefit ‘
I
Literature Study Field Study
¥ ¥ ¥
CQuestionnaire Sample Data Collecitoin
Design Determination Tachnigue
¥

Frimary and Secondary
Data Caollection

v

Result Analysis

A4
Conclusion and
Recommendation

Fig. 1 Research Process Steps/flowchart
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2.4. Data Collection

The data collection using SWAT method was
by scale development. The Cadets was asked to
sort the cards of 27 combined cards from the lowest
workload sequence to the highest workload based
on correspondent (Cadet)'s perspective. In the
ordering of the card, there is no rule which was right
or wrong. The ordering of cards was done
according to the perceptions of each
correspondent. In addition to sorting 27 SWAT
cards, Cadets filled out a questionnaire about the
workload of the activities it undertook. In the
questionnaire, cadets were also asked to rate the

workload experienced by the activities.

2.5. Data Processing

After collecting data from 27 SWAT cards
according to the order from the lowest to the
highest based to the perception of each
correspondent, then the results of this card sorting
were recorded and downloaded on the computer to
interpret the dimension scale into the SWAT
(Scaling Solution) scale. In addition, the results of
filling out questionnaires on activities carried out by
Cadets were transformed into Event Scoring. From
the result of conversion between SWAT scale to
SWAT rating, the work load of each Cadets could

be known.

Finally, to test and compare the mental
workload of the four levels with each of the 30
Cadets Per levels and 4 activities with 25 sub-
activities performed, the Nested Anova test was
used with the help of Minitab 16 software.

3. RESULT AND DISCUSSION

In this study Cadets was asked to provide an
assessment of the workload consisting of time load
(T), mental effort load (E) and psychological

pressure load (S). The activities of Cadets divided
into 4 groups. The group activities were: routine
activities, parenting activities, teaching activities

and training activities as shown in Table 1.

Table.1 The Cadet’s Activity Group

Activities | No Sub Activities
Routine 1 | Waking Up

2 | Morning Training

3 | Breakfast

4 | Morning Roll Call

5 | Noon Roll Call

6 | Lunch

7 | Dinner

8 | Evening Study Session

9 | Evening Raoll CAll
Murturing 10 | Ceremony

11 | Exercise

12 | Inspection

13 | Karate

Teaching 14 | Physical Training

15 | Proffesion Learning

16 | Non-profession Learning
17 | Examination

18 | Military Gymnastic

19 | Basic Military Rule

20 | Agile Field

21 | Military Fighting

22 | Military Swimming

23 | RPS

24 | Fielding, Maping, and Compass Knowledge
25 | Grenades Throwing

3.1. Card Arranging Analysis and Scale
Development

Based on the data processing, if Kendall
coefficient showed value more than 0.75 then the
scale that could be used here was group scaling
solution). This groups were described as follows :

a. Level IV of Cadets

After the data processing was
performed, the coefficient of kendall could be
obtained and it was 0,9730 as shown in
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Figure 2 Cadets Level IV prefered time factor
in completing each job, in addition to having
a high effort workload (effort), while for the
business of stress (stress) in this group was
not really needed. The relative importance of

each factor was 68.50%, the time factor

indicating that the Level IV tuna collectively
prefers the time factor (T). The second factor
was the Mental Effort (E) with a percentage
of 21.77% and the last dimension was the
dimension of Stress (S) with a percentage of
9.73%.

HEEHERRHE

=== e e s e e N = e e [ P = =
[ ]

Bays]
- 0Q
.95
.99
- 0Q
.99
Esle]
- 0Qg
.92
.00
.99
B ele)
==
Easle]
A ele)
OO0
-9s
SO
Ay ele]
.99
.99

SRR RE R EE AR EEEEE R

Fig. 2 Result Kendal’s Coefficient Level IV of Cadets

b. Level Ill of Cadets

The kendall coefficient value was
obtained at 0.9867 as shown in Figure 3.
Cadets Level lll prefered the time factor in
completing each job, in addition to having a
similar amount of mental effort and stress

workload. The relative importance of each

factor was 67.50%. The time factor indicating
that Level Il collectively prefered the time
factor (T). The second factor was the mental
effort dimension factor (E) with the
percentage of 20.00% and the last dimension

was stress (S) with a percentage of 12.50%.

134



ECT= DT e s

JERES R

OO0 Qo 20000000 D

OO0 0 QD Q0003 W.00W0)
44444444 A4 AA A A4 44 4444444444442

!I

Fig. 3 Result Kendal’s Coefficient Level Il of Cadets

C. Level Il of Cadets was 68.50%. The time factor indicating that

The kendall coefficient value was Level Il collectively prefered the time factor
obtained at 0.9693 as shown in Figure 4. (T). The second factor was the mental effort
Cadets Level Il prefered the time factor in dimension factor (E) with the percentage of
completing each job, in addition to have a 21.78% and the last dimension was stress
high stress workload yet low mental effort (S) with a percentage of 9.73%.

load. The relative importance of each factor

KEMDALL 'S

SFPEARMASN RS

1
1
1
1
14
1
1
1
1
1

A4 A4 A4 A4 A4 A4 A A A A A A A4+

135



Fig. 4 Result Kendal’s Coefficient Level lll of Cadets

d. Level | of Cadets

The kendall coefficient value was
obtained at 0. 9809 as shown in Figure 5.
Cadets Level | prefered the time factor in
completing each job, in addition to having a
similar amount of mental effort and stress

workload. The relative importance of each

. TINGE.AT 1 - Microsoft Word

T 0 =6 =1 il || Bl sl A

. -33

factor was 67.50%. The time factor indicating
that Level | collectively prefered the time
factor (T). The second factor was the mental
effort dimension factor (E) with the
percentage of 18.10% and the last dimension

was stress (S) with a percentage of 14.10%.

Fig. 5 Result Kendal’s Coefficient Level Il of Cadets

Based on the data processing, it could be
seen that each level of Level 1V, Level lll, Level Il
and Level | indicated group-based data processing,
which was indicated from the acquisition of the
coefficient of kendall. The results of group-based
data processing showed that it was related to the
pattern of life in the military. Military life had a
tendency to always be in groups and always
maintain the group, ranging from groups of squads,

platoon, company, batalioon up to the Brigade or

the army itself.

3.1 Respective Workload Analysis on Activity
in Each Level
In each level there are many activity and

average level as shown in Table 2.

Table. 2 Result of each activity and average level
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At this analysis stage, the sub activities that

would be discussed on each level had SWAT score
above 61 (61-100). According to SWAT method, it

was considered as high load work category (high

load). If we see in Figure 6 Level IV there wasn'’t

any high mental workload. Based on Interviews with

some respondents, Cadets level IV and Cadet's

Mentoring, it was found that it was due to the the

state of Cadets level IV. Cadets level IV was the

most senior Cadets at the Academy so that in the

implementation of activities, they could carry

well without pressure from anywhere.
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Fig. 6 Graph of Level IV Cadets Based on SWAT Scale

In Figure 7 the Level Il of Cadets group,
there were several sub activities that had a high
mental workload, from 25 sub activities there were
4 sub-activities included in the category of high
mental workload. The sub activities would be

described bellow:

a. Lunch

Lunch was held jointly between level II, IlI,
and IV in one table, lunch started at 12:45 to
13:00. This sub activity had mental load
average of 63,3 which according to SWAT
included in high load category.

b. Traditional Roll Call

It was the Cadets Corp Regiment Assembly
which was held on Saturday Morning. This
activity was taken over by Cadets Corps
officials. It was held at 07.00-finish, the
mental workload on this sub activity was
69.8. In this activity the junior Cadets will be
checked for the neatness of personnel and
material, ranging from shoe, clothes, hair

neatness and others. If there were
deficiencies or violation, they would get
disciplinary punishment.

C. Drum Flute Training(GS)

Drum Band Training was held 3 times a week
in the morning and evening. The value of
mental workload on this activity was equal to
76.3. This was because the level of difficulty
and compactness in training was high
enough to force them to practice hard, along
with the pressure of senior Cadets
punishment in case of errors in the exercise
so that the mental workload of the Cadets

was higher.

d. Senior Junior Development

This activity was anything related to senior
Cadets coached against junior Cadets about
the life of the Cadets Corps Regiment. Senior
were allowed to impose a proportional
penalty against any wrongdoing by junior
Cadets.
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Fig. 7 Graph of Level lll Cadets Based on SWAT Scale

138



100

12345678 910111213141516171819202122232425 M 4ign Load

B Sub Activities

Lower Load

Medium Load

Fig. 8 Graph of Level Il Cadets Based on SWAT Scale

Based on the graphic figure 8 of Load
Workload Level I, there were some sub activities
that had a high mental workload, from 25 sub
activities there were 10 sub-activities included in
the category of high mental workload. The sub
activities were described bellow:

a. Breakfast with an average mental load
value of 61.5.
b. Noon Roll Call with an average mental

load value of 70.8.

C. Lunch with an average mental load
score of 75.1

d. Dinner with an average mental
workload of 64.3.

e. Night Roll Call with an average mental
load value of 82.6.

f. Tradition Roll Call with an average
mental load value of 69.8.

g. Drum Flute Training (GS) with an
average mental load value of 81.4.

h. On Duty with an average mental load
value of 67.2.

i Senior Junior Development with an
average mental load score of 83.3.

i Physical Training with the average
mental load value of 63.6,
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Fig. 9 Graph of Level | Cadets Based on SWAT Scale.
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In Figure 9, the Level | Cadets, there were
several sub activities that had high mental
workload. From 25 sub activities, there wass only 1
sub activity that included in the category of high
mental workload. That sub activity was Route
Commander Soedirman (RPS). It was a Long
March activity to commemorate the Commander
Soedirman’s struggling for independence. The
distance traveled was long and hard so that the
Cadets Level | felt burdened with this sub-activity.
Other than that, the weather at that time was bad
and made their shoes wet and sore, also they had
to carry the goods in a bag of hinges that contains
logistics inventory for 3 days. It made their burden
getting heavy. Some respondents also said that the
lack of exercise factor was also the cause of the
weight in this activity. The mean mental load of this
activity was 69.0

3.2 Data Test Analysis with ANOVA

Anova testing was intended to test the
uniformity of the population and compare it. The
population was consisted of Level I, Level Il, Level
lll, and Level IV. The thing that we wanted to know
was whether there was a significant difference in
the mental workload between the four levels and

the significant differences in each activity.

The results of the test with Nested anova
showed that the four levels of Level |, Level Il, Level
lll, and Level IV Cadets had a significant difference
in mental workload between each other, as well as
the activities performed. There was a very
significant difference in each activity at each level.
This was in accordance with the initial hypothesis
that there wass indeed a difference between the 4

(four) levels and the activities.

3.3 Recommendation

Based on observations, interviews and data
analysis, the recommendations could be given to
activities which had been considered having a high
workload so that expectations of these activities
could run well without changing the essence of the
activity itself. Here were suggestions for improving

sub activities.

a. Dine Activity

The supervision of Officers and
Commisioned Officer must be further
tightened to avoid the disproportionate
actions or penalties from the senior Cadets to
the junior in the dining room. Disciplinary
punishment must be performed to the senior
Cadets who was caught performing
dishonest acts in the dining room.

b. Traditional Roll Call

The seniors should set a good example for
the junior Cadets and need proper
supervision from the Commisioned Officer to
avoid the disproportionate actions of the
senior to the Junior Cadets.

C. Genderang Suling Training (GS)

It was necessary to teach theories about
musical instruments by music experts, so
that when exercised the Cadets understand
with the musical instrument he holds, this
was to avoid mistakes in the practice that led
to more penalties than the exercise itself.
Although at the time the fully responsible
practice was the GS Caregiver, but other
caregivers should keep an eye on the
exercise.

d. Senior-Junior Development

The need for supervision of all activities in
buildings and rooms and the provision of

disciplinary punishments provided by senior
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Cadets should be educational and not
excessive.

4, CONCLUSION

4.1. In general, based on the interviews,
observations and in-depth analysis, the mental
workload of Level IV Cadets did not contain a high
mental workload as they are the most senior
Cadets in the Academy. They do not feel pressured
in carrying out any activities. As for Level lll, they
had a high workload in four activities: Lunch (63,6),
traditional Roll Call (69,8), GS Training (76,3) and
Senior Junior Development (77,6). Meanwhile,
while Level Il Cadets had more mental workload
among these activities: Breakfast (61,5), Lunch
(70,8), Noon Roll Call (70,8), Lunch (75,1), Dinner
(64,4), Evening Roll Call (82,6), Traditional Roll Call
(82,6), GS Training (81,4), Duty (67,2), Senior
Junior Development (83,4), and Physical Training
(63,6). Finally, the activity with the most mental
workload for Level | was RPS (Rute Panglima
Sudirman /Panglima Sudirman Route) which is
score is 69,0..

4.2. The result of ANOVA test showed that the
four level workloads that were Level IV, Level Il
Level Il and Level | were not identical. It means that
there wes a very significant difference between
each level as well as all of the activities that had
been performed. Anova testing results showed that
the four activities had a very significant difference.
4.3. Most Cadets Juniors had a high mental
workload due to the pressures of the senior Cadets,
this was ilustrated in the results of the data. The
smaller the level the greater the mental workload
was perceived. However, this condition did not
occur in Level | Cadets because they were in
Magelang and not directly related to their senior. It

means that the senior-junior direct interaction in the

Academy greatly affected the mental workload for
the Cadets, especially the Junior Cadets.
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ABSTRACT

PT. Central Santosa Finance is a motorcycle financing company. PT Central Santosa Finance was established
to become the preferred financing institution for financing motorcycle ownership loans. Through the Ministry of
Finance's permit KEP-523 / KM.10 / 2010 which was issued on September 3, 2010 and operates since
September 17, 2010, then as part of the largest private bank group in Indonesia, namely BCA Bank, the
company continues to expand its business unit by continuing to create competitive advantage so that it can
provide the best solutions and benefits to consumers. However, over time PT. Central Santosa Finance is
experiencing bad credit. In the period of January to May 2017, especially for two-wheeled vehicles Honda brand
experienced bad credit of 15.03% of new customers as much as 1377 and bad credit as much as 207
customers. They can directly give credit without knowing closely how and who the prospective customers who
will be financed. In this case, with the analysis of 5C decisions (character, capacity, capital, collateral, and
condition) using simple additive weighting method (SAW) can attempt to eliminate the old habits of credit

marketing staff who casually give credit and also the company can control and maintain quality of the consumer

so that no bad credit that can harm the company PT Central Sentosa Finance Banyuwangi.

Keywords: SAW, 5C, Credit

1. INTRODUCTION.
1.1. The Background

In general, the purchase of motorcycles can
be seen in two ways those are cash and credit.
While Leasing is one of the credit sales systems by
a lot of companies that do not have enough funds to
buy a motor vehicle in cash, or prospective buyers
of the vehicle is intentionally buying on credit the
vehicle that they want to buy with the certain aim
through some special conditions that must be
complemented by prospective customers who
deserve a credit. According to PERPRES no. 09 in
2009 concerning financing institutions in the form of
provision of capital goods by way of factoring,
venture capital, leases with leased capital, or lease
with an operating lease to be used by a lessee for a
specified period based on the gradual payment of

each month. PT. Central Santosa Finance

established in automotive industry regulations in
Indonesia, especially in the two-wheeler industry,
and as part of the largest private bank group in
Indonesia that is Bank Central Asia through the
Ministry of Finance's permit. KEP-523 / KM.10 /
2010 which was published on September 3, 2010
and operates since September 17, 2010, PT
Central Santosa Finance is one of the financing
institutions of the people's choice to feel the help
with this Leasing implementation. Financing
company can continue its activities in the field of
financing services then the company needs to keep
the company's performance to stay healthy, ranging
from credit application procedures, decision making

creditworthiness. There are some assessment

criteria that must be done to get really beneficial
customer which is done by using 5C analysis using

simple additive weighting (SAW) method to reduce
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the occurrence of bad credit. The credits with a 5C
assessment contain character, capacity, capital,
collateral, and condition. This analysis has aims to
eliminate the old habits of credit marketing staff who
usually only rely on proximity to the sales dealers
only. They can directly give credit without knowing
closely how and who the prospective customers
who will be financed, because of that it raises the
occurrence of bad credit, especially two-wheeler

Honda vehicles in the period January to May 2017.

Table. 1 The Percentage of Bad Credit

Month New Bad Percent
Customer | Credit

January 107 41 38,31%
February 245 40 16,32%
March 313 42 13.41%
April 340 44 12.94%
May 372 40 10,75%
Total 1.377 207 15.03%

In this case with the analysis of the 5C
decision using the simple additive weighting method
(SAW) can attempt to eliminate the old habits of
credit marketing staff who arbitrarily give credit and
also the company can control and maintain the
quality of the consumer so that no bad credit that
can harm the company of PT Central Sentosa

Finance Banyuwangi.

1.2. Problem Identification
Based on the background that has been
described above, the authors can convey the

identification of the problem as follows:

a. How to apply simple additive weighting method
(SAW) as decision support system to Reduce
bad credit in prospective customers PT.
Central Santosa Finance Banyuwangi?

b. What are the recommended improvements to

overcome bad credit?

1.3. The Objective of the Research
Based on the problem identification above,
the research objectives that have to be achieved
are as follows:
a. To know the apply simple additive
weighting method (SAW) as decision support
system to Reduce bad credit in prospective
customers PT. Central Santosa Finance
Banyuwangi and implementation of the
provision of vehicle loans at PT. Central
Santosa Finance.
b. To provide recommendation of system
improvement to reduce the occurrence of bad
debts with the analysis of creditworthiness
decision making by using simple additive
weighting (SAW) method.

1.4. The Problem Limitation

In order for this research more focused, the
researcher limits it only on the matters relating to
the internal control in credit application procedures
and crediting process at PT. Central Santosa
Finance.

a. Bad Credit to customers of two-

wheeled vehicles Honda brand.

b. The customer data used in the period

from January to September 2017

1.5. Benefits of The Research
This research is expected to provide the
following benefits:
a. Can increase knowledge about
financing institutions, leasing system, and
understanding in the submission of motor
vehicle loans conducted at PT. Central
Santosa Finance.
b. It is expected that this research can be
useful for future researcher as a reference or
as a comparison and study for research

conducted.
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2. MATERIALS/METHODOLOGY;

EXPERIMENTAL PROCEDURE.
2.1 Financing Institution

In Indonesia, although there has been a
channeling of funds provided by bank and non-bank
financial institutions, institutionally began officially
recognized after the government issued
Presidential Decree No. 61 in 1988 on Financing
Institutions, which was then followed up by Decree
of the Minister of Finance of the Republic of
Indonesia No. 1251 /KMK.013/1988 concerning in
Provisions and Procedures for Implementation of
Financing Institutions, which has been amended the
latest by Decree of the Minister of Finance of the
Republic of Indonesia No. 448 / KMK.017 / 2000
concerning in Financing Company. The meaning of
the Financing Institution according to Article 1 point
(2) of Presidential Decree Number 61 Year 1988
regarding Financing Institution, namely: Financing
Institution is a business entity that performs
financing activities in the form of provision of funds
or capital goods by not drawing funds directly from

the community .

2.2 The Understanding of Credit

According to the Banking Act Number 10 of
1998 credit is the provision of money or bills that
can be equivalent to it, based on a loan agreement
or agreement between the bank and another party
requiring the borrower to repay his debt after a
certain period of time with the giving of interest. In a
broad sense credit is defined as trust. Likewise in
the Latin language credit means "credere" means to
believe. The intention of trusting for the lender is
that he trusts the recipient that the credits he or she
distributes will be returned according to the
agreement. As for the recipient of credit is the
acceptance of trust that has the obligation to pay in
accordance with the term (Kasmir 2009).

2.3 The Understanding of Sample

Sample is part of the population that
represents all the characteristics of the population.
A population with a large quantity can be taken
partly by the quality of the sample representing
exactly the quality of the population with a
representative word. The number of samples is not
always large and also not always small, it depends
on the representation of characters from the
sample. For example in the study of blood type, of
course no need to put all blood from someone into
laboratory because 2 ml of blood is enough to be
used to know blood group that exist in leg, head or
hand of patient. In some forms of research the
possibility of numbers should be met so that there is
a standard rule of drinking samples to be taken in a
study. This is done with consideration of the quality
of the samples taken. For example, a study of
purchasing power in Gowa district. Taking five
sample people as representatives of the population
is not enough to represent the entire population.
Apart from quality, in a study requiring inference
statistics, the minimum sample size should be
adjusted to the type of statistical analysis used
primarily for the distribution of data from the

sample.

2.3.1 Determining Number of Samples by
Slovin Method

One method used to determine the number

of samples is to use the Slovin formula (Sevilla, et

al 1960), as follows:

N
n= ——5
1+ Ne?
Where:
n: the amount of sample

N: the amount of population
e: error tolerance

2.4 Simple Additive Weighting (SAW)
Method
Simple Additive Weighting (SAW) method is
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a method used to find the optimal alternative from a

number of alternatives with certain criteria. The

essence of Simple Additive Weighting (SAW) is to
determine the weight value for each attribute, then
proceed with the ranking process that will select the

alternatives already given. Basically, there are 3

approaches to finding attribute weight value that is

subjective approach, objective approach and
approach of integration between subjective &
objective. Each approach has its advantages and
disadvantages. In a subjective approach, the
weighted value is determined by the subjectivity of
the decision-makers, so that several factors in the
alternative ranking process can be determined
freely. Whereas in the objective approach, the
weight value is calculated mathematically so that it
ignores the subjectivity of the decision maker

(Kusumadewi, et al, 2006).

The steps in using Simple Additive Weighting

(SAW) method according to (Kusumadewi 2006)

are:

a. Determine the alternative (candidate), ie Ai.

b. Determining the criteria that will be used as a
reference in decision making, namely C;j.

c. Provide an alternative match rating on each
criterion.

d. Determine the importance level weight (W) of
each criterion.

W=[W1, W2, W3, ....,Wj]

e. Create a match rating table of each alternative
on each criteria.

f. Create a decision X matrix constructed from the
match rating table of each alternative on each
criterion. The value of x each alternative (Ai) on
each criterion (Cj) has been determined, where,
i=12,..mandj=12,..n.

Xip e Xqj
X T
xll e xlj

g. Performing normalization of decision X matrix by
calculating the value of performance normalized

rating (rij) from alternative Ai on criterion Cj.

e xij
RIJ ~  Max; (Xij)
Min; (Xij)

Xij

If i is the benefit criterion and If j is the cost criterion
The Information:

1) It says the profit criterion if the value of
Xij provides benefits to the decision
maker, otherwise the cost criterion if xij
raises the cost of decision makers.

2) |If it is a profit criterion, the xij value is
divided by the value of Maxi (xij) of each
column, while for the cost criterion, the
Mini (xij) value of each column is divided
by the xij value

h. The result of the value of the normalized
performance rating (rij) forms a normalized
matrix (R)

R= rll - rlj

ril - 7ij
i. The result of the preference value (Vi) is derived
from the sum of the multiplication of the
normalized row matrix element (R) with the
corresponding weight of preference (W) of the

matrix column column (W).

j- The benefits of Simple Additive Weighting

(SAW)
There are some advantages of Simple Additive
Weighting (SAW) according to (Kusrini, 2007):

1) Simple Additive Weighting (SAW) provides
a model that is easy to understand, flexible
for a variety of unstructured issues.

2) Simple Additive Weighting (SAW) reflects a
natural way of thinking to sort elements of a
system into different levels and group
similar elements in each level.

3) Simple Additive Weighting (SAW) provides
a measurement scale and provides a
method for setting priorities.

4) Simple Additive Weighting (SAW) provides

an assessment of the logical consistency of
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the considerations used in determining
priorities.

5) Simple Additive Weighting (SAW) leads to
a comprehensive view of emerging
alternatives to the problems at hand.

6) Simple Additive Weighting (SAW) provides

a means for non-coerced assessments but

2.5 The Framework

is an appropriate assessment of their
respective views.

7) Simple Additive Weighting (SAW) allows
every person or group to sharpen their logic
and intuition skills on matters mapped
through Simple Additive Weighting (SAW)

The framework of the analysis process in this research can be described as follows:

Financing Institution
PT. Central Sentosa Finance Banyuwangi

2.6  Material or Research Instrument

The main material

v

The assessments that tend to be
subjective in giving credit

v
Bad Credit

v

The application of simple additive weighting (SAW)
method as a decision support system for giving credit
to prospective customers

v

The rrecommendation improvement as input
for the company

instrument in this

Fig. 1 The Framework

Technique of data collecting through direct

observation and indirectly to object of research

research is observation about the observation of
Credit Applying procedure and analysis of
supporting system The decision of credit giving to
prospective customers of PT. Central Santosa
Finance Branch Banyuwangi. Simple Additive
Weighting (SAW) is a process of analyzing learning
which is done by giving score of weight criteria to
each character through 5C namely: character,
capacity, capital, collateral, and condition.

2.7 Data Collection Method
Methods of data collection in this study
include:

a. Observation,

(Umar 2002).

. Interview

The most sociological research technique
because of its form comes from the verbal
interaction between the researcher and the
respondent and also the best way to determine
why a person behaves, by asking directly (Black
& Champion, 1992).

. Documentation

By conducting data collection and company
documents relevant to this research. In this
study, the document that became the object of

research data is the document used that is
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produced related to motorcycle credit at PT. Determining the sample size is the first

Central Santosa Finance Banyuwangi. thing to do. The selection of samples using
d. Field Studies appropriate methods can accurately describe actual

Collecting data directly to the field using data population conditions. One method used to

collection techniques. determine the number of samples is to use the
e. Literature Review Slovin formula (Sevilla, et al 1960).

Collecting data by taking literature or books

related to the object of research as the 2.8.2 The Stage of Analyze Data and Result
foundation material theory and the foundation of Analysis

the analysis. The first step of the Simple Additive
Weighting (SAW) method is the weighting of each
2.8 The Data Analysis Method applicant criteria. Then assign the crips value on
Data analysis technique is the process of each criterion based on the alternatives that have
organizing and arranging systematically data into been specified into the crips value of 5C namely:
patterns, categories, and units of basic descriptions character, capacity, capital, collateral, and
so that it can find the theme and work hypothesis as condition. After that calculate each value using
suggested data, and to increase the understanding simple additive weighting (SAW) method. From the
of these materials to be presented to others calculation results can be determined that
(Moleong, 2004). prospective customers who apply for credit is
2.8.1 Determine The Sample Size worthy or not to be given a credit.

2.9 The Flow Chart of Study

Conducting Introduction Study Conducting Literature Study

\ 4
Problem Identification
The assessments that tend to be subjective in giving credit

v

The Formulation of Problem
The aapplication of simple additive weighting (SAW) method as decision support system

\4

Setting The Objective of The Research
To reduce the occurrence of bad credit in prospective customers
PT. Central Santosa Finance

v

<<
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Collecting The Data
e Primary Data :interview and direct observation
e  Secondary Data: office data (memo, decree)

\4

Data Proccesing and Data Analysing
e Minimum sample calculation
e Grouping score of the score of each criterion 5C is character,
capacity, capital, collateral, and condition
e Calculation using method (SAW)

\ 4

Conclussion and Suggestion

A

y

Fig. 2 Research Flow chart

3. RESULT AND DISCUSSION.
3.1 Collecting Data
Research data collection should not be done
carelessly. The purpose of this data collection step
and data collection techniques is to obtain valid
data, so the results and conclusions of the study will
not be doubted the truth. Data can be differentiated
into several categories based on how to acquiring it.
a. Data Primer
The results of direct observation of
customers who will apply for credit at PT.
Central Santosa Finance Banyuwangi with
direct interviews and field check activities in
the neighborhood of potential customers.
b. Secondary Data
Data obtained from PT. Central Santosa
Finance Banyuwangi in form of directors

decree, internal memo office and data

customer PT. Central Santosa Finance

Banyuwangi.

3.2 Data Processing and Analysis
3.2.1 Minimum Sample Calculation

Determining the sample size is the right thing
to do and selecting the sample using the right
method can accurately describe the actual
population condition. Slovin formula to determine
the number of research samples. From the data of
prospective customers who will take credit at PT.
Central Santosa Finance Banyuwangi is amounts to
474 prospective customers who take Honda
motorcycle credit for the period of September 2017.

n= N
" 1+ Ne?

474
n=—m——
1+474%x0.152
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_ 474

T 11,67

n = 40,61

3.2.2 Grouping of The Value Score of

Each Criterion 5C

In the determination of credit provision can
be determined group classification, and score in
accordance with the conditions of prospective
borrowers who apply for credit based on indicators
owned. Scoring varies depending on the options of
each question. Here are the criteria of crediting with
5C. The assessment of credit by the method of

analysis 5C (Kasmir 2008), namely:

a. Character

The nature or character of the persons who
will be given a credit must be credible as reflected
in the background of the customer in both personal
and work-related backgrounds such as his or her
lifestyle or lifestyle, family circumstances, hobbies
and social standing. Character is a measure to
assess the willingness of customers to pay their
credit. According to Dendawijaya (2005) information
about prospective borrowers can be obtained by
working with banks and other business circles.
Information from banks is obtained through
correspondence or correspondence between banks
known as an information bank, including an official
request to Bank Indonesia (Bl) to obtain information
about prospective borrowers, whether about their
personal or company or business owned.
b. Capacity
To see the ability of prospective customers in
paying credit associated with the ability to manage
the business and the ability to make a profit. So it
will be seen their ability to restore the credit
disbursed.
C. Capital
The effective use of capital can be seen from the
financial statements (balance sheet and income
statement) by measuring such as in terms of

liquidity, solvency, rentability and other measures.
Capital is to know the sources of financing the
customer has for the business to be financed by the
bank.
d. Collateral
It is a guarantee given by the prospective customer
both physical and non physical. Guarantee should
exceed the amount of credit granted. Guarantees
should also be checked for validity so that if a
problem occurs, the deposited guarantee will be
used as soon as possible.
e. Condition

The economic conditions of the present and
the future should be judged in accordance with their
respective sectors. Business prospects from the
sector run by customers should also be assessed.
Assessment of the prospects of the business sector
financed should have good prospects, so the
possibility of such credit has problem is relatively
small.

The first step of the Simple Additive
Weighting method is the weighting of each

applicant criteria of credit.

Table 2. Giving Weight Criteria

Criteria Name | Weight Score
Character 25
Capital 15
Capacity 35
Collateral 10
Condition 15

From the criteria above, a degree of criterion is
made based on a predetermined alternative to the
value of the crips. The rating of each alternative
matches on each criterion like the following table:
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Table 3. Criteria Crips Score Character

Criteria Applicant | Score
Criteria

Very Less | 20

Character Less 40
Enought 60
Good 80

Very Good | 100

Table 4. Criteria Crips Score Capital

Criteria Aplicant Criteria Score
DP <15% of the price 20

Capital ™5p160% of the price | 40
DP 21-25% of the price 60
DP 26-30% of the price 80

DP >30% of the price 100

3.2.3 Calculating Using Simple Additive
Weighting
Based on the criteria and rating of each

alternate match on any predetermined criteria,

Tabel 5. Criteria Crips Score Capacity

Criteria Aplicant Score
Criteria

Very Less 20

Capacity Less 40
Enought 60
Good 80

Very Good 100

Tabel 6. Criteria Crips Score Collateral

Criteria Applicant Score
Criteria
Collateral BPKB motor 100

Tabel 7. Criteria Crips Score Condition

Criteria Applicant Score
Criteria
Very Less 20
Condition Less 40
Enought 60
Good 80
Very Good 100

further elaboration of each criterion alternatives.
Taken several samples of prospective customers

credit applicants with the following data:
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Table 8. The Data of Prospective Clients for The Period of September 2017

No Cust. Name Brand Object Price Down Pyment | Installment | Top
1 Ririn Agustina Vario 125 CBS 19.215.000 3.300.000 667.000 36
2 Dias Fajar Pranata | Vario 125 CBS 19.215.000 5.900.000 560.000 36
3 Ponidi Beat FI ISS 16.940.000 1.900.000 630.000 36
4 Iriyanto Vario 125 CBS 19.215.000 5.800.000 743.000 24
5 Much. Fadlilah Beat CBS FI 16.740.000 3.000.000 575.000 36
6 Supiyanto Beat FI ISS 16.940.000 1.800.000 634.000 36
7 Buhani Vario 125 ISS 19.510.000 4.400.000 635.000 36
8 Endri Pujianto Vario 110 CW 17.410.000 1.800.000 653.000 36
9 Susanto CBR 150 R 35.385.000 6.700.000 1.590.000 24
10 | Tri Kusdiantoro Vario 125 1SS 19.510.000 6.000.000 765.000 24
11 | Rosida Himawati Vario 150 Exc 22.400.000 7.100.000 863.000 24
12 | Belly Dani Vario 125 CBS 19.215.000 2.100.000 944.000 24
13 | Alpan Beat CBS Fl 16.740.000 1.700.000 659.000 34
14 | Wakiah Vario 125 CBS 19.215.000 5.100.000 794.000 24
15 | Suryadi Vario 125 CBS 19.215.000 3.600.000 656.000 36
16 | Saiman Hadi Vario 125 CBS 19.215.000 10.200.000 650.000 18
17 | Muhammad Riza Vario 110 CW 17.410.000 1.800.000 654.000 36
18 | Ari Setijorini Vario 125ISS 19.510.000 2.000.000 733.000 36
19 | Muawanah Beat FI ISS 16.940.000 1.700.000 638.000 36
20 | Yohana Novita Vario 150 Exc 22.400.000 2.300.000 1.940.000 12
21 | Agus Suhairi AH Vario 125 CBS 19.215.000 3.500.000 660.000 36
22 | Suryati Vario 125 CBS 19.215.000 2.000.000 720.000 36
23 | Jumadi Vario 150 Exc 22.400.000 4.400.000 757.000 36
24 | Ribut Hadi Beat CBS FI 16.740.000 1.700.000 629.000 36
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No Cust. Name Brand Object Price Down Pyment | Installment | Top
25 | Moh. Nurkholiq Vario 125 ISS 19.510.000 7.700.000 500.000 36
26 | Hartoyo Beat FI ISS 16.940.000 1.760.000 635.000 36
27 | M Ali Mustofa Vario 125 CBS 19.215.000 2.100.000 1.745.000 12
28 | Marbani Beat FI ISS 16.940.000 1.700.000 638.000 36
29 | Abdolah Beat FI ISS 16.940.000 1.800.000 659.000 34
30 | TriYuda Jhesy Eri | Beat CBS FI 16.740.000 1.700.000 654.000 34
31 | Ernawati Vario 125 CBS 19.215.000 2.000.000 949.000 24
32 | Solikhah Beat FI ISS 16.940.000 1.700.000 638.000 36
] 16.940.000
33 | Gatot Supriyo Beat FI ISS 1.700.000 638.000 36
34 | Sulastri Vario 125 ISS 20.140.000 2.100.000 755.000 36
Ahmd Rudi .
35 ) Vario 125 CBS 19.215.000 10.200.000 650.000 18
Fathoni
36 | Suwali Vario 110 CW 17.410.000 6.300.000 618.000 24
37 | Didik Nurhadi Vario 125 ISS 19.510.000 3.500.000 672.000 36
38 | Susilowati Beat FI ISS 16.940.000 1.700.000 638.000 36
39 | Sundari Vario 125 CBS 19.215.000 6.400.000 729.000 24
40 | Tyas Adi Wibowo | Vario 125 CBS 19.215.000 2.500.000 700.000 36
41 | Sarji Vario 125 ISS 19.510.000 6.800.000 599.000 30
1. Prospective Clients named Ririn Agustin Capacity Enough | Enough Very
(C3) Good
Table. 9 : Sample table of Applicant Criteria Collateral | BPKB | BPKB BPKB
Criteria Alternatif (C4) motor Motor Motor
Bad Ririn Current Condition Enough | Good Very
Criteria | Agustina Criteria (C5) Good
Character | Good Good Very
(C1) Good
Capital <DP DP 17% DP
(C2) 15% >30%
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Make the X decision matrix, created from the match

Table. 10 : Appropriate Adjusting Criteria of

Applicant Samples table

Cl|C2|C3|C4 | C5
Bad 80 |20 |60 |100 |60
Ririn 80 |40 |60 |100 |80
Agustina
Current | 100 | 100 | 100 | 100 | 100

table

80
X =| 80

Perform normalized matrices by calculating the
normalized performance rating (rij) value of the Ai
attribute on the Cj attribute based on the equation

adjusted to the attribute type (attribute benefit =

20 60 100
40 60 100

100 100 100 100 100

60
80

Maximum or cost attribute = Minimum).

Calculation :
Ri11=—22 _-%-93g
max(80,80,100) 100
RI2=—22 =22-02
max(20,40,100) 100
R1I3=—22 -2 -90p
max(60,60,100) 100
R14=——> =220z

max(100,100,100) 100
RI5=—22 -%-0p
max(60,80,100) 100
R21=—22 -% _-9pg
max(80,80,100) 100
R2=—2 -2 -0y
max(20,40,100) 100
R23=—22 X _pp
max(60,60,100) ~ 100
R24=— 100  _100_4

max(100,100,100) 100
R25 = 80 =2 -08

~ max(60,80,100) 100

R31

R32

R33

R34

R35

100 _ 100 _

— » -2
max(80,80,100) 100
100 _ 100 _
max(20,40,100) 100
100 _100_ 4
max(60,60,100) 100
100 _ 100 _

max(100,100,100) 100

100 100 _

max(60,80,100) ~ 100

Perform the assessment process by multiplying the

normalized matrix (R) with the weight value (W).

08 02 06 1 06
R=|08 04 06 1 08

1 1 1 1 1
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The last, summing the product between a
normalized matrix (R) with a weighted value (W).
Weight criteria are: Character = 25%, Capital =
15%, Capacity = 35%,; Collateral = 10%, and
Condition = 15%, then the solution is as follows
Vector weight [W] = {25,15,35,10,15}
V1=(25)(0,8)+(15)(0,2)+(35)(0,6)+(10)(1)+ (15)(0,6)
=63

V2=(25)(0,8)+(15)(0,4)+(35)(0,6)+(10)(1)+ (15)(0,8)
= 69

V3=(25)(1)+(15)(1)+(35)(1)+(10)(1)+(15)(1)= 100
From the calculation, it can be concluded that the
value of V1 and V3 is a static value that changes
only if the criteria weight is changed, while the value
of V2 is the value of the credit applicant. Value V1
is the minimum value at which bad credit may occur
and V3 is the maximum value at which credit runs
smoothly. In this case, the eligibility value is 63 -
100. So Ririn Agustina is declared eligible to
receive credit with value 69.

4, CONCLUSION.

4.1 Conclusion

The conclusion that can be given after doing the

research:

a. With the implementation of the 5C decision
analysis using the simple additive weighting
(SAW) method can attempt to eliminate the old
habits of credit marketing staff who arbitrarily
provide credit with subjective judgment without
knowing the prospective customers who take
credit.

b. With this Simple Additive Weighting (SAW)
Method to determine the feasibility of providing
motorcycles credit of PT Central Santosa
Finance Banyuwangi will assist in providing
recommendations and considerations in credit
decision making.

4.2 Suggestion

The suggestion that can be given after doing the

research:

a. Improving credit quality by making
improvements in credit decision making and
also running good and correct credit
procedures in accordance with applicable
regulations.

b. Fixed the credit submission system for the
better so that no action that could harm the

company.
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ABSTRACT

This paper analyzes the motion control system stability using Sliding Mode Control (SMC) method with 2-DOF

motion equation on Autonomous Underwater Vehicle (AUV). The 2-DOF motion equation consists of surge and

roll motions in the form of nonlinear motion equations. The stability analysis was applied to AUV system using

Lyapunov method. The simulation results of the SMC control system with the 2-DOF motion equation on the

AUV system showed that the system was stable at the determined set-point value with an error of <1% and

locally, asymptotically stable.

KEYWORDS : AUV, motion control, stability analysis, Lyapunov

1. INTRODUCTION.

The geographical territory of Indonesia
covers islands and waters. About one third of
Indonesia territory is land area, while the rest, the
two-thirds, is water. Indonesia's strategic region
with its tropical climate provides a lot of potential
and natural wealth contained in it (Oktafianto,2015).
An area of approximately 70% of ocean needs
special attention to be paid to the natural resources
contained therein.Underwater technology is
required to explore and safeguard the natural
resources of Indonesian state, that is, underwater
vehicle (Herlambang et al,2014).

Underwater vehicles that are commonly
developed by many countries today are unmanned
water robots or unmanned submarines. Such a

robot is widely known as Autonomous Underwater

Vehicle (AUV) which is one of the unmanned
vehicles or the unmanned vehicle that works
automatically without any direct control by humans
(Herlambang,2017). The benefits of AUV are that it
can be utlized not only for marine resources
exploration, but also underwater mapping and
underwater defense system
(Herlambang, 2015).

This study began by making up the model of

equipment

motion equation with 2-DOF, that is, surge motion
and roll motion. Surge and roll motions are
translation and rotation motions on the x-axis. Then
motion control system design for forward movement
was developed by using Sliding Mode Control
(SMC). The next step was to find stability analiysis
with Lyapunov Function, and we get system is

locally asymptotically stable .
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2. AUTONOMOUS UNDERWATER VEHICLE (AUV) MODEL

EARTH-FIXED FRAME

BODY-FIXED FRAME 44 ..
9 Y
(pitch)
v r

(sway)  (vaw)
w

3 .
\ﬁp\(iurge)
(roll)

(heave)

Fig. 1. Six degree of freedom of AUV motion
(Yang, 2007)

To analyze the AUV system there are two
important things to note, namely the axis system
consisting of Earth Fixed Frame (EFF) and Body
Fixed Frame (BFF) which have been represented in
Figure 1 (Yang, 2007). EFF is used to explain the
position and orientation of AUV, where the x-axis
position leads northward, the y-axis to the east and
the z-axis toward the center of the earth. While the
BFF defines the positive x-axis as desired direction
of the vehicle, the positive y-axis was direction to
the right side of the vehicle, and the positive z-axis
as direction to downward (Fosen,2005). The BFF
system is used to explain the speed and
acceleration of the AUV with the starting point at the
center of gravity (Herlambang,2017). This study
used motion equations with 2-DOF i.e. surge and
roll, ignoring sway motion, heave, pitch and yaw.

Below are the motion equations in 2-DOF:

o= Xres+Xuuulul+Xprop

— (1)
p _ KrestKp|p|PIP|+Kprop (2)

Ix=Kp

WhereX,,, dan K, are hydrostastic forces
and moments in the x-axis direction,

X dankK

prop »rop @S force and moment of thrust. AUV

specifications are listed in Table 1.

Table 1.Specification of AUV

Weight 18 Kg

Length 1600 mm
Diameter 200 mm

Controller Ardupilot Mega 2.0

Communication Wireless Xbee 2.4

GHz
Camera TTL Camera
Battery Li-Pro 11,8V
Propulsion 12V motor DC
Propeller 3 Blades OD : 50
mm
Speed 3.1 knots (1.5m/s)
Maximum Depth 8 m

3. SLIDING MODE CONTROL (SMC)
The design of the SMC controller can be
described as follows (Herlambang et al,2017):
a. Determine the function of Switching
S(x,t)as in the equation
S(x,t)=¢é+Ae=00f tracking error of

dynamic system.
b. Determine the Sliding surface, ie
S(x,t)=00f the

obtained.

Switching  function

c. Determine the estimated value of the

controller . Dynamics under sliding
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condition can be written as: S = 0

by completing the switching function,
expression for the estimated value of the
controller was obtained as equivalent
control. When using dynamic SMC at the
moment S=0, U was obtained.

d. Define the rules of SMC, that is, using
control law,

u=0-Ksgn(S)

where the signum function, sgn is defined

as:

sgn( X -
gn( ){ 1

,X<1
,X>1

e. Substitute the value of U incontrol law so
as to obtain newcontrol input as subtitute
of previous control input.

f. Determine the value of K in conformance
to the sliding condition in equation of
stage 4.

Then work on designing the SMC control
system in the motion equation of non-linear model
with 2-DOF.

4, Desighing SMC Control System of 2-DOF

non-linear Model

Su,t)=ti=u—uy
Whereas the derivative of S is as follows :

S(u,t) =u—1y (3
Sinceu,=constantm theni; = 0
By subtituting equation (1) to equation (3), it
becameas follows:

Xres+X|u|uu|u|+Xprop

S(ut) =

(4)

m—Xy

Then the value off,,,,in equation (4) where S =0

prop
was determined as follows.

Xres+X|uuulul+Xprop

=0 (5)

m-Xy

So)?pmp obtained was

prop ( res T Xluluulul) (6)
Based oncontrol law meetingslidingcondition was :
Xprop = }?prop — Ky sgn (S) (7

Then from equation (6) and (7) the following was
obtained
Xprop = =(Xres + Xpuputlul) = Ky sgn (S) (8)
By subtituting equation (8) to (5), the following
eqguation was obtained :
S(u,t) =

Xres+X|u|uu|u|+(_(Xres+X|u|uu|u|)_ K1 sgn (5))

m—Xy

K1 sgn (S)
m—Xy

S(u,t) = — 9

Then the K value was designed by substituting

equation (9) into equation (10) in order to meet the

sliding conditions:

In this part the SMC control system was designed to obtairmeentfgl mput?or surge and roll motions.

4.1. Surge Control System

To find control of surge, the tracking error of
the surge was determined first as follows
U=u—1uy ugz=constant
Since the system is of order 1, switching function

was formulated as follows :

swo=(2)"a

1-1

swor=(2) s

with n=1

5SS < —lS| (10)
K; sgn (S)
S
—AA K, sgn (S) < —%
K, > (m—Xi)n (12)

sgn ()
From equation (11) the value of K was obtained:
Ky = |max(m — X;)n| 12
Then a boundary layer was used to minimize
chattering by changing the signum function (sgn)
into saturation function (sat) as follows:

- s
Xprop = Rprop — K sat (E) (13)

159



Thus the control system design obtained by
substituting equations (6) and (12) into equation
(13) is as follows:

Xprop = —(Xres + Xpputlul) — Imax(m — X, )nl sat (%)

(14)

4.2. Roll Control System

To find control of the roll,the tracking error of
the roll was determined first as follows.
P=p—D4 pq=constant
Since the system was of order 1, the the switching

function was formulated as follows:

S(p,t) = (%)n_l p with n=1

1-1
s =(5) 7
Sp,t) =p=p—pa
Whereas the derivative of S is as follows :
S(,t) =p — Pa
(15)
Sincepg=constant, thenp,; =0
By subtituting equation (2) into (15), then it became

_ Kres+Kp|pP|P|+Kprop
t) = Iy—K;
x—Kp

S(p,
(16)

Next the value ofl?pmpin equation (16) with the

value of S =0yas determined as follows.

Kres+Kp|p|PIP|+Kprop _

I—Kp 0 (7)
SoK,,,, obtained is
Rorop = =(Kres + Kpppip 1) (18)

Based oncontrol law meeting thesliding condition is

Kprop = Aprop — Ksgn &) (19)

So from equation (18) and (19) the following was
obtained :

Kprop = _(Kres + Kp|p|P|P|) — Ksgn &) (20)
Dengan mensubstitusikan persamaan (20) ke (16),

diperoleh :

Sp,t) =

Kres+Kp|p|P|P|+(—(Kres+Kp|p|P|P|)— K sgn (5))
Iy=Kp

K sgn (S)

Ix—=Kp

S,t) = - (21)

Then the value of K was designed by subtituting
equation (21) into equation (22) so as to meet
sliding condition, that is :
5SS < —lS|

(22)

From equation (23) it was obtained that the K value
is:

K = [max(1, — K)ol (24)

Then a boundary layer was used to minimize
chattering by changing the signum function (sgn)

into saturation function (sat) as follows:

- s
Korop = Rorop = K sat (3) (25)

Thus the control system design obtained by
substituting equations (18) and (24) into equation
(25) is as follows:

Kprop = —(Kyes + Kp|p|p|p|) — |max(1, - Kp)n| sat (i)

¢
(26)

5. RESULT OF STABILITY ANALYSIS

The SMC control system design of the
nonlinear 2-DOF model was obtained, from AUV 2-
DOF motion equations: surge and roll, control law
was obtained by using lyapunov function as a
candidate is

1 1
= — 2 —_p2
V(u,p) SU +2p
It was shown that function V (u,p) = iuz +

1 . . .
;pz is lyapunov function in conformance to the

above definition :
a. Function V is continuous and has

partial derivative of S
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FunctionV (u,p) = %uz + %pzis a quadratic
function, it is clear that the quadratic function
is continuous in E. Then the partial derivative
is also continuous.

b. Takeany T = (u,p) €y wWith T #

Ty, SO V(T) = Zu? +-p? >0

T2
Take anyT = (u,p) € y with T # T;, so
102,102 _
V(T)—20 +50°=0
: _v. oV,
c. V(u,p) = wmdto,P
V(u,p) = uit + pp
V(u,p)

—u Xres +X|u|uu|u| +Xprop
m— X,

Kres + Kplplplpl + Kprop
P I, — K,

Choose X,rop = —(Xpes + Xpupuulul) —
Ksgn(S)
ChooSe Kyrop = —(Kyes + Kyppplpl) —
Ksgn(S)

So the following is obtained

. K S K. S
v = (-5 (S
K
= [_ m— Xu] (]
K,
+ [— - Kp] [p]

Choose K; = [m — X;]n dan K, = [I, — Ks|n
So the followings were obtained V (u,p) <
[=n]lul + [-n]Ip|

V(u,p) < —nllul + Ipl]
Having met those three requirement,

functionV(u,p) = iuz + %pz is Lyapunov

function and locally, asymptotically stable.

CONCLUSION.

Based on the results and discussion it can be

concluded that the Sliding Mode Control (SMC)

method can be applied as a control system of surge

and roll motion with an error of <1 and is locally

asymptotically stable.
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ABSTRACT

Intellectual Capital (IC) is a potential standard strategy to measure the value of an enterprise which relies on
intellectual competence, due to the fact that the existing financial statements which have been sole source for
investors to develop industrial sector of technology, are considered inadequate in representing the true value of
enterprises as well as their potentials. Many IC researchers agree that IC comprises three main components;
namely Human Capital (HC), Structural Capital (SC) or Organizational Capital, and Customer Capital or
Relational Capital (RC). Human capital deals with the knowledge possessed by the organization as the results
of having knowledgeable, creative, innovative, and talented employees and managerial staffs. Structural capital
involves business processes, procedures, mechanisms, and knowledge which are codified into the system. This
research identifies IC variables based on proven constructs obtained from various IC literatures. Not all
components identified are expected to have significant influence on the final result of IC measurement. On the
other hand, there are several other factors which are possible to influence but not sufficiently covered or
represented by those constructs, such as cultural and demographic background, legal status, as well as the
nature of business of the organization. These identified variables are selected and validated through several
stages and become the basis to formulate strategies to maximize IC in PT Telekomunikasi Indonesia (PT
TELKOM). Qualitative measures in a structural equation model yielded several research implications. The
resulting structural model allows the organization to gauge the effectiveness of its human capital capabilities
thus more efficiently allocate strategic resources with regard to human capital management. PT TELKOM is
chosen as the study case since it represents much of Indonesia’s information and communication technology
market, and it has declared a mission to become the Most Admired Knowledge Enterprise (MAKE), in which the
fourth criteria is to maximize intellectual capital. The study will identify the attributes of human capital (HC),

structural capital (SC), and relational capital (RC) to maximize overall enterprise IC.
KEYWORDS : Intellectual Capital, human capital management, structural equation modelling.

1. INTRODUCTION for investors to develop industrial sector of

Intellectual Capital (IC) is a potential technology, are considered inadequate in

standard to measure the value of an enterprise,
as have been in practices for two decades and
demonstrated by Skandia, Celemi, and many
other companies which rely on their intellectual
competence, particularly  information  and
communication technology (ICT) based
enterprises. This is due to the fact that existing

financial statements which have been sole source

representing the true value of enterprises as well

as their potentials.

Simply speaking, IC can be considered as
the difference between market value (the value of
shares or how much an organization is worth) and
their book value (accounting value represented by

fixed and current assets in financial reports).
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It is understandable why a company of
modest size can have very high value in the
capital market. Investors do not merely rely on
corporations’ financial performances, but also on
business potentials as demonstrated by their

commitment to the development of IC.

In an organization, the authority to provide
intellectual capital statement belongs to and is the
responsibility of Knowledge Management (KM)
Department.  This  statement/report  should
describe knowledge management strategies and
should incorporate goals and mission statement,
initiatives as well as the results, in organizational
knowledge resource one composition, application,
and development. Based on this presumption,
knowledge management strategies can be
disseminated throughout the organization and

communicated to the outside. (Bontis, 2001)

Intellectual capital further be referred to as
IC statement is a management tool to create
value for the organization, and as a means of
communication to employees, customers,
business partners, and investors, on how
organization can create value for them. Like
financial statements, IC statements monitor
initiatives and achievements, and provide
feedback whether or not the organization
develops its resources towards the right direction.
In this case, IC reports can describe how good the
organization is in improving and managing their
knowledge resources. (Bose, 2003)

Many IC researchers agree that IC (also
known as intangible assets or simply intangibles)
comprises three main components; namely
human capital (HC), organizational capital or
structural capital (SC), and customer capital or
relational capital (RC). Human capital is primarily
concerned with the knowledge possessed by an
organization as the results of having

knowledgeable, creative, innovative, and talented
employees and managerial staffs. Structural
capital involves business processes, procedures,
mechanisms, and knowledge which are codified
into the system. Relational capitals are intangible
assets which are not in the form of knowledge,
such as customer or supplier relationship, brand
or corporate image, and customer base. (Bontis,
2001). Based on the literature review, there is

limited research about IC attributes.

Therefore, this research aims to identify IC
attributes based on proven constructs obtained
and developed from various IC literatures. Not all
components identified are expected to have
significant influence on the final result of IC
measurement. On the other hand, there will be
several other factors which are possible to
influence but not sufficiently covered or
represented by those constructs, such as cultural
and demographic background, legal status, as
well as the nature of business of the organization.
These identified variables will then be selected
and validated through several stages and will be
the basis to formulate recommendations to

maximize IC in an organization.

PT  Telekomunikasi Indonesia  (PT
TELKOM) is chosen as the case study since it
represents much of Indonesia’s information and
communication technology market, and it has
declared a mission to become the Most Admired
Knowledge Enterprise (MAKE). The research is
conducted in cooperation with PT Telkom, and the
result will be a set of recommendations to be

implemented in order to achieve that goal.

While attributes and variables need to be
practical and measurable, the implementation
should have realistic milestones in order to obtain
an objective judgment whether or not the
implementation is a success. Most importantly,
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these recommendations should be in-line with the
organization’s long term goals. For example, a
staff with 4-year university degree and 10-year
hands-on experience in installing PSTN cables
may not have the same value as another staff with
only 3-year diploma but has 2-year experience
installing wireless BTS, since the company has
redirected its strategic initiative to provide more

wireless service provider in five years to come.

The following MAKE criteria have been put
into Telkom’s agenda:

a. creating an enterprise knowledge

driven culture.

b. developing  knowledge  workers
through senior management leadership.
C. delivering knowledge based

products/services/solutions.

d. maximizing enterprise intellectual
capital.
e. creating an  environment  for

collaborative knowledge sharing.

f. creating a learning organization.

g. delivering value based on customer
knowledge.

h. transforming enterprise knowledge

into shareholder value.

The research focuses on the fourth agenda
(maximizing enterprise intellectual capital) through
the identification of various human capital
attributes using the findings from previous
researches on enterprise IC. If human capital
attributes which have significant influence on IC
performance can be identified, it is therefore
possible to set up a recommendation to maximize
IC.Hopefully, this paper makes contribution by
providing IC attributes based on the case study of
PT. Telkom.

As the first step of the study, a number of
scientific literatures on the methods of measuring

HC/IC quantitatively will be reviewed. On the
ground of some base theories, a hypothesis on
some constructs related to Intellectual Capital will
be proposed. The hypothesis will then be
examined through a process of data collection
which will involve a perceptual survey and
interviews with some key people. Even though the
study will focus on human, structural factors and
customer or external aspects which are thought to
have significant influence on human, will also be

considered.

The result of the survey data will be
analysed and triangulated against the quantitative
measures of business performance and will be set
as an index. This index will be the basis for
evaluation to measure the effectiveness and

success of the IC implementation programs.

This paper consists of several sections as
follows: Introduction, research methods, result

and discussion, as well as conclusion.

2. LITERATURE REVIEW

There are several research regarding
intellectual capital, such as Intellectual capital and
financial returns of companies (Tan, Plowman and
Hancock, 2007); modelling the creation of value
from intellectual capital from the case study of a
Portuguese banking perspective (Cabrita, de Vaz
and Bontis, 2007); Intellectual capital and firm
performance in Australia (Clark, Sheng and
Whiting, 2011); An empirical investigation of the
relationship between intellectual capital and firms’
market value and financial performance (Chen,
Cheng and Hwang, 2005); Intellectual capital
accounting research (Guthrie, Ricceri and Dumay,
2012); Statistical analysis on the intellectual
capital (Halim, 2010); The IC Rating model by
Intellectual Capital Sweden (Jacobsen and
Hofman-Bang, 2005); The impact of intellectual

capital on firms’ market value and financial

165



performance (Maditinos, Chatzoudes, Tsairidis

and Theriou, 2011);

business performance

Intellectual capital and

sector of Jordan (Sharabati, Jawad and Bontis,
2010).

in the pharmaceutical

Table 1. Manifest (observed) variables for Human Capital construct

Dimensions

Managerial Leadership (Bontis, 2002)

Process Execution, Workforce
Optimization (Bontis, 2002)

Education (Bontis, 2002)

Knowledge Generation, Learning &

Development, Innovation (Bontis,
2002)

Knowledge Integration (Bontis, 2002)

Knowledge Sharing (Bontis, 2002)

Value Alignment (Bontis, 2002)

Employee Commitment (Bontis, 2002)

Relationships (McBassi, 2004)

Work-life balance and Physical
Environment (McBassi, 2004)

Employee Motivation (Bontis, 2002)

Attitude towards work itself (McBassi,
2004)

Attitude towards Products, Brands and
Reputation (McBassi, 2004)

Employee Satisfaction (Bontis, 2002)

Elements (Manifest or Observed Variables)

Managers’ and leaders’ communication, performance feedback, supervisory
and executive skills, demonstration of key organizational values,
inclusiveness, efforts to instill confidence, supported by systems of

transitions.

Establishment of essential processes for getting work done, good working
conditions, accountability, hiring decisions and performance evaluation
system.

Level and type of education, practical experience

The organization’s overall ability to learn and improvise, encouragement to
innovate, and continually improve, complemented by training and

recruitment programs.

Transform their tacit knowledge into explicit knowledge by codifying their
ideas into the systems of the organization.

Systematic accessibility, the extent of capability to collaborate and work in
teams.

Capacity for making knowledge and ideas widely available to employees.
Demonstrating the value of learning behavior.

Organization’s capacity to secure jobs, recognize accomplishment and
provide opportunities for advancement.

Horizontal relationship with coworkers and vertical with super/subordinates.

Work load and time, physical environment.

Initiatives, independence

Effective and creative job design to optimize talents and skills.

Pride and use own products, brands and reputation

Staff morale as reflected in the culture.
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Retention of Key People (Bontis, Systematic ability to retain good performers, determine key drivers of
2002) productivity

Table 2. Manifest (observed) variables for Structural Capital construct

Dimensions Elements (Manifest or Observed Variables)

Management Philosophy (Rudéz, Employee empowerment, Customers orientation, Initiative driven staff, Inter-
2005) department cooperation

Culture (Rudéz, 2005) Organization’s atmosphere, support for knowledge growth, degree of

communication formality, communication between managers and staff.

Business Process (Rudéz, 2005) Support for innovative ideas, innovations leadership, recognition of good
ideas of employees, complaint solving, QoS improvement.

Information Technology (Rudéz, 2005) Improvement on IT solutions, significance of IT contribution to product
quality, connection with environment through IT, proportion of Internet sales.

Table 3. Manifest (observed) variables for Relational Capital construct

Dimensions Elements (Manifest or Observed Variables)

Customer satisfaction and loyalty Market share growth, overall customer satisfaction improvement, decrease in
(Rudéz, 2005) number of complaints, customer loyalty growth.

Image and brand (Rudéz, 2005) Image improvement, product feature attraction, relative value against

competitors’ brand, product development.

Relationship with distribution/supply Commitment to developing distribution channels, various means of channels,
chain channels (Rudéz, 2005) relationship capital (average value)

Relationship with other groups Relationships with commercial partners (success, monitoring, bureaucracy
(Rudéz, 2005) and role for knowledge); quality of representatives; exploitation of

opportunity, relationship with the media; importance of media as source of
image, obstacles or supports from local community, government, investors,
special interest groups, industry association, impact from competitors on

supply chain.

3. METHODOLOGY Intellectual Capital consists of three main

constructs namely Human Capital, Structural
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Capital, and Relational Capital. This model

however suggests that human capital has the
greatest influence on the overall business
performance. This implies that it can be assumed

that maximizing human capital will result in the

maximization of business performance. Figure 2

below describes Intellectual capital modelling

Putting variables into

Variable identification Research Instruments

Data gathering Data processing Analysis & conclusion

(mission & vision)

operation
HC attributes: Survey
Perceptual Examples: - preliminary ||,/ Correlation matrix
- CIPD, 2004 Competence - main survey of constructs
- Rudez, 2005 - minimum/relevant
- Bontis, 2002 L1y education
- experience
Attitudes
- knowledge learning
Examples:
Business process &
. . - time to deliver Survey /
?gua(jtg;bgtggs > - operational > questionnaire items
’ expenses
- innovation
Examples:
R ibutes: Customer
lgu?jtgzl l;ggs N satisfaction
' - repeat/retention ) Validation of HC
- increase in trust Integrating data
measures (HCV > _ Hypotheses
conceptual model) test
Interview with key
people
Corporate strategy Recommendation

Fig. 1. Research Framework

Structural Capital

Business

Human Capital

Relational Capital

Performance

Fig. 2. Intellectual Capital Modelling

PT TELKOM has a total of around 25,000

workforces who are targeted as the subjects for

this study. These subjects can be classified into

three major categories to reflect the levels of
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compensation they receive from the company:
executive, strategic staff (directly deal with
external customers), and staff (do not have direct
access to external customers, only deal with
internal customers).

A questionnaire  based survey s
administered in the second phase to collect
qualitative perceptual data. The survey consists of
48 (forty-eight) statements reflecting employee
perception based on the seven Likert-scale that
requires respondents to note their level of
agreement with certain items.

These items are developed from scales
previously published by the Institute for
Intellectual Capital Research. Items for certain
constructs are further edited to accommodate
other important attributes as proposed by CIPD
(2004) and Rudéz (2005).

The questionnaire was uploaded to
corporate intranet and emailed to all employees. A
brief introductory letter was attached to explain
the importance of the research and options for
response. As many as 6200 respondents from all
levels of management and departments returned
the completed questionnaire, which means that
the responses should represent all levels and
departments. The respondents represent their
overall views of the company.

From the survey results, only 2100
responses are valid for further analysis. The
identification of correlations between attributes
and between attribute to constructs is done using
LISREL software, and the confirmation of
hypotheses is done using appropriate hypotheses

test procedures.

HYPOTHESES

H1: Balance between work/life and work
environment has positive influence on Human

capital.

H2: Culture as reflected in the attitudes
towards work has positive influence on Human
capital.

H3: Interpersonal relationship has positive
influence on Human capital.

H4: Education has positive influence on
Human capital.

H5: Employee satisfaction has positive

influence on Human capital.

Relationships

Work itself

Work-life
balance & HunTan
physical env. Capital

Education

Employee
Satisfaction

Fig. 3. HC structural model

(Bontis, 2002; CIPD; 2004)
H6: Managerial leadership has positive
influence on Structural capital.
H7: Management philosophy has positive
influence on Structural capital.
H8: Organizational culture has positive
influence on Structural capital.
H9: Business processes has positive
influence on Structural capital.
H10: Information technology has positive

influence on Structural capital.
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Managerial
Leadership

Management
Philosophy

Structural

Culture
Capital

Business
Processes

Information
Technology

Figure 4. SC structural model
(Bontis, 2002; Rudéz, 2005)
H11l: Human capital has positive influence
on Relational capital.
H12: Customer satisfaction has positive
influence on Relational capital.
H13: External relationship has positive
influence on Relational capital.
H14: Product image & brand has positive
influence on Relational capital.

Human
Capital

Structural
Capital

Customer
Satisfaction &

Loyalty

Relational

Capital

Relationship
with other
groups

Image & brand

Figure 5. RC structural model
(Bontis, 2002; Rudéz, 2005)
H15: Relational capital has positive
influence on Human capital effectiveness.
H16: Managerial leadership has positive

influence on Retention of key people.

H17: Managerial leadership has positive
influence on Value alignment.

H18: Value alignment has positive influence
on Knowledge sharing.

H19: Employee satisfaction has positive
influence on Employee motivation.

H20: Employee satisfaction has positive
influence on Employee commitment.

H21: Employee commitment has positive
influence on Employee motivation.

H22: Employee motivation has positive
influence on Knowledge sharing.

H23: Employee commitment has positive
influence on Knowledge generation.

H24: Knowledge generation has positive
influence on Business performance.

H25: Employee commitment has positive
influence on Business performance.

H26: Employee commitment has positive

influence on Retention of key people.

H27: Structural capital has  positive
influence on Relational capital.
H28: Structural  capital has positive

influence on Process execution.

H29: Process execution has positive
influence on Knowledge integration.

H30: Knowledge integration has positive
influence on Knowledge sharing.

H31l: Knowledge sharing has negative
influence on Human capital depletion.

H32: Human capital depletion has negative
influence on Human capital effectiveness.

H33: Business performance has negative

influence on Human capital depletion.

4. RESULT AND DISCUSSION
Human Capital Model

The perceptual instruments used in this
study are described in latent variables, where

Human Capital, Structural Capital, and Relational
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Capital are represented by 14, 5, and 3 latent
variables respectively. Table 4 and 5 below show

the 14 Latent Constructs of Human Capital and 5
Latent Constructs for Structural Capital.

Table 4. 14 Latent Constructs of Human Capital

) _ Employee
Employee Satisfaction i
Commitment

Education

Employee Motivation Value Alignment

Retention of Key People

) Interpersonal
Management Leadership ) )
relationship

Knowledge generation, learning & innovation

) Attitudes towards
Attitudes towards work
products/company

Environment & Balance between work and life

Knowledge Sharing

Knowledge Integration

These constructs were selected based on a
review of the intellectual capital, organizational
learning and knowledge management literatures.
Each construct and item was reviewed by a team
of representatives from the Saratoga Institute and
Accenture for clarity, conciseness and face
validity. (Bontis, 2002)

Structural Capital Model
Structural Capital is defined as an IC component

which stays in the company when a staff is no

longer stays with the organization, such as
infrastructure and physical systems owned by the
company to operate IC, data, and knowledge
base. Structural capital is also referred to as
organizational capital because it is a systematic
competence or a system which maximizes
innovation and organizational ability to create
values coherent with knowledge assets in the

process or innovation.

Table 5. 5 Latent Constructs for Structural Capital

Management philosophy

Business Process

Intellectual Property Rights

Process Execution and Optimization

Information Technology

One of the branches of Structural Capital is
Innovation capital, or the ability to renew to
sustain business in terms of intellectual property,

trademarks and other intangible assets such as

certain recipe or business secrets. Structural
Capital is also referred to as process capital due
to its focus on processes or practices in the

organization.
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It also covers intellectual property rights such as
patent, trademarks, copyright, design, and other
specifications. Other intangible assets belong to

this category is company culture.

Relational Capital Model
Relational capital or often referred to as customer

capital or external capital is the relationship with

customer base and potential customers as well as
other external parties such as distribution
channels and supply chain. Table 6 below
captures 3 Latent Constructs for Relational
Capital. Furthermore, Figure 2 below shows the

integrated model.

Table 6. 3 Latent Constructs for Relational Capital

Customer Satisfaction & Loyalty

Product & Brand Image

Relationship with business partner and other

groups

Due to the complexity of the model and the
limitations in the processing software (LISREL
8.80 Student Edition) which only allows for a
maximum number of observed variables of 15,

then the model is divided into several parts:

Model 1 consists of the following, mostly
representing  Structural Capital: Managerial
Leadership, Management Philosophy, Culture,

Business Process, Information Technology, and

Intellectual Property Rights.

Furthermore, since Business Process construct
only has one observed variable, it can be
combined with  Management  Philosophy.
According to Bontis (2002) those two constructs

are considered closely related.
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Fig. 6. LISREL Output for Model 1

Model 2 consists of the following constructs,
mostly representing Human capital and Structural
Work-life

Environment, Culture as reflected in the attitude

Capital: Balance and Physical
towards work itself, Interpersonal Relationships,
Capital),

Satisfaction and Loyalty, Relationships with other

Education (Human Customer

groups, and Product Image and Brand.

Following the same reason as Model 1, the
construct Culture as reflected in the attitude
towards work itself only has one observed
variable and therefore should be combined with

one of the other constructs.
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Fig. 7. LISREL Output for Model 2

Model 3 concerns with employee sentiments
consisting of Employee Satisfaction, Employee
Commitment, Employee Motivation; structural

capital attributes such as Process Execution,

1.077™1 RI10N

1.127®1 RI11IN

Knowledge Integration and Knowledge Sharing;
and one human capital construct namely Value
Alignment. However, the only relationship

possible from the model is the following:

R12 ~=0.16

" R13N ~=] .38
-0.91 cist

R14 1 .27
-1.47

R15 .16

Chi-Square=84.32, df=8, P-value=0.00000, RMSEA=0.066

Fig. 8. LISREL output for Model 3

Model 4 is trying to combine several structural

capital attributes such as Knowledge Generation,
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Fig. 9. LISREL output for Correlation of Constructs

HYPOTHESES TEST RESULT

H1:

H2:

H3:

H4:

H5:

Balance between work/life and work
environment has positive influence on
Human capital. (Hypothesis accepted; with
a significant correlation).

Culture as reflected in the attitudes towards
work has positive influence on Human
capital. (Hypothesis rejected; no identifiable
correlation).

Interpersonal relationship has positive
influence on Human capital. (Hypothesis
accepted; with a significant correlation).

Education has positive influence on Human
capital. (Hypothesis accepted; with a
significant correlation).

Employee  satisfaction has  positive
influence on Human capital. (Hypothesis
rejected; no identifiable correlation).

H6:

H7:

H8:

H9:

H10:

H11:

H12:

Managerial leadership has  positive
influence on Structural capital. (Not tested).

Management philosophy has positive
influence on Structural capital. (Not tested).

Organizational  culture  has  positive
influence on Structural capital. (Not tested).

Business processes have positive influence
on Structural capital. (Not tested).

Information  technology has  positive

influence on Structural capital. (