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Abstract

Participating in a cross-culture internship is a way to receive practical international experiences. However, the number of
students joining this program is limited. This study examines the influencing factors on internship acceptance by using
the concept of Technology Acceptance Model. Data was collected from a program between two universities in Vietnam
and Thailand. The results show significant positive relationship between individual characteristics, internship program
characteristics, culture and social norms with perceived usefulness of the internship (PU) while working conditions has
impact on perceived ease of fulfilling the internship (PEF). The academia and industry could all benefits from this study.

Keywords: cross-culture internship, internship acceptance model, individual characteristics, internship characteristics,
culture and social norms, workplace conditions

Tém tit

Tham gia chwong trinh thyc tap xuyén qudc gia tré' thanh mot noi dung quan trong dé c6 duoc kinh nghiém thuc té qubc
té t6t nhat. Tuy nhién, s6 lugng sinh vién sin sang tham gia chuwong trinh nhu vay hién nay van con rat han ché. Nghién
clru ndy xem xét cac yéu t6 anh huong dén sy chip nhan tham gia chuong trinh thyuc tap xuyén quéc gia bang cach sir
dung mo hinh chép nhan cong ngh¢ (TAM). S6 liéu thu thap tr mot chuong trinh hop tac gilra trurong dai hoc Viét Nam
va Thai Lan. Két qua cho théy su khac biét ciia c4 nhan, dic diém cua chuong trinh thyc tap, van hoa va quan diém xa hoi
c6 tac dong tich cuc dén nhan thie tinh hitu ich cua chuong trinh thyc tap. trong khi diéu kién 1am viéc c6 anh hudng dén
nhan thirc chuong trinh d& dang thyuc hién dugc. Nghién ciru vé chuong trinh thyc tap nhu thé nay mang lai lgi ich cho
ca gioi nghién ctru va cac nha quan ly.

Tir khéa: chuong trinh thyc tap xuyén qudc gia, mé hinh chap nhan thyc tap, khac biét cia ca nhan, dic diém cua chuong
trinh thyc tap, van hoa va quan diém x3 hoi, diéu kién lam viéc.

L. Introduction and universities and to push them to become

Higher education for internationalized talents active interns in other foreign countries in order
with intercultural competence is a new concept to obtain life-changing experiences (Xiaochi,
aiming to take students out of their colleges 2012). Traditionally, universities focus more on

Email: hatnhuhang@duytan.edu.vn
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teaching theoretical knowledge than on practical
skills, such as those that are required by employers
(Chen, et al., 2011). Due to this disparity,
internship programs are a way of improving this
situation (Coco, 2000). Universities, therefore,
have incorporated internship programs to let
students apply theoretical learning in practice
before they graduate (Santiago, 2009).

By the end of 2015, the ASEAN Economic
Community (AEC) had officially taken effect
and ASEAN countries had begun implementing
the ASEAN Mutual Recognition Arrangement
on Tourism Professions (MRA-TP), bringing
both opportunities and challenges to the tourism
industry of South East Asia. The MRA-TP is
designed to recognize the skills and qualifications
of working tourism professionals from different
ASEAN countries and to enable the mobility of
employment for this labor force among members
(Thirumaran and Arumynathan, 2016). Some
tourism and hospitality businesses are prepared to
employ people with tourism education and training
certificates from different countries. However, it
has been established that some of these businesses
are reluctant to accept student trainees for
internship and further employment. Consequently,
international internship programs have become
one of the effective training models. Joining
cross-cultural internship programs is a step for a
student which creates much needed preparation
for those who intend to work in regional areas.
This is because the major purpose of such cross-
cultural internship programs is to develop and
strengthen student’s skills and to prepare them for
the profession (Parveen and Mirza, 2012).

This type of internship is an open architecture
endeavor and is available to all programs to
adapt to their specific needs. However, the use
of the cross-cultural internship in University
A, Vietnam is still at an initial stage and needs
practical verification. The number of students
who can attend this program is limited. Therefore,

this paper aims to clarify the influencing factors
on internship acceptance to make necessary
corrections by examining a case study of a cross-
cultural internship program, which is conducted
by Vietnamese and Thai universities. This cross-
cultural internship program will continue for years
to come and the findings of this paper could also
serve as lessons-learned for the management and
academia interested in cross-cultural internship.

In order to reach the research purpose, we use
the Technology Acceptance Model (TAM) as the
roadmap for all our explanations. Following their
ideas, this study constructed another artifact, a
theoretical framework as an extension of TAM,
to explain the interns’ behavior regarding the
internship arrangement. The theoretical framework
shows four different types of determinants of
“perceived usefulness of the internship” and
“perceived ease of fulfilling the internship”.
They are: individual characteristics, internship
characteristics, social norms, and workplace
These influence the decision-
making process from “Behavior intention” to
“Acceptance behavior”. The paper first presents
the context study by describing the cross-cultural
internship program; and introduces the theoretical
framework. Then we discuss the methodology,
followed by a detailed analysis of the empirical
data. It concludes with recommendations,
limitations and suggestions for future research.

conditions.

I1. The Case of the Cross-Cultural Internship
Program

The first and largest private university in Central
Vietnam, University A was established in 1994.
They are considered the biggest private university
in the central region of Vietnam. A majority of
the students are from the surrounding provinces
and 80% of those choose a workplace in Central
provinces. University A has built up a good relation
with over 50 universities worldwide, in countries
like USA, Canada, Australia, Singapore, New
Zealand, India, Thailand, etc. This helps create
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an international atmosphere. By conducting the
cross-cultural internship program, University A
can provide students with specialized knowledge
and experiences to meet the needs of economic
and social development. The case project consists
of three parties, University A, University B in
Thailand, and Resort C in Danang, Vietnam - the
partner of University A.

University B is one of the most prestigious
educational institutions in northern Thailand, was
founded in 1924. It offers bachelor, master, and
doctoral degree programs in education, humanities
and social sciences, business management,
science and technology, as well as agricultural
technology. They realize the rapid and ever-
changing development in societies; therefore,
they are continually developing new curricula and
focusing positive community development.

Resort C is a luxury five-star beach resort
nestled in the heart of Son Tra Peninsula Nature
Reserve, overlooking a private bay. Delve into
the soul of Vietnamese culture and heritage with
the nearby cultural and natural sites including the
UNESCO World Heritage Sites Hoi An Ancient
Town and Hue Imperial City, they offers the
most impressive event facilities and services in
the region. Being an intern here, students have
a chance to work in a professional environment.

In this study we focus on the specific program
in Tourism and Hospitality Management which
is operated by the Faculty of Hospitality and
Tourism in University A. The primary purpose
of the program is to exchange spiritual values
between young people of different countries.
Under this program, international senior students
can legally enter Vietnam for 3 months during
their final academic year and work for Resort C.
The program candidates must have a colloquial
level of English and will be considered as full-
time students of university. After finishing a
three-month resident internship at Resort C
they are awarded an internship certificate. The

application procedure is shown in Figure 1.
In this case, University A takes responsibility
for providing free accommodations and for
arranging the internship sites (hotels, resorts, or
tourism companies) for students coming from
Thailand. University B in Thailand is in charge
of recruiting students for this program and
conducting primary selection activities. Resort
C provides supervised practical training for
students within three months.

@ Sign a contract of

@ Sign a contract of
il internship program

ip program

@ Confirm quota @ Confirm quota ® Inviting applicants

@ Applications
(Interview I —video
conférence)

® Applications
(Interview 2 — video
conference)

® Applications
(Examination— F2F
interview)

® Notification to
applicants

@ Result notification © Result ilotiﬁcation

Vietnam Outside Vietnam

Figure 1. Application procedure

We divide cross-cultural internship program
into three stages: In the selecting stage, intern
candidates take written and oral examinations
testing professional skills and English skills
which are conducted by University B. Then,
they meet Resort C prior to selection. Due to
the distance, telephone conferencing or other
technical exchanges (such as interactive video)
are used. These meetings include an interview to
determine the intern-sponsor “fit.” The interview
was run professionally and openly. It was a
difficult time for the interviewers to choose the
best candidates for the internship. This stage
supports Resort C to determine a candidate’s
motivation and preparation for a specific
international position and allow them to evaluate
a candidate’s interactional
competence and functional expertise.

communication

In the training stage, students are required
to take professional training courses at a work
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place. The purposes of these courses are to equip
students with: (1) intercultural communicative
skills; (2) intercultural work experience; and
(3) intercultural understanding. In addition,
every week they will have two days for studying
Vietnamese and cuisine classes that will help
them understand Vietnamese culture and
integrate into the community without obstacles.
During this time, University A also holds different
culture exchange activities to let their students
and international interns have a chance to gain
knowledge of foreign cultures and strengthen
international relationships.

In the monitoring stage, advisors from the
universities and supervisors from the work sites
closely monitor the interns’ progress. Two tools
are needed to effectively carry out this task: First,
the students should make daily reports and send
them to their assigned advisors in University A
and she/he will transfer them to the advisor in
University B. The second tool is the informal
progress evaluation to be completed by the
intern’s supervisor and sent directly to the faculty
advisor. The advisor and supervisor can help an
intern prevent a premature ending to her or his
assignment by holding regular meetings that
provide supportive feedback. This close personal
assistance also helps prevent major problems
associated with culture shock. Monitoring and
supporting will provide much of the needed
information to complete the internship.

All students receive a scholarship that includes
a waiver of tuition, free accommodation, and free
meals during work shifts. The sites for internship
training are within a 30 to 45-minute drive from
the University A campus. During the three months,
students go to Resort C for practical training for
five days per week. The supervisor at this location
serves as their mentor. The other two days, interns
take Vietnamese and cuisine classes at the Faculty
of Hospitality and Tourism in University A. Interns
are expected to enhance the required competences
before receiving certificates from the employers.

The case project officially started in January 2016
and ended in April 2016.

III. Theoretical Background and Research
Framework

1. Internship

Various research views internship programs
from different perspectives. Students see
internships as valuable learning experiences
for which they should receive academic credit,
financial compensation and earn a grade. From
the employer’s perspective, it is a “golden
opportunity to try before buying” students they
might wish to recruit after graduation (Abdullah,
et. al., 2015). As a result of that, universities and
colleges places strong emphasis on acquiring
internship positions. In this study, internship is
a kind of experiential learning where students
take the opportunity to apply learned theories
from schools in real world situations. It provides
an opportunity for students to integrate and
consolidate thinking and action.

2. Potential Benefits and Costs for Each
Stakeholder

For students, internships frequently enhance
their prospects of receiving job offers before
graduation (Feldman and Bolino, 2000). In
addition, they have opportunities to develop
social and relational skills as well as applying
communication and problem-solving skills in the
work place. The internships also offer students the
chance to train using the latest technology. In some
cases, they can get the financial benefits of paid
employment (Beard, 1998, Deasy et.al., 2011, Fall
2006, Feldman et. al., 1998). However, the interns
also face some problems such as employers and
interns often do not have consistent or shared
expectations regarding the internship. Sometimes,
unchallenging, scattered, routine,
irrelevant “busy work™ tasks may be assigned.
They also can get little support from the internship
supervisors/mentors, from the top management,

or carcer-
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or from faculty sponsors. These pitfalls can
significantly reduce internship satisfaction.

For universities, by conducting internship
programs they can create some benefits including:
business support for an internship course,
feedback concerning the curriculum, extended
learning style options for students, real-world
insight to the faculty supervisor, along with
other ancillary benefits. Internships can also
facilitate better relationships between schools and
potential employers of their graduates (Beard,
1988; Berger, 1991). Thus, the school plays an
important role as a bridge between students and
enterprises in an internship program. By contract,
the school needs to spend the cost for recruiting
staff to obtain, publicity, and monitoring academic
internships for course credit. More challenging
is the fact that faculty have to be recruited to
supervise internships when they have many other
duties that pay off in more immediate and tangible
ways, such as scholarly publication. This can
be a major challenge, particularly because these
faculty efforts are often seen as under-appreciated
and under-compensated.

For employers, numerous articles address the
potential benefits and costs for employers who
utilize interns. Beard (1998) lists various benefits
to the business deriving from internships, such as
more effective recruitment and selection of future
employees, being provided with needed part-time
andspecial projectemployees, enhanced corporate
image in the community, reduced training costs,
and injection of new ideas into the organization;
internships can lead to improved retention. Since
internships do not require long-term employment
commitments on the employers’ part, they are
an excellent “try-before-you-buy” method of
staffing. Thus, internship is a relatively safe and
low-risk approach for the business to attract and
select potential employees (Williamson, Cable
and Aldrich, 2002). However, there are some
factors leading to the underutilization of interns.

The employers also need to provide mentoring
and assistance, ensure the safety of the internship
workplace, and proper arrangements with
internship work and time.

3. The Research Framework

The TAM builds on the theory of reasoned
action (TRA) which has its roots in social
psychology and attempts to explain why
individuals engage in consciously intended
behaviors. In TAM, a user’s motivation to
adopt a new technology can be explained by
three constructs: (1) perceived ease-of-use, (2)
perceived usefulness, and (3) intention to use.
Perceived usefulness is defined by Fred Davis
as “the degree to which a person believes that
using a particular system would enhance his or
her job performance”. Perceived ease-of-use is
defined this as “the degree to which a person
believes that using a particular system would be
free from effort” (Davis, 1989). The TAM has
been continuously studied and expanded-the two
major upgrades being the TAM 2 (Venkatesh and
Davis 2000 and Venkatesh, 2000) and the Unified
Theory of Acceptance and Use of Technology (or
UTAUT, Venkatesh etal. 2003). ATAM 3 has also
been proposed in the context of e-commerce with
an inclusion of the effects of trust and perceived
risk on system use (Venkatesh and Bala, 2008).

For the purposes of this study, usefulness is
defined as the perception formed by the students’
belief that attending the cross-cultural internship
enhances their performance. Meanwhile, the ease
of fulfilling is defined as completing the cross-
cultural internship easily without much effort.
The framework assumes that students are likely
to join this program to the extent that they believe
it would help them to improve performance and
to the degree to which an individual believes that
joining this program would be free of cognitive
effort ease of fulfilling its requirements. The
theoretical framework shows four different types
of determinants of perceived usefulness of the
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internship and perceived ease of fulfilling the
internship (Figure 2):

* Individual characteristics including
personality and English language proficiency
that can potentially influence individuals’

perceptions of usefulness and ease.

Internship characteristics such as the salient
of the
(working schedule, task description, payment
scheme for interns, supervisor support)
that can help individuals develop favorable
(or unfavorable) perceptions regarding the

features internship arrangement

usefulness or ease.

Cultural and social norms which capture
various social processes and mechanisms that
guide individuals to formulate perceptions of
various aspects of the internship arrangement.

Workplace conditions  which
organizational support that facilitate the

represent

fulfillment of the internship.

characteristics
Internship
characteristics
Culture and
Social norms
‘Workplace
conditions

Figure 2. Theoretical framework for internship acceptance

Perceived
usefulness of the
internship

Intention to Actual attend
|
attend internship internship

Perceived ease of
fulfilling the
internship

IV. Data Collection and Analysis

We conducted semi-structured interviews with
three Thai students who joined this internship
collaborationbetween University Aand University
B, in order to create the workplace diversity
industry and take part in the integration of the
ASEAN Economic Community in 2015 (AEC)
for the students to understand the acceptance
behavior. There were two male students who
had majored in Tourism Management (Student
1 - SDT 1), Hotel Management (Student 3 -
STD 3), and one female student who was also

studying Tourism Management (Student 2 - SDT
2). Each interview lasted about 30—45 minutes.
The interview questions (based on the constructs
of framework for internship acceptance) were
sent to the interviewees in advance to allow
them to become familiar with the topic. Each
interview was recorded and transcribed. The
representatives of university A and resorts in
Vietnam were also interviewed to confirm the
results which we received from the students. We
also observed these students at work to validate
the results of the interviews.

For students, we focused on their perception
of the cross-cultural internship program. Basing
on the level of satisfaction (high, medium, low)
we dig into the influencing factors (perceived
usefulness of internship and perceived ease of
fulfilling the internship). Later, we figure the
factors impact on their perception (Individual
characteristics, Internship characteristics, Culture
and social norm, Workplace conditions).

Table 1. Interview question guide

Question |

o Where are you from and what’s your name?

e Describe the ltural i hip program

e Do you feel satisfy with the arrangement of this program (accommodation, travel,
advisor, supervisor, training courses)

Key e Do you think this program is useful? Which factors make you feel like that and
why? (based on the following factors: Individual differences, Internship
characteristics, Culture and social norm, Workplace conditions)

e Do you think this program’s requirements are easy to fulfill? Which factors make
you feel like that and why? (based on the following factors: Individual differences
include, hip characteristics, Culture and social norm, Workplace conditions)

e Do you have any remarks, suggestions, and additions?

« _ Can you give us some advice on how to improve this program

Question type
Opening
a

Transition

Ending

The procedures of content analysis were
divided into two stages. The first stage dealt with
single interview transcripts. The second stage
of content analysis dealt with cross interview
transcripts, and aimed at the integration of all the
individual factors, variables and links from all
interviews, in order to develop a comprehensive
model. Through this work, an in-depth case
history of the project was completed.

V. Findings and discussion

Using the proposed theoretical framework in
the context of this case project, the resident interns’
perception and acceptance of the internship can be
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clearly explained in terms of the four determinants.
In terms of individual differences, each resident
intern’s tolerance toward the difficulty of a
task assignment may be different. Those with
low tolerance could have negative perceptions
regarding the ease of fulfilling the internship. On
the other hand, students with working experience
absorb the value of this type of internship.
They have a chance to do real work as official
employees, and work with foreign supervisors and
serve international customers.

STD 3: When I was a junior student, I worked
part-time for a cafeteria; I became familiar with
dealing with customers. When I came here, I felt
confortable.

STD 2: My major is Tourism Management. |
have no experience in working at a restaurant. 1
feel like everything is so new, I need to study a lot
of things.

Moreover, language barriers may also cause
misunderstanding between supervisors and
resident interns. English is not the mother
tongue of the interns, supervisors or advisors. In
some cases, the advisors are unable to transfer
the spirit of this program to interns to let them
understand the work-site regulations before they
start to work. Supervisors, of course, encounter
obstacles when they try to explain the contents of
practical training to interns.

STD 1: Iwork as a waiter in restaurant, however,
some of my supervisors are not good at English, and
it is difficult for me to understand their instructions.
1 don t know how to handle my tasks.

We found that the most significant element
of individual characteristics which impacts the
perception of interns is self-interest. Based their
own purpose, the interns had various reactions on
the internship program.

STD 1: 1 love to travel, and I know Vietnam is
so beautiful, so I decided to come here!

STD 2: I would like to work for a good resort

in Thailand; therefore, I really want to learn
more about hotels and restaurants. However, it is
difficult for me to get a position in a good hotel
to practice in Thailand. When I learned about
this opportunity, 1 was willing to join since this
program is useful.

STD 3: I would like to learn more about
new cultures and to get more experiences in
foreign countries. I found that this program was
interesting, so I came here.

The hospitality industry has some special
features related to internship characteristics.
Those who work in this industry need to adapt
with requirements related to multiple skills and
flexible work schedules. It takes time for interns
to get familiar with the working environment.
We found that the location of work-sites had
considerable impact on the interns’ decision.

STD 1: Vietnam is so close to Thailand, I think
there is no problem for me to join.

STD 2: [ work in a restaurant, I need to get up
very early (around 4:00 am) to get there because
it takes 1 hour from the school's campus to there.
Sometimes, I feel very tired!

STD 3: I work for a French restaurant, they
dont allow me to use my phone and I need to
remember everything by memory instead of
taking pictures... it s tough!

For those students who come from ASEAN
countries, there is not much difference in
culture and social norms, but they also can have
difficulties with living conditions (eg. food,
weather, and thinking).

STD 1: I got sick many times and sometimes |
needed to go to the hospital and stay there for 2
days due to the weather.

STD 2: The food here is delicious, but we still
miss Thai food. However, we have no time to
cook here. In addition, we also have no kitchen
to prepare our food.
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In general, we found that the factors that had an
impact on perceived ease of fulfilling the internship
included individual differences, internship
characteristics, culture and social norms, and
those affecting perceived usefulness are individual
differences, internship  characteristics and
workplace conditions. The interns felt satisfied
with the program and earn value from this.

STD 1I:
professionally. We have everything!

The program is conducted so

STD 3: We understand more about Vietnamese
culture; support us for future jobs in this field.
The content of the internship is the same as what
we were training, it is not really a problem for us
to fulfill all the requirements.

Moreover, from the information collected
from students’ ideas also shows that perceived
enjoyment of the internship may also be
considered another influencing factor on the
acceptance behavior. Students have right to
terminate this program in case they feel it does
not fit their learning purpose. However, after
one week arriving and working at Resort C,
they feel very exciting. They had chances to do
“real things” there. The chef taught them how to
prepare the foods, and they get into the restaurant
to serve customers as an official employee. In
addition, the advisors took them to visit many
attractions in Danang to let them have more
opportunities to explore people and culture here.

STD 2: Ouwr
unforgettable. At first, everything was unfamiliar

internships  have been
but, with the support of advisor, supervisor,
and friend, we have easily adapted to the new
environment and overcome some challenges. We
have gained useful practical skills and hope to be

able to come back soon.

STD 2: The internship gave us many precious
chances in developing personal and working
skills. We were not only trained communication
skills in working, but we also learned the way

how to connect with colleagues and interact
with customers effectively. In addition, I took
part in many interesting activities with students.
The unforgettable experience in this internship
helped us broaden useful knowledge of culture
and people in Danang as well as in Vietnam.”

Unfortunately, in this study the proposed
framework was not proved quantitatively due to
the small size of sample. Therefore, we revise
the proposed framework for validation in further
studies as follows (Figure 3):

Individual

characteristics

Perceived
of the
internship
1
Perceived ease of
fulfilling the
internship

Internship
characteristics

Culture and

Actual attend
internship

Social norms Intention to

‘Workplace
conditions

attend internship

Perceived
enjoyment of the
internship

Self-interest

Figure 3. The revised research framework

of acceptance behavior

Even the Resort C management is willing
to recruit those students officially. However, to
make the most of the internships, students are
also encouraged to follow the advice below. First,
they need to be prepared before the internship.
Students need to have the basic knowledge of
the field to support themselves and create better
opportunities to apply theories into practice. They
should have positive attitude about the internship
because the supervisor will treat them like real
staff and put them into real situations. .

V1. Conclusion

This study proposed a theoretical framework for
predicting the acceptance behavior of internship
training. The results show significant positive
relationship between individual characteristics,
internship program characteristics, culture and
social norms with perceived usefulness of the
internship (PU) while working conditions has
impact on perceived ease of fulfilling the internship
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(PEF). In addition, we also found that the intention
to attend the internship is also get influence of
perceived enjoyment of the internship. However, it
has only been validated with a single case project.
More case study research may be needed to
establish their generality in the future. By applying
the theoretical framework to understand how and
why trainees make a decision about accepting and
fulfilling the internship training, top management
can make decisions about interventions that can lead
to greater acceptance and effective implementation.
Universities can also revise curriculum and training
programs to fit with exchange programs; and
enhance relationship with local partners to create
more opportunities for their students. Moreover,
all partners need to focus on the environment of
internship to make students feel enjoyable and be
willing to attend. This program brings benefits to
the interns in term of enhancing the skills to work
in an international environment and also provides
value to advisors and local students in Vietnam in
terms of studying new language and culture.
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Abstract

Diplomatic relations of the Nguyen Dynasty took place in a very complex period. Foreign policy and behavioral culture
with Western countries, especially France, was a difficult problem for the Nguyen Kings. In terms of policy, there was
a lack of clarity and duality in diplomatic relations with France and the West. The consequences of these policies have
been debated by historians throughout history. This article will present another perspective of the Nguyen Dynasty
in its relations with Western countries during its independence and self-control (1802-1858). Accordingly, the author
investigates foreign policy of Nguyen Dynasty and The West based on Limited Access Policy (under King Gia long and
King Minh Mang Rule) to Anti Access policy (under Reign of King Thieu Tri and King Tu Duc).

Keywords: Nguyen Dynasty, Limited access, Anti-access, “Closed-door”,1802-1858

Toém tit

Quan hé ddi ngoai cua triéu Nguyén dién ra trong bdi canh lich sir phirc tap. Thai do tmg xtr va chinh sach ngoai giao
nhu thé nao véi cac nude dén tir phuong Tay, dac biét Phap, 1a mot “véan dé kho” cho cac vi vua nha Nguyén. Chinh sach
dugc xem nhu “thiéu rd rang” va “mang tinh hai mat” cia triéu dinh Nguyén véi Phép, cic nude phuong Tay va hé qua
cua n6 da dugc cac nha nghién ctru lich st tranh luén tir 1au. Bai bao nay sé trinh bay mot cach nhin khac vé cach tiép
can cua triéu Nguyén trong mdi quan hé vdi cac nudce phuong Tay trong giai doan doc 1ap, tu chu (1802-1858). Theo do,
tac gia nhin chinh sach ddi ngoai cua tridu Nguyén véi phuong T4y dua trén quan diém phat trién, v6i cach tiép can la:
Tir chinh sach Tiép can han ché (dudi thoi vua Gia Long va Minh Mang) dén chinh sach Chéng tiép can (dudi thoi vua
Thi¢u Tri va Ty buc).

Tir khéa: Triéu Nguyén, Tiép can han ché, Chdng tiép can, “dong ctra”, 1802-1958

1. Introduction the issue as follows: (1) It was a “closed-door

Foreign policy between the Nguyen Dynasty and rebuffed policy” against the West; (2) Kings
and the West (1802-1858) has been researched of Nguyen Dynasty “prohibited and murdered
by many scholars in Vietnam and abroad. Before  Christians” and discriminated Westerners; (3)
2000, scholars tended to have similar views about Nguyen Dynasty’s kings had political views

— which were “short-sighted” and “blind.”
Email: hiepdtu@gmail.com
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However, from 2000 to the present, many
new publications have been published and
nearly twenty scientific workshops related to
the Nguyen Dynasty have been organized.
Most notably the book “The History of Nguyen
Dynasty - A new approach” (2005) has collected
many articles from many scholars who studied
the Nguyen Dynasty, as well as the conference
on “Nguyen Lords and Nguyen Dynasty in the
history of Vietnam from the sixteenth to the late
nineteenth century”, Thanh Hoa, Vietnam (18-19
October 2008).

In general, almost all research agreed with
some new and different views on the Nguyen
dynasty’s foreign policy with Western countries
such as: (1) Put that policy into the context of
complicated history at that time to “understand”
and “sympathy” for the closure of the Nguyen
dynasty, not a radical critique; (2) Nguyen dynasty
not completely “closed” country; (3) foreign policy
was not entirely wrong, sometimes soft, subtle; (4)
it was a “duality “ policy and the conflict between
“closed-door” and “open-door” policies...

This paper does not intend to judge the above
views. Instead, it aims to provide a different
vision of the approach of the Nguyen Dynasty
in its relations with Western countries during
the independence and autonomy period (1802-
1858). In other words, that is from the “Limited
access” policy to “Anti-access” policy.

2. From “limited access” policy under reign
of King Gia Long (1802-1819) and King Minh
Mang (1820-1840)...

“Limited access” is a new term which the
author gives and uses in this article to refer to the
foreign policy of the Nguyen Dynasty with Western
countries. The term “limited access™ is understood in
the sense that King Gia Long and King Minh Mang
maintained relations with the Western countries.
However, there were clear limits and frameworks
in place to control and restrict their penetration and
influence within the territory of Vietnam.

July 1802, Nguyen Anh (King Gia Long)
came to the throne, ushering in period of Nguyen
dynasty domination in Vietnam (1802-1945).
Foreign policy with the West has been shaped
under this king.

For France, King Gia Long had a special and
favorable relationship with the French before
1802, so when he became King, he continued
to bestow favor on France, especially during the
reception ceremony [1, 7-9], [10, 181]. However,
the king usually warned his courtiers about threats
to national security from trade and missionaries
of France. When the Western countries, including
France, showed desire to establish commercial
firms in the ports of Vietnam, he adamantly
refused: “The port is extremely important place,
completely impossible for the office of foreigners
placed there” [23, 515].

Moreover, Gia Long almost exclusively
conducted relations with France in the field of
trade. Some French merchants in Bordeaux as
Baguerie, Stuttenberg, Philippon sent trading
ships to Vietnam in the years 1817- 1819 and
they were treated kindly and provided duty-
free importation of goods [30, 413]. The French
officials in Gia Long dynasty as Chaigneau
repeatedly attempted to persuade the King to set
up official diplomatic and trade relations with
France but failed [32, 43-49], [16, 20].

The Restrictive policy of Gia Long is also
reflected in the rules, principles, and frameworks
in dealing with France and the West.

After ascending the throne in 1802, King Gia
Long chose Da Nang port as a place to welcome
foreigners on behalf of diplomatic envoys or
merchants. Since then, Da Nang became the only
official port to welcome guests from the West.
The Nguyen Dynasty only welcomed Westerners
on condition that they must have credentials. If
they have the credentials, then the two sides must
work together closely and follow procedure.
Normally, foreign embassies in Da Nang port,
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after confirming their credentials and donating
gifts to the King, will have their boats docked
after careful examination. Afterwards, they
are allowed to send people to the shore, under
supervision of the local soldiers, to purchase
the essential supplies such as food, drinks, and
charcoal. Everyone must stay on ships waiting
for local officials to write a report and consult the
King. The King’s directives often arrive 10 to 15
days after a ship has docked. In urgent cases, the
response can take three days.

Protocol before the 17th year of Gia Long
(1817), instructed that foreign ships arriving in
the port of Da Nang will be greeted by the “flag
and firing 21 shots of cannon.” But later, the
King only allowed 3 to 6 shots as a welcome. The
official reception of the host country may take
place in Hue court if the King agrees, but usually
it was held in Da Nang by the representative of
the court, or officials of Thuong Bac Affairs in
coordination with local officials and soldiers.

For the other Western countries, the relationship
also stops at welcoming ceremonies and regular
trade. In 1804, the King of England sent an
ambassador named John W. Roberts with gifts and
credentials because they desired to open commercial
trade in Tra Son, Quang Nam, but King Gia Long
rejected [6, 184-185]. Afterwards, they continued
to send credentials two or three more times but
failed [10, 181]. King Gia Long repelled diplomatic
relations with the British because: “the British is
cunning, deceitful, not our race, their heart certainly
different from us, not to stay” [23, 552].

This policy of Gia Long showed clear
intentions: did not allow the West the opportunity
to penetrate or establish bases (including
commercial bases on the Vietnam territory). He
said that it would jeopardize the national security.
The speech also showed his contempt attitude
with Westerners.

In 1803, a US merchant ship called “Fame”
brought Captain Jeremiah Briggs to Cochinchina

(Vietnam) in an effort to find new sources of
sugar and coffee. They were allowed trafficking
by Gia Long in Vietnam [17, 3-4]. The second
and third visits of Americans in 1819 were also
welcomed thoughtfully. However, these trades
did not obtain any significant results [17, 7-10].

A modern Vietnamese researcher, Cao Huy
Thuan, in commenting upon the policy of King Gia
Long with the West, assumed that: Although the
Gia Long’s policy with the West was cold, he still
preserved it. However, he did not allow to establish
official contacts as well as the political commitment
to the Western governments, because he was afraid
of power of the Westerners [31, 49-50]. Another
scholar, Hal Dareff, confirmed that Gia Long “close
the border” to “prevent the entry of foreigners with
their strange way of life “, but” ... unfortunately,
the country has already existed foreigners - the
missionaries” [3, 28]. Indeed, Christianity is a
difficult and complex issue in external relations
with the West of Gia Long and succeeding kings
(this issue will be addressed in another paper).

Before his death, King Gia Long chose Prince
Dam (King Minh Mang, 1820-1840) as successor
with the intent: that man not only inherited the
throne, but also inherited his will. In fact, King
Minh Mang “is only the implementation of the
basic ways of Gia Long” [20, 339].

Minh Mang expressed his cold attitude clearly
to the French. He refused all requests for the
establishment of formal diplomatic relations,
or signing a trade agreement between the two
countries. He only welcomed ambassadors and
normal trade as a way to maintain relationships.
Foreigners were forced to comply with the same
strict regulations that had existed before. In 1821,
1822, 1824, France sent warships constantly to
Vietnam to negotiate formal treaty but all were
rejected [22, 124-125], [25, 1755].

For Americans, in 1832 and 1836, Edmund
Roberts, special envoy of US President, made two
trips to Vietnam with the aim of “signing the trade
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agreement in favor of the US trade” [9, 53] and
Nguyen Dynasty was welcome [25, 1772-1773].
However, these trips were not successful. The cause
was attributed to both parties deeply conflicted
about diplomatic etiquette [27, 5-6], [28, 357-
364], [19, 4-5]. While Roberts and some scholars
believed that the conflict of protocol was the cause
of the failure, but I think it is just an excuse for
Nguyen government’s refusal of the American
proposals. The root cause was that Minh Mang did
not want to make any relations with the West. This
is a consistent policy that has been exercised before.
Even if there was not a cultural collision between
two nations, the US mission would still find it
difficult to achieve their purpose.

For England, in 1821, John Crawfurd led
a mission to Vietnam for the only trafficking
desire like other countries. In his diary, Crawfurd
‘discovered’ that the Vietnamese people were
extremely sticklers for ceremony and had a very
pretentious character. His mission was treated
with perfect respect, but they were also tightly
controlled as prisoners. Crawfurd was denied a
meeting with Emperor Minh Mang with reason
“this man is just one officer dispatched by a
Governor, not by a monarch’s orders” [25, 1749].
However, Crawfurd was announced that the
British could trade in the Central of Vietnam [2,
99-103]. Later, the British ships were docked in
Vietnam several times, but also failed to achieve
their desired purpose.

It can be seen, Minh Mang still continued the
policy of Gia Long. Of course, the Westerners
did not just want a relationship at that level, since
it is inconsistent with Western-style diplomacy.
The two sides have different approaches on this
matter, so negotiations were often stalled without
reaching any results.

To 1939, the Opium War broke out in China,
which made King Minh Mang aware of the risk
that Vietnam faced in continuing a “closed-
door” policy. In 1840, he hastily appointed a

delegation to Penang, Calcutta, Djakara to probe
the situation [4, 37-44]. Particularly, Minh Mang
sent an envoy led by Ton That Tuong to France to
offer a commercial agreement with Vietnam, in
exchange for a commitment to protect Vietnam
in case of Vietnam was attacked [7, 43]. This trip
was the first time “active” negotiation of Nguyen
Dynasty conducted a state-level diplomacy with
Western countries. It was a shift in foreign policy
with the West of Minh Mang. If Minh Mang
had not suddenly died, then the situation could
be different movements! Unfortunately, this
groundbreaking was not continued by the two
successors - Thieu Tri and Tu Duc.

3. To “Anti-access” policy under the reign of
King Thieu Tri (1841-1848) and King Tu Duc
(1848-1858)

“Anti-access” is also a new term in use to talk
about the foreign policy of the Nguyen Dynasty
with the West under the reign of King Thieu Tri
and King Tu Duc. Anti-access policy is to deny or
refuse any contact, diplomatic or trade relationship
(including normal trade), with Western countries.
It seeks to “close” the country completely with
foreigners and does not give them the opportunity
to access to the territory of Vietnam.

Step into the reign of King Thieu Tri (1841-
1847) and especially King Tu Duc (1848-1883),
the diplomatic door of the Nguyen Dynasty
completely “shut down” to the West. In the
1843, 1845, 1847, respectively the French and
American warships docked in Da Nang and
made pressure of Hue court to force itself to
release the French clergy being held in Hue, as
well as religious freedom [29, 214], [33, 493-
4941, [34]. King Thieu Tri did not allow for any
direct contacts between the two sides. Even in
1847, the French and Vietnamese navies fought
fiercely with each other in Da Nang. “Failure of
the Nguyen’s fleet made Thieu Tri was furious,
ordered to kill all the Westerners staying at
Vietnam” [29, 216]. He also ordered to smash
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all objects bought from the West and made
effigies of Western soldiers to shoot. Obviously
the reaction was very “childish,” and showed
the deadlock and inability of the head of State of
Vietnam during this time. After these events, the
banning of Christians and the closed-door policy
of the King were pushed to the highest levels.

To the British, knowing that the Nguyen
Dynasty conflicted with the French, John F. Davis
carried Queen Victoria’s credentials to Vietnam’s
emperor to discuss the signing of a trade treaty
and establish formal diplomatic
Gutzlaff, who accompanied Davis to Vietnam in
May 3/1847, recorded that: He ashore twice to
move the Queen’s letter to Emperor Vietnam but
no one received the message. They were also not
allowed to go to the Hue capital to express their
aspirations [15, 113], [14, 24-25].

November 1847, Thieu Tri died. Tu Duc came
to the throne at a time when the relationship
between the Hue court and the West, particularly
France, was worsening. Major issues in foreign
policy of the Tu Duc dynasty with France and the
West was centered on the issue of Christianity.
The banning of Christians from Minh Mang until
Tu Duc at beginning were not very effective.
While he has not found a more effective solution
yet, he decided to increase the “intensity” of the
religious ban with a more stringent edict [8, 297].

relations.

Under these circumstances, the French emperor
decided to send Ambassador Extraordinary and
Plenipotentiary Charles de Montigny to Vietnam
to negotiate. While Montigny was staying in Siam
and Cambodia, William de Ville-sur-Lelieur Arc
commanded Catinat warship to Da Nang dated
16/09/1856 to send Montigny’s letter to King Tu
Duc, but the local officials were ordered not to
receive the letter from France. Lelieur sailed to
Thuan An sea port to deliver, but Vietnam officials
there did not recognize it either. Lelieur had to
leave the letter on the coast and headed back to
Da Nang. Here, the warship of Lelieur fired on Da

Nang and sent an army on ashore to lock the 60
cannons and poured large gunpowder amounts of
Hue imperial army into the sea [29, 218].

Montiny arrived in Da Nang on Janury 23,
1857. In the context of negotiation, Montiny
wanted to sign a trade treaty between both
nations, established a French consulate in the
Hue capital, open Da Nang’s sea port, and free
Christian missionaries. In response, similar to
previous times, the Hue royal court rejected
all requests. Montigny was very angry and
indicated his proposals were civilized diplomatic
procedures which were admitted by many
countries, while the treatment of the Nguyen
Dynasty was a humiliation for France. The only
way to get results was through the use of force.

This was the last attempt of the French
diplomacy lead by professional diplomatic
envoys, but still not achieve desired results.
Meanwhile, in France, many officials and clergies
continued to promote the use of force to invade
Vietnam. In 1858, the French expeditionary army
attacked Da Nang port. Therefrom, a new chapter
in the relationship between Vietnam and France
opened, which in tandem with the losing national
territory and sovereignty in the hands of the
French, the autonomy and self-determination in
relation to the French in particular and the West
in general has gradually slipped from the hands
of the Nguyen dynasty.

4. Conclusion

In the context of complex history in the first
half of the 19th century, in which the penetration
of Western elements was considered a great threat
to national security and traditional culture of the
nation, the Hue court has developed a prudent and
highly defensive foreign policy towards the adverse
effects of the West. The “limited access” policy
was shaped by King Gia Long with the policy of
“limiting” contact and access from the West through
a system of mandatory principles and rituals, and
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rejection of any proposal to sign a trade or diplomatic
agreement with Westerners. The “Gia Long style”
diplomacy was followed by Minh Mang. However,
during the reign of King Thieu Tri and King Tu
Duc, this diplomatic door was increasingly closed
and eventually completely closed to the Western
world. In other words, it is a shift from the limited
access policy to anti-access policy. This foreign
policy is clearly not a wise foreign policy because
it led to detrimental consequences for the Nguyen
dynasty and the country.

References

[1] Binh Ton That (1995). Storytelling Nguyen’s kings.
Thuan Hoa publisher. Hue

[2] Crawfurd, John (1830). Journal of an Embassy
from the Governor-General of India to the Courts
of Siam and Cochinchina; Exhibiting a View of the
Actual State of Those Kingdoms. London: Colburn
and Bentley.

[3] Dareff , Hal (1971). The Story of Vietnam, a
background book on the war in Southeast Asia.
Parents’ Magazine Press. New York.

[4] Duyet Dinh Thi (2012). The change in foreign policy
with the West of King Minh Mang, “Journal of
Southeast Asian Studies”, No3 (144). p.37-44.

[5] Giau Tran Van (2001). Anti-invasion: History of
Vietnam from 1858 to 1898.Ho Chi Minh city
publisher. Ho Chi Minh.

[6] Fry, Howard T. (2013). Alexander Dalrymple and the
Expansion of British Trade. Routledge

[7] Honey, P.J. (1968). Genesis of a Tragedy: The
Historical Background to the Vietnam War. Benn.

[8] Huon Phan Phat (1958). Vietnam Catholic history.
Vol. 1. Sai Gon.

[9] James, D. Richardson (1896). A Compilation of the
Messages and Papers of the Presidents, 1789-1897.
Washington D.C.: Government Printing Office.

[10] Kim Tran Trong (1971). A brief history of Viet Nam.
Sai Gon.

[11] Kiem Nguyen Van (1999). Policies towards Catholics
under Thieu Tri, Old and Now Magazine, No 64B (6).

[12] Lam Dinh Xuan, Khanh Nguyen Van, Le Nguyen
Dinh (2001). History of Vietnam. Vol. 2 Education
Publisher. Hanoi.

[13] Lan Hoang Van, Chinh Ngo Thi (1974). History of
Vietnam (1858 — the late of 19th century). Vol.3, Part
1. Education Publisher, Hanoi.

[14] Leigh R. Wrigh (1970). The Origins of British
Borneo. Hong Kong University Press.

[15] Lutz, J. Gregory (2008). Opening China: Karl F.A.
Gtzlaff and Sino-Western Relations, 1827-1852. Wm.
B. Eerdmans Publishing, Michigan.

[16] McLeod, Mark W. (1991). The Vietnamese response
to French intervention, 1862—1874. Praeger.

[17] Miller, Robert Hopkins (1990). The United States and
Vietnam, 1787-1941. DIANE Publishing.

[18] Ngoc Nguyen Quang (2003). The process of the
history of Vietnam, Education Publisher. Hanoi.

[19] Pan, Stephen & Lyons, Dennis (1966). Vietnam
Crisis, The East Asian Research Institute , Riverside.
New York.

[20] Quang Nguyen Phan & Dan Vo Xuan (2000).
Vietnam’s history from the origins to 1884. Ho Chi
Minh city publisher.

[21] Quoc Su quan trieu Nguyen (2001). Dai Nam thuc
luc. Vol.1. Education Publisher. Hanoi.

[22] Quoc Su quan trieu Nguyen (The Nguyen Dynasty’s
Institute for National History) (2001). Dai Nam thuc
luc. Vol.2. Education Publisher. Hanoi.

[23] Quoc Su quan trieu Nguyen (2001). Dai Nam thuc
luc. Vol.3. Education Publisher. Hanoi.

[24] Quoc Su quan trieu Nguyen (2001). Dai Nam thuc
luc. Vol.4. Education Publisher. Hanoi.

[25] Quoc Su quan trieu Nguyen (2010). Minh Mang
chinh yeu. Thuan Hoa Publisher. Hue.

[26] Quynh Truong Huu, Doan Phan Dai, Minh Nguyen
Canh (2000). The outline of History of Vietnam. Vol.
1. Education Publisher. Hanoi.

[27] Roberts, Edmund (1837). Embassy to the Eastern
Courts of Cochin-China, Siam, and Muscat, in
the U.S. Sloop-of-War Peacock, David Geisinger,
Commander, During the Years 1832-3-4. New York:
Harper & Brothers.

[28] Ruschenberger, W.S.W. (1838). A Voyage Round the
World; Including An Embassy to Muscat and Siam,
in 1835, 1836, and 1837. Philadelphia: Carey, Lea, &
Blanchard.

[29] Shreinr, Alfred (1905). A brief of Dai Nam. Sai Gon.

[30] Son Pham Van (1983). Complete history of
Vietnamese. Japan.

[31] Thuan Cao Huy (1988). Catholicism and colonialism
in Vietnam. Paris university.

[32] Wynn Wilcox (2010). Vietnam and the West: New
Approaches. SEAP Publications

[33] Xuan Nguyen Dac (2008). Constitution of the United
States vessel opening French colonial war to conquer
Vietnam Nguyen Dynasty.Ha Noi.

[34] The Colonial Moment The Making of French
Indochina, 1958-1897, available at http://www.
ucpress.edu/content/chapters/10448.ch01.pdf



TAP CHI KHOA HOC & CONG NGHE DAI HOC DUY TAN TRUONG DAI HOC DUY TAN

DTU Journal of Science and Technology 02(27) (2018) 18-24 DUYTANUNIVERSITY

Density Functional Theory studies of Hg and Pb ions Binding
with Chitin and Chitosan

Nghién ciru su lién két ctia Chitin va Chitosan véi ion Hg va Pb
bang phuong phap phiém ham mat do

Thi Hai Anh Mai,* Thi Chinh Ngo,® Duy Quang Dao,*

“Faculty of Agriculture and Forestry, Tay Nguyen University, Vietnam
Khoa Nong Lam nghiép, Dai hoc Tdy Nguyén, Viét Nam
bInstitute of Research and Development, Duy Tan University, Vietnam
Vién Nghién ciru va Phat trién, Truong Pai hoc Duy Tdn, Viét Nam
(Ngay nhdn bai: 30/01/2018, ngay phan bién xong: 22/03/2018, ngay chap nhin ddang: 28/03/2018)

Abstract

Density functional theory (DFT) studies contributed to analyzing the interaction between chitin and chitosan with
Hg(I), Hg(II) and Pb(I), Pb(Il) ions. All DFT calculations were performed at M06-2X/LanL.2DZ level of theory using
N-acetylglucosamine and glucosamine monomers as models of chitin and chitosan, respectively. Geometries of all
complexes were optimized, as well as the enthalpies and the Gibbs free energies of interactions were calculated. The
obtained results suggest that Hg(I) and Pb(I) cations tend to bind to glucosamine at O4/N5 positions with the best stability,
while these cations prefer the O3/04 positions in the case of binding to N-acetylglucosamine. The most stable binding
positions of these two molecules with Hg(II) and Pb(II) cations are all at 03/04 molecules. Moreover, the Pb(I) complexes
are more stable than the Hg(I) ones, whereas the Pb(Il) complexes are less stable than the Hg(II) ones. These results are
in good agreement with reported experimental data.

Keywords: Glucosamine; N-acetylglucosamine; interaction; DFT; mercury, lead.

Tém tit

Tuong tac ctia chitin va chitosan véi cac ion Hg(I), Hg(IT) va Pb(I), Pb(II) dugc nghién ciru bang 1y thuyét phiém ham
mat do (DFT). Tét ca cac tinh toan DFT dugce thuc hién & mire ly thuyét MO06-2X/LanL.2DZ st dung cAu triic monomer
N-acetylglucosamine va glucosamine nhu 13 mé hinh cia chitin va chitosan. C4u tric hinh hoc cta cac phtc tao thanh
duoc tdi vy, cling nhu ning lugng Gibbs tw do va enthalpy tuong tac ciing dugc tinh toan. Két qua thu dugc du doan ring
cac cation Hg(I) va Pb(I) c6 xu hudng két ndi voi glucosamine tai vi tri O4/N5 véi do 6n dinh cao nhit, trong khi cac
cations nay uru tién két hop véi N-acetylglucosamine & vi tri 03/04. Ca hai hop chat nay déu két hop véi cation Hg(II) va
Pb(II) & vi tri 03/04. Ngoai ra, cac phtrc Pb(I) thi 6n dinh hon cac phirc Hg(I), trong khi cac phtrc Pb(II) thi kém 6n dinh
hon céc phirc Hg(IT). Két qua tinh toan nay hoan toan twong thich véi cac két qua thu dugc tir thyc nghiém.

Tuwr khoa: Glucosamine; N-acetylglucosamine; tuong tac; DFT; chi, thiy ngan

1. Introduction from a variety of industrial activities such
Nowadays, a huge amount of heavy metals as mining, power plants, plating facilities,
in untreated wastewater is generally derived electrical equipment manufacturing, etc. This

* Corresponding author: daoduyquang@gmail.com
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emission into our nature contributes to one of
main environmental concerns.[1] Among the
treatment appoaches, chitin and chitosan have
been widely studied and applied as effective
low-cost biosorbents. Chitin consists in a high
molecular weight linear polymer of 2-acetamido-
2-deoxy-D-glucopyranose units linked together
by 1,4-glycosidic bonds, while chitosan is the
N-deacetylated product of chitin.[2] Chitosan
and chitin are able to form stable complexes with
a wide range of metal ions such as Ni(II), Cu(Il),
Cr(III), Cd(11), Hg(11), Pb(I), due to the presence
of amino and hydroxyl groups on their structure
which can act as chelation sites. Moreover, the
formation of metal-chitosan/chitin complexes
may involve in different mechanisms (chelation
versus electrostatic attraction), depending on
solution composition, pH and speciation of the
metal ions.[3]

Several derivatives of chitosan have been
experimentally studied as potential adsorbents of
Hg(II) and Pb(II) ions in the removal of the metal
ions from industrial effluents.[3, 4] For example,
Hg(II) ions could be selectively separated from
Cu(ID), Pb(Il), Cd(II), Zn(II), Ca(Il) and Mg(II)
by using modified magnetic chitosan with
Schiftf’s base cross-linker.[5] A maximum Hg(II)
adsorption capacity of 1127.1 (mg Hg(Il)/g
chitosan) is recorded using chitosan particles.
[1] Chitosan-coated cotton fiber via a Schift-base
bondand a C—N single bond can selectively adsorb
Hg(II) from binary ion systems in the presence of
the coexistent ions Pb(II), Cu(Il), Ni(II), Cd(Il),
Zn(Il), Co(II), Mn(Il) and Ag(I).[6] Chitosan
functionalized by generation 1.0-3.0 of amino-
terminated hyperbranched polyamidoamine
polymers is also used to removal Hg(II).[ 7]

Moreover, Rangel-Mendez et al report that
the selectivity of chitosan for cadmium, copper,
and lead in both reactive and clarified water
is sorted as follows: Cu(Il) > Cd(II) > Pb(II).
[8] The adsorption capacities of Pb(Il) ions

from aqueous solution onto chitosan, chitosan-
glutaraldehyde and chitosan-alginate beads are
3498, 14.24 and 60.27 mg/g, respectively.[9]
Citralidene chitosan, prepared by condensation
of citral and chitosan, is also used to remove
Hg(II) and Pb(II) contained in water. As a result,
maximum sorption capacity was found to be 250
mg g for Pb(Il) and 333.33 mg/g for Hg(I1).[10]
This means that the adsorption of Hg(II) is better
than the one of Pb(II).

It can be seen that despite the importance of
interaction of metal ions with chitosan and its
derivatives, only a few computational studies
dealing with the binding of metal ions (i.e.
mercury and lead cations) with chitosan are found
in the literature. Density functional theory (DFT)
at B3LYP/LanL2DZ level of theory have been
showed as a helpful method to investigate the
interaction between chitosan and its derivatives
with Pb(Il) cation.[11] It is found that the most
stable complex is obtained at O3/0O4 position
(Figure 1).

Thus, the goal of this work is to give more
insight into the mechanism of Pb/Hg-chitosan/
chitin monomer interactions. All possible
binding configurations between Hg(I)/Hg(Il)
and Pb(I)/Pb(Il) cations with glucosamine and
N-acetylglucosamine were evaluated in detail
(Figure 1). Geometries of complexes were
optimized at DFT/M06-2X/LanL.2DZ level of
theory, as well as enthalpies and Gibbs energies

were also calculated.

Fig. 1: Labelling scheme for different configurations
studied for the complexes between Hg and Pb cations
with glucosamine (left) or N-acetylglucosamine (right)
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2. Theoretical and computational methods

All computations were performed using the
Gaussian 09 Rev E.01 program.[12] Geometry
optimizations and  vibrational frequency
calculations were conducted using M06-2X

method [13] coupled with LanL.2DZ basis set.

The interaction enthalpies (H. ) and Gibbs
free energies (G, ) at 298.15K for the complexes
between the metal ions and the glucosamine
or the N-acetylglucosamine compounds were
obtained as follows:

Hipe = HM“+—compound — Hypn+ — Hcompound (D
Gine = GM“*’—compound — Gyn+ — C'Compound (2
where HM“+—Compound > GM‘”’—compound are

respectively the enthalpy and Gibbs energy at T
= 298.15 K for the complex between a metal ion
(M=Hg or Pb, and n = 1 or 2) and glucosamine or
N-acetylglucosamine, and Hyn+ , Heompound » and
Gpmn+, Geompound are the total enthalpies and Gibbs
energy at T =298.15 K for the separated fragments.

3. Results and discussion

3.1. Optimized structure of glucosamine and
N-acetylglucosamine

the views  of
of glucosamine and
N-acetylglucosamine optimized at MO06-2X/
LanL2DZ level of theory in the gas phase.

Figure 2 shows
geometrical structures

Fig. 2: Optimized structures of glucosamine (left) and
N-acetylglucosamine (right) calculated at M06-2X/
LanL2DZ, (distances in unit)

Generally,
bonds could be established in the structures of the
studied monomers. In principle, a hydrogen bond

some intramolecular hydrogen

consists in an attractive force arising between a
donor covalent pair X—H in which H atom is
bound to a more electronegative atom X, with
neighboring electronegative ion or molecule, A,
which must posses a lone pair of electron in order
to form a hydrogen bond.[14]

In the studied structures, the hydrogen bonds
could be formed between H atoms of hydroxyl
groups —OH with the O atoms of the another
ones, or with N atom of the amine group —NH,.
As can be observed in Figure 2, The distances
between O-H--O-H of N-acetylglucosamine
and glucosamine are about 2.29 and 2.47 A, the
one of O—H---Or is about 2.34 to 2.47 A. The
existence of several intramolecular hydrogen
bonds allows to stabilize the molecular structures
of the monomers.

Table 1: Natural bond orbital (NBO) analysis of
some selected interactions for glucosamine and
N-acetylglucosamine

Donor NBO (i) |Acceptor NBO (j) | E(2), kcal/mol

Glucosamine

LP(1) N5 0*(1) 04-H EX:
N-acetylglucosamine

LP(1) Oa 0*(1) 04-H 8.04
LP(2) Oa 0*(1) 04-H 18.57

In order to confirm the evidence for hydrogen
bonds, natural bond orbital (NBO) analysis has
been investigated at the same level of theory. For
glucosamine molecule, electron densities donation
from the first lone pair of electron on N5 atom,
LP(1) N5, to unoccupied ¢ orbital on O4—H bond,
o*(1) O4-H, is observed at stabilization energy
of 2.6 kcal/mol. Bond length of NS5--H-04 is
equal to 2.35 A. Moreover, transfer of electron
densities from the first and the second lone pairs
of electron on Oa atom, LP(1) Oa and LP(2) Oa, to
unoccupied ¢ orbital on O4—H bond, 6*(1) O4-H,
is also stabilized at energy of 8.04 and 18.57 kcal/
mol, respectively. The bond distance of Oa ---H—
04 is of 1.70 A (Figure 1).
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These results allow confirming the existence
of hydrogen bonds N5--H-O4 and Oa ---H-
O4 in the structure of glucosamine and
N-acetylglucosamine, respectively.

3.2. Optimized geometries of complexes

As mentioned in Figure 1, the metal ions can
bind to glucosamine and N-acetylglucosamine by
5 interaction configurations, namely from cl to ¢5,
in which the metal cation binds to O and N atoms.

For each of five interaction configurations,
Tables2and 3 show selected geometric parameters
between these two chitosan monomers and metal
ions Hg(I)/Pb(I) and Hg(Il)/Pb(Il) respectively
and bound hetero-atoms (i.e. O and N atoms).
Tables 4 and 5 present the respective enthalpies
and Gibbs free energies at T = 298.15K of all
stable complexes. Moreover, Figures 2 and 3
display the structure of the most stable complexes

of mono- and divalent cations with glucosamine
and N-acetylglucosamine, respectively.

As shown on Table 2, monovalent Hg(I)
cation interacts with glucosamine monomer with
distances varied from 2.42 to 2.55 A, while Pb(I)
cation interacts with the monomer with distances
from 2.35 to 2.47 A. Similarly, Hg(I) cation binds
with N-acetylglucosamine with distances from
2.32 to 2.52 A, while the distances of Pb(I) ion
with the binding sites alter from 2.09 to 2.45 A.

Furthermore, the lengths between Hg(Il)
cations and the binding sites of glucosamine
fluctuate between 2.15 and 2.30 A, while the ones
in case of N-acetylglucosamine are 2.11-2.37 A.
And Pb(II) cations bind to the interacting sites of
glucosamine by distances changing from 2.14 to
2.37 A, and to the ones of N-acetylglucosamine
from 1.99 to 2.31 A.

Table 2: Atomic distances (A) for complexes between Hg(I) and Pb(I), and glucosamine

or N-acetylglucosamine molecules

Complex lon Glucosamine N-acetylglucosamine
Atom | Distance | Atom Distance | Atom | Distance | Atom Distance
cl Hg r 244 2 2.55 r 2.47 2 2.52
Pb r 2.38 2 2.47 r 2.39 2 2.45
c2 Hg 2 2.46 3 2.45 2 2.46 3 2.43
Pb 2 2.35 3 2.40 2 2.37 3 2.37
c3 Hg 3 2.43 4 2.42 3 2.44 4 2.37
Pb 3 2.37 4 2.37 3 2.38 4 2.30
ca Hg 4 2.46 5 2.51 4 2.47 a 2.32
Pb 4 2.39 5 2.46 4 2.31 a 2.09
c5 Hg 1 2.53 5 2.48 1 2.52 a 2.32
Pb 1 2.43 5 243 1 2.44 a 2.22
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Table 3: Atomic distances (A) for complexes between Hg(II) and Pb(II), and glucosamine

or N-acetylglucosamine molecules

Fig. 3: The most stable configurations optimized for the
interaction of Hg(1), left, and Pb(I), right, cations with
glucosamine (A) or with N-acetylglucosamine (B). Bond
distances are shown in angstroms (A), 1 A =0.1 nm.

Fig. 4: The most stable configurations optimized for the

interaction of Hg(II), left, and Pb(II), right, cations with

glucosamine (A) or with N-acetylglucosamine (B). Bond
distances are shown in angstroms (A), 1 A =0.1 nm.

Complex lon Glucosamine N-acetylglucosamine

Atom | Distance | Atom Distance | Atom Distance | Atom | Distance
cl Hg r 2.29 2 2.27 r 2.33 2 2.23
Pb r 2.21 2 2.33 r 2.23 2 2.31
c2 Hg 2 2.26 3 2.22 2 2.30 3 2.11
Pb 2 2.24 3 2.14 2 2.31 3 1.99
c3 Hg 3 2.30 4 2.15 3 2.24 4 2.16
Pb 3 2.16 4 2.22 3 221 4 2.10
c4 Hg 4 2.24 5 2.30 4 2.24 a 2.37
Pb 4 2.19 5 2.37 4 221 a 2.34
c5 Hg 1 2.29 5 2.26 1 2.26 a 2.14
Pb 1 2.24 5 2.33 1 2.25 a 2.03

Table 4 exhibits the enthalpies and the

Gibbs free energies of interaction between

the monovalent cations with glucosamine and
N-acetylglucosamine.

Generally, the formation of all complexes
should be favored in terms of thermodynamic,
and their formation reactions are all exergonic.
Indeed, the interaction enthalpies (H, ) of
Hg(I)-glucosamine complexes are from -242.0
to -283.1 kJ-mol!, and the ones of Hg(I)-N-
acetylglucosamine complexes are from -241.6 to
-304.2 kJ-mol ™. Besides, the H_ values of Pb(I)-
glucosamine vary from -275.5 to -315.2 kJ-mol”,
and the ones of Pb(I)-N-acetylglucosamine
are from -240.6 to -342.0 kJ-mol'. Similarly,
the interaction Gibbs energies (G, ) of Hg(I)-
glucosamine complexes change from -207.6
to -247.5 kJ-mol!, and the ones of Hg(I)-
N-acetylglucosamine are about -205.9 and
-265.7 kJ-mol"'. While the G, values of Pb(I)-
glucosamine complexes are about-239.8t0-278.3
kJ-mol"!, the ones of Pb(I)-N-acetylglucosamine
complexes vary from -199.3 to -303.0 kJ-mol ™.

The obtained results resumed on Table
4 show that the most stable monovalent
complexes with glucosamine are established
at ¢4 interaction configuration, while the most
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stable ones with N-acetylglucosamine are given
at €3 configuration. Moreover, it can be deduced
from the H._ and G_ values that the monovalent

complexes with Pb(I) are more stable than the
ones with Hg(I) cation.

Table 4: Enthalpies and Gibbs free energies of interaction (kJ mol') for Hg(I) and Pb(I) in complexes

with glucosamine or N-acetylglucosamine. Bold is used to denote the most stable configurations.

Complex Metal Glucosamine N-acetylglucosamine
H_/k) - mol™ Gw/kJ - mol? Hw/kJ - mol? Gw/kJ - mol?
cl Hg -269.6 -237.2 -241.6 -208.5
Pb -305.9 -271.9 -277.0 -243.3
c2 Hg -242.0 -207.6 -241.3 -205.9
Pb -275.5 -239.8 -276.0 -238.6
c3 Hg -282.6 -246.7 -304.2 -265.7
Pb -312.9 -276.4 -342.0 -303.0
c4 Hg -283.1 -247.5 -272.2 -240.4
Pb -315.2 -278.3 -240.6 -199.3
c5 Hg -268.8 -235.1 -264.5 -230.7
Pb -297.1 -262.4 -305.9 -270.2

Table 5: Enthalpies and Gibbs free energies of interaction (kJ mol ™) for Hg(Il) and Pb(II) in complexes
with glucosamine or N-acetylglucosamine. Bold is used to denote the most stable configurations.

Complex Metal Glucosamine N-acetylglucosamine
Hm/kJ - mol* Gw/kj -mol* Hw/kJ - mol* Gw/kJ - mol*
cl Hg -807.4 -768.2 -811.9 -770.4
Pb -699.8 -661.2 -657.4 -619.8
c2 Hg -708.4 -670.8 -851.9 -812.9
Pb -625.1 -588.1 -784.8 -743.5
c3 Hg -863.8 -823.8 -873.4 -828.6
Pb -706.6 -664.3 -806.1 -761.0
c4 Hg -784.3 -745.0 -763.6 -722.3
Pb -664.7 -625.7 -654.8 -614.4
c5 Hg -752.7 -715.0 -779.7 -744.9
Pb -627.6 -589.3 -718.2 -678.4

The same results are acquired in cases of the
divalent complexes, i.e. Hg(Il) and Pb(II) cations,
and glucosamine or N-acetylglucosamine (Table
5). However, it can be seen from Table 5 that
the most stable complexes with both of the
compounds are obtained at ¢3 position. Also
comparing the H, and G,  values reveals that the
interaction of Hg(II) cation with the compounds
is stronger than the one of Pb(II) cation. These

results are in good agreement with the one
obtained by experiments.[10]

In fact, the enthalpies of interaction at ¢3
positions of Hg(Il)-glucosamine and Hg(II)-
N-acetylglucosamine are -863.8 and -873.4
kJ-mol!, respectively. And the Gibbs energies
of the same complexes are -823.8 and -828.6
kJ-mol", respectively. Similarly, the H_  of
interaction for Pb(II)-glucosamine and Pb(II)-
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N-acetylglucosamine for ¢3 configuration are
equal to -706.6 and -806.1 kJ-mol !, respectively,
and the G, of interaction of the same complexes
are -664.3 and -761.0 kJ-mol”, respectively. The
structure of the most stable complexes for Hg(I)/
Pb(I) and Hg(II)/Pb(I1) cations with glucosamine
and N-acetylglucosamine,
depicted in Figures 3 and 4.

respectively are

4. Conclusions

The interactions of Hg(I)/Hg(Il) and
Pb(I)/Pb(Il) cations with glucosamine and
N-acetylglucosamine were studied using density
functional theory approaches. The optimized
geometries, interaction enthalpies and Gibbs
energies of interaction of all possible complexes
were calculated by employing MO06-2X/
LanL2DZ level of theory. It is found that (i) the
most stable complexes of Hg(I) and Pb(I) with
glucosamine are obtained with ¢4 interaction
configuration (i.e. O4/N5 binding sites), whereas
the ones with N-acetylglucosamine are found at
c3 configurations (i.e. O3/04); (ii) the most stable
complexes of Hg(II) and Pb(II) with glucosamine
and with N-acetylglucosamine are all found at ¢3
(O3/04) configuration; (iii) finally, the formation
of the complexes with Pb(I) are more favorable
than the ones with Hg(I), but conversely, the
complexes with Hg(Il) are more stable than the
ones with Pb(Il), this observation agrees with the
experimental data.
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Abstract

The Dalat Nuclear Research Reactor (DNRR) is a 500 kW pool-type research reactor located in Dalat, Vietnam. It was
upgraded from a 250 kW TRIGA MARK II reactor in 1960s. The first criticality was achieved on Nov 1st, 1983. The
DNRR operates about 1300 hours per year for the radioisotope production, neutron activation and research goals. This
study deals with the evaluation of the control rod worths of the DNRR using SRAC code system and the ENDF/B-VII.0
nuclear data library. The results are compared with the experimental data. A good agreement is found with the maximum
deviation of the control rod worths about 14%. This indicates the accuracy of the analysis model and possible application
for further neutronics analysis of the DNRR.

Keywords: DNRR, VVR-M2, SRAC, control rod worth.

Tém tat

Lo phan tmg hat nhan nghién ctru Da Lat (DNRR) cong suit 500 kW dit & thanh phd Da Lat, Viét Nam. Lo dugc ning
cép tir 10 TRIGA MARK II cong suit 250 kW duogc xdy dung vao nhitng nam 1960, dat t6i han 1an déu ngay 01/11/1983.
Hién nay 16 DNRR hoat dong mdi nim khoang 1300 gi v6i muc dich chinh: san xuét déng vi, kich hoat neutron va
nghién ciru. Bai bao nay trinh bay cic dénh gia vé gia trj thanh diéu khién cua 16 Da Lat sir dung chuong trinh SRAC va
thu vién s6 liéu hat nhan ENDE/B-VIL0. Két qua duoc so sanh véi s6 liéu thuc nghiém cho thay su phi hop tdt voi sai
khac 16n nhét khoang 14%. Piéu nay khang dinh tinh chinh x4c ctia cac mé hinh tinh toan va kha niang ap dung cho cac
phan tich neutronic xa hon cho 1o Pa Lat.

Tir khéa: Lo phan tmg hat nhan nghién ciru Pa Lat, VVR-M2, SRAC, gia tri thanh diéu khién.

) the power level at desired states. They are made
1. Intreduction by materials such as boron, hatnium, cadmium,

Controlling system is one of the key indium, silver, etc. That have a large thermal

components of a nuclear reactor since it is mainly
responsible for the reactor safety. The control
rods (CRs) are inserted into the core to maintain

Email: phanthithuygiang@gmail.com

neutron absorption cross-section. When the CRs
are inserted into or withdrawn from the core
lead to the decrease or increase of the reactivity.
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Studying on the control rod worth under different
operation conditions and core configurations is
a challenge in developing neutronics analysis
methods. Because of the strong thermal neutron
absorption characteristic of the control rods’
material, the thermal neutron flux varies rapidly
with the control rods’ positions. It needs special
methods to treat the diffusion theory in the
thermal research reactor such as the Monte Carlo
or the approximation methods. The SRAC code
system, an open code on the approximation
method that can solve a doubly heterogeneous
system by cell calculations [1] with much less
calculation time in comparison with the Monte
Carlo method is currently chosen.

This study presents the calculation results
of the control rod worths of the DNRR reactor
using the SRAC code system and the ENDF/B-
VIL.O nuclear data library [2]. The calculations
were performed to evaluate these parameters at
the startup conditions [3]. This work was done to
set a benchmark model for the burn-up and fuel
management analysis of the DNRR.

Bervilium block

O Neutron trap

@ Dy channel

‘ . Fuel bundle

. Boron cacbide control rod

Stainless steel control rod

Figure. 1 Configuration of the DNRR core
with 88 fuel assemblies.

2. Description of the DNRR

The DNRR was reconstructed and upgraded to
500 kW in 1980s. The reactor is loaded with the
Russian VVR-M2 fuel type. Table 1 shows the
detail characteristics of the DNRR, control rods
and fuel bundles. The reactor core has a radius of
442 mm and height of 600 mm surrounded by the
graphite reflector thickness of 305 mm.

Table 1. Specification of the DNRR

Reactor type Pool type
Nominal thermal power (kW) 500
Coolant and moderator Light water

Core cooling mechanism Natural convection

Reflector Graphite, Beryllium
Horizontal beam-ports fa dg';ls)t grest i
Active core height (mm) 600
Core equivalent diameter (mm) | 442
Graphite reflector height (mm) | 560
Graphitereflectorthickness(mm) | 30.5

Number of control rods

Material of SR, ShR

7(2SR,4ShR, 1AR)
B,C

Material of AR Stainless steel
Fuel type VVR-M2
Fuel meat U-Al alloy
Uranium enrichment (wt%) 36

Average U (g) 40.2

Fuel pitch (mm) 35

Fuel thickness (mm) 0.7
Aluminum cladding (mm) 0.9

Tube gap (mm) 2.5-3

In the present work, the core is loaded with
121 hexagonal cells including 88 fuel bundles,
18 beryllium blocks, 7 control rods, 1 dry channel
and 7 cells of neutron trap. The VVR-M2 fuel
bundle is the highly enriched uranium type,”*U
enrichment of 36 wt%, made of aluminum-
uranium alloy cladded in aluminum. The only
automatic regulating rod (AR) is made of stainless
steel. The safety rods and shim rods (SRs and
ShRs) are made of boron carbide (B,C). All the
control rods are 650 mm in length. The neutron
trap is a water cylinder with 65 mm in diameter
surrounded by six beryllium blocks (Fig. 1).

3. Measurement of the control rod worth

The calculated cases simulating explicitly
the experiment data of the AR control rod worth
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were carried out by the positive period method
in 1984 [3]. In this method, the criticality of the
DNRR was established with the full insertion of
the AR at a very low power to exclude the effects
of temperature, power and xenon poisoning. Then
the AR was withdrawn from the bottom to a new
position to increase the reactivity and power level.
Doubling times measurement were carried out in
conjunction with the inhour equation [4] to obtain
the corresponding positive reactivity as follows:

I R B,
Bor |L+T  1+TLT+T. 4

p$) =

(1)

27

where, / is the prompt neutron generation time
and T'is the reactor period. 4, and 8, are the decay
constant and the fraction of the delayed neutrons
of the i group, respectively. ﬁeﬂ. is the effective
delayed neutrons fraction (the ﬂeff of the DNRR
is 0.0081 [5]).

The criticality of the initial power level was
restored for the next step by setting the new ShR
positions when the AR position was preserved in
the core. Iterating this process for each of the AR
withdrawal positions, the integral reactivity was
then obtained. These experiments showed the
results within 7% of uncertainty.

Table 2. Comparison between the SRAC calculated control rod worth and the experimental data.

4. Calculation model

(a) ShR2=ShR3=65
ShR1=ShR4 AR Apcar Apexe [ShRI1, ShR4 AR Apcar Apexe |ShR1,ShR4 AR Apcar  Apexe
36.8 65 0.522 0.593 36 65 0,511  0.529 358 65 0.507 0.555
375 40 032 0414 36.8 40 0315 0.361 36.7 40 0312 0.397
39.2 25 0.127 0.169 | 381,375 30 0.182 0.203 36.7 30  0.179 0.235
39.2 0 0 0 38.7 20 0.077 0.084 | 38.5,383 20 0.077 0.112

38.8 0 0 0 38.5,383 0 0 0

(b) ShR1=ShR4=65
ShR2=ShR3 AR Apcar Apexp |ShR2=ShR3 AR Apcar Apexer | ShR2,ShR3 AR  Apcar Apexe
375 65 0.409 0439 36.3 65 0398 0461 36.3 65  0.364 0.379
38 40 0.274 0.329 37 40 0.267 0.349 372 40 0233 0.279
395 20 0.074 0.085 38.5 20 0.073 0.098 37.7 30  0.126 0.18
39.5 0 0 0 38.5 0 0 0 38.0,39.0 20 0.073 0.082

38.2,395 0 0 0
(c) ShR1=ShR2=ShR3=ShR4

ShR1234 AR Apcar Apexe | ShR1234 AR Apcar Apexp

45 65 0.493 0.489 45 65 046 0474

457 40 0.319 0322 45 40 0288 0.326

46.7 20 0.094 0.104 45 30 0.168 0.204

47.2 0 0 0 45 20 0.074 0.092

45 0 0 0

The SRAC code system is a neutronics code
developed by Japan Atomic Energy Agency
(JAEA). Two codes of the SRAC system have

been used in this work. The PIJ code is the
collision probability method code used for the
lattice calculations to prepare the marcoscopic
cross-sections of fuel cell, control rods and other
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lattice cells. The cross-sections in the ouput files
are collected into 7 energy groups (4 fast groups, 3
thermal groups). The CITATION code is a multi-
dimensional diffision code chosen for the full core
calculations. The core of the DNRR is described
as the hexagonal grids with each of which has
a 35 mm of the minimal diameter. The whole
core calculation of X-Y-Z sytem is composed
by array of 37x37 cells of the X-Y dimensions.
The Z dimension is split into a number of layers
depending on material components.

5. Results and discussions

The keff was calculated by simulating the
critical reactor with the accurate AR, ShRs,
SRs positions in the experiment. When the AR
was withdrawn at a certain position, the new keff
was calculated. As a result, the differential and
integral control rod worth p, and p , respectively,
are determined by:

1 ) (1 1 )_ 11
keffo kerp1)  kepr1 Kefro
(2

P=Zpi (3)

—l— Calculated by SRAC reactivity worth
—@— Expenmental reactivity worth

0.6-
0.5-
0.4-
0.3
0.2
0.1-
0.0-

(a)

Reactivity (3)

0.5-
0.4-
0.3
0.2-

(b)

Reactivity ($)

0.1
0.0

0.5-
0.4
0.3-
0.2-
0.1-
0.0

(©)

Reactivity ($)

0 20 40 60
AR rod withdrawing position (cm)

0 20 40 60 O

40 60

AR rod withdrawing position (cm) AR rod withdrawing position (cm)

Figure. 2 SRAC calculations and experimental integral control rod worth for AR.
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The values of the integral reactivities against
the AR withdrawal position is shown in Fig. 2. It
can be seen that, the integral control rod worth of
the AR is about 0.5 $. This value is rather small
in comparison with the ShR or SR values. It’s
because the AR is made of stainless steel, which
has smaller thermal neutron absorption cross-
section than the ShR, SR made of boron carbide .
The highest value is in the group (a) and the lowest
one is in the group (b).That indicates explicitly
the effect of the ShR1 and ShR4 on the AR
integral characteristics. These ShRs were closer
to the AR position than the rest of the control
rods. Consequently, they absorbed thermal
neutrons more than other control rods and caused
a considerable reduction of the integral reactivity
in the case (b) with the complete insertion of the
ShR1.,4.

The experimental values are used to determine
the error of the calculation values. Most of the
calculation results are slightly smaller than the
experiment data. The maximum deviation of
the integral reactivities is 14% in the case with
the insertions of ShR1, 4 = 65 cm and ShR2, 3
from 36.3 cm to 38.5 cm. In particular, there is
a small difference between the calculation and
experimental values in the group (c). The points
coincide together with less than 4% of uncertainty
as shown in Fig. 2. These results demonstrate
a good agreement of the analysis models in
comparison with the experimental data.

6. Conclusions

The analysis model was suitable for the core
configuration of 88 fuel bundles. The control rod

worth of the AR was about 0.5 $. This value was
approximately a quarter of the control rod worth
of the ShR because of the disparate material
components. The maximum deviation of the
calculations was 14% in comparison with the
experimental values. In the cases of all the ShRs
at the same position in the reactor core, the values
showed a good match with the measured data.
The results showed that the calculation model
was reliable and could be applied for further
neutronics analysis of the DNRR.
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Abstract

We study Liouville-type theorem for semilinear parabolic system of the form u, — Au = u” +Bu'v'*', v, — Av = v/ + Bu’+1y"
where p = 2r + 1,r > 0, 8 > 0. Very recently, Quittner [17] has established the optimal result in dimension N < 2,
and partial results in higher dimensions under the range p < N/(N — 2). Using the techniques of Gidas-Spruck and
Bidaut-Véron, we partially improve the results of Quittner in dimensions N > 3.

Keywords: Liouville-type theorem, Parabolic system.

Tém tit

Chiing t6i chitng minh dinh 1i kiéu Liouville cho hé parabolic nita tuyén tinh u, — Au = u? +Bu"v'*', v — Av = vP +Bu"*'v"
trong d6 p = 2r + 1,7 > 0, 8 > 0. Gan day, Quittner [17] da thiet 1ap ket qua t6i uu cho truing hgp so chieu N < 2, vi ket
qua cho s0 chi€u cao hon véi dieu kién p < N/(N — 2). St dung ki thudt cia Gidas-Spruck vi Bidaut-Véron, chung t6i cai

tién két qua ctia Quittner trong truing hop s6 chiéu N > 3.
Tir khéa: Dinh 1i kiéu Liouville, Hé parabolic.

1. Introduction

In this article, we study the semilinear parabolic sys-
tem of the following form

(x,neQxlI

U — Au = uP + Bu' vt 0
(x,n) e QxI,

V= Av =P+ Buy,

where p = 2r+ 1,7 > 0,8 > 0, Q is a domain of R", and
I is an interval of R.

This type of system can be used to describe heat prop-
agations in a two-component combustible mixture [3, 9],
in this case u# and v represent the temperatures of the in-
teracting components. In dynamics of biological groups

Email: phanquochung@dtu.edu.vn (Phan Quoc Hung)

[6, 13], the system (1) models the interaction of two bi-
ological groups without self-limiting, where the diffusion
terms reflect that the speed of the diffusion is slow. In ad-
dition, it can also be used to to describe some models such
as Bose-Einstein condensation [7], or chemical processes

[11].

System (1) has been recently studied in various math-
ematical directions, such as the local and global existence
[1, 14], the Hoder regularity [7], the symmetry property
[16, 10], and the Liouville-type theorems [15, 17].

We recall that Liouville-type theorem is the nonexis-
tence of solution of problem (1) in the entire space RV x R.
In recent years, the Liouville property has been refined
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considerably and emerged as one of the most powerful
tools in the study of initial and boundary value problems
for nonlinear PDEs, see the monograph [18].

The aim of this paper is to prove the Liouville property
of the problem (1). Before the statement of main result, let
us recall the following exponents:

N2 if N>3,
ps =372 . 2
00 if N=1,2,

N(N+2) .
if N>2,
psi=q M0 3)
00 it N=1.

We first recall its elliptic counterpart

xeRN
x e RV,

—Au = uP + Bu v,
{ “ )

—Av = VP + Bty

System (4) arises in mathematical models for various phe-
nomena in physics, such as nonlinear optics and Bose-
Einstein condensation (see e.g. [2, 8, 20]). It is well known
that the Liouville-type result for (4) plays an important
role in the study of both elliptic and parabolic problems.
The optimal Liouville-type theorem for (4) was completely
proved in [19] (see also [12]) via moving plane techniques,
under the optimal range p < ps.

For the corresponding parabolic problem (1), the Li-
ouville property is less understood. By adding up the two
equations and using Young’s inequality, one can easily re-
duce to a scalar parabolic inequality and deduce the Fujita-
type result of problem (1), namely there is no positive so-
lution in RV xR, if 1 < p < 1+ 2. Recently, the Liouville
type theorem for (1) has been proved in [15] in dimension
N = 1 and for radial solutions in any dimension, under
additional assumpion 8 > —x'5. More rencently, Quit-
tner [17] has proved the optimal Liouville type theorem for
(1) in dimensions N < 2 under optimal assumption 8 > —1.
In dimension N > 3, Quittner [17] has also established Li-
ouville type theorems under the condition p < % The
main tools in [17] are scaling and energy estimates. In this
paper, we use a different approach to establish a Liouville-
type theorem for problem (4) in a larger range of p. Our
result is as follows.

Theorem 1.1. Assume that p < pg and § > 0. Then
the system (1) does not possess any nontrivial nonnegative
classical solution in RN x R.

Our tool for proof of Theorem 1.1 is based on Gidas-
Spruck technique developed by Bidaut-Véron [4] (see also
[5] for elliptic system), which consists of nonlinear integral
estimates and the Bochner formula. This technique is com-
pletely different from that of [17]. We stress that % < pB
when N > 3, and our result is a partial improvement of
Quittner [17] in higher dimensions. Besides, our result can
be seen as an application of the Gidas-Spruck technique to
a parabolic system.

The rest of this paper is devoted to the proof of Theo-
rem 1.1

2. Liouville-type theorems

We denote by [ the integral [, ., dxdt.

Lemma 2.1. Assume that p < pgand B > 0. Let 0 <
¢ € D(B; X (—1, 1)) and (u, v) be positive solution of (1) in
B, x (-1, 1). Denote

I = / ou?Vul*, I, = / e AV I=1 + D,

L, = /‘p(up +ﬁurvr+l)2’L2 - /SD(VP +ﬂur+1vr)2’
L= Ll + Lz.

Then there holds

I+L< C/cp(lu,|u_1|Vu|2 + vV + i +07)
+C / IVo.Vul(u? + u v+ |u| + u™t [ Vul?)
+C / IVo. V(v + u ™ + v, + v VVP)

iC / AGIVUP + [VuP) + C / @ v, ()

where C = C(N, p, ).

Proof. Denoting

Ji = /‘pu_IIVuleu, Jr = /gav_llelev, J=J+ /o,

K = / p(Au)*, K, = / e(Av)’, K =K + K.

Applying [18, Lemma 8.9] withg =0, -1 # k <0

N+2 N-1
k+ 1T + 1:; ki - ——Ki

1
<3 / [Vul?Ap + / (Au — ku™'|\Vu*)Vu.Ve.

_<N—1

Therefore,

N+2 N-1

k] — ——
N

- (%k + 1)k1 +

1
<5 / (IVul® + Vv Ap + / (Au — ku ' |\Vul?)Vu.Ve

+ / (Av — kv |V} Vv.Ve. (6)
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We next estimate J. First, using the integration by parts,

we have

/<,¢7|V14|214”1\/Jrl = /(,ovr“Vu.V(uTr)
= —%/cpu’vr“Au r+l
/ "V Ve Vu, (7
/ o VvPu Tt = / <pur+1Vv.V(v7r)
= _%/gm’”v’Av— #/gau’v’Vu.Vv

1
- —/u’“v’V(p.Vv. 8)
,

ou'vV'Vu.Vv

\I>—‘

Adding up (7)-(8) and using the Young inequality
20V Vu.Vy < [Vulu =+ 4 |VyPu v~ we obtain

. . 1
/¢(|Vu|2ur_1v'+l|Vv|2u'+lvr_1) > _; /(,DM vr+lAu

1 1
- = /gou”lvrAv - = /(urvr+1Vgo.Vu +uY'Ve.Vy).
p

p
©)
Next, integrating by parts, we have
Mp
/ ouP N \Vul? = / oVu.V(—)
p
1
= —; /(gou”Au + u’Vp.Vu), (10)
VP
/govf”_IIVvl2 = /vVgo.V(—)
p
1
=—— /(govav +vPV.Vv). (11)
p

Hence, it follows from (9)-(11) that,

-J= / ou™ \VulPu + Bu' v —uy)
+ /gov_IIVv|2(v” + B =)
2% / (U + Bu v (=Au) + (VF + BV (= A))
_ C/(¢|u,|u_1|Vu|2 + galv,lv_1|Vv|2)

- C/((u” +u VY Ve.Vul + 07 + uV) Ve Vvl)
(12)

Substituting —Au = u” +Bu" v+ —u,, —Av = VP +Bu v —v,
and integrating by parts in ¢, we have

1 1
-Jz— /cp(u” +Bu v + = /tp(v” + Bu v y?
P P
-C / (luele™" (Va + gl v~ VP
-C / (@ + v Ve.Vul + (07 + V)V, ))

- C/I%I(u"”1 + P,

Therefore, for any —1 # k < 0, we have

N N ©°
/(p((up +ﬁurvr+1)2 + (Vp +18ur+lvr)2)

-C / (plat ™ 1Vl + vyl [V o)

-C / (@? + v Ve.Vul + (07 + 1) V. V)

—C/I(,p,l(uerl + P +u'+1v'+')—C/<p(utz+v,2).
(13)

Since p < pp, we can take k > —N/(N — 1) close to
—N/(N — 1) such that

2 _
N+ (k)— > 0.

N

(N_ L s 1)(—k) >0 and

Lemma follows from (6) and (13). L]

Lemma 2.2. Assume that p < pg and 8 > 0. Let (u,v) be
positive solution of (1) in By X (-1, 1), then

1/2
/ (MZP + v2p)dxdt < C(N’ psﬂ) (14)
B

-1/2

Proof. We follow the argument as in proof of [18,
Proposition 21.5]. One can choose the test-function ¢ such
that o = 1in By X (-1/2,1/2),0 < ¢ < 1 and

V| < C(p(3p+l)/4p’ |Ag| < C(p(p+1)/2p, i < C(,D(PH)/ZP.
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The same argument as in proof of [18, Proposition 21.5]
yields

/ IVuP(lA¢l + ¢™' Vel + 1) < e + L) + Cle),

[ 9+ 619 gl < 50+ 1) + Clo),

/K¢merVm2+(uP+MWH‘+hmnvmv¢

+ / u” Vul ViVl + / (1A@lVul® + 1" |g,))
sdu¢HC@@+/¢mﬂ

‘/K¢WmeVW2+(vp+Lf”v’+|w|+v7HVvFNVMV¢D

+ / (1A@IIVYP + v jg,)
sau¢HC@@+/@mﬂ

On the other hand,

/(,0(|u,|2 + ) = /tput(Au +uP + Buvth

+ /gov,(Av + P+ Bu )

B / p (up+1 + vp+1 |VM|2 + |VV|2 ﬂur+lvr+l )
B AT 2 1

- /(uth).Vu +v,Vp.Vv)
B / up+l + vp+l N |Vu|2 + |Vv|2 BMHIVH'I)
-/ Pl 2 rt

- /(utV<p.Vu +v,Vp.Vv)

<C / lod P+t + VP |Vl + Vv

1 1 -
*+3 / lll + i) + 5 / ¢ VP (Vul + Vo).

Hence,
/ e(lu* + v < C / el (P! + VP 4 [Vul + [VvP)
1 _
*3 / ¢ VP (Vul + VY.

The same argument as in proof of [18, Proposition 21.5]
then gives

/ o> + vi[*) < 2e(I + L) + C(e).

Therefore,
I+L<C(e)+C(N,p,Beld + L).

By choosing ¢ sufficiently small, we obtain I, L < C. [

Proof of Theorem 1.1. Let (u,v) be a nontrivial non-
negative solution of (1) in RV x R. Then (u, v) is positive
due to the strong maximum principle. For any R > 0, we
rescale

ug(x, 1) = R¥’PVy(Rx, R*1), vg(x, t) = R*P~Vy(Rx, R*7).

Then (ug, vg) is also solution. By Lemma 2.2, we have

/ / WP +v?P)(y, s)dyds
i<R/2 J |sl<R? /2

_ RN+2—4p/(p—1)/ / (ulzep + vip)(x, Hdxdt
Ixl<1/2 Jr<1/2

< CRN+2_4P/(p_1).

Letting R — oo then u = v = 0. This is a contradiction. [
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Abstract

Developing reliable software is becoming more and more critical considering that software applications are becoming
pervasive in our daily lives. The need for more reliable software requires that, amongst others, it is adequately tested
to provide further confidence in its ability to perform as expected. However, testing software becomes a boring task as
the size and complexity of software increases. Therefore, the next logical step is to make the task of testing easier and
more efficient. It means that the software system must have a testability attribute. Testability is a crucial software quality
attribute that is ineffective if it is not available at an early stage in the development life-cycle. Though many researchers
and quality controllers have proved its importance, still the research has not gained much momentum in emphasizing the
need of making testability analysis necessary in all software development phases. In this paper, we investigate the factors,
issues, and methods of testability estimation of a software system in various stages of development life cycle. The result
of paper may help software designers to understand the importance of the design for testability and apply in reality.

Keywords: Software Architecture, Software Testing, Testability, Software Design, Reliable Software, software quality
attribute.

Tém tit

Viée phat trién phan mém déang tin ciy ngdy cang trd nén quan trong khi cho ring cac tmg dung phan mém dang ngay cang tré
nén phd bién trong cude séng ciia ching ta. Nhu cau vé phan mém c6 do tin cdy cao doi hoi phai duoc thir nghiém mét cach
day di dé dam bao sur 6n dinh va hon nita 1a syr tin tuong kha nang cta phan mém thyc hién nhu nhiing gi dugc mong doi. Tuy
nhién, kiém thir phan mém trd thanh mot nhiém vu nham chan khi kich thude va su phire tap ciia phan mém ngay cang ting lén.
Do do, van dé hién nay 14 lam sao cho cong viéc thir nghiém tré nén d& dang va hiéu qua hon. Diéu nay dong nghia hé théng
phan mém phai c6 thudc tinh testability (c6 kha ning kiém thir). Kha nang kiém thir 1a mot thudc tinh chit lwvong phin mém
quan trong ma n6 s& khong hiéu qua néu khong dugc dira vao giai doan dau ciia vong doi phat trién phan mém. Mic du nhiéu
nha nghién ctru va cac nha kiém soét chat luong da chimg minh dugc tim quan trong ctia nd, nhung nghién ciru van chua dat
duoc nhiéu thanh cong trong viéc nhan manh sy can thiét phai phan tich kha ning kiém thir trong tit ca cac giai doan phat trién
phan mém. Trong nghién ciru ndy, chiing t6i nghién ctru cac yéu td, cac vin dé va phuong phap danh gia kha ning kiém thir cua
mot hé thong phin mém trong cac giai doan khac nhau ciia vong doi phat trién. Két qua ctia bai bao c6 thé giup cac nha thiét ké
phan mém hiéu dwoc tim quan trong cua viéc thiét ké phan mém dam bao kha ning kiém thir va ap dung vao thuc té.

Tir khéa: Kién trac phfin mém, Thiét ké phén mém, Kiém thir ph?m mém, kha nang kiém thur, do tin cay phfin mém, thudc
tinh chat luong

L. INTRODUCTION last decades, the demand for quality of software
Quality has become more important with products has been increasingly emphasized. The
the increasing dependence on software. In the software industry has been delivering exponential
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improvement in cost and performance. The
problems of software are not declining, because
of late delivery, behind the scheduled, beyond the
budgeted and is full of residual faults. Around
31% of projects got canceled before completion,
53% over-run their cost, and estimated by an
average of 189% in which for every 100 projects
there were 94 projects restarted [7]. A key problem
of the software industry is its lack of ability to
develop bug-free software. If software engineers
are asked to state that the developed software is
bug-free officially, no software would have ever
been released. The goal of software engineering is
to create high-quality software on time and within
budget. If a product meets its requirements, we
may say it is a superior quality product. The whole
thing is measured with respect to requirements,
and if it matches, it is a quality product.

The research on software testability primarily
started in 1975s. It was accepted in McCall and
Boehm software quality model, which built the
foundation of ISO 9126 software quality model.
Since the 1990s, the software engineering society
began to initiate quantitative research on software
testability. Formally, software testability has been
defined and described in literature from the different
point of views. The definitions of testability [8]:

(1) Defines it as the degree to which a software
artifact supports testing in a given test context. If
the software testability artifact is high, then finding
faults in the system by means of testing is easier.

(2) Defines it as attributes of software that bear
on the effort needed to validate a software product.

These standard definitions aim to
different targets and both are qualitative without
any operational guidelines. The testability has
become a quality factor contributing to system
maintainability as ISO standards measurements
and can be used to predict the amount of effort
required for testing and help to manage the
required resources effectively.

two

So, the study of testability actually helps in
finalizing software design and coding changes
for friendly testing, reducing the cost of system
test as well as improving the quality of software.
Through the test effort reduction using these new
researches, not only the software design and code
are improved, but also the new levels of software
reliability and credibility can be reached. All this
leads to the desire of designing and developing of
highly testable systems. But the desire does not
end here; there is a need to measure and verify the
testability, quality, and reliability of the system
which is where the challenges are faced.

As the software grows more complex and
gradually replace human decision-makers in
every facet of our society, the software quality and
reliability require careful attention. Moreover, when
the life of human beings and huge fortunes are
dependent on automated systems, software quality
assurance can no longer be treated lightly. The
study shows many software can be unreliable when
human beings are employed for decision making
because there is always a possibility of subtle errors
or drifts that may culminate into a disaster. It is well
understood that delivering quality software is no
longer an advantage but a necessary factor.

However, most of the industries not only
fail to deliver a good quality product to their
customers but also do not understand the relevant
quality attributes. Building reliable and quality
end software is becoming more and more critical
because of the continuously growing complexity
and criticality of software. The advancement
in the software development process has been
accelerated drastically in recent decades. The
complexity of applications and development
environments has been substantially increased,
and schedules have been pinched. So in this case,
software quality tends to suffer; ensuring the
desired level of quality and dependability became
more crucial, complicated and expensive [8].

Software testing is one of the most important
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ways to assure the quality of software systems.
The effectiveness of testing decides the quality
of software products. However, testing has now
become a tedious task and an expensive activity
because the size and complexity of software are
growing rapidly. A recent survey reveals that the
cost incurred in testing often range from 40% to
80% of the entire cost involved in development
[9]. Software testing is an economic problem
closely intertwined with nearly all major
technical issues in Software Engineering [6].
Testability is a quality factor; its measurement
or evaluation can be used to predict the amount
of effort required for testing and help to allocate
required resources. Most of the studies measure
testability or precisely the attributes that have
an impact on testability at the source code level
[10]. Estimating testability at a later stage leads
to the late arrival of desired information, leading
to late decisions about changes in design. This
increases cost and rework.

Therefore, early evaluation of testability
in the development process may enhance the
quality and reduce testing efforts and costs. One
proactive strategy that organizations can adapt is
to design their software products with testability
as one of the key design criteria [3].

Most importantly, the architecture, design
(and requirements) of the system should be made
explicitly testable. An architect should not only
start out with the basics of good design as well as
be able to separate concerns & to code, run, test,
or debug objects in isolation but also design for:

* Controllability: The degree to which it is
possible to control the state of the component(s)
under test before/after a test is run. Most
importantly, a tester or automated software test
must be able to roll back changes in state, so that
the test can be repeated (regression testing). This
may involve designing a system that provides
additional transactions for tests, rollback scripts,
new API methods or GUI controls to modify the

system just for test purposes..

* Observability: The degree to which it is
possible to observe test results. Most importantly,
a tester or automated software test must be able
to inspect all relevant attributes in the system
to evaluate if the test succeeded or not. This
may involve designing a system with extra API
methods or GUI controls just for being able to
read or display state.

* Isolateability: The degree to which the
component under test can be tested in isolation.

* Separation of concerns: The degree to which
the component under test has a single, well
defined responsibility.

* Understandability: The degree to which the
component under test is documented or self-
explaining.

+ Automatability: The degree to which it is
possible to automate testing of the component
under test. Making sure a system is both
controllable and observable usually goes a long
way in enabling automate testing.

The testability of software components can be
improved by:

* Test-driven development
* Design for testability

Software testability is an external software
attribute that evaluates the complexity and the
effort required for software testing. For any
system which needs to be made test friendly,
the testability measures need to be applied itself
from the beginning during the designing phase
to further coding and testing phase. So, it is
better to keep test-driven development (TDD)
approach where the tests come first and largely
determine the API design of the system, forcing
it to be something that the tests can work with.
The same is often stated as Design For Testability
(DFT), which means building a system that keeps
testability measures in line at designing as well as
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coding phase so that tracing errors is easier along
with reduced testing effort [6]. It is basically a
systematic way of development which maximizes
the effective testing efforts. With the course of
time, a lot of research has been done on testability
issues during the designing and coding phase.

2. LITERATURE REVIEW

Testability is not an intrinsic property of a
software artifact and cannot be measured directly
as other software attributes. Instead testability
is an extrinsic property which results from
interdependency of the software to be tested
and the test goals, test methods used, and test
resources [6]. A lower degree of testability results
in increased test effort and high development
cost. In extreme cases a lack of testability may
prevent testing parts of the software or software
requirements a tall. Measuring testability is
a challenging and most crucial task towards
estimating testing efforts. Several approaches
like model based testability measurement,
program based testability and dependability
testability assessment has been proposed. Also
a number of metrics on testability measurement
have been proposed, some at design and analysis
phase or some at source code level.

Software design may result in a model of
the domain problem by formally capturing and
representing the user’s requirements and hence
paving the way for a conceptual relation. It may
serve well as a communication medium between
designer and the user on one end, and act as a basis
for implementation on the other end. It is the key
to the successful development of quality software.
It is also the step that will determine the overall
structure, nature, and approach of the resulting
software. This is evident that the software design
is an important stage spanning the whole software
lifecycle, not only for software development but
also for re-developing legacy systems.

Quality of software design heavily affects

the quality of the final products because design
is the backbone of any software system. A
defective backbone may not allow harmonious
growth and cannot easily accommodate changes
without cumbersome prosthesis with possibly
introducing various kinds of side effects. Due
to the fact that, most of the time requirement
analysis is incomplete, software designs should
be built in such a way so as to make them easily
understandable, testable, alterable, and preferably
stable. If software design fails to accurately
cover requirement specification, it may result in
a failure of the project. On the other hand if it is
made too complicated, it may cause unnecessary
problems during and after the implementation
that may result in shooting up the cost of a project.
Researchers and practitioners recommend that
flaws are best found by pondering design issues
that go far beyond code. So, controlling and
improving software design quality has been one
of the important issues in Software Engineering.

The testable design is more specific than a
good design as it is explicitly intended to match
a particular test context. Improving software
testability is an important objective to reduce the
number of defects that result from poorly designed
software [2][1]. Any technique that enhances a
software design at an early stage can have a highly
beneficial impact on the final testing cost and its
efficiency. Although software testability is most
obviously relevant during testing, paying attention
to testability early in the development process
can potentially enhance testing and significantly
improve testing phase effectiveness. Indeed, what
makes a design testable is the easiness to test the
components in the design. Therefore, one pro-
active strategy that organizations can adapt is to
design their software products with testability
as a key design criterion [3]. It is suggested
by a renowned expert that testers must realize
that testability requires them to understand the
software design, which may provide the basis for
suggestions and facilitate concrete discussions.
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The insight provided by software testability
is valuable during designing, coding, testing,
and quality assurance. However, testability is
an elusive concept and a difficult exercise for its
correct measurement or evaluation. Furthermore,
it is difficult to get a clear view of all the potential
factors that can affect testability and the dominant
degree of these factors under different testing
contexts [5]. The mechanisms available for
testability estimation of object-oriented software
may typically be used in later phases of software
development lifecycle and depend on information
extracted from the operationalization of software.
Such methods provide an indication of testability,
but too late to improve the product, before
its completion. The characteristics of testable
software like adequate complexity, low coupling
and good separation of concerns make it easier
for reviewers to understand the software artifacts
under review. Lots of works have been carried
out in describing the need and importance of
incorporating software testability since the early
90s. Many methods of measuring testability have
been proposed. But, the significant achievements
made by the researchers in the area have not been
widely accepted and are not adopted in practice
by industry [5][3]. Following briefly presents
some relevant efforts made by researchers in the
direction of finding testability factors:

Robert Binder, testability Guru, in [6]
did a novel work in finding out the need and
significance of considering testability while
developing the software system. He introduces
controllability and observability as two main
facets of testability. He considered six factors
of software testability including representation
characteristics, implementation characteristics,
built-in-test capabilities, test suite, test support
environment, development process. The factors
are described at a high level of abstraction,
which leads to no clear relationship with the
metrics that are based on design artifacts and
the implementation. It seems that there is no

empirical evidence of the correlation between the
suggested metrics and testability. The limitation
of the study is all factors are related to higher
level of abstraction having not in-depth relation
with object-oriented design constructs. Also, all
suggested metrics are not empirically proved.

Bruce and Haifeng Shi [11] examined the
factors that affect software testability in object-
oriented software and proposed a preliminary
framework for the evaluation of software
testability metrics. They also formulated a set of
guidelines in object-oriented design to improve
software quality by increasing their testability.
Characteristics of object-oriented software
systems contributing to software testability were
categorized into three groups namely: structure
factors, communication factors, and inheritance
factors. James Bach in 1999 defined testability
as anything that makes software easier to test
by making it easier to design and executes tests.
Bach presented heuristics of software testability.
He described testability and stability. He strongly
believed that these are the characteristics of the
program leading to testable software.

Jungmayr in [12,15] identified testability
as a major factor determining time and effort
needed to test a software system. He strongly
recommended deploying testability into the
system continually right from the beginning,
especially at the design phase. Large numbers
of software related factors that affect testability
during design were identified. He grouped
them into nine main testability factors namely
complexity, separation of concerns, coupling,
fault locality, controllability, observability,
automatability, built-in-test capability, and
diagnostic capability. The limitation of the
study is more tests are required to exercise
their interfaces. Other important factors such
as observability and controllability except
dependencies are overlooked in the research.

Y. Wang in [3] demonstrated that software
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testability at class and system levels could be
quantitatively modeled and analyzed. He defined
testability as a product of test controllability
and observability. A set of fundamental built-
in-test capability mechanism oriented to the
basic control structures of code was developed
to improve the testability of software in terms of
controllability, visibility, operability, simplicity,
understandability, suitability.

In [3] Bruntink and van Deursen identified the
factors, which are related to testability of object-
oriented software and relate testability to the
number of test cases needed to test a system and to
the effort required to develop each test case. They
define and evaluate a set of metrics for assessing
the testability of classes of a Java system. The
approach characterizes software testability
for object-oriented systems using source code
metrics. They categorize the source code factors
as the: factors that influence the number of test
cases required to test the system, and factors that
affect the effort required to develop each test
case. They establish a correlation between class
level metrics, test level metrics, and the number
of lines of code per test class. But inheritance
-related metrics and the proposed testability

metrics are not correlated.

Samar Moucha Wrab et al. [10] recommended
thattestability analysis canyield the highest payoff
if focused during analysis and design stages of
the development cycle. A decision to change the
design to improve testability after coding may be
costly and error-prone. The authors investigated
on how to measure testability based on design
artifacts and proposed a framework that may help
to assess testability of design that is particularly
modeled with the UML. Many hypotheses are
proposed for each attribute to explain its expected
relationship with testability, but these hypotheses
are not empirically validated.

Jerry Gao, and Ming-Chih Shih [14], presented
amodel thatis based on Gao’s pentagram model and

analytical approach for testability measurement
of components. The testability review process at
design and analysis phase was performed keeping
five significant testability characteristics, which
were used in testability metrics calculation and
obtaining five testing points to draw the final
pentagram. Furthermore, testability is considered
as one of the characteristics of the architecture,
design, and implementation. Using this model of
testability, it is possible to discuss in detail and
analyze testability more explicitly. They advocate
that testing of product lines can be made more
efficient and effective by considering testability
already during architectural design. The limitation
of the study was validated on large-scale industrial
software’s. Though it was validated well on
few case studies, still model did not gain much
popularity due to complex notations.

Mulo
strengthening the

Emmanuel presented a report
integration of testability
process [8]. He

considers testability from two main viewpoints;

throughout development
as an inherent property in the systems under
consideration or as a strategy in the development
process to make testing easier. As an inherent
property, testability is defined by the terms
observability and controllability. He strongly
recommended applying certain tactics in practice
that improve on a tester’s ability to better
manipulate the software and to better observe and
interpret the results from the execution of tests.

3. HEURISTICS AND TACTICS OF
SOFTWARE TESTABILITY

Acording to James Bach [19], the practical
testability of a product is how easy it is to test
by a particular tester and test process, in a given
context. Practical testability is a function of five
other testabilities:
value-related testability, subjective testability,
intrinsic testability, and epistemic testability.
They can be shown in Figure 1 below.

project-related testability,
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Figure 1- Heuristics of Software testability [19]
Epistemic Testability:
Prior Knowledge of Quality: 1If we already

know a lot about a product, we don’t need to do
as much testing.

Tolerance for Failure: The less quality
required, or the more risk that can be taken, the

less testing is needed

Project-Related Testability:

Change Control: frequentand disruptive change
requires retesting and invalidates our existing
product knowledge. Careful change control helps
the product to evolve in testable stages.

Information  Availability: get all
information we want or need to test well.

we

Tool Availability: We are provided all tools we
want or need to test well.

Test Item Availability: We can access and
interact with all relevant versions of the product.

Sandboxing: We are free to do any testing
worth doing (perhaps including mutation or
destructive testing), without fear of disrupting
users, other testers, or the development process.

Environmental Controllability: We can control
all potentially relevant experimental variables in
the environment surrounding our tests.

Time: Having too little time destroys
testability. We require time to think, prepare, and

cope with surprises.

Value-Related Testability:

Oracle Availability: We need ways to detect
each kind of problem that is worth looking for.
A well-written specification is one example of
such an oracle, but there are lots of other kinds of

oracles (including people and tools) that may help.

Oracle Authority: We benefit from oracles
that identify problems that will be considered
important.

Oracle Reliability: We benefit from oracles
that can be trusted to work overtime and in many
conditions.

Oracle Precision: We benefit from oracles
that facilitate identification of specific problems.
We benefit from
oracles that don’t require much cost or effort to

Oracle Inexpensiveness:

acquire or operate.

User Stability & Unity: The less users change
and the less variety and discord among users, the
easier the testing.

User Familiarity: The more we understand and
identify with users, the easier it is to test for them.

User Availability: The more we can talk to
and observe users, the easier it is to test for them.

User Data Availability: The more access we
have to natural data, the easier it is to test.

User Environment Availability: Access to
natural usage environments improves testing.

User Environment Stability & Unity: The fewer
user environments and platforms change and the
fewer of them there are, the easier it is to test.

Subjective Testability:

Product Knowledge: Knowing a lot about
the product, including how it works internally,
profoundly improves our ability to test it. If we
don't know about the product, testing with an
exploratory approach helps us to learn rapidly.

Technical Knowledge: Ability to program,
knowledge of underlying technology and applicable
tools, and an understanding of the dynamics of
software development generally, though not in
every sense, makes testing easier for us.

Domain Knowledge: The more we know
about the users and their problems, the better we
can test.
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Testing Skill: Our ability to test in general
obviously makes testing easier. Relevant aspects
of testing skill include experiment design,
modeling, product element factoring, critical
thinking, and test framing.

Engagement: Testing is easier when a
tester is closer to the development process,
communicating and collaborating well with the
rest of the team. When testers are held away from
development, test efficiency suffers terribly.

Helpers: Testing is easier when we have help.
A helper is anyone who does not consider himself
responsible for testing the product, and yet does
testing or performs some useful service for the
responsible testers.

Test Strategy: A well-designed test strategy may
profoundly reduce the cost and effort of testing.

Intrinsic Testability:

Observability: To test, we must be able to
see the product. Ideally we want a completely
transparent product, where every fact about its
states and behavior, including the history of those
facts is readily available to us.

Controllability: To test, we must be able to
visit the behavior of the product. Ideally, we
can provide any possible input and invoke any
possible state, acombination of'states, or sequence
of states on demand, easily and immediately.

Algorithmic Simplicity: To test, we must be
able to visit and assess the relationships between
inputs and outputs. The more complex and
sensitive the behavior of the product, the more
we will need to look at.

Unbugginess: Bugs slow down testing because
we must stop and report them, or work around them,
or in the case of blocking bugs, wait until they get
fixed. It’s easiest to test when there are no bugs.

Smallness: The less there is of a product, the
less we have to look at and the less chance of bugs
due to interactions among product components.

Decomposability: When different parts of a
product can be separated from each other, we have
an easier time focusing our testing, investigating

bugs, and retesting after changes.

Similarity (to known and trusted technology):
The more a product is like other products we
already know the easier it is to test it. If the
product shares substantial code with a trusted
product or is based on a trusted framework, that’s
especially good.

Testability tactics:

Tactics of testability allow for easier testing
when an increment of software development is
completed. Architectural techniques for enhancing
the software testability have not received as much
attention as more mature fields such as modifiability,
performance, and availability, but, since the testing
is costly when developing the software system,
anything architect can do to reduce the cost will gain
the benefit. Executing the test procedures requires
some software to provide input to the software
being tested and to capture the output. The design
and generation of the test harness in some systems
will take substantial time and expense. There are
two categories of tactics for testing: providing input
and capturing output, and internal monitoring.

Three tactics for managing input and output
are: (1) Record/playback refers to both capturing
information crossing an interface and using it
as input into the test harness. The information
crossing an interface during normal operation is
saved in some repository and represents output
from one component and input to another.
Recording this information allows test input
for one of the components to be generated and
test output for later comparison to be saved. (2)
Separating the interface from the implementation
allows substitution of implementations for various
testing purposes. Stubbing implementations
allows the remainder of the system to be tested
in the absence of the component being stubbed.
Substituting a specialized component allows
the component being replaced to act as a test
harness for the remainder of the system.(3)
Having specialized testing interfaces allows
the capturing or specification of variable values
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for a component through a test harness as well
as independently from its normal execution.
Specialized access routes and interfaces should
be kept separate from the access routes and
interfaces for required functionality. Having a
hierarchy of test interfaces in the architecture
means that test cases can be applied at any level in
the architecture and that the testing functionality
is in place to observe the response[5].

The tactics based on internal monitoring will
support the testing process. The built-in monitors
can maintain state, performance load, capacity,
security, or other information accessible through
an interface. This interface can be a permanent
interface of the component or it can be introduced
temporarily via an instrumentation technique such
as aspect-oriented programming or preprocessor
macros. A common technique is to record events
when monitoring states have been activated.
Monitoring states can actually increase the testing
effort since tests may have to be repeated with the
monitoring turned off. Increased visibility into
the activities of the component usually more than
outweigh the cost of the additional testing[16].

Figure 3 provides a summary of the tactics
used for testability.

Manage

Inputfoutput

— |

Testability
e ~a

Internal
monitoring

Faults detected
Complation of an incrément

Record playback
Separate Interface

from implementation
Specificalized Access
kw[neﬁ’lmeﬁace
Figure 2 Testability tactics [16]
4. IMPROVING TESTABILITY AT DESIGN
PHASE
Testability assessment at the source code

level is a good indicator of effort estimation; it
leads to the late appearance of information in the

Built in monitors

software development process. Despite the fact
that estimating testability near the beginning of

the development process significantly reduces
the overall cost and rework. Early estimation of
testability mainly at design phase form a roadmap
to industry persons and researchers to review,
and preferably, measure and improve software
testability at the design phase. So reducing
effort and improving software testability is a key
objective to reduce the number of defects that
result from defectively designed software.

4. Accept the implement the design

1. Model the design Testability

Analysis Constraints

on the > Testing
implementation

2. Improve the design

3.Reject the design 5. Modify the implementation

Figure 3 - Process of testability analysis at design phase [ 18]

Architecture support for testing is including:
(1) Architecture-based Use an
architecture or architectural model to make

analysis:

predictions about a system, generally absent any
implementation. In architecture-based testing,
we concentrate on Architecture analysis that can
be used to improve testing outcomes in some
way, for example, reducing the cost of testing.
(i1) Generation of code-targeted test artifacts: Use
architecture to produce artifacts (e.g., test cases,
test plans, coverage measures) useful in testing
an implementation of a system. (iii) Designing
for testability: Techniques for designing a
system so that it 1s more testable — that is, more
likely to reveal a fault when tested. (iv)Testing
conformance of implementation to architecture:
Compare an implementation to the architecture
that it is supposed to follow, to see if it complies.

Architecture-
. based generation
Architecture- of code targeted
based test artifact
predictive
analysis /\
Architecture » Code
Design for
testability Test conformance
of implementation
of architecure

Figure 4-Architecture support for testing(Clements, 2011)
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S. CONCLUSION

Many approaches have been presented in the
literature for improving and measuring software
testability. The studied give many proofs that
as late as testability measurement be put in the
software development lifecycle phase, as hard
as work has to be done. Updating the design
of system to recover testability after coding
has started may causes of extremely costly and
errors. It means estimating testablity as soon
as first phases of development system bring
remarkable decrease cost, effort, time to test or
rework. Spending time in estimating testability
at design phase of software development will
earn more value at the rest because of the fully
given evidence for testability. In conclusion,
testability is a quanlity attributes that show and
help to compute how much time and how hard
to implement in software testing phase. After all
analysis and study process found that to make
sure delivering high-quanlity software within
time and budget, improving software testability
in early stages like architecture and design and
decreasing effort in running test measurement
are significant factors
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Abstract

A simulation model of the Dalat Nuclear Research Reactor (DNRR) has been developed using the SRAC code. Numerical
calculations of the DNRR core were performed for analyzing the effective multiplication factors, kg . of the core in two
cases corresponding to the complete withdrawal and the full insertion of control rods. Power distribution has also been
investigated in comparison with MCNPS5 calculations. The difference in the &, . values is within 271 pcm compared to that
obtained with MCNPS5 calculations. The deviation of the relative power densities is within 4% for most of the fuel bundles
in the middle core, while the maximum deviation is about 7% appearing at some peripheral bundles.

Keywords: Neutronics analysis, HEU, DNRR.

Tém tit

M5 hinh mé phong 16 phan tmg hat nhan Da Lat sir dung chuong trinh SRAC di dugc xay dung. Cac tinh toan chi tiét cho
vung hoat 10 Phén ung QUQC tl}uc hién nham phan tich hffe ) nl}én neutron hiéu dung, kgff, trong hai t’ruc‘mg hop tuong tng
véi viée rat hét thanh diéu khién va dua toan bo thanh dicu khién vao vung hoat 10 phan rng. Phan bo cong suat cling dugc
khao sat va so sanh véi cac két qua tinh toan sir dung chuwong trinh MCNP5. Két qua Qho thiy su khéc nhau vé gia tri keﬁ
vao khoang 271 pcm so voi két qua thu dugc tir cac tinh toAn MCNPS. So sanh phan bo cong suat gitta 2 chuong trinh cho

thiy sai khac nam trong khoang 4% & giira viing hoat va sai s6 16n nhat 1a 7% xay ra tai thanh nhién liéu & bién ving hoat.

Tur khoa: Phan tich neutronics, HEU, 10 phan ting hat nhan Da Lat.

1. Introduction period from 1984 to 2007, the core was loaded

The Dalat Nuclear Research Reactor (DNRR)
is operated by Dalat Nuclear Research Institute
and is the unique reactor of the country. The
first criticality of the DNRR was achieved on
November 1%, 1983 and the operation with full
power was achieved in March 1984. During the

Email: tranhoainam4@dtu.edu.vn

with highly enriched uranium (HEU) fuel with
23U enrichment of 36% [1, 2]. Then, the DNRR
core was partly converted to low enriched uranium
(LEU) fuel with 25U enrichment of 19.75% in
2007. The full core conversion to LEU fuel was
completed in January 2012 [1].
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The DNRR consists of many components
such as a neutron trap, water gaps, irradiation
channels, horizontal beam ports, beryllium
blocks, control rods, rotary specimen rack
and graphite reflector, which make the core
geometry become complicated. Even in Monte
Carlo simulation, possible modifications are
usually made to simplify the core geometry.
Alternatively, a deterministic simulation model
of the DNRR core is useful taking into account
of the advantage in computational time.

In the present work, analysis models of the
DNRR reactor have been developed using the
SRAC deterministic code system [3]. Numerical
calculations have been conducted based on
the core configuration loaded with HEU fuel
bundles. The effective multiplication factors and
power distribution were analyzed in comparison
with that obtained from MCNPS5 calculations [4].

2. The DNRR

Fig. 1 shows the horizontal cross section
view of the DNRR reactor [2]. The core consists
of 121 hexagonal cells including fuel bundles,
control rods, irradiation channels and beryllium
blocks. The VVR-M2 fuel bundle is made of
aluminum-uranium alloy cladded in aluminum.
The outer tube has a hexagonal sharp, and the two
inner tubes are cylindrical. The reactor core is
controlled by seven control rods: two safety rods
(SR), four shim rods (ShR) and one automatic
regulating rod (AR). The safety and shim rods are
made of boron carbide (B,C), while the automatic
regulating rod is made of stainless steel. The
neutron trap at the center of the core is a water
cylinder surrounded by six beryllium blocks. The
beryllium block has the same outer shape and
dimension as the fuel bundle. A beryllium ring
of serrated beryllium blocks is located between
the active core and the graphite reflector and
serves as an additional reflector. The core and the
graphite reflector are placed in the reactor pool.

In the present work, neutronics calculations have
been performed based on the core configuration
of 88 HEU fuel bundles.

Figure. 1 Horizontal cross section view of the DNRR.

3. SRAC model

SRAC is a deterministic code system developed
by Japan Atomic Energy Agency for neutronics
calculation of both lattice physics and core physics
of various reactor types [2]. The macroscopic
cross sections of fuel cell, neutron trap, control
rods and other non-fuel lattice cells were prepared
via lattice cell calculations using the P1J code and
ENDEF/B-VII.0 data library [5]. For fuel cell, the
hexagonal fuel bundle was modeled with a small
geometrical modification of the outer hexagonal
fuel tube of the VVR-M2 fuel bundle. In the lattice
calculations using the P1J code, the model of 107
energy groups was used. Then, the cross sections
were collapsed into seven-energy group data
model (4 fast groups and 3 thermal groups) for
full core calculations. The COREBN of the SRAC
code system was used for the full core calculation
with hexagonal lattice cells. The full core model
was described by hexagonal grids of 37x37 in the
X-Y plane as shown in Fig. 2.
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Figure. 2 Vertical cross section view of the DNRR.

4. Results and discussions

4.1. Multiplication factor
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Figure. 4 Relative power distribution in the core at the
initial critical condition (ShR =45.7 cm. and AR =40 cm).

The multiplication factors &, of the DNRR
in two cases corresponding to the complete
withdrawal and full insertion of the control rods
have been analyzed. The &, values have been
compared to the MCNP5 calculations as shown
in Table 1. It can be seen that in the case (A) of
control rod withdrawal, the & values obtained
from the two codes are well consistent. In the case
(B) of fully insertion of the four shim rods and the
automatic regulating rod, the difference is about
242 pcm which is considerably good agreement.
This agreement between the SRAC and MCNP5
calculations gives a certain confidence for further
analysis of the DNRR core.

Table 1. Thek  iscalculatedby SRACand MCNP5

Code SRAC MCNP5

All control rods are
completely withdrawn

(A)

Four shim rods and
automatic regulating
rod are fully inserted

B)

1.08633 | 1.08632 + 0.00006

0.98029 | 0.97787 = 0.00005

4.2. Power distribution

Power distributions of the DNRR core have
been analyzed in detail for the case corresponding
to the partial insertion of the control rods (ShR =
45.7 cm, AR =40 cm) in comparison with MCNP5
calculations. Fig. 4 shows the radial relative
power distribution at the initial critical condition.
The radial power peaking factor is 1.445 which
appears at the fuel bundle 9-6. This value is 1.481
obtained in the MCNPS5 calculation. Comparing
the relative power distributions obtained with
the two code, the deviation of the relative power
densities is within 4% at most of fuel bundles,
except some bundles located at periphery where
the maximum deviation is about 7%.

Fig. 5 depicts the axial power distributions at
the fuel cells 9-6 and 7-10 in the cases of control
rods insertion. The fuel cell 9-6 corresponds to the



48 Tran Hodi Nam va cdc cong sw/ Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 02(27) (2018) 45-48

highest power rating. The fuel cell 7-10 is located
next to the AR. One can see that when the control
rod is partially inserted, the power profile is
shifted to the lower half of the core, and the power
peaking factor increases. The axial power peaking
factor is about 1.710 in the case of control rods
out, while it is about 1.823 in the case of control
rods insertion. Comparing between the two codes,
the axial power profiles are well agreed. The larger
difference is found at the boundary interfaces
between the active fuel and the upper and lower
reflectors.
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Figure. 5 Axial power distribution in the core.

5. Conclusions

A simulation model of the DNRR using the
SRAC code system has been developed using
theSRAC code system. Preliminary calculations
were performed for analyzing the -effective
multiplication factors and power distribution in
the core in comparison with MCNPS5 calculations.

The results show that the difference of the k.,

values between the two codes is within 271 pcm.
The deviation of the relative power distributions

between the two codes is within 4% for most of
the fuel bundles in the middle core, while the
maximum deviation is about 7% which appears at
peripheral bundles.
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Abstract

A special structure of the nucleon density, which is characterized by the depletion of the central density, is called
nuclear bubble structure. It is well known that the formation of bubble structure is caused by the very low occupancy of
s-orbitals, whose radial wave functions have the maximum peak in the interior of the nucleus. Three microscopic models
are employed in the present work for investigating the evolution of bubble structure in **Si nucleus, namely the finite
temperature Skyrme-Hartree-Fock (FTHF), the Hartree-Fock plus finite temperature Bardeen-Cooper-Schrieffer theory
(FTBCS) and the Hartree-Fock plus exact pairing at finite temperature (FTEP). The Skyrme interaction MSk3, which
well reproduces the binding and two-proton (neutron) separation energies, is used for our numerical calculations. The
analysis of the numerical calculations for 3*Si nucleus shows that the bubble structure in the proton density distribution of
this nucleus, which dominates at zero temperature, becomes less pronounced as temperature is increased and completely
disappears when temperature reaches a critical value 7, above which the depletion factor measuring the depletion of the
central density vanishes. It is also found that due to the different behavior of pairing gaps, the values of 7, obtained within
the FTEP is found equal to 4 MeV, which is smaller than that obtained within the FTBCS (4.5 MeV).

Keywords: nuclear bubble structure, non-relativistic mean field, nuclear density, pairing correlation, finite temperature.

Tém tit

CAu triic “bubble” trong hat nhan nguyén tir duoc dic trung boi sy sut giam ciia mat d hat nhan tai tim. Nguyén nhan
gdy ra sy sut giam nay 1a do gi4 tri rat nho cua sé lugng tir chiém dong trén quy dao s - noi ¢6 ham séng phu thude vao
ban kinh ludn c6 dinh cuc dai tai tdm hat nhan. Trong cong trinh nay, chung toi sir dung ba phuong phap vi mo dé mo
ta sy tién hoa cia cau triic “bubble” trong hat nhan nguyén tir 4Si tai nhiét do hitu han. Cu thé 1a: phuong phap trudng
trung binh Hartree-Fock v6i luc Skyrme tai nhiét do hiru han (FTHF), phuong phap Hartree-Fock két hop vai 1y thuyét
Bardeen-Cooper-Schrieffer tai nhiét do hiru han (FTBCS) va phuong phap Hartree-Fock véi 101 giai chinh xac bai toan
két cap tai nhiét do hiru han (FTEP). Nhiéu phién ban cua tuong tac dang Skyrme da duoc st dung va luc MSk3 da duoc
chon béi vi cac gid tri cia nang lugng lién két va nang lugng tach hai proton thu duge tir phwong phap FTEP tai nhiét o
T =0 trung khop véi gia tri thuc nghiém. Phan tich Kkét qua tinh toan cho hat nhéan 34Si cho thfiy su tOn tai cua cAu tric
“bubble” trong phan b mat do proton ciia hat nhin nay tai 7= 0, sau d6 giam dan theo sy gia ting nhiét d6 va hoan toan
bién mat khi nhiét d¢ 16n hon hodc bing nhiét d giéi han T,. Tai 7> T, , hé sé do d6 sut gidm mat d6 hat nhan tai tm b
triét tiéu hoan toan. Do sy khac nhau ctia khe néng lugng két cdp, céc gia tri T, thu dugc trong tinh toan FTEP (4 MeV)
thip hon so véi trong FTBCS (4.5 MeV).

Tir khéa: cau tric “bubble” hat nhan, trudng trung binh phi twong ddi tinh, mat do hat nhan, sy két cap, nhiét o hiru han.
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1. Introduction

The depletion of the central nucleon density in
the interior of an atomic nucleus, which is called
the bubble structure, was discussed in many
decades ago. The first prediction was proposed
by Wilson in 1946 [1] when he employed the
classical oscillation of bubble structure to
describe the low-lying states of spherical nuclei.
Until the 1970s, the first microscopic calculations
for bubble structure were undertaken by Campi
and Sprung [2]. Many works were presented by
other authors ever since [3—7]. In recent years,
bubble structure has been also investigated in
superheavy and hyperheavy nuclei [8—11].

The depletion of central nuclear density is
caused by the absence of s-orbital wave, whose
function is characterized by a maximum peak at
the interior of nucleus. Therefore, the s-orbital
wave functions are expected to significantly
contribute to the central density distribution
and the absence of these waves leads to the
depletion in the nucleon density at its center.
The contribution of s-orbitals wave functions
was investigated in Refs. [12, 13] indicating
that the main contribution of the central density
comes from the s-orbitals. Thus, the conditions
of a possible bubbe nucleus are the vacancy of
s-orbitals, weak pairing correlations, and small
fluctuations to ensure the very low s-orbitals
occupancy [14].

For the reasons above, the candidates of
possible bubble nuclei are those with spherical
shape having zero or very low occupancy on
the s-orbitals. Two of them are 0O and *Si
nuclei. 20 has 14 neutrons in its shells. Thus,
the 25, orbital is not occupied by the outermost
neutrons whereas the proton shell is a magic shell
with 8 protons. This makes it become a good
candidate of bubble nucleus with the depletion
factor of neutron density to be about 24 ~ 28%
[5]. The latter is defined as the measure of the

depletion magnitude of the nucleon density. The
neighboring isotope, *O, has two neutrons filling
the 2s, , -orbital, which is empty in 0. Therefore,
240, which is expected to have no bubble structure
in its neutron density, is perceived to be an
adjoint candidate of 20 to investigate its bubble
structure. With the same structure, an excellent
candidate of proton bubble is *Si (Z=14, N=20)
nucleus, which has the vacancy of 2s,  orbital in
the proton shells and the rigid spherical neutron
shells prevent any coupling and correlations.
Similar with **O, **S, which has a full filling 2s, ,
orbital and has therefore no bubble structure, is
also an adjoint candidate of *Si. These adjoint
candidates can be used as a comparison to show
clearly the contribution of s-orbital wave function
into central nucleon density. The depletion factor
of proton density in **Si was predicted about 40%
in Ref. [5] with the occupancy of 2s,, orbital
being around 0.08. Very recently, the very low
occupancy of 2s, , orbital (about 0.17) in **Si has
been detected experimentally by the one-proton
removal technique [15] at zero temperature. This
is the first experimental evidence to reinforce the
existence of bubble structure in this nucleus.

It is well-known that the occupancies of levels
upper Fermi surface, which are unoccupied
at zero temperature, are not zero at finite
temperature (7% 0) due to the temperature effect.
They will increase with increasing 7. Therefore,
the occupancy of 2s, , orbital will also increase
as T increases. This is expected to reduce the
depletion of the central nucleon density leading
to the disappearance of bubble structure when T
is high enough. In the present paper, we employ
three microscopic models to investigate the
evolution of bubble structure in **Si nucleus at
finite temperature, namely the finite temperature
Skyrme-Hartree-Fock (FTHF), the Hartree-
Fock plus finite temperature Bardeen-Cooper-
Schrieffer theory (FTBCS) and the Hartree-Fock
plus exact pairing at finite temperature (FTEP).
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The density-dependent Skyrme forces, which
are expected to produce better single-particle
spectra than the density-independent ones [2],
are employed to construct the nuclear mean-field.

2. Formalism
2.1. Finitetemperature Hartree-Fock (FTHF)

To describe the nuclear system, the nuclear
Hamiltonian is given as
H=T+7V, (1)
where 7 and V being the nuclear kinetic energy
and potentials, respectively. The potential " can
be expressed in terms of the two-body and three-
body forces by using the Skyrme-type interaction
[16]

(2) 3)
skvrme - ZV + zv,]k 5 (2)

i<j i<j<k

where v? and vj'are two and three body

potentlals The  three-body
interactions are often approximated via the two-
body ones using the nuclear density p=p +p, with
p, and p being the proton and neutron densities,

respectlvely.

respectively [17]. The Skyrme interaction is then
written as

e

skyrme

=1,(1+x,P7)0(r =1, + ()

# ot x PONSG =R + K28 - 7))

+1,(1+x,PO)k'8(F, — 7,k
+NV(6V+6QEXJG§—@)E

—t (4 x,P7)5(7) po (L +“)

where k :5(61 —V,), k’is the conjugate of k

and P° is the spin exchange operator with &
being the Pauli matrices. The function J(¥) is
delta function with 7 =(7; —r,) . The parameters
and (=0, 1, 2 and 3) are the strength interaction
parameters of the Skyrme force, which are
adjusted to reproduce the experimental ground

state properties [18]. The Skyrme Hartree-Fock
equations is written in spherical symmetry as
[19, 20]

R
2m* ()

+§W(?)<on>}p, (=g 0,7, @&

V +U(l_;) +Ucuul (’_;)+

where U,U, , and W are the Skyrme, Coulomb
and spin-orbit potentials, respectively. m*(7)
is the effective mass. Equation (4) can be solved
by an iterative process. The single-particle wave
function ¢, , single-particle energy € ; ,binding
energy and density quantities can be obtained by
sloving the HF equation (4) using the currents
and densities. Inparticular, we refer to the form
of these quantities in Ref. [21]:

2]+l

GEWE SR 5)

=372 ”[(&%(r))z+
nll/(l+l) ( ) } ©6)

1,0=3, 2’“[ JG+D-
—1(1+1)—ﬂ§¢j<r>2, )

where pq(r) is the nucleon density, T,(r) is
thekinetic density, and Jq(r) is the spin-orbit
density. Notation ¢g here denotes neutron or
proton. The term f; denotes the single-particle
occupation number, which correspond to each
jth level. At T=0, the HF solutions show that

the levels below the Fermi surface (Ej< €)

are fully occupied, and those above it (€;> €,
are empty. This leads the values of f, which
correspond to thelevels below (above) Fermi
furface, alway equalto 1 (0). At T#0, the
solutions of HF equation are treated in the grand
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canonical ensemble(GCE), resulting the values
of the single-particleoccupation number follow
the rule of the Fermi-Dirac distribution as

1
(8)

Ji= g

where A is the nuclear chemical potential,
whichis obtained from solving the particle
numberequation N with the degeneracies €; for
protonor neutron number, separately. The particle

number equation is defined as
N=2YQ, f,Q =+/2. )

Becausé of the distribution of f.at T#0
the obtained single-particle spectra consistof
the single-particle levels below and abovethe
chemical potential A, whose values are obtained
by discretizing the continuum [22]. Theset of
Egs. (4)-(8) forms the finite temperature Hartree-
Fock (FTHF) equations. The single-particle wave
function @;, single-particle energies €;, and
occupation number f;, which depend on 7, are
obtained by solving these equations.

2.2. Pairing effect in hot nuclei

Pairing plays an important role in nuclear
physics, especially the neutron-rich nuclei
where the nuclear properties as the single-
particle occupancies, single-particle spectra,
nuclear level density, nuclear binding energy,
and nucleon separation energy are affected
by this effect [18, 19]. At 7= 0, this effect is
often described by employing the BCS [23, 24]
theory or using the exact eigenvalues (EP). The
latter is obtained by diagonalizing the pairing
Hamiltonian, directly[25]. With increasing 7,
the pairing effect is quenched by temperature
effect which breaks the nucleon pairs [26]. The
methods using BCS and EP at finite temperature
are presented below.

2.2.1. Finite temperature BCS theory (FTBCS)

The nuclear Hamiltonian include pairing
which is constructed by employing BCS theory
in atomic physics [19, 23, 24], is given as

_ + _ + o+
H= Zej Ay Ay GZ% a5 Ay (10)

where a,, and a;n is the creation and annhihilation
operators on
jth level with projections + m correspond to the
single-particle energy € ;and its degeneracies € ;.
The symbol ~ denotes the time-reversal operator
a, =(-1)""a,.,.

(10) describes the pairing interaction between

of a nucleon which stays

The pairing Hamiltonian

neutrons or protons via a monopole-pairing force
with a constant pairing strength G. By applying
the wvariational principle and Bogoliubov’s
transformation to minimize the expectation value
of average Hamiltonian Fo=H — AN within the

grand canonical ensemble (GCE), where
N= Z a,, a,, is the particle number operator and

A is the chemical potential. In short, we refer to the
results of this transformation process in Ref. [27]
as a set of FTBCS equations for pairing gap A
and particle number N:

JoJ

_ 2 2
N=2% Q [nu;+1-n;)vi],

{ A=GEX Qu,v,(1-2n,),
J J (11)

where u;, and v, the Bogoliubov’s

transformation cofficients, which are expressed as

=1 —A
w = 1145 V. = 1S (12)
72 E. 72 E,

J

arc

with £, and n; are the quasi-particle energy
and the quasi-particle occupation number,
respectively. They are defined as

E =\, -2 +A, (13)
n =y 14
I k (14)

within the FTBCS, the single-particle ccupation
numbers f, which contribute in the HF densities
(5)-(7), are expressed in terms of the Bogolyubov

coefficients and quasiparticle occupation
numbers as
_ 2 2
fi=nu;+(1=n;)v;. (15)
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It is well-known that the major deficiency
ofthe FTBCS theory is the violation of the
particle number. The quantity N, which is added
tothe pairing Hamiltonian to conserve the particle
number, is only the average value. With increasing
T, the FTBCS pairing gap collapses at a critical
temperature T.~ 0.57A(T = 0) and the pairing
effect is quenched at this temperature. However,
some aproximations beyond the FTBCS have
indicated that the pairing gap at 7 >T,. does not
vanish [26]. Instead, it monotonically decreases
with increasing 7.

2.2.2. Exact pairing at finite temperature
(FTEP)

An another access to pairing effect is to solveit
exactly. This method, which is called exact pairing
(EP), presents a new way to diagonalize directly
the pairing Hamiltonian (10) using quasi-spin
algebras SU(2) [25]. The direct diagonalization of
the pairing Hamiltonian allows us to obtain all the
exact eigenvalues £ and single-particle occupation
number f* at =0 and at different total seniority
S, which is the total number of unpaired particles.
Using these exact eigenvalues, one can construct
the exact partition function within the canonical
ensemble at 7" # 0 as [26]

Z(T)=)2%e 5T, (16)

All of the thermodynamic quantities such as
free energy F, total energy E, entropy S, heat

capacity C, and pairing gap A can be calculated
by using this partition function, namely

oF
F=-TlnZ,S=——: 17
3T (17)
oE
E=F+7TS,C=—
or .
A: _GEair’
! (19)

Epair :E_Z(zej_ijj)fj" 5

where the exact single-particle occupation
number f; at 7' # 0is given as
_ 1 S () —Eg/T
1=y 2 (20)
Within this FTEP method, the particle number
always conserves exactly not only at zero
temperature but also at finite temperature. The

exact pairing gap decreases with increasing 7 but
does not collapse at 7' = T as the FTBCS pairing

gap.
3. Results and discussions

The numerical calculations within the FTHEF,
FTBCS and FTEP are undertaken for **Si to
study its bubble structure which is predicted to
be dominant at 7=0. The Skyrme interactions are
tested within the HFEP using full center-of-mass
correction for **Si at 7=0. The pairing strength G
is adjusted to reproduce the experimental binding

energy.
Methods FTHF* FTBCS* FTEP* FTEP* HFB[29] RMF[5] SM]5]
Skyrme forces MSk3  MSk3  MSk3 BSkl4 BSkl4 NL3
F 249 19% 19% 14% 15% 37% 41%

Table 1. The values (%) of depletion factor F obtained within different methods at T = 0. The asterisk (*) denotes the
methods using in the present work.

has a neutron closed shell
(N=20) which prevents any correlation; the
pairing effect within the FTBCS and FTEP
is treated only for proton using the single-
particle energies obtained from HF equations. In

Because **Si

addition, due to the limitation on the size of the

matrix to be diagonalized, which is not required
in the FTHF and FTBCS, the FTEP is carried out
using a truncated spectrum, which consists of the
single-particle levels around the Fermi surface.
For 3**Si, seven proton levels are used, namely
ld,,, 2s,,,1d,,, 1f, ., 2p,,, 1f,, and 2p . In this

5/2°
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space, the first level locates below the Fermi
surface and the rest are above it. The remaining
inner core including eight protons is a magic core
which does not contribute to pairing correlation.
The independent particle model (IPM), in which
the single-particle occupation numbers obey
the Fermi-Dirac distribution as Egs. (8), is used
for the levels ouside the truncated levels. The
occupation numbers obtained from Egs. (8), (15),
and (20) are used as input for density quantities in
Egs. (5), (6), and (7). To be consistent, the above
single-particle configuration, is also used for the
FTBCS calculations. Recently, the occupancy of
2s,, orbital in **Si at 7= 0 has been measured in
Ref. [15], whose value is found to be 0.17 + 0.03,
which corresponds to the occupation number f, |
=0.085+0.015. This very low occupancy of 2 ,
ital causes the depletion of proton density at its
center in this nucleus. Therefore, the value of
f2,,in the interval [0.07, 0.1] is an important
quantity and should be used as a criterion to
choose the appropriate Skyrme interaction using
for the FTEP calculation.

0.08 HEB
...... FTHF
o -=-- FTBCS

0.06* '._..-' — FTEP -1
o --= FTEP-BSk14]
‘E ]
£0.04+ -
a

0.02 -

0 2 4 6
r (Fm)

Figure 1. Proton density p,, for *Si obtained within the
FTHEF, FTBCS, FTEP and HFB at 7= 0.

By adjusting G to reproduce the experimental
binding energy per nucleon BE/A =—-8.336 MeV,
the FTEP calculation using the MSk3 Skyrme
interaction [28] at 7' = 0 also reproduces the
experimental value of 2s , occupation number
(f,,,,=0.09). The obtained value of pairing strength

G is then 0.55 MeV and it is kept uncharged with
T. The same value of f, , , is reproduced within
the FTBCS calculation using the same MSk3
interaction. By doing so, the obtained pairing
gaps within the FTBCS and FTEP at 7= 0 are
0.85 and 1.34 MeV, respectively. By reproducing
well the experimental binding energy, we are
also able to reproduce the experimental two-
proton separation energy Szp = B(N; Z) — B(N;
Z — 2) = 33.7 MeV, with B(N; Z) being the
binding energy of a nucleus with N neutrons and
Z protons. The BSk14 interaction is also used in
order to compare the results obtained within the
present approaches with those obtained within
the Hartree-Fock-Bogolyubov (HFB) using the
same interaction [29].

To evaluate the depletion of the central
nucleon density, one defines the depletion factor,
whose expression is

F= Pmax — Pcent ’ (21)
Pmax

where p and p_  are the nucleon maximum
density and central density (r = 0), respectively.
The values of depletion factor F obtained
within the FTHF, FTBCS, and HFEP at 7= 0
in comparison with those obtained within other
approaches such as HFB [29], relativistic mean
field (RMF) [5], and shell model (SM) [5] are
presented in Table 1. The proton densities obtained
within the FTHF, FTBCS, FTEP (by using the
Skyrme MSk3) and FTEP-BSk14 (by using the
Skyrme BSk14) at 7= 0 are also shown in Fig. 1.
The FTBCS and FTEP calcualtions with MSk3
interaction produce the depletion factor F'=19%,
whereas the FTHF one (without pairing) shows F
= 24%. The depletion factors obtained within the
FTEP and HFB [29] using BSk14 (F ~ 15%) are
smaller than the FTEP prediction using MSk3.
This comparision indicates that the pairing effect,
employed in the HFB in Ref. [29], is stronger
than that treated within our calculations for **Si,
a doubly magic nucleus. This result implies that
for this nucleus, the MSk3 interaction is more



suitable than the BSk14 one and therefore it
will be used for further investigation within the
present study. Our predictions also indicate that
the pairing correlation in a doubly magic nucleus
#Si should be small but can not be ignored as
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mentioned in Ref. [5]. In the latter, the depletion
factor Fis found to be around 40% with £,

~0.08

s1/2

(see e.g., Tables II and IV in Ref. [5]) instead
of the experimental value of 0.09 used in our
FTBCS and FTEP calculations.

1.51 a)  --FTBCS ] ’\5:— ...... FTHF b) 1 E6f FTHF 0 ;
[ —rrep | E° - FTBCS A< | FIBCS
< qf 1@ [ —FTEP /A 25t —FTEP
2 1_ E 1 E.S:
é \\ 2'4. ] c [
Josk 18| gaf :
Lo 2.k 13 |
I'l =3 = :
0 2 4 0 2 4 0 2 4
T (MeV) T (MeV) T (MeV)

Figure 2. The proton pairing gaps (a), root-mean square radii of protons (b), and neutrons (c) in Si obtained within the

g 1k a) 1dsp 15 0.4f b) 25172 . b
E [T € ' ED
p | 4 [ 2
€o.8f 203 =
5 1 i ] C
S 1 20:2¢F 12
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FTHF, FTBCS, and FTEP.
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__________
.
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Figure 3. The single-particle occupation numbers of 1d 52 (a), 28,,, (b), and 1d3 ;5 (c) proton levels in **Si obtained
within the FTHF, FTBCS, and FTEP.

Eoodf T
~N
(=8

~-FTBCS

— FTEP
0.02F . FrEP-BSK14
HFB

aT=01T

b)T=0.5 T

0 2 4
r(Fm)

r(rm)

2

4
r (Fm)

4
r (fm)

Figure 4. The proton densities of **Si at several temperatures obtained within the FTHF, FTBCS, and FTEP.
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Figure 5. The same as Fig. 3 but for neutron densities in**Si .
I — 1 this neutron closed-shell nucleus, the neutron
o gggs 1 rms predicted within three methods are nearly
— FTEP the same as seen in Fig. 2(c). A slight difference
:g ] between the neutron rms obtained within the
£ FTBCS (FTHF) and FTEP at 7> 2 MeV comes
-% | from the difference between the FTBCS (FTHF)
§ 1 and FTEP proton pairings, which affect not only
the proton but also the neutron parts of the HF
1 potential and wave functions. Both of proton
.| and neutron rms increase with increasing 7. This

T (MeV)

Figure 6. The depletion factor for the proton density of
34Si obtained within the FTHF, FTBCS, and FTEP.
Figure 2(a) shows the pairing gaps as

functions of 7 obtained within the FTBCS and
FTEP calculations using the MSk3 interaction.
With increasing 7, the FTBCS pairing gap
collapses at 7.~ 0.57 MeV and the pairing effect
is quenched starting from this temperature. At 7'
>T,., the FTBCS results coincide with the FTHF
ones as their occupation numbers are exactly the
same [see e.g., Eq. (8)]. The pairing gap obtained
within the FTEP is always finite in the whole
temperature region from 0 to 5 MeV as shown in
Fig. 2(a). Futhermore, this non-vanishing pairing
gap within the FTEP at high 7" makes the proton
root-mean-square radius (rms) slowing down its
increase with 7at 7>2 MeV as shown in Fig. 2(b).
Because of the absence of the neutron pairing in

result agrees with that predited in Refs. [30, 31].

The single-particle occupation numbers
obtained within the FTHF, FTBCS, and FTEP
at 7 > 0 are shown in Fig. 3 for three levels
around the Fermi surface, namely 14, ,, 2s, ,, and
1d,,, levels. It is well-known that the occupied
(unoccupied) levels decrease (increase) their
occupancies with increasing 7. Within the FTHF,
the occupation number of the level below Fermi
surface (1d;,) decreases from 1 to 0.43, whereas
those of the two levels above it increase from 0
to 0.29 (2s,,) and 0.19 (1d,,) when T increases
from 0 to 5 MeV. At 7<T,, the occupation
numbers obtained within the FTBCS and FTEP
are different from that obtained within the FTHF
because of the existence of the pairing gap. The
FTBCS and FTEP occupation numbers are also
different because of the difference of their pairing

gaps [see Fig. 2(a)]. At T>T,,, the FTBCS gap is
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queched whereas the FTEP gap is still finite until
T = 5 MeV. Therefore, the occupation numbers
of the levels below (above) the Fermi surface
obtained within the FTEP decrease (increase)
slower than those obtained within the FTHF and
FTBCS (see Fig. 3).

To investigate the evolution of bubble
structure in **Si at 7> 0, its proton densities p,
obtained within the FTHF, FTBCS, and FTEP
are presented in Fig. 4. The proton bubble can
be clearly observed in the central density at
T = 0. The bubble structure predicted by the
FTBCS and FTEP, which include pairing, is less
pronounced than the FTHF prediction which
does not take into account the pairing correlation.
With increasing 7, the bubble structure becomes
shallower and disappears at a given 7'= T, above
which the bubble structure completely vanishes
as seen in Fig. 4. The gradual disappearance
of proton bubble structure seen in Fig. 4 can
be explained by the increase in the occupancy
of 2s,, level at 7> 0 as presented in Fig. 2(b).
When T increases from 0.1 to 2 MeV, due to
the presence of exact pairing the variation of
the FTEP central proton density occurs slower
than the FTBCS one. However, at 7 > 2 MeV,
the presence of the FTEP pairing gap leads to the
disappearance of bubble structure at 7 F7EP= 4
MeV. This critical temperature is lower than the
FTBCS value 7 £785=4.5 MeV, which coincides
with the FTHF one at 7>T,. as can be seen in
Fig. 6. Combining with the results presented
in Fig. 3(b), one can easily find that the proton
bubble of **Si nucleus completely disappear
when the occupation number f, , , reaches a value
of about 0.35. This result also indicates that the
pairing effect in this doubly magic nucleus is not
strong enough to cause a significant difference
between the FTBCS and FTEP predictions.
Figure 5 shows the neutron densities obtained
within three methods. For the neutron, its 2s

12
orbital is always fully occupied. Therefore, the

central neutron density is built up by the fully
contribution of 2s, , wave function, leading to
the inexistence of the neutron bubble structure.
No significant differences are seen in the neutron
densities obtained within three methods because
all of them do not include the neutron pairing in

this case as the neutron number is magic.

4. Conclusions

The bubble structure of **Si, which is caused by
the very low occupancy ofthe 2s , orbital, hasbeen
studied with three microscopic methods, namely
the finite-temperature Hartree-Fock (FTHF), the
finite-temperature BCS theory (FTBCS), and
the exact solutions of the pairing Hamiltonian at
finite temperature (FTEP). By using the Skyrme
MSKk3 interaction, our calculations within the
FTEP reproduce well the binding energies
and two-proton separation energies of this **Si
nucleus. By reproducing also the occupancy of
2s,, level, whose experimental value has been
recently reported at 7= 0, the depletion of proton
bubble predicted within the FTBCS and FTEP
1s found to be about 19%, whereas it is about
24% with the FTHF calculation, which does not
treat the pairing correlation. With increasing 7,
the proton bubble becomes less pronounced and
completely disappears when temperature reaches
a critical value 7, ~ 4.5 MeV within the FTBCS
and 7, ~ 4 MeV within the FTEP. At T> T, the
occupation number of 2s , level is found to be
equal or higher than 0.35. In general, a stronger
pairing is seen in our calculations as compared to
those predicted in Ref. [5]. Exact thermal pairing
also makes the central proton density in **Si less
sensitive to the change of 7 from 0 to 2 MeV.

The present work is funded by the National
Foundation for Science and Technology
Development (NAFOSTED) of Vietnam under
the Grant No. 103.04-2017.69.
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Thermoluminescence Property of Eu’* doped Sr,B O, Phosphors
Prepare by Combustion Method
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Abstract

This work illuminates the effects of Eu’* concentrations on thermoluminescence (TL) behavior of Sr,B,O,:Eu*" phosphor

prepared by using the combustion method. The structural properties were estimated by X-ray diffraction (XRD). The
XRD result indicates that the synthesized samples have a rhombohedral phase and the particle's average size was found
to be 37 nm. TL glow curve of Sr.B O :Eu’*" phosphor, which was irradiated by p-ray, was recorded at a heating rate of
2°C/s. The activation energy, order of kinetic and frequency factor were evaluated through TL glow curve using a peak
shape method of R. Chen. The result shows that the activation energy of trap locating around 271°C was affected by Eu**

concentrations.

Keywords: Sr.B,O

,B,0,, thermoluminescence, Eu**

Tém tit

Bai bao nay trinh bay anh hudong ciia ndng do Eu** dén tinh chit nhiét phat quang ciia vat liéu Sr,B,0,:Eu*" dugc tong hop
bang phuong phép nd. Dic trung ciu triic dugc phan tich bang nhiéu xa tia X (XRD). Két qua XRD chi ra cic mau da ché
tao c6 pha cau tric rhombohedral va kich thudc hat trung binh vao khoang 37 nm. Pudng cong nhiét phat quang tich phan

cua Sr.B,O:Eu’" sau khi chiéu xa béng tia B dugc ghi lai véi tde do gia nhiét 2°C/s. Ning luong kich hoat, bac dong hoc
va hé s6 tAn s6 da duoc xac dinh tir dwdng cong nhiét phat quang tich phan bing cach str dung phuong phép phan tich dang

dinh ciia R. Chen. Két qua cho thy gia tri ning lugng img vi biy & gin 271°C chiu anh huéng boi ndng do Eu** pha tap.
Tur khoa: Sr.B,O

37276

nhiét phat quang, Eu**

INTRODUCTION in last decade, the phosphors which based on

Rare earth (RE) elements doped luminescence
materials have researched and applied in several
decades and they have become important
materials in light technology, information display
and solid-state laser medium [1-4]. Particularly

Email: hovantuyen@gmail.com

borate matrices have attracted more researchers
due to their advantages, such as: low prepared
temperature, easy change in components of
phosphor and cheap raw materials [2, 5]. The
optical properties of Sr,B,O, phosphor doped Eu
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have been researched and published from 2007
to presents [4, 6-13]. In this period, our research
group has contributed some literature focusing
on several optical properties of Eu’* doped
Sr3B206 at room temperature, such as: structural
information around Eu’*" ion, Eu®*" concentration-
dependence of photoluminescence intensity
and the energy transfer between Tb*" and Eu**
[14, 15]. However, there is little literature that
mentions to thermoluminescence (TL) property
of Sr,.B,O,:Eu*" phosphor. It is known that TL
spectra provide the information of intrinsic
defects in materials. In addition, TL is a widely
used method for detecting the dose of various

energetic rays such as X-, - or y-rays [16].

In this work, we present an experimental study
of thermoluminescence property of Sr.B,O,:Eu**

and the effect of Eu®' concentration on it.

EXPERIMENTAL

Sr,B,O, phosphors doped with various Eu*
concentrations (1 mol.%, 3 mol.%, 5 mol.% and
7 mol.%) were prepared by combustion method.
Raw materials include Sr(NO,), (Merck),
Eu(NO,), (Sigma), H.BO, acid (AR) and urea
(Sigma). The used urea amount was calculated
properly to supply enough fuel for the combustion
process. The amount of ingredients was mixed
and heated at 70 °C in 2 hours by a magnetic
stirrer to form a white gel. In next step, the gel
was combusted at 600 °C for 5 minutes then the
temperature was decreased to room temperature
in order to obtain a white powder sample.

Phase structure of the prepared samples was
determined by X-ray diffraction (XRD) pattern
using a Bruker D8-advance X-ray diffractometer.
A beta-source of *°Sr was used for irradiating the
samples. Thermoluminescence characteristics
were evaluated by glow curves using Harshaw
3500 TLD reader.

RESULTS AND DISCUSSIONS

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Sample 3

f

JinCes)
cBH458888 BB BB EBIRRYEHEEY

Figure 1. XRD pattern of Sr,B,0:Eu’* (3 mol.%) sample

Fig.1 presents the XRD pattern of the prepared
sample Sr,.B,O:Eu*" (3 mol.%). The diffraction
peaks of the XRD pattern can be assigned for the
rhombohedral phase, which is well fitted with
the standard data of Sr,.B,O, (JCPDS PDF: 31-
1343). The absence of any other phases shows
that the pure Sr,B,O, sample can be obtained by
using combustion method. The average particle
size was calculated using Sherrer’s formula [17].

0.9X
= Foosl (1)
where, A = 0.154 nm is the X-ray wavelength,
B is the full-width at haft maximum (FWHM)
intensity (in radian), 0 is the diffraction angle (in
degrees), d is the average size of the particle. The
value d of the prepared samples is around 37 nm.

Intensity(a.u.)

50 100 150 200 250 300 350 400
Temperature(°C)

Figure 2. Glow curve of Sr.B O _:Eu’* phosphors

. i 37276 .
with various Eu** concentrations
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(1) Experiment curve
(2) Peak 1
(3) Peak 2
(4) Peak 3

Intensity (a.u.)
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Figure 3. TL peaks of Sr,B,0,:Eu*" (1 mol.%) with
thermal cleaning technique

After an irradiation under 3 Gy B-ray, the
prepared samples were measured TL glow curve.
All samples were kept the same at 2 mg and
the heating rate was constant of 2 °C/s for the
TL measuring. Fig.2 shows the glow curves of
the samples with various Eu’* concentrations.
TL glow curves have the same shape and they
include three peaks: One peak at high temperature
around 271 °C and two overlapped peaks in the
range from 100 °C to 200 °C. In order to separate
these peaks, a thermal cleaning technique was
used. The result for Sr.B,O:Eu** (1 mol%) after
using the thermal cleaning method is shown in
Fig.3. Indeed, the glow curve comprises three
peaks which locate at 144 °C, 175°C, and 271 °C.

Activation energy (£ ) and frequency factor
(s) of TL peaks were determined by peak sharp
method of R. Chen [18]. This method based
on a symmetrical property of peak which the
parameters include the full width of the peak at
its half-height (w = T,- T)), its high-temperature
half-width (6 = T,- T, ) and its low-temperature
half-width (t=T_-T)). The symmetry factor (u,)
is defined by the following equation [18]:

n,=8/0 = (T,- T JAT,-T)
For Sr.B.O :Eu*"

37276
factors are close to 0.52 which shows they belong

2

samples, the symmetry

to the second-order kinetic. The activation energy

can be evaluated by using the general formula:
E =c (kT /v)-b(kT) 3)

where, y stands for 1, §, and . k is the
Boltzmann constant. The values of ¢ and b, for
second-order kinetic are listed in Table 1, which
were provided from ref. [18, 19]. The frequency
factor (s) can be determined by inserting £ and
the known values b (2 for second—order kinetics),
B (heating rate 2 °C/s) into formula [16]:

/iiz =5 [1+(b—1)2k%] exp (—ljm] “4)

The activation energy and the frequency
factor for all samples calculated from equations
(3) and (4) are listed in Table 2. The results of
all are shown in Fig.4. It shows that the energies
of peak 1 and peak 2 are little different with
various Eu’* concentrations, whereas the energy
of peak 3 increases with the increasing of Eu’*
concentration. This suggested that the dopant
Eu’" concentration affects the deep trap in the

Sr3B20 . material.

Table 1. Values of ¢, b, dependingon 7, § or w

T ) w
Cry 1.81 1.71 3.54
b7 2.0 0 1.0

Table 2. Values of activation energy (£ ) and
frequency factor (s)

Sample Peak T . Activated Energy (eV) Frequency
(mol% number (°C) factor (s)
Eu®) Peakl Peak Peak
2 3

Peak 1 144 1.08 1.83x10™

1 Peak 2 175 1.13 7.34x10"
Peak 3 271 1.52 3.73x10"

Peak 1 144 1.02 3.15x10"

3 Peak 2 179 1.21 4.08x10"
Peak 3 279 1.50 4.78x10"

Peak 1 143 1.08 2.69x10"

5 Peak 2 179 1.24 9.09x10"
Peak 3 268 1.76 4.00x10"

Peak 1 144 1.07 1.24x10™

7 Peak 2 174 1.14 1.17x10™
Peak 3 269 1.93 1.46x10"7
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Figure 4. The relationship between the activation energy
and Eu** concentrations

CONCLUSIONS

Theanalysis from glow curves of the synthesized
samples indicates that all Sr,.B,O, samples with
various Eu** concentration have three traps in the
host material. The maximum position of peaks
seems not change. However, the activation energy
of peak 3 (around 271°C) increases with the
increasing of Eu*" concentrations.
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An experiment on using agar layer as the confining medium
for the laser-induced shock process

Thi nghiém st dung agar [am moi truong gidi han trong qua trinh
shock gay nén boi tia laser
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(Ngay nhdn bai: 22/01/2018, ngay phdn bién xong: 30/01/2018, ngay chap nhdn dang: 20/03/2018)

Abstract

This paper presents an experiment on using a thin agar laser-induced shock process. The laser pulse was 1064 nm,
FWHM 13 ns, operated at the pulse energy of 40 mJ. The findings show that the laser-induced shock under an agar layer
represents all the typical dynamical features of a shock process induced in liquid-confining regime. Our empirical finding
also proves, for the first time, the ability of a thin agar layer in improving the laser-induced stress wave to the same level
of laser ablation in water.

Keywords: Laser-induced shock process, photoelasticity imaging technique, confining medium.

Tém tit

Trong bai bao nay, ching t6i trinh bay thi nghi¢ém nghién ctru st dung mét 16p agar lam méi truong gidi han trong ki thuat
shock gay nén boi xung laser. Chung tdi str dung xung laser c6 budc song 1064 nm, d6 rdng xung 13 ns, nang luong 40
mJ. Két qua thyc nghiém cho thiy qua trinh shock gy nén béi tia laser trong méi truong agar thé hién ddy du cac dic diém
d6ng hoc dién hinh cta qua trinh shock gy nén bai tia laser trong méi truong nude. Két qua thuc nghiém cia chung toi
cling chting minh rang viéc phi mot 16p mong agar trén bé mat vat liéu cho phép lam ting cudng d6 séng g suat twong
duong véi viéc ngdm vat mau trong méi trudng nudc.

Tir khéa: Qua trinh shock gy nén boi tia laser, ki thuat chup anh quang dan hdi, méi truong gidi han.

1. Introduction

When focusing an intense, short laser pulse
onto a solid surface, the laser ablation is induced to
form a high pressure plasma, which drives a shock
wave into the surrounding environment during its
expansion. In laser-induced shock technology, a
confining medium is applied to restrain the plasma
expansion thus induces a much stronger shock in

Email: thaonguyen@duytan.edu.vn

comparison to ablation in normal atmospheric
conditions [1-7]. Normally, a transparent liquid
like water is used as the confining medium. The
advantages of using liquid are cheap, easy to apply,
help removing the ablated material and reduce
heat during the ablating process. However, to
achieve the maximum stress, the water layer must
be thicker than a certain thickness to be able to
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confine all the induced plasma [1]. Moreover, the
thickness of water layer must to be kept uniform to
avoid the effect of changing the focal position [2].
To maintain that requirement, the sample should
be totally immersed under water, a condition that
is difficult to apply in industrial treatment process.

In this experiment, we propose a new method
to provide a confining medium for laser induced
shock process: using agar to provide a transparent,
uniform layer in the solid form. The purpose of
this experiment is to investigate the abilitiy of
agar layer in enhancing the laser-induced stress
wave, in comparison to water. The dynamical
behavior of the shock process induced when using
an agar layer as the confining medium is observed
by photoelasticity imaging technique and being
discussed in details.

2. Experimental method

N YAG LASER

Mirmar
Pump Bras

NEVAG LASER

Peobc beam
{53 2mm}

1

WD Camera

BE: Feas Fapander, P: Poluise, O Qs Wive Plue,

A Amabyrer, NI Mewsral Deweaty e, 199 Hland Pass filer

(b)

Figure 1: Configuration of the experiment. (a) Laser
induced ablation under an agar layer. (b) Photoelasticity
imaging technique.

We applied the high-speed photoelasticity
imaging technique to investigate the ablation
process and semi-quantitatively compare the

The
experiment system has been described elesewhere
[1-4] and only a brief description is reported

strength of laser-induced stress wave.

here. The shock process was induced by focusing
a single pulse (1064 nm, FWHM 13ns) onto a
sample surface with spot diameter approximate
300 um. The samples are epoxy-resin block of
25x8x20 mm?®. For ablation in water, the samples
were immersed in static water, with the upper
surface was located 5 mm under the water-air
interface. In the experiment to investigate the
performance of agar layer as a confining medium,
we casted an 6 mm agar (0.2%) layer on top of the
sample surface (Figure 1(a)).

The imaging system was based on a kind of
pump and probe imaging system with a photoelastic
polariscope added to provide photoelastic images.
The delay time was defined as the interval between
the pump and probe pulse and was controlled by a
Stanford research system DG Digital Delay/Pulse
Generator (Figure 1(b)).

3. Results and discussion

Figure 2 (a) shows the photoelastic images
of laser-induced shock process under the 6mm
agar layer, captured at 1500 ns delay time. The
dark line dividing the image by half is the sample
surface. The upper half of the image is agar
medium and the lower half is the epoxy resin. The
image reveals that the ablation induced under the
agar layer represents all the typical features of an
ablation induced in the liquid-confining regime. In
the agar medium, we can observe the shock wave
and the V-shaped wave. The dark semi-circle
on top of the sample surface is the image of the
cavitation bubble. The V-shaped wave makes an
angle of 34.5 degrees against the sample surface.
This angle is similar to what we observed in
under-water ablation [1,3]. This similarity can be
explained by that the heat from the initial plasma
melted the surrounding area to the liquid form
(99.8 % water) thus the propagation of shock
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waves, headwave and the developing of cavitation
bubble is the same as in water. Since the heat from
laser ablation is very local, the rest of the agar
layer remained untouched during the ablation
process. When the ablation ended, the melted agar
re-solidified. We observed no detachment between
the sample and the agar layer during and after the
shock process.

In the epoxy-resin medium, we can observe
black-and-white fringes which represent the
strength of laser-induced stress wave. Compared
to the image of laser-induced ablation in water at
the same ablating condition, we can see that the
number of photoelastic fringes is the same for
the two cases. This result demonstrated that the
stress wave induced when using a thin agar layer
as confining medium is equal to that induced in
under-water ablation.

, H

Figure 2. (a) Ablation under a thin agar layer. (b) Ablation
under water. Pulse energy was 40 mJ. Sample surfaces
were not covered with black pain.

The images were taken at 1500 ns.

In the context of laser-induced shock process,
water is normally used as the confining medium.
Although water is cheap and easy to apply, it has
a major disadvantage that it is difficult to maintain
a uniform layer thickness over the sample surface,
especially for the curved surface. Since the
confining layer thickness has a significant effect
on the ablation process, we propose that a method
to apply a uniform confining medium on the
treating surfaces is required. With this experiment,
we prove the ability of an agar layer as a confining
medium for laser-induced ablation. Using agar,
we can cast a uniform layer at any thickness onto
a surface. It will serve as the confining medium
during the laser treatment and can be removed
easily by heat. We propose that using agar instead
of water as confining medium for laser ablation
process will improve the efficiency of laser shock
peening process if being applied in industrial scale.

Our experiment is, however, only the first
example to demonstrate the ability of an agar layer
as a confining medium for laser-induced shock
process. We suggest that deeper experiments
should be carried out to further investigate the
dynamical aspect of the ablation under the agar
layer, including but not limited to the developing
of cavitation bubble, the motion of ablated
material, the effect of layer thickness, and the
effect of physical properties of the agar layer on
the ablation process.

4. Conclusion

In this experiment, we investigated the laser-
induced ablation under an agar layer in comparison
to that induced under water. We demonstrated, for
the first time, the ability of agar layer as a confining
medium for laser-induced shock process. The
ablation under the agar layer represented all the
typical features of a laser-induced ablation in the
liquid confining regime. The stress wave induced
when using a thin agar layer as confining medium
is equal to that induced in underwater ablation. We
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thus propose the future application of an agar layer
in the industrial laser-induced surface treatment
technology.
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Abstract

This research proposes a new hybrid soft computing solution based on the Fuzzy k-Nearest Neighbor algorithm (FKNN)
and the Flower Pollination Algorithm (FPA) for predicting soil slope stability. The FKNN is an instance-based learning
method for pattern recognition; in addition, the FPA - a recently developed metaheuristic - is deployed to optimize the
FKNN’s model selection process. A dataset that contains 168 real cases of slope evaluation, collected in various locations,
is used to construct and verify the proposed hybrid method. Experimental results show that new approach has achieved a
roughly 11% improvement in terms of prediction accuracy compared to other state-of-the-art methods.

Key words: Slope Stability Evaluation; Fuzzy Instance-Based Learning; Flower Pollination Algorithm
Tém tit

Nghién ctru nay dé xudt mot giai phap thong minh dya trén thut toan phan loai md Fuzzy k-Nearest Neighbour (FKNN)
va thuat toan toi wu hoa dya trén qua trinh thu phén cho hoa (FPA) dé dy doan sy 6n dinh cua mai déc. FKNN 1a mot
phuong phap hoc méy dwa trén do twong tu cuia cac diém dir lidu dé nhan dang mau. Ngoai ra, FPA - mot cong cu toi uu
hoa méi duge phat trién gan day - dugc trién khai nham téi uu héa qué trinh lwa chon mé hinh cia FKNN. Mot b dit liu
chira 168 trudng hop danh gia do doc, duoc thu thap dé xay dung va xac minh phuong phap dugc dé xuét. Két qua thyuc
nghiém cho thiy phuong phap méi da dat duge cai thién khoang 11% vé do chinh xac vé du doan so v6i mot s6 phuong
phap khac.

Twr khoa: Panh gia do 6n dinh mai déc; Hoc may dya trén thuat toan mo; Thuat toan t61 uu hoa

1. Introduction disastrous consequences [4]. Such disastrous

The population expansion and economic events are responsible for considerable damages

development in many countries around the
world lead to the construction of road networks
and residential areas in the hilly or mountainous
regions [1-3]. Accordingly, many man-made
facilities are susceptible to be damaged by soil
slope collapses. Slope collapses can bring about
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of public/ private property, disruption of traffic,
and losses of human lives [5, 6].

As a consequence, slope stability analyses are
necessary to prevent and mitigate the damages
caused by slope failure [7]. Better tools for
slope assessment are of practical need in civil
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engineering. The slope analysis can be used
for identifying collapse-prone areas. Based on
that, financial resources can be appropriately
allocated to construct the retaining structures or
can establish evacuation plans effectively [8].

soft
computing are commonly employed for slope
stability analysis [9]. The analytical methods are

Currently, analytical methods and

based on the slope displacement models; one can
analyze the slope stability by identifying of the
most dangerous sliding surface and computing
the factor of safety [10]. The analytical methods
require input parameters for every calculation
point of the investigated area and they are only
appropriate for evaluating slope stability in small
areas [11]. Recently, soft computing has been
shown to provide feasible and effective tools for
slope assessment. Soft computing based models
for slope evaluation are generally constructed by
combining supervised learning techniques and
historical databases [12-14]. Using such models,
the slope stability prediction can be equivalently
stated as a classification task in which prediction
outputs are either “stable” or “unstable”.

Lu and Rosenbaum [4], Zhou and Chen [15],
Jiang [16], Das et al. [17], and Wang et al. [18]
utilized the Artificial Neural Network (ANN) to
forecast the slope stability. Zhao et al. [19] utilized
the Relevance Vector Machine (RVM) to explore
the nonlinear relationship between slope stability
and its influence factors. Prediction models of
slope assessment employing the Support Vector
Machine (SVM) were developed by Li and Wang
[20], Li and Dong [21], and Cheng and Hoang
[22].

The Evolutionary Polynomial Regression [9]
and the Least Squares Support Vector Machine
[23] have been employed to model the mapping
function between the input pattern and the factor of
safety of slopes against failure. Cheng and Hoang
[2] construct a probabilistic slope assessment

model based on Bayesian Framework. Yan and
Li [24] established a method for predicting
the stability of open pit slope based on the
Bayes Discriminant Analysis (BDA). A swarm-
optimized fuzzy instance based classifier has
been proposed for predicting slope collapses in
mountain roads [25]. These researches conclude
that soft computing can provide a viable tool to
establish a structured representation of the slope
system, which allows the prediction of the slope
stability.

Due to the complex and multi-factorial
interactions between factors that affect slope
stability, the task of slope assessment remains
a significant challenge for civil engineers. This
research investigates a hybrid soft computing
framework to construct a novel soil slope
evaluation model. In this hybrid framework,
the Fuzzy A-Nearest Neighbor algorithm
(FKNN) [26], a flexible and effective pattern
recognition method, is employed to generalize
the classification boundary that separate the
input pattern into distinctive two classes: ‘stable’
and ‘unstable’. Furthermore, to determine
the FKNN’s hyper-parameters, the Flower
Pollination Algorithm (FPA) [27], a recently
developed nature-inspired metaheuristic, is
employed. The remaining part of this paper is
organized as follows. The second section of this
paper presents the research methodology. The
framework of the proposed model is described
in the third section, followed by the experimental
results. Conclusions of this study are stated in the
final section.

2. Research Methodology
2.1 Historical dataset of soil slope stability

A database consisting of 168 data samples,
collected from previous studies [4, 15, 20, 24,
28], are employed to establish and verify the new
slope assessment method. Based on previous
researches, 6 influencing factors, including unit
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weight (kN/m?), soil cohesion (kPa), internal
friction angle (°), slope angle (°), slope height
(m), and pore pressure ratio, are employed to
characterize an earth slope (see Fig. 1).

Parameters of a slope

7 C o R,

_______________

Fig. 1 Illustration of a soil slope

Table the
the influencing factors and their statistical
descriptions. The several data samples are shown

1 provides information of

minimum values of the factor, respectively.

in Table 2 where the output of ¥ = 1 indicates a
stable slope and the output of ¥ = 0 represents
an unstable slope. In the current database, there
are 84 stable slopes and 84 unstable slopes.
To prevent the situation in which inputs with
greater magnitudes dominate those with smaller
magnitudes, the influencing factors have been
normalized into a [0, 1] range using the following
formula:

X — Xo _Xmin

— 1
! Xmax_Xmin ( )

where X is the normalized data. X is the original
data. X . and X denote the maximum and

Table 1. Influencing Factors

Factors Notation Definition Max Average Std. Min
X, y Unit weight (kN/m®) 31.30 21.76 4.13 12.00
X, C Soil cohesion (kPa) 300.00 34.12 45.82 0.00
X, [0) Internal friction angle (°) 45.00 28.72 10.58 0.00
X, B Slope angle (°) 59.00 36.10 10.22 16.00
X, H Slope height (m) 511.00 104.19 132.68 3.60
X, R, Pore pressure ratio 45.00 0.48 3.45 0.00

Table 2. The Historical Cases
Case No. X X, X, X, X, X Y
Sah et al., (1994)

1 18.68 26.34 15 35 8.23 0 0
2 16.5 11.49 0 30 3.66 0 0
3 18.84 14.36 25 20 30.5 0 1
4 18.84 57.46 20 20 30.5 0 1
5 28.44 29.42 35 35 100 0 1
164 25 46 35 46 393 0.25 1
165 16.5 11.49 0 30 3.66 0 0
166 25 120 45 53 120 0 1
167 19.06 11.75 28 35 21 0.11 0
168 18.84 14.36 25 20.3 50 45 0
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2.2 The Fuzzy k-Nearest Neighbor algorithm
(FKNN)

The FKNN [26] belongs to the class of
instance-based learning. This algorithm employs
the all the collected dataset to establish its
memory. The FKNN assigns class memberships
to a data sample based on the characteristic of
its input vector. Furthermore, the membership
values provide a level of assurance to accompany
the resultant classification [25, 29, 30]. The
algorithm also assigns fuzzy memberships as
a function of the data sample’s distance from
its k nearest neighbors and those neighbors’
memberships in the possible classes. Due to such
features, competitive prediction performance
of the FKNN has been demonstrated in various
studies [25, 31, 32]. This section of the article
describes the concept of the FKNN in detail.

The first step of the FKNN is to compute the
fuzzy partition matrix U = [”;,-] from the memory
which stores a set of n training sample vectors
[x,,...,x ]. Herein, j is denoted as the sample index
(j=1,2,...,n), where n is the number of training
samples. And, the variable i represents the class
index (i =1, 2, ...,C) , where C is the number
of classes. For each training case x, we identify
its k nearest neighbors by calculating Euclidean
distances. The membership degree of the data
sample x, in the class i is given as follows:

0.51+(n;/k)x0.49, if c(x;) =1

(n,/k)x0.49, ife(x,)#i
2)

where n. denotes the number of neighbors found

u; (x) = ui(xj) = {

which belong to the class i and c(xj) is the class
label of the data sample x. It is noted that u, is an
element of the C-by-n matrix U. Moreover, it is
also worth noticing that the purpose of Eq. (1) is
to assign higher fuzzy membership grades to the
training samples that stay away from the decision
boundary and lower fuzzy memberships grade to the
patterns that stay in the vicinity of the classification

boundary (Keller et al., 1985). The reason is that the
information supplied by the samples in the region
close to the decision surface is more uncertain than
that provided by other samples.

Because u, is a fuzzy membership grade of
the sample X, in the class i, u; must satisfy the
following properties:

u,; € [0,1] (3)
iuij =1 @)
0< iuij <n )

The second step assigns fuzzy memberships
of the unknown sample x to different classes
according to the following equation:

k

(1 =, )
u;(x)= j:1k
DLW fx=x, )

j=1
wherei=1,2,...,C,andj = 1,2,...k. It is noted that ;
represents the j sample vector among the & nearest
neighbors of x. C denotes the number of classes;

(6)

k is the neighboring size. The fuzzy strength m
reflects how heavily the distance is weighted
when computing each neighbor’s contribution to
the membership value. | x—x; | is the Euclidean
distance between x and its j® nearest neighbor
x. u,, represents the membership degree of the
sample vector x, in the class i and is computed in
the first step of the algorithm (as shown in Eq. 1).

2.3 The Flower Pollenation Algorithm (FPA)

The FPA [33] is a metaheuristic that has
the inspiration from the characteristics of the
flower pollination process. In the natural world,
pollination is the process by which pollen is
transported from the male section (anther) to the
female section (stigma) of the plant. Typically,
there are two means of pollination: biotic and
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abiotic [34]. The first means of pollination is
often achieved by the assistance of pollinators
such as insects, birds, and other animals. The
second means of pollination does not involve
pollinators; instead of that, wind and water flow
are employed to deliver pollen.

In addition, pollination can be categorized
into two major forms: self-pollination and cross-
pollination [35]. In cross-pollination, pollen of a
flower is transferred to a flower of a different plant.
Meanwhile, the second form of pollination is the
process of transferring pollen from one flower
to another flower of the same plant. It is noted
that in biotic and cross-pollination, pollen can be
transported to distant areas since pollinators such
as bees and birds can travel long distances.
Generate an mitial population of N flowers randomly
Evaluate population fitness
Identify the best solution Xp.xin the current population
Define the switch probability p
Define the mecimum iteration Tpax

Fori=1to Tpax
Fori=1lto ¥V

r~U(0,1) // ris a uniform random number
Ifr<p
Generate L ~ Levy
Perform global pollination: x™ = x} + L(x! - x,,.,)
else
Perform local pallination: xfﬂ‘ ) x; + &'_(x; - xj)
End if
I (™) < f(x)
Xtz
If £ () < f ()
Kozt = _X.{
Endif
Endif
End For

End For
Returnxpeg

Fig. 2 The Flower Pollination Algorithm (FPA)

Inspired from such features of the pollination
process, the FPA is formulated as an optimization
algorithm in which biotic and cross-pollinations
act as global search, abiotic and self-pollinations
are utilized as local search (see Fig. 2) [33].
Compared to other nature-inspired algorithms,
the FPA possesses a promising capability of
global search [27, 36-38]. In the FPA, a solution

x in the search space represents a flower. For
the purpose of locating the optimal solution,
pollination, in either global or local forms, is
considered to be successful if the pollen from the
solution x, is transferred to the solution xjwith
a better fitness. Because the moving patterns
of bees and birds can have Levy flight [35, 39]
behavior with fly distance steps following a Levy
distribution, the global search of the algorithm
may benefit from Levy flights. Furthermore, the
local and global pollinations can be controlled by
a switch probability p. Experimentally, Yang [33]
recommended that p can be set as 0.8.

The Levy flight-based global pollination can
be mathematically stated as follows:

trial __ _t t
X; - 'xi +LX ('xi - xbest)

1

()

/ . . .
are solution vector X, at iteration

where x; and x"™
tand a trial solution, respectively. x,  denotes the
current best solution. The parameter L dictates the
length of pollen traveling distance. Herein, the
Levy flight is employed to mimic flying patterns
of pollinators. L is a random variable drawn from

a Levy distribution.

The local pollination as a means of local
search can be expressed as follows:

trial __ _t t t
X, =x +E(x; — X))

(8)
where x| and x', are pollens produced by different
flowers of the same plant species.£€ [0, 1] is
a random number generated from a uniform
distribution.

3. The proposed Fuzzy Instance-Based
Classifier with Flower Pollination Algorithm
(FIBC-FPA) for slope stability assessment

This section describes the model concept of
the proposed slope stability assessment approach,
named as FIBC-FPA, in detail. The model (see
Fig. 3) is constructed by a combination of the
FKNN and the FPA algorithms. The FIBC-FPA
employs the FKNN to generalize the classification
boundary that separates an input vector into two
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classes: ‘Stable’ and ‘Unstable’. Additionally, the
FIBC-FPA employs the FPA to properly determine
the values of the FKNN’s hyper-parameters: the
neighboring size (k) and the fuzzy strength (m).

Hyper-parameters initialization
Dataset

Fuzzy K-nearest Neighbor
prediction

Flower Pollination
Algorithm

Global Pollination
Local Pollination

Predicted Slope Assessment

Fig. 3 The proposed Fuzzy Instance-Based Classifier
with Flower Pollination Algorithm (FIBC-FPA) for slope
stability assessment

3.1 The Dataset

As described earlier, the dataset used in this
research includes 168 real cases of soil slope
stability collected in various regions. It is noted
that within the dataset, the numbers of stable
(Y = 1) and unstable slopes (¥ = 0) are both 84
samples. The dataset is randomly divided into
two sets: the training set (used to establish the
model memory) and the testing set (used to
verify the model performance). It is noticed that
the training and the testing sets occupy 90% and
10% of the whole dataset.

3.2 Fuzzy k-Nearest Neighbor Prediction

Before the FKNN can carry out prediction tasks,
the model tuning parameters (k and m) are randomly
generated within their ranges of lower and upper
boundaries. On the basis of experiment, the lower
and upper boundaries of the neighboring size (k)
are 1 and 30, respectively. Meanwhile, the lower
and upper boundaries of the fuzzy strength (m)
are 1.0001 and 10. After the two hyper-parameters
have been specified, the FKNN algorithm can
assign fuzzy memberships of an input sample to
two classes (‘stable’ and “unstable’). Thus, for each
input pattern x, there are two outputs, u (x) and

u,(x), representing membership degrees of the input
sample x within the two aforementioned classes.
Since the FKNN produces fuzzy memberships
of an input pattern in the two classes, a step of
defuzzification is needed to convert fuzzy outputs
to crisp outputs Y(x) as follows:
Y(x)=arg ma;((ul. (x) 9)
i=1

3.3 The Flower Pollination Algorithm

The FPA optimizer is integrated with the
FKNN to optimize the classification algorithm’s
model selection process. Iteratively, the FPA
carries out the global and local pollination
phases to guide the population of flowers to
better solutions. By evaluating the fitness of
each individual, the algorithm discards inferior
combinations of m and k, and allows high quality
combinations of these parameters to be passed on
the next iterations.

3.4 Fitness Function Evaluation

At this step, the training data set is separated
into five mutually exclusive subsets. One subset
is in turn used as a validating set; meanwhile, the
other subsets are used for building up the FKNN’s
memory. To evaluate the model’s fitness, the

following objective function is used:

1
Fﬁmess == (10)

5

) CAR,

k=1
where CAR, denotes the classification accuracy
rate of the validating set at the A" run. The
classification accuracy rate is simply computed as
the number of correct classifications divided by
the number of all data instances within a data set.

3.5 Optimized Slope Assessment Model

The optimization process of the FPA will
terminates when the maximum number of
generation 1s achieved. When the searching
process terminates, the most desirable set of hyper
- parameters has been identified. The proposed
FIBC-FPA is ready to predict new input patterns.
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4. Experimental Results and Comparison

As mentioned earlier, 90% of the dataset is
used for constructing the prediction model; 10%
of the dataset is reserved for the model testing
process. The slope conditions of testing data points
are unknown for the prediction model. Thus,
the testing samples have the role of new slope
evaluation tasks which need to be assessed and
such reserved samples can be used to verify the
constructed model. In fact, since the FIBC-FPA is
an instance-based classifier, the training process of
the model is not required. The model simply stores
all of the training samples in its memory.

Furthermore, to alleviate the randomness
in selecting testing samples, the whole dataset
(containing 168 cases) is randomly divided into
ten mutually exclusive data folds. Each fold in turn
serves as testing samples; and the performance of
the prediction model can be evaluated via average
results of the ten folds. This process is the ten-
fold cross validation which is commonly used for
verifying model performance [29, 40]. Because
all of the subsamples are mutually exclusive,
this approach can estimate how accurately the
proposed slope assessment model performs in
the real world circumstance.

Table 3. The confusion matrices of the FIBC-FPA’s prediction results

S Predicted e Predicted
0 Stable Unstable ° Stable Unstable
Stable 8 1 Stable 8 y)
Unstable 0 6 Unstable 0 i
Predicted Predicted
Fold 2 Fold 7
Stable Unstable Stable Unstable
Stable 7 1 Stable 7 2
Unstable 1 8 Unstable 0 8
Predicted Predicted
Fold 3 Fold 8
Stable Unstable Stable Unstable
Stable 8 1 Stable 8 1
Unstable 2 6 Unstable 0 8
Predicted Predicted
Fold 4 Fold 9
Stable Unstable Stable Unstable
Stable 8 1 Stable 8 0
Unstable 1 7 Unstable 1 8
Predicted Predicted
Fold 5 Fold 10
Stable Unstable Stable Unstable
Stable 6 0 Stable 7 0
- C ————— ———————————
Unstable 2 9 Unstable 0 10
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Table 4. The FIBC-FPA’s prediction results

Fod | 1 | 2 | 3 | 4 | 5 | 6 | 7] 8 [ 9 | 10 |Average
Training

AUC | 099 | 099 | 099 | 099 | 1.00 | 1.00 | 099 | 099 | 099 | 099 | 0.99

CAR | 99.35 | 9934 | 99.34 | 99.34 | 100.00 | 100.00 | 99.34 | 99.34 | 9934 | 99.34 | 99.47
Testing

AUC | 094 | 088 | 08 | 088 | 091 | 090 | 0.89 | 094 | 094 | 1.00 | 091

CAR | 9333 | 8824 | 8235 | 8824 | 8824 | 8824 | 88.24 | 94.12 | 94.12 | 100.00 | 90.51

The confusion matrices of the FIBC-FPA’s
prediction results are shown in Table 3. The
detail result of the proposed model obtained from
the ten-fold cross validation process is provided
in Table 4. In Table 4, the Area Under the Curve
(AUC) and the Classification Accuracy Rate
(CAR) are employed to quantify the model
performance. It is worth noticing that an AUC is
a portion of the area of the unit squares, its value
will always be between 0.0 and 1.0 [41, 42]. It is
worth noticing that higher the AUC value better
is the model prediction performance. The CAR
is calculated as the ratio of correctly classified
cases over the total number of classified cases.

Table 5. Result Comparison

Models | BDA | RMV | ANN | svc | FIBC-FPA
Training

CAR [75.07] 8023 | 87.03 [95.97| 99.47

AuC [ 075 | 080 | 087 [ 096 | 099
Testing

CAR [75.06| 7624 | 78.67 | 79.25] 9051

Auc [ 075 | 076 [ 079 [079| 091

Additionally, to benchmark the capability
of the proposed FIBC-FPA, its performance
is compared to results obtained from the other
state-of-the-art approach including: the Support
Vector Classifier (SVC) [43], the Artificial
Neural Network (ANN) [44], the Relevance
Vector Machine (RMV) [45], and the Bayes
Discriminant Analysis (BDA) [46]. The result
comparison is provided in Table 5. Observed
from the Table S, the average AUC values of the

BDA, RVM, ANN, SVC, and the proposed FIBC-
FPA algorithms for the testing cases are 0.75, 0.6,
0.79, 0.79, and 0.91, respectively. In addition,
the average CAR of these prediction models for
the testing cases are 75.06%, 76.24%, 78.67%,
79.25%, and 90.51%. From the experiment, it
can be seen that the newly proposed method has
achieved a roughly 11% in terms of classification
accuracy. These facts convincingly prove that the
new approach is a very promising tool to assist
civil engineers in slope assessment.

5. Conclusion

This study contributes to the body of
knowledge by introducing a novel approach
for soil slope assessment. The proposed FIBC-
FPA is established by hybridization of the
FKNN, FPA and a dataset consisting of 168
actual cases of slope conditions. The FIBC-FPA
employs the FKNN as a classifier to predict the
stable/unstable condition of a soil slope when
the input information of the slope is available.
Furthermore, the FPA is utilized to optimize the
FKNN’s model selection process.

Since the FIBC-FPA is an instance-based
learning model, its prediction process can be
easily comprehended by practical engineers; this
is contrasted to the black box learning approach
used in the SVC, RMV, and ANN algorithms.
Moreover, the proposed model can operate
independently and change its structure adaptively
according to updating information; this enhances
the applicability of the model because the
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geotechnical engineers can use it without domain
knowledge in soft computing.

To verify the performance of the FIBC-FPA,
the BDA, RVM, ANN, and SVC algorithms
are employed as benchmark approaches. The
experimental result has shown that the new hybrid
soft computing method is capable of delivering
the most accurate slope prediction result.
Accordingly, the proposed FIBC-FPA deems
best suited to tackle the problem of interest. The
future direction of the current research is to apply
the FIBC-FPA to solve other problems in the
civil engineering domains and experiment novel
modification to enhance the model prediction
accuracy.
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Abstract

We introduce the concept of Differential Privacy which provides us a guarantee that no matter what the adversary knows
about you via auxiliary information sources, your participation in a given dataset will not be affected (this is what
“differential” means). This concept has brought about significant results over the past ten years. In this article, we briefly
describe the origins of the definitions of differential privacy and its main mechanisms then comes a short list of important
applications using differential privacy. We hope that the study attracts a wider interest for this beautiful privacy concept
and invites further research for applications in statistical analysis.

Keywords: Differential privacy, Laplace mechanism, Exponential mechanism, Data analysis.

Tém tit

Trong bai bao nay chung toi gidi thiéu vé Differential Privacy (Tinh riéng tu sai phan), mot dinh nghia vé tinh riéng tu
dam bao rang: bat ké ké tin cong biét nhiing thong tin bén ngoai, viéc ban c6 mit hay khong trong mot tap dir lidu s&
khong bi anh huéng (d6 ciing 14 y nghia ctia tir “differential” trong tén goi). Khai niém nay da dwa dén rat nhiéu két qua
quan trong trong hon mudi nim qua. O day chung t6i mé ta ngin gon ngudn gbe khai niém va cac co ché thuong ding
trong differential privacy. Ching t6i hy vong bai gi¢i thiéu nay s& giup khai niém dugce phd cap hon va thu hat nhiing
nghién ciru méi, dic biét 1a cac ing dung phan tich théng ké.

Tuwr khoa: Tinh riéng tu sai phan, Co ché Laplace, Co ché ham mi, Phan tich dit liéu.

I. INTRODUCTION a de-identified table with publicly available

Nowadays, data is produced and collected at a
phenomenal rate. Analysis of huge data sources
brings unprecedented benefits but also threatens
the privacy of people. We usually encounter a
paradox of learning nothing about an individual
while learning useful information about a
population. Syntactic processing paradigms
like the suppression of identifying fields were
eventually proven unsuccessful, as confirmed
in past privacy breaches, by simply joining

Email: nguyenhuuhiep2@dtu.edu.vn

databases. Therefore, the need increases for

a robust, meaningful, and mathematically
rigorous definition of privacy, together with a
computationally rich class of algorithms that
satisfy this definition. Differential Privacy (DP)

[12] is such a definition.

ad hoc privacy models like
k-anonymity [31], I-diversity [23], and t-closeness

Previous

[20] formalize the intuition of “privacy by
blending yourself into a crowd” to hinder re-
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identification attacks. In k-anonymity, quasi-
identifier fields are suppressed or generalized,
so that each record is indistinguishable from
at least k —1 other records. Record linkage
attacks are avoided, but not attribute linkage
attacks, which are prevented in 1-diversity. The
concept of earth mover’s distance employed
by t-closeness deals with probabilistic attacks,
focusing on how the attacker would change his
probabilistic trust in the sensitive information
of a victim after accessing the published data.
Common limitations of these approaches include
ad hocassumptions on auxiliary information,
heavy information loss, and suboptimality. An
excellent survey on different privacypreserving
data publishing (PPDP) was presented by Fung
etal. [13].

Differential privacy is a formal privacy model
initially developed for use on tabular data to offer
strong privacy guarantees without depending
on an adversary’s background knowledge,
computational power or subsequent behavior.
Because absolute privacy is impossible (see
[9] and [12, Section 1.1]), differential privacy
as an instance of relative privacy proves to be
useful with many successful applications in
data analysis tasks. It is also found to have tight
relations to other fields such as cryptography,
statistics, complexity, combinatorics, mechanism
design and optimization.

In this paper, we review the concept of
differential privacy as well as its key properties
and mechanisms (Section II). Then we illustrate
the usefulness of differential privacy via a few
statistical applications (Section III). Finally,
Section IV concludes the paper with further
discussion.

I1. DEFINITIONS AND MECHANISMS

The wunderlying principle of differential
privacy is that giventwo databases D and D’such
that D'= D U {x} ,i.e. D and D'differ only by a

single item, the probability distributionson the
results of D and D'under differential privacy will
be“essentially the same”. More formally,

Definition 2.1: A randomized algorithm A is
(&, 0)-differentially private ((&, 6)-DP) if for any
two neighboring datasets D and D’, and for any
output O € Range(A),

PH{A(D)€EO]<e"PHAD)EO]+6 (1)

If & = 0, we have the definition of e-DP which
is proved stricter than (g, 6)-DP in [8], i.e. the (g,
0)-DP requires less distortion than e-DP.

Bearinmindthat, asarelative privacy, differential
privacy merely ensures that one’s participation in a
dataset will not be disclosed. It is very likely that
conclusions drawn from the dataset may reflect
statistical information about an individual. For
example, given a dataset of 100 individuals, 80 of
them have a certain property P . Noisy answers to
the queries of the dataset size and the numbers of
users having the property P are, for example, 101.3
and 78.6 respectively. From these noisy counts, an
analyst (as well as an attacker) can estimate that any
user has the property P with probability of 77.6%,
very close to the true statistics 80%. However, this is
a statistical information over the whole population,
not related to the participation of any individual to
the dataset as guaranteed by differential privacy.

A. Properties

Composability is anice property of differential
privacy which is not satisfied by other syntactic
privacy models such as k-anonymity, 1-diversity
or t-closeness.

Theorem 2.1
compositions [25])

(Sequential and parallel

Let each A, provide £-DP. A sequence of A, (D)
over the dataset D provides ) | &,-DP. Leteach Ai
provide £-DP.

Let {D,} be arbitrary disjoint subsets of the
dataset D. The sequence of A, (D,) provides max ¢ -
DP.
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These composition properties allow many
complex differentially private algorithms to break
down to composable steps in which Laplace and
exponential mechanisms play the role of building
blocks. Most of the cases, the proof of o-DP for
a given algorithm is obtained automatically. The
remaining task of algorithm designers is to reduce
the variance of randomized outputs for better
utility. To our knowledge, none of the previous
privacy concepts like k-anonymity, l-diversity
or t-closeness and their variants possesses these
composition properties.

B. Mechanisms

Laplacemechanism [11] and Exponential
mechanism [25] are two standard techniques in
differential privacy. The latter is a generalization

of the former.

Laplace mechanism is based on the concept
of global sensitivity of a function fwhich is
defined as Af'=max . [|f (D) — f(D")||, where the
maximum is taken over all pairs of neighboring
D, D’ . Given a function f and a privacy budget
g, the noise is drawn from a Laplace distribution
Lap()) = p(x|A) = 1/2A e ™* where A = Afe.

Theorem 2.2: (Laplace mechanism [11]) For
any function /: D — RY, the mechanism A

A(D)=f(D)+<Lapl(Ag}...,Lapd[iJ>

satisfies g-DP.

2)

Note that Laplace noise has zero mean and
variance 2A?. So larger values of € mean lower
noise variance, the noisy outputs is then closer to
the ground-truth, hence better utility and lower
privacy level.

Geometric mechanism [14] is a discrete variant of
Laplace mechanism with integral output range Z and
randomnoise A generated from a two-sided geometric
distribution Geom(0): pr{A = | ] = 1_7“,1\5\. To
satisfy 9-DP, we set a = exp(—¢). "

For non-numeric data, the exponential

mechanism is a better choice. Its main idea is
based on sampling an output O from the output
space O using a score function u. This function
assigns exponentially greater probabilities to
outputs of higher scores.

Theorem 2.3: (Exponential mechanism [24])
Given a score function u: (Dx0O) — R, for a
dataset D € D, the mechanism A that samples
an output O with probability proportional to
exp(e.u(D, O)) satisfies 2eAu-DP.

When the queries are monotonic, i.e. changing
from D to D’, all queries change in the same
direction, the privacy bound is strengthened to
€Au-DP.

0.5

045 probability of AD) = 9.4 when
X does not appear in the dataset

0.3r

probability of A(D") = 9.4 when
0.2r X appears in the dataset
0.1

5 6 7 8 9 10 11 12 13 14 15

0

Fig.1. Illustration of differential privacy.

Fig. 1 shows an example of differential
privacy via Laplace mechanism. Assuming that
a counting query on dataset D returns 10 if user
X does not appear in it and returns 11 otherwise
(i.e. the case of dataset D). If true results are
returned, the participation of X is revealed by a
simple difference attack. To hide this sensitive
information, randomized results would be
preferred. Assuming that € = 1, the randomized
result via Laplace mechanism will be A(D) = 10
+ Lap(1) because the global sensitivity Af is 1
for this example. Similarly, A(D") = 11 + Lap(1).
The ratio between the probabilities of A(D) and
A(D’) at any possible values (e.g. 9.4 as in Fig. 1)
is bounded in [e!, e].

To achieve (g, 8)-DP, we can use Gaussian noise
with L -sensitivity replaced by L, -sensitivity Af=

max, ., [[f(D) — f(D')[],. Zero-mean Gaussian noise
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has the pdf G\/l%exp[—;;z]
Theorem 2.4: (Gaussian mechanism [10]) For

any function f: D — RY, the mechanism
A(D) = f(D)+(N,(0,0),...,N,(0,0)) 3)

satisfies (g, 0)-DP if o =42In(2/5)/exAf and
N(0,6°) are i.i.d Gaussian random variables.

C. Interactive vs. Non-interactive Settings

non-interactive

A(D, !
D (D.g) D Any queries %
interactive

[) - Queries (q ,£).(q €. jEE:
-

Noisy answers

Fig.2. Interactive vs. Non-interactive settings

There are two common settings for releasing
data differential privacy: interactive versus
non-interactive as illustrated in Fig. 2. In non-
interactive setting, given a privacy budget &, the
data curator publishes a noisy dataset and shuts
down D. The users can perform any mining
operations on . In interactive settings, the users
are allowed to submit a number of queries (q, €)
where q, is the query over D and ¢, is the budget
of q, such that }' &, <e. It means after a query, the
privacy budget is reduced and when it reaches

zero, no more queries are allowed.

III. STATISTICAL APPLICATIONS

In this section, we review typical applications
of differential privacy in data analysis tasks on
tabular, graph and location data.

A. Tabular Data

Tabular data represents a collection of items
in a multidimensional space (each dimension
is an attribute). Simple statistical operators like
counting and summing can be used as building
blocks in a wide range of learning tasks [3] over
tabular data. We review below two types of

counting problems and the well-known k-means
that can be converted to e-DP versions.

contingency  table
publication: A histogram is typically defined over
a specific domain as a partition of data points into

1) Histogram and

disjoint bins. Two widely used types of histogram
are unattributed (semantic meaning of each bin is
irrelevant to the analysis, the histogram can be
viewed as a multiset of counts) and attributed
(keeping the semantic meaning of each bin).

Contingency table is a table of counts over set
of attributes. These counts are called marginals and
their release has the goal of revealing correlations
between many different sets of attributes. Barak et
al. [2] applied Laplace mechanism on the Fourier
coefficients of dataset vector (after being cast
from high-dimensional space, indexed by attribute
tuples), and then employ linear programming to
create non-negative synthetic contingency tables.
An improvement for sparse data is sketched in
[7], with a short-cut approach using sampling and
filtering techniques. Geometric noise is added to
fulfill e-DP.

Example 3.1: Assuming a tabular dataset in
three dimension (Table I) with domains Dom(A)
= {al, a2}, Dom(B) = {bl, b2, b3}, Dom(C) =
{c1, c2}, the ground-truth histogram of attribute A
is h(al) =4, h(a2) = 2. Similarly, the ground-truth
contingency table of attribute set {A,B} is shown
on the right. To obtain a noisy histogram satisfying
e-DP over attribute A, we may add geometric noise
(Section II-B) to the ground-truth histogram. One
such noisy output may be h =[3, 6].

TABLE I. A TABULAR DATASET AND A CONTINGENCY TABLE

AlB|cC
1 al bl cl
2 [al | b3 ] cl bl [ b2 ] b3
3 |at |ov1 | e al 31011
4 la|v | 221010
5 a2 | bl |2
6 [ a1 | bl | el
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Hay et al. [17] pointed out that consistency-
constrained inference, if used as a post-processing
step, is able to boost the accuracy of histogram
queries, for both unattributed and universal
histograms. The application of [17] to estimate
the degree distribution of private networks is
demonstrated in [16].

Range count queries are optimized by wavelet
transform in Privelet technique [35]. Privelet
adds polylogarithmic noise to the transformed
data. One-dimensional ordinal (resp. nominal)
data goes with Haar (resp. nominal) wavelet
while multidimensional data needs standard
apply
transform along each dimension in turn.

decompositions  to onedimensional

2) Linear counting queries: Li et al. [18]
generalize two approaches in [17] and [35] by
matrix mechanism, an algorithm answering a
workload W of linear counting queries. Their
idea is to use another set of queries (called query
strategy) A as query proxy to the database. Noisy
answers on the query strategy are then used to
derive answers for the workload. By doing so,
they hope to exploit noise distribution correlation
to increase accuracy.

Definition 3.1: (Linear query) A linear query
is a length-n row vector q = [q, ...q ] with each
q,€ R. The answer to a linear query q on x is the
vector product qx = q,x, +..Tq X .

If Q is an mxn query, the query answer for
Q is a length m column vector of query results,
which can be computed as the product Qx.

Example 3.2: Given the dataset in Table I,
the full domain is of size 2 X 3 x 2 = 12. The
counting vector x wouldbe [21 00100200
0 0] because the number of occurrences of tuple
{al, bl, cl} is 2 and so on. To get the number
of tuples containing al, we need the linear query
qal)=[1111110000 0 0]. Similarly, to get
the histogram of attribute A as in Example 3.1,
we need the following query

111111000000
{000000111111}

In [18], a semidefinite program with rank
constraint is formulated with complexity O(n®)
and some approximations are developed. The
distinct novelty of [18] is to point out that some
mechanisms in [17] and [35] are special cases
of matrix mechanism. Eigen-Design [19] is
an efficient implementation with complexity
of O(n*). It uses singular value decomposition
(SVD) lower bound to reduce the search space
for matrix A from full space R to linear space
spanned by eigenvectors of WTW .

The full-rank limitation of [18] is emphasized
in [36]. Yuan et al. then proposed the low-rank
mechanism (LRM) to reach the theoretical lower
bound proven in [15]. The workload matrix is
decomposed and its constraint is relaxed. The
results show LRM’s outperformance over [35]
and [17] in most of query scenarios.

3) K-means: We use the k-means problem [3],
[21] to illustrate the usage of Laplace mechanism
as building blocks. Given a d dimensional dataset
D = {x,,....x, |, k-means tries to find K centroids
{0,,...,0,} so that the Normalized Intra-Cluster
Variance (NICV) is minimized

2
X, =0 @

It means that with a fixed set of K points

1 i
NICV =—
Nj=1

k,k=argmink,|)c/.—o,(,|2

{0,,...,0}, each data point X, is assigned to the
nearest o, and NICV is the average distance. The
standard k-means starts by selecting K points
as the initial centroids. The algorithm then tries
to improve these centroids iteratively until no
improvement can be made. In each iteration, one
first partitions the data points into K clusters,
with each point assigned to the nearest centroid.
Then, one updates each centroid to be the center
of the data points in the cluster.

Assuming that all data points are normalized
to the hyper-rectangle [0,1]¢, an &-DP version of
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k-means is as in Algorithm 1 (see [3]). Noise is
injected into the computation in Lines 5 and 7.
The computations in these two lines consume
a privacy budget of &/T(d+1) and ed/T(d+1)
respectively. Therefore in each iteration, we
need a privacy budget of &/T(d+1) + &d/T (d+1)
= ¢/T. After T such iterations, DP-Lloyd uses up
all the budget €. Note that Line 4 partitions the
dataset into K disjoint subsets, so the parallel
composition (Theorem 2.1) applies.

Algorithm 1 DP-Lloyd

Input: X : dataset with N data points in
R4 K : number of clusters. T : number of
iterations. € : privacy budget.

Output: K noisy means

1: initialize a set of random K means
00= (50, .5 }

2:fort=1—Tdo
3:fork=1—-Kdo
4: O, = {ij = arg minj, ||Xj, — 5(t)k||z}

5:n,_= 1|0, + Lap(T(d+1)/¢)

6: 8¢ :ij cok

7. s, = s+ <Lap(T(d+l)/de), ..,
Lap (T(d+1)/de>

8: 0V =s/n

9: return{o™®,..,0 D}

B. Graph Data

1) Graph Structure and Statistics Publication:
Although tabular data is very popular, many
problems would be better represented in graph
form which composes of nodes standing for
entities and edges characterizing the relationships
among the entities. In Fig. 3, a simple graph of 6
nodes and 7 edges is displayed. Several privacy
problems for graph data are: graph structure
publication, graph statistics publication, graph

private computation and so on. In the context
of graph, two neighboring datasets D and D’ are
replaced by two neighboring graphs G and G’

If G and G’ differ in only one edge, we have
the concept of edge differential privacy.

If G and G’ differ in only one node and its adjacent
edges, we have the concept of node differential
privacy. Node differential privacy is much harder
to achieve than edge differential privacy.

Original graph G Anoisy graph

Fig.3. A simple graph whose structure should be protected

Recent work on edge/node differential privacy
is surveyed in [29]. Given a simple graph in Fig.
3 (left), a possible noisy graph is shown on the
right. We can represent the two graphs in the
form of adjacency matrix as follows.

011000] 011010]
101000 100100
110100| ~ |100000
A(G) = A(G) =
001011 010011
000101 100100
000110] 000100]

The problem of graph publication under
edge differential privacy comprises two main
techniques: direct publication and model-based
publication. Direct publication means that the
output graph is constructed by directly adding
noise to each edge, followed by a post-processing
step. TmF [29] and EdgeFlip [27] belong to this
category. The other technique, model-based
publication, relies on an intermediary structure to
extract some crucial statistics from the original
graph. The noise is added to the statistics in a
differentially private manner. Finally , sample
output graphs are regenerated from these noisy
statistics. This category includes 1K-series,
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2K-series [30], [32], Kronecker graph model
[26], graph spectral analysis [33], DER [6],
HRGMCMC [34] and ERGM (Exponential
Random Graph Model) [22].

2)  Community Detection: For private
computations on graph that satisfy differential
privacy, we select the community detection
problem [28]. It is quite related to e-DP K-means
(Section III-A3) but is much harder and the
algorithms by Nguyen et al. [28] address only the
case of edge differential privacy. The objective of
€-DP community detection is to find a clustering
of nodes C such that the modularity Q(G,C) is
maximized. Modularity is a quality measure for
network clustering. It is based on the idea that a
random graph is not expected to have a modular
structure, so the possible existence of clusters is
revealed by the comparison between the actual
density of edges in a subgraph and the density
one would expect to have in the subgraph if the
nodes of the graph were connected randomly (the
null model). The modularity Q is defined as

a1 (Y
Qz[m (2m” ®)

where m is the number of edges in G, n, is
the number of clusters, /_is the total number of

edges joining nodes of community ¢ and d, is
the sum of the degrees of the nodes of c. Fig. 4
demonstrates the two clusterings of nodes C, and
C, with different modularity scores.

Fig. 4. Community detection

In [28], Nguyen et al. propose two schemes:

LouvainDP which runs Louvain algorithm
on a noisy supergraph and ModDivisive
usesexponential mechanism (Theorem 2.3) with
the modularity Q as the score.

C. Location Data

In the context of location privacy, user exact
location will be replaced by a noisy location with
a requirement that the closer the noisy location is
from the exact location, the stronger the privacy
is asked for. Differential privacy concept can be
extended from Formula (1) in which D, D" and O
are locations.

Geo-indistinguishability [1] 1s such an
extension. Let x, x’ be any locations and y is any

output, we should have
Pr(y|x') < e Pr(y | x)

Also, Laplace mechanism can be extended to
count for Euclidean distance on the plane. The 2D
noise is sampled from the following distribution

[1]
52
D (3%,)(x) = e )
27

where x € R* is the exact location and &*/2m is
the normalization factor. Fig. 5 shows an example
of D_(x/)(x).

=4 -4

Fig. 5. D (x))(x) with e = 1 at x ;= (0, 0)

In [4], Bordenabe etal.consider the geo-
indistinguishability approach to location privacy,
and the trade-off with respect to utility. They
construct a mechanism that minimizes the service
qualityloss, usinglinear programming techniques.
Another application of geo-indistinguishability
appears in [5] in which the authors propose a
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novel elastic distinguishability metric that warps
the geometrical distance, capturing the different
degrees of density of each area.

I'V. ConcLusion

We have presented a gentle introduction to
Differential Privacy, a mathematically rigorous
definition of privacy with a variety of applications
in statistical data analysis. Apart from simple
definition, differential privacy also possesses
several important properties such as composition
which makes privacy proof automatic in most

cases. This beautiful privacy concept still

attracts a vibrant community searching for new
techniques and extensions. We hope to see new
theoretical results and applications in upcoming
years.
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Abstract

This study concerns dynamical systems whose dynamics are affine in the control input. Such dynamics are considered
to be written into a canonical form, namely the passive port-Hamiltonian representation in order to explore further some
structural properties usable for the control design (such as interconnection and damping matrices, bounded Hamiltonian
storage function and proportional feedback controller design). The case of a mass-spring-damper system is used to
illustrate the approach. Besides, numerical simulations are included in both the open loop and closed loop.

Keywords: Port-Hamiltonian representation, modeling, dynamical systems, passivity, proportional controller.

Tom tat

Béo cédo nay lién quan dén cac hé théng ma dong luc 1a affine theo déau vao diéu khién. Pong luc cua hé duge xem xét dé
viét lai trong mot dang chinh téc, goi la biéu dién Hamilton thu dong, nhim khao sat rd hon cac dic tinh ciu triic va thiét
ké diéu khién (nhw ma tran két ndi/ giam chén, ham trir nang bi chan va thiét ké by didu khién ti 18). Hé khoi lugng 10 xo

giam soc duoc st dung dé minh hoa phuong phap. M6 phong sé dugc thyc hién trong vong hé va vong kin.

Tir khéa: Biéu dién Hamilton, mé hinh hoa, hé dong luc, thu dong, bo diéu khién ti 16.

1. Introduction

This paper deals with the port-based modeling
of general nonlinear dynamical systems Khalil
(2002); Ortega et al. (1998); Van der Schaft (2017);
Brogliatoetal. (2007) whose dynamics are described
by a set of Ordinary Differential Equations (ODEs)
and affine in the input u as follows:

* The material in this paper was partially presented at the
4th Conference on Electrical, Electronics, communications
and Automation (EECA), October 28, 2017, Duy Tan
University, Da Nang, Viét Nam.

Email: ngocha.h@gmail.com

X =) + gous x(t = 0) = x,, (1)
where x = x(t) is the state vectorin the operating
region D € R, f(x)e R"expresses the smooth
(nonlinear) function with respect to the vector
field x. The input-state map and the control input
are represented by g(x)e R™and wueR",
respectively. It is worth noting that many industrial
occurred in electrical

applications systems,

electromechanical systems or biochemical
systems, etc. belongto this kind of systems

Maschke et al. (2000); Van derSchaft (2000);
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Ortega et al. (2001, 2002); Antonelli and Astolfi
(2003); Favache and Dochain (2010);Ramirez et
al.(2013); Guay and Hudon (2016).

In addition to the Bond graph modeling
Couenne et al. (2006); Eberard et al. (2007); Vu et
al. (2016), the port-based modeling Maschke et al.
(2000); Van der Schaft (2000) leads to extension
of the so-called port- Hamiltonian (pH) systems.
It is always important to transfer the (original)
dynamics of the systems to the port-Hamiltonian
representation prior to developing state feedback
laws for control Ortega et al. (2002, 2008); Ortega
and Borja (2014); Sira-Ramirez and Angulo-Nunez
(1997); Sira-Ramirez (1998). In other words, once
a canonical form (i.e., expressed by the pH model
Maschke et al. (2000); Van der Schaft (2000);
Ortega et al. (2001)) of the systemdynamics
is a priori derived, then the passivity-based
control strategy or interconnection and damping
assignment passivity-based control (IDA-PBC)
and other extensions (such as the energy shaping
control or tracking-error-based control) can be
advantageously applied to show stabilization
properties. The proportional feedback law design
and control scenarios proposed for the simulations
are main contributions of this work.

This paper is organized as follows. Section 2
gives a brief overview of the pH representation of
(affine) nonlinear dynamical systems. Section 3 is
devoted to the modelling and control design of a
mass-spring-damper system in the pH framework.
Some further discussions are given in Section 4.
Section 5 ends the paper with some concluding
remarks.

Notations: The following notations are

considered throughout the paper:

* Ris the the set of real number.

» T is the matrix transpose operator.

» mand n (m < n) are the positive integers.

D 1s the initial value of the state vector.

2. The Passive Port-hamiltonian
Representation of Affine Dynamical Systems

Assume that if the function f{x) verifies
the so-calledseparability condition Guay and
Hudon (2016); Dorfler et al. (2009); Ramirez
et al. (2009); Favache et al. (2011);Hudon et
al. (2015); Hoang et al. (2017), that is, f(x) can
be decomposed and expressed as the product of
some (interconnection and damping) structure
matrices and thegradient of a potential function
with respect to the statevariables, i.e., the co-
state variables :

0H (x)

S/ (0)=[7(0)=R(x)] =~ @
where J(x) and R(x) are the n x n skew-symmetric
inter-connection matrix (i.e., J(x) =-J'(x)) and
the n x n symmetric damping matrix (i.e. R(x)
=R’(x)), respectively whileH (x):R" ->R
represents the Hamiltonian storage function of
the system (possibly related to the total energy of
the system). Furthermore, if the damping matrix
R(x) is positive semi-definite,

R(x)20 3)

Then, the original dynamics described by (1)
is said to be apH representation with dissipation
Maschke et al. (2000); Van der Schaft (2000);
Ortegaetal. (2001). Equation (1) is then rewritten
as follows:

. 0H (x)
x= [J(x) R(x):l oW

T 0H (x
ox

where y is the output.

+g(x)u
4)

~—

y=g(x)

It can be clearly seen for the pH models
defined by(3) (4) that the time derivative of the
Hamiltonian storagefunction H(x) satisfies the
energy balance equation Ortega ef al. (2001)
below:

dH (x) =_[8H(x)T R(X)BH_(x)

dt ox

+u'y ()

ox
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Thanks to (3), (5) becomes:

dH (x
T
=) o
dt —
— sup plied  power
stored  power

From a physical point of view, inequality in (6)

(6)

implies that the total amount of energy supplied
from external source is always greater than the
increase in the energy stored in the system. Also,
equality in (6) holds only if the damping matrix
R(x), that is strongly related to the dissipation
term, is equal to 0. Hence, the pH system (4)
is said to be passive with input u and output
y corresponding to the Hamiltonian storage
function H(x) Van der Schaft (2017); Bao and
Lee (2007). This is one of advantageous features
of the pH representation and has been applied for
the control design, even for the stabilization of
infinite dimensional systems (see e.g., Alonso
and Ydstie (2001); Hoang and Phan (2016)).

We shall not elaborate any further on the pH
representation here (for example, the concepts
related to the cyclopassive/ passive property
or Dirac structure, etc.) and refer the reader to
Maschke et al. (2000); Van der Schaft (2000);
Ortega et al. (2002); Dorfler et al. (2009); Hoang
et al. (2017) for more information.

3. The Mass-spring-damper System Case Study

To illustrate the concepts proposed in Section
2, we illustrate our main points with a simple case
study, that is the mass-spring-damper system.
Originally, the port Hamiltonian representation
has been first considered for electrical or
mechanical systems as seen in the literature (see
e.g., (Ortega et al. (1998); Van der Schaft (2000);
Batlle (2005))).

Drag system of a car traveling over a bumpy
road can be modeled as a mass-spring-damper
system as shown in Figure 1 Batlle (2005).

The following equation is derived using
Newton’s secondlaw McCall (2010)":

dz(t)
dt

M (7)

dzz(t)
o =F—kz(t)—c

where :

* M is the mass of the body;

e Fis the external force;

* kisthesstiffness constant of the (linear) spring;
* ¢ is the damping constant.

i

F(t)

Figure 1: A mass-spring-damper system.

Let x be the vector consisting of the movement

dz(t)

z(t) and the momentum of the body M ——, i.e.

dz(1) |

Iz
X:(xl,xz)TE[Z(l),M7j , (7) can be
rewritten as follows:

dx,

— (o 1™ (o

o Tl e |2 ®
dr M

The system dynamics (8) leads to a pH
representation (4)with:

J(x)= q O] ©)
0 0
R(x)=|, C] (10)
0
g(x)= 1}”=F (1)
d .
y:]’\;_zs Zd (tt) (the velocity) (12)

!'This belongs to the so-called (generalized) Euler-Lagrange
equations of classical mechanics Ortega et al. (1998); Van
der Schaft (2000).
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and, lx,  (13)

H(x) =~k +
2 2 M

In this case, the Hamiltonian storage function
H(x) (13)is equal to the total energy of the system,
(i.e., it characterizes the amount of the elastic
potential energy of the spring and the kinetic
energy of the body, respectively). It therefore has
the unit of energy. The damping matrix R(x) (10)
is symmetric and positive semi-definite.

Remark 1. As an analogy between mechanical
and electrical systems Firestone (1933), itis worth
noting that a second order ordinary differential
equation of the series RLC circuit operated under
a voltage source V (t) can be written as follows:

2. .
14 z(zt)+Rdz(t)+ii(t):dV(t)
dt da C dt

where i(?) is the electric current. This is clearly

equivalentto (7) in some sense.

For the sake of illustration, a geometric shape
of the Hamiltonian storage function H(x) (13) is
shown in Figure?2.

Figure 2: The Hamiltonian storage function

_ 2 2 o
H(x)=ox] +0,x; with o =@, =3

4. Some Further Discussions

4.1 The proportional controller design
Let us state the following proposition.

Proposition 1. Under a zero state detectability
condition and the boundedness from below of
the Hamiltonian storage function H(x) by 0, it
follows that an explicit proportional static output

feedback law of the form,

u=-Ky (14)

with K =K' >0so-called damping injection
gain, renders the controlled pH system dissipative
and therefore asymptotically stabilized at the
(singular) equilibrium x” .

Proof. From (6)(14), one obtains:

aH(x) _
7 <y Ky<0
The proof follows immediately by invoking
La Salle's invariance principle Khalil (2002);
Brogliato et al. (2007); Ortega et al. (2002). A
complete version of the proof can be found in
Hoang and Phan (2016).

Remark 2. The convergence speed of the
controlled system goes faster by increasing
the controller gain K. Better performance of
the controller can be proposed with the gain K
derived from the Ziegler-Nichols tuning method.

Remark 3. Interestingly, the proportional
feedback law u (14) can be considered in Figure
3 as control by simple interconnection where the
controller here is so that

yC:C(uC)zKuC (15)

It can be checked easily that

u (1) 3. () +u(t) y(1)=0vt (16)
since U() = y@) and u(t) =-Y(). The
interconnectionis therefore power continuous

Ortega et al. (1998); Van der Schaft (2017);
Batlle (2005).

Note also that the feedback law (14) may make
the overallsystem worse when the Hamiltonian
storage function H(x) (or also, the power) at any
equilibrium except the trivialonex is nonzero
Ortega et al. (2001). The situation issimilar to
that of the so-called dissipation obstacle Ortegaet
al. (2002).

4.2 Numerical simulations
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The simulations are carried out for the
mass-springdamper system using MATLAB &
SIMULINK.

c()

Figure 3: A standard negative feedback interconnection
structure where z and C(.) are the plant and
thecontroller, respectively.

The open loop SIMULINK model designed
for the simulationsis given in Figure Al of
Appendix with £ =0.25 (N/m), ¢ = 0.5 (N/(s.m))
and M = 6.25 (kg) (see also Longoria (2014))%.
The input force of the system isa unit step, i.e.,
u(t) = S(t) where S(t) is the unit stepfunction.

The initial conditions are chosen to be x (¢ = ()
=X, = Sandx,(t=0) =x, .= 0.Figure 4 shows
the time evolutions of the states of the system and
the storage function. It is shown that the storage
function is bounded from below by a positive
scalar. In other words, it is not equal to 0 since
the states x1 and/or x2 converge to the nonzero

. F
values at steady state (i.e.,x, , = n and x,,, =0).

_'x1(t)

—

0 10 20 30 40 50 60 70
Time (s)

Figure 4: The states and storage function w.r:¢. time.

Now, we propose to stabilize the system at the

ey . * * x\ T T
naturalequilibrium x = (x1 ,xz) =(0,0) .The
control situationis that the system is operating

1 ¢
21t can be shown that the damping factor { ==— equals
ping ¢ Y Tor sl

0:2.The open loop system is therefore underdamped.

normally with theunit step input, at time
t = t,> 0, the unit step inputis switched off and
the proportional feedback law (14) isapplied. The
explicit expression of the manipulated inputis
then expressed as follows:

X,
(1) =(S()=S (1=1)) =K (t=1) (17
where equations (14) and (12) have been used.
The closedloop SIMULINK model with the

proportional feedbacklaw is given in Figure A2
of Appendix with K = 2 and 7, = 30 (s).

Figure 5 shows that the controlled Hamiltonian
storage function with the proportional feedback
(17) ast > +oo.  As
consequence, the global asymptotic convergence

law convergesto 0
of the controlled states x to x* is guaranteed as
seen in Figure 6. Furthermore, the manipulated
input u(17) is physically admissible in terms of
amplitude and dynamics.

3

2.5

AN
i \

/ \
A

0 10 20 30 40 50 60 70
Time (s)

Figure 5:The controlled Hamiltonian storage function
withthe proportional feedback law.

[ -

------

o

x1(t) and xz(t)

0 10 20 30 40 50 60 70
Time (s)

Figure 6: The controlled states and manipulated input
w.r.t.time with the proportional feedback law.

5. Conclusion

In this work, a port-based modeling of mass-
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spring-damper systems is reintroduced and leads
to the so-called port-Hamiltonian representation.
In this presentation, some structural properties
such as interconnection and damping matrices
and Hamiltonian storage function are explicitly
shown. Interestingly, those terms have clear
physical meaning. The feedback design and
control scenarios proposed for the simulations
are main contributions of the paper.

As the pH model is of great interest, it remains
now to extend this structure to biochemical
reaction systems or multi-physics systems (see,
e.g. Dorfler et al. (2009)).
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Abstract

Antioxidant properties of 4 diterpenoid amide derivatives (3HDTA, 3ADTA, 3TDTA, 6HDCA) have been investigated
via hydrogen atom transfer (HAT), single electron transfer-proton transfer (SET-PT) and sequential proton loss electron
transfer (SPLET) mechanisms using density functional theory (DFT) methods. The characterizing thermodynamic
parameters such as C—H bond dissociation enthalpy (BDE), ionization energy (IE), electron affinity (EA) and proton
affinity (PA) have been calculated for the gas phase at the B3LYP/6-311G(d,p) model chemistry. The results show that the
antioxidant capacity follows decreasing trend: 3TDTA > 6HDCA > 3HDTA > 3ADTA. H-atoms at C nearby n-bond play
an important role in the antioxidant ability of diterpenoid amides via HAT mechanism (i.e. C7). 3HDTA is considered the
most antioxidant potential with the BDE (C-H) values at C7 atom is 70.52 kcal/mol. Moreover, via the SETPT mechanism
6HDCA is the most potential with IE and EA value are 9.37 eV and 0.990eV, respectively. Via SPLET mechanism,
3TDTA and 6HDCA show higher antioxidant capacity with PA value are 324.27 and 338.22 kcal/mol, singly.

Keywords:Erythrophleum fordii, diterpenoid amide; antioxidant; HAT; SET-PT; SPLET, DFT.
Tém tit

Tinh chit chéng oxi hoa ciia bén dan xuat diterpenoid amide (3HDTA, 3ADTA, 3TDTA, 6HDCA) dé dugc khéo sat bang
1y thuyét phiém ham mat 6 (DFT) thong qua cac co ché chuyén nguyén tir H (HAT), chuyén don dién ti-chuyén proton
(SET-PT) va mat proton chuyén dién tir lién tiép (SPLET). Céc thong s6 nhiét dong hoc déc trung nhu ning lwong phan ly
lién két C-H (BDE), nang lugng ion hoéa (IE), ai lyc dién tir (EA) va ai luc proton (PA) da duogc tinh toan trong pha khi &
mirc 1y thuyét B3LYP/6-311G(d,p). Két qua chi ra ring kha nang chdng oxi hoa giam theo chiéu huéng 3TDTA > 6HDCA
> 3HDTA > 3ADTA. Céc nguyén tir H tai nguyén tir C gan lién két nt (i.e. C7) dong vai tro quan trong trong kha ning
chbng oxi hoa ctia cac hop chét diterpenoid amides theo co ché HAT. Hop chit 3HDTA dwoc xem nhu 14 chit chdng oxi
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hoa tiém ning nhit véi gia tri BDE(C-H) tai nguyén tir C7 bang 70.52 kcal/mol. Ngoai ra, theo co ché SETPT, hop chit
6HDCA t6 ra 1a chit chéng oxi hoa tiém ning nhét véi gia tri IE va EA 1an luot bang 9.37 va 0.990eV. Theo co ché SPLET,
hop chat 3TDTA va 6HDCA c6 kha ning chdng oxi hoa cao hon véi gia tri PA 1an lugtbang 324.27 va 338.22 kcal/mol.

Tir khéa: Erythrophleum fordii, diterpenoid amide; chat chdng oxi hoa; HAT; SET-PT; SPLET, DFT.

1. Introduction

Erythrophleum fordii (Leguminosae) is a large
tree species that is widely distributed in China,
Taiwan and Vietnam. It is a medicinal and least
toxic plant. It is used as a medicine for invigoration
and promotion of blood circulation'. Recently, Du et
al? have reported phytochemical investigation from
the leaves of Erythrophleum fordii resulted in the
isolation of 13 compounds?. The isolation, structural
elucidation and biotesting of three novel cassaine
diterpenoid—diterpenoid amide dimers, seven
new cassaine diterpenoid amides, erythrophlesins
and 3 beta-hydroxynorery throsuamid from the
leaves of E. fordii were performed’. Among them,
diterpenoid amides represent as ones of the most
massive components with significantly selective
cytotoxic activities (IC,< 10 uM) against cancer
cells. Manh-Hung T.et al® reported a phytochemical
investigation into the bark of Erythrophleum fordii.
This experiment isolated and characterized four
new compounds, two new cassaine diterpenoids
(erythrofordin T and U) and two new cassaine
diterpenoid amines (erythroformine A and B), as
well as nine known compounds. The results in this
in vitro study suggest that cassaine diterpenoid
amines had potential application in the treatment
of human lung. In fact, cassaine diterpene amines
showed potent cytotoxic activity against all non-
small cell lung cancer cell lines less than 6 pM>.
Insight into the possible antioxidant mechanisms of
these interesting compounds may allow explaining
their interesting medicinal activities.

Thus, in this work, the antioxidant capacities
of four selected diterpenoid amides identified
in the leaves of Erythrophleum fordii including
3B-Hydroxydinorerythrosuamide (3BHDTA),

3B-Acetoxydinorerythrosuamide (3ADTA),

3B-Tigloyloxydinorerythrosuamide  (3TDTA)
(6HDCA)
(Figure 1) were evaluated. Three common
mechanisms, namely the hydrogen atom
transfer (HAT), single electron transfer (SET)
mechanisms and sequential proton loss electron

transfer (SPLET) were taken into account.

and  60-Hydroxydinorcassamide

The characterizingthermodynamic parameters
including bond dissociation enthalpy (BDE),
vertical ionization energy (IE), affinity electrons
(EA) and the proton affinity (PA) were calculated
for the gas phase using density-functional theory
(DFT) at B3LYP/6-311G(d,p) model chemistry.

~“ 6HDCA

Figure 1: Chemical structures and numbering atomic sites
of four studied diterpenoid amides.

2. Theoretical and Computational Methods

The geometry optimization and the vibrational
frequency calculation of each compound and the
related radicals, cationic and anionic radicals
calculated wusing B3LYP/6-311G(d,p)
methods. All calculations were performed using

WEre

the Gaussian 09 Revision E.O1 suite of program®.

Three common antioxidant mechanisms are
represented as follows:

- Hydrogen atom transfer (HAT)
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R-H —R*+H* (BDE)

- Single electron transfer (SET)
R-H —-RH"*+e" (IE)
- Sequential proton loss electron transfer
(SPL-ET)
R-H >R + H* (PA)

The BDE, IE, EA and PA values were
determined from total enthalpies of the individual
species in the gasphase, as follows:

BDE(ArO-H) = H(ArO*) + H(H*) - H(ArOH)
IE = H(AH*") — H(AH)
EA=H(AH*) — H(AH)
PA=H(A") + HH") - H(AH)

Where His the enthalpy of different species
at 298.15 K and 1.0 atm. The enthalpies were
estimated from the given expression: H(T)=

E,+ZPE+H__+H +H_, +RT The H
H , and H, are the translational, rotational,

rot”

and vibrational contributions to the enthalpy,

trans’

respectively. E is the total energy at 0 K and ZPE
is the zero-point vibrational energy.

3. Results and Discussion

3.1. Optimized structure and molecular
properties

Figure 2 shows the optimized geometry of
four diterpenoid amides. It can be observed in
Figure 2 that molecular structures are stabilized
by forming several hydrogen bonds with
different oxy atoms with high electron density.
For example, the length of hydrogen bonds
recognizing in 3HDTA (Figure 2-A) varies from
1.86 to 1.99A, while the hydrogen bond length
changes from 1.85 to 2.04A for 3ADTA (Figure
2-B), 1.86 to 2.04A for 3TDTA (Figure 2-C) and
1.86 to 1.93A for 6HDCA (Figure 2-D).

The HOMO and LUMO
that diterpenoid amide moiety plays as electron

structures show

donating as well as accepting center of the

compounds. The HOMO and LUMO of four
studied compounds are present in Figure 3. It is
observed that HOMO structures are found that
C=C, C=0 bonds and oxygen, nitrogen with
high electron densities (i.e. red color parts) than
the other parts of the molecule. In the cases of
3HDTA, HOMO orbital has high electron density
at C13=C15, C16—N... Moreover, LUMO orbital
displays at substituent of cyclohexane rings
such as: C12—-C13, C16-N, C17-H, C13=C15,
C16-0... (Figure 3-A).

A 1-"&"‘?4 B 1.33’. 9, .
, o J‘i 'f, ) ’
oj‘“j"’j ’5,; " ‘
1.95@, 23,‘1:9’ s { 204’

o )
‘”J‘ 2 1.93

Figure 2: Optimized structures of the diterpenoid amides:
(A) 3HDTA, (B) 3ADTA, (C) 3TDTA and (D) 6HDCA at
the B3LYP/6-311G(d,p) level of theory.

HOMO LUMO
o o .
, 008 O
A ‘J') ] ’
B
C
D

Figure 3: HOMO and LUMO distributions of four
diterpenoid amides: (A) 3HDTA, (B) 3ADTA, (C) 3TDTA
and (D) 6HDCA.
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3.2. The antioxidant capacity of diterpenoid
amides

3.2.1. The H atom transfer (HAT) mechanism

In this study, the BDEs(C-H) corresponding to
the weakest C-H bond of each diterpenoid amides
in the gas phase are computed at B3LYP/6-
311G(d,p) level of theory (Table 1).

As aresult, the highest H atom donating ability
of the studied compounds follows decreasing
trend: 3TDTA > 3HDTA =6HDCA >3ADTA. The
lowest BDE(C—H) value is determined at C7-H
position. The lowest BDE (C—H) of 3TDTA,
3HDTA, 6HDCA and 3ADTA are equal to 69.44,
70.52, 70.86 and 72.96 kcal/mol, respectively.
The H-donating capacity at C7 is easier than the
other C—H bonds because C6=0O bond nearby
C7 that makes this bond to dissociate easily.
In comparison with BDE of phenol (89.4 kcal/
mol)’ and a-terpinene (74.4 kcal/mol)®, these four
compounds are the potential antioxidants via HAT
mechanism.

3.2.2. The single electron transfer followed by
proton transfer (SET-PT) mechanism

The ionization energy (IE) and electron affinity
(EA) are important parameters of the antioxidants

characterizing the single electron transfer (SET)
mechanism. IE value is corresponding to the
electron donating capacity. The electron affinity
(EA) represents the amount of energy released
when an electron is added to a neutral molecule
in the gaseous state to form a negative ion. The
lower IE value is, the easier electron transfer is,
while the higher EA value is the easier electron
acceptor is.

Hence, vertical IE and EA of diterpenoid amide
compounds are systematically computed using
the semi-empirical PM6 method. The results are
reported in Table 2. IE values fluctuate from 9.37
(6HDCA) to 9.59 eV (3ADTA). In comparison
with IE of phenol (8.49 eV), a-pinene (8.07
eV), limonene (8.3 eV)’, the ones of these four
diterpenoid amides are all higher. It means that
the electron transfer is not favored in this case.
In contrast, the four compounds have high EA
values which follows the trend: 6HDCA (0.990
eV) > 3HDTA (0.979 eV) > 3ADTA (0.934
eV) > 3TDTA (0.714 eV). This illustrates that
studied four diterpenoid amides may have the
high antioxidant capacity via electron accepting
capacity from free radicals.

Table 1: Calculated the BDE(C-H)s for diterpenoid amides in the gas phase by B3LYP/6-311G(d,p)
model chemistry

Compounds C-H bond positions BDE(i), kcal/mol ABDE*, kcal/mol PA (kcal/mol)

C21-H 88.47 0.93
C22-H 88.87 0.53

3HDTA 344.92
Cl4-H 78.92 10.48
C7-H 70.52 18.88
C22-H 88.88 0.52

3ADTA 346.61
C7-H 72.96 16.44

3TDTA C7-H 69.44 19.96 324.27
C22-H 89.02 0.38

6HDCA 338.22
C6-H 70.86 18.54

*ABDE = |BDE(O-H)phenol — BDE(C-H)|, (BDE(O-H)phenol = 89.4 kcal/mol®)
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Table 2: Vertical ionization energy (IE), electron
affinity (EA) calculated by PM6

Compounds IE (eV) EA (eV)
3HDTA 9.53 0.979
3ADTA 9.59 0.934
3TDTA 9.58 0.714
6HDCA 9.37 0.990

3.2.3. The sequential proton loss electron
transfer (SPLET) mechanism

In the first step of the SPLET mechanism,
diterpenoid amides donate a proton to free
radicals that is characterized by proton affinity
(PA) values. The easier proton donating capacity
corresponds to lower PA value. The lower PA is
described for higher antioxidant capacity via this
mechanism. PA values of each diterpenoid amide
calculated at B3LYP/6-311G(d,p) method are
reported in Table 1.

As can be seen in Table 1, the calculated PA
values of four compounds increase from 324.27
kcal/mol (for 3TDTA) to 346.61 kcal/mol (for
3ADTA). Thus, the antioxidant capacity follows
decreasing trend: 3TDTA > 6HDCA > 3HDTA >
3ADTA corresponding to PA values of 324.27,
338.22,344.92 and 344.92 kcal/mol, respectively.
It means that 3TDTA may be the most potential
antioxidant via this mechanism.

4. Conclusions

In this study, the antioxidant capacity of 4
diterpenoid amide compounds extracted from
the leaves of Erythrophleum fordii has been
studied via HAT, SET and SPLET mechanisms.
Semi-empirical PM6 and B3LYP/6-311G(d,p)
DFT methods were used to calculate various

thermodynamic parameters including BDE,
IE, EA and PA. The obtained results show that
3HDTA, 3ADTA, 3TDTA and 6HDCA represent
as potential antioxidants via HAT mechanism.
The easiest C—H breaking bond is usually found
at the C7 atom located nearby m bonds. The
SET mechanism demonstrates that 6HDCA is
considered the most antioxidant potential with EA
value 0f0.99 eV. Via SPLET mechanism, 3TDTA
and 6HDCA are high antioxidant capacity with
PA value of 324.27 and338.22 kcal/mol, singly.
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Abstract

In this paper, the secrecy performance of non-orthogonal multiple access (NOMA) in uplink networks is studied. The
NOMA system consists of one base station, one legitimate user pair and one eavesdropper. In this considered system,
two users transmit the messages to base station. Meanwhile, the eavesdropper tries to extract these users’ messages
without attack. In order to evaluate the secrecy performance of this system, the exact closed-form expressions of secrecy
outage probability of two users are derived by using statistical characteristics of signal-to-noise ratio (SNR) and signal-to-
interference-plus-noise ratio (SINR). Moreover, in order to gain insight into this system, we investigate the performance
of this considered system according to key parameters, such as transmitted power and distances. Finally, the correctness
of the analytical results is confirmed by Monte-Carlo simulation.

Twr khoa: da truy cap phi tryc giao; NOMA; 5G; bao mat 16p vat ly; dung luong bao mat.

Toém tit

Trong bai bao nay, chung t6i tién hanh nghién ctru kha ning bao mat 16p vat Iy ciia mang di dong 5G sir dung k¥ thuat da
truy cap phi truc giao (Non-Orthogonal Multiple Access - NOMA) cho duong truyén 1én. M6 hinh mang dugce xem xét
trong bai bao nay gdbm 1 tram co so, 1 cip nguoi sir dung hop phap va 1 may nghe 1én. Trong hé thong nay, nguoi ding
truyén thong tin dén tram co so, trong khi d6 may nghe 1én tim cach trich thong tin c6 ich ciia cip nguoi ding ma khong
chu dong tan cong. Chung t6i tim ra cac biéu thirc dang tuong minh biéu dién x4c suat ton tai dung lwong bao mat dé danh
gi4 kha ning bao mat cta hé thong théng qua viéc sir dung dic tinh thong ké ciia ti s tin higu trén nhidu (SNR) va ti s6
tin hiéu trén can nhidu va nhidu (SINR). Ngoai ra, dé hiéu sau sic hanh vi ciia hé thong nay, chiing t6i khao sat hiéu ning
ctia hé thdng theo cac tham sé quan trong nhu cong suét phat va khoang cach. Cudi cung, tinh dung din cta két qua phan
tich dwoc x4c nhan bang phwong phap mé phong Monte-Carlo.

Keywords: non-orthogonal multiple access, physical layer security; secrecy outage probability, uplink.

L. Introduction information-based society in which wireless

Information security is an important issue communication technology plays a vital
in information exchange, especially in the role. Due to the broadcast nature of wireless

Email: vanlong.itqn@gmail.com
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communication, the information transmission
between transceivers is vulnerable by wiretappers
and unfortunately, it is difficult to detect. Physical
layer security (PLS) is one of novel solutions that
recently proposed to achieve secure transmission
by exploiting the dynamic characteristics of the
wireless transmission channels [1,2]. Meanwhile,
the future 5G networks are required to support
the demand of the fast growing number of
wireless devices for low latency, low-cost and
diversified services at higher quality and a
thousand-time faster data rate compared to 4G
networks. Recently, non-orthogonal multiple
access (NOMA) technique has emerged as one of
the most prominent candidates in meeting these
requirements [3—5]. The research results show
that NOMA technology can improve significantly
the spectral efficiency as it takes advantage of the
power domain to serve multiple users at the same
time/frequency/code. In addition, compared with
conventional multiple access, NOMA offers
better than user fairness since even users with
weak channel state information (CSI) can be
served at a timely manner [3,6].

Naturally, the PLS concept can be considered
to apply to NOMA system to improve the
secrecy ability of 5G communication networks.
However, the employment of
interference cancellation (SIC) at receivers in

successive

NOMA networks, which introduces an unique
interference status at the receivers, makes the
secrecy performance analysis of the PLS of
NOMA different from that of conventional
multiple access technique. Recently, there are
some works focusing on the PLS of NOMA
networks [7-9]. The work in [7] investigated
the PLS of simple NOMA model of downlink
large-scale networks through the secrecy outage
probability. In this model, stochastic geometry
approaches were used to model the locations
of NOMA users and eavesdroppers. In [§8], the
authors studied the PLS in a single-input single-

output (SISO) NOMA system for downlink, in
which each legitimate user has its own predefined
QoS requirement. The optimal power allocation
policy was proposed to maximize the secrecy
sum rate in closed-form expressions. To enhance
the PLS performance of NOMA, multiple
antennas and protected zone were introduced
in the downlink system model of [9]. In the
multiple-antenna scenario, artificial noise is
generated at the base station that can improve the
security of a beamforming-aided system. Unlike
the above works, in this work we consider the
PLS of uplink NOMA communication system.
Our paper provides the following contributions:
(1) The closed-form expressions of secrecy
outage probability for two users are derived;
(i1) Investigating the behavior of the considered
system in different key parameters, such as
transmitted power and distances. The rest of this
paper is organized as follows. The system model
is presented in Section II. Secrecy performance
of the considered system is analyzedin Section
[I. The numerical results are shown in Section
IV. Finally, Section V draws the conclusion of
our paper.

I1. SYSTEM MODEL

An uplink NOMA system is depicted as Fig.
1. Two mobile users denoted as U,i = {1,2}
intend to transmit information to base station BS
in the presence of an eavesdropper E. We assume
that all transceivers are single-antenna devices
and operateina half-duplex mode. The overall
system transmission bandwidth this assumed to
be one Hertz. Without loss of generality, assume
that all the channel gains between BS and users
follow the order of |h1|2 < |h2 2 , Where |h1|2 and
|h2|2 are denoted as the channel gains of the 1*
user and the 2* to BS links, respectively [10]. We
also assume that the channel gains are constant
during transmission block time T and we have

the channel state information (CSI) of all links.
Moreover, all wireless links are assumed to
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undergo frequency non-selective Rayleigh
block fading and additive white Gaussian noise
(AWGN) with zero mean and variance N,. We
denote d , d,, d', d) as the Euclidean distances of
to BS and E, respectively and o denote the path-

loss exponent of all links.

&P

BS: Base Station

D,, D,: Users

E: Eavesdropper

——> Information Channel ~ ----> Wiretap Channel

Fig.1. NOMA uplink system model with an eavesdropper

During block time T, two legitimate users
s.(i={1,2}) to base
station with transmitted power P. The received

transmit the message signal

signal at BS is expressed as

x/P_lhl
\/d—g (1)

where n denotes the receiver Gaussian noise, In

NOMA, s, and s, are transmitted by using the same
frequency and the same time and the interfer to
each other. In the uplink, the BS receiver applies
successive interference cancellation (SIC) to
decode the near user U, signal first by treating
the far user U, signal as Gaussian interference
[11]. After the receiver correctly decodes s,
it can subtract the s, from combined received
signal y and finally decode s,. Therefore, the
instantaneous SINR at BS to detect s, transmitted
from U, can be written as

Pilhyl?/dy”
Pa|h2|?/d2% +Ng

Yo1Y1
Yozv2+1’ 2)

and the received SNR at BS to detect s, 1s
expressed as

SINRl = X1 =
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Py |h,|*/d,

SNR, = X, = N =Yo2¥V2  (3)
0
h Py _P _m? _ |hy)?
where Yoq _N_o’ Yo2 _No , N ——dlal , Y2 = 4,07

Meanwhile, the eavesdropper tries to detect
s, from U. without attack, therefore the received
signal at E is expressed as

Pk

Nz

where h’1 and h’2 are the channel coefficients of
the link from U, and U, to E, respectively.

S) +7’l0,

“4)

Assuming that eavesdropper do not apply
SIC, the instantaneous SINRs at E to detect s,
separately from U, are given by

, PR 2 /do ,
SINR, = 7, = 1,|21| {71 _ Y01,)’1 )
Pylhy|7/dy + No o Yo2r, +1
SNR, = 7, = P2|h'2|2/d'2" _ Yoz)’é ©)
2 2T P R/d + Ny v + 17
(L3 |hy|?

where y1 =Ty, =T
2

The probability density function (PDF) and
the cumulative distribution function (CDF) of
random variable V are respectively expressed as

fu(x) = 2™, (7)
Fy(x)=1-—e*, (3

de e d;° _
L=
EARI™ E(|n]*)

{1,2} and E(.) is expectation operator.

where ve{y,y ) e {/1

From (2), (7) and (8) we obtain the CDF and
PDF of X, as follows

Yo1V1

FXl(x) = PI'(Xl < X) =Pr (W < X)

X +1
— Pr <Y1 < (Vo272 ))
Yo1

® x(Yo2v2 + 1)
=f E, <7 fondv2
0 Yo1

)

_A1x

A2v01 e o1,

A1Yo2x+A2Y01
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f _ MA2Y01Y02 e—%
¥1(x) (AM1Yo02x + A2¥01)?

_Mix
e voi,

(10)
A2y

(A1702x+22¥01)

From (3), (7) and (8) we obtain the CDF and
PDF of X, as follows

_Aox

FXz(x) =1—e oz, (11)
Ay _ax
fr,0 = L (12)

Similarly, from (5), (6), (7) and (8) we obtain
the CDF nd PDF of A and Z,as follows

iy _ajx
F =1-——2% ¢ vor, 13
Z1(x) A1Y02x+25v01 (13)
12 _hx A, _hx
le(x) __ M 21’011,’02 _eTron +— 142 e oL
(A1702% + 23¥01) (A1Y02% + 23¥01)
(14)
’ Arzx
_ A1Y02 -
FZz(x) =1- 1—12}’0195"‘1'1)’02 e 1’02' (15)
f _ /1'11'2]’01]’02 —Allc + /1'1/1'2 e_%
2 (A2Y01X + A1702)? (A2¥01x + A4¥02) '
(16)

ITII. SECRECY PERFORMANCE ANALYSIS

3.1 Preliminaries
The instantaneous secrecy capacity is given
by [12]

1+
Cs = max{0,Cy — Cy} = max {0' log, 1+ )}:M} (17)
w

where €y = log,[1+ yy] and Cyy = log,[1 + yy]
trong do, Ay va 1, represent SNRs of the
legitimate and illegitimate links, respectively.

3.2 Secrecy Outage Probability

In this subsection, we analyze secrecy outage
probability (Pout). Secrecy outage probability is also
an important performance metric that is generally
used to characterize the secrecy performance of a
wireless communication system. It is defined as the
probability that the instantaneous secrecy capacity

falls below a predetermined secrecy rate threshold
R>0, givenby P, =Pr(C <R). In this considered
system, the eavesdropper only tries to hear the
message of U, (1 < i < 2), therefore the secrecy
outage probabilities of Ui is expressed as

0, 14X,
=Pr(C;' <R)=Pr (logz 5z < R) (18)
Uy

The derivation of P.% and PY2

pli

out

are analyzed
through Theorem 1 and 2, respectively, as
follows.

Theorem 1 Under Rayleigh fading, the closed-
form expression of secrecy outage probability for
U, is given by

v . 1
Pl =1-—ul [qeaqu(—aq) + 2

out
+ (uB; + vA,)e™Ei(—aq)
+ (uCy + vB,)ePEi(—=bq) (19)

where
0= A2Yo1 b= 2R—1 Ly
Yoz’ 2k A1Y022F
A=t gt o1
Yo h—a’t T -2 T (b-a)?
12 1 5 1 A, 2R N 1
= -0, = , = —"u_
(h—-a) 2 (a—b) 1 Yo1 Yo1
Modyyd i)
=== vor
MG 2R
Nodoyd )

v=———_-re Y00 andFi(.)is the exponential
MYy, 2

integral function [13].
Proof. See (21) in Appendix.

Theorem 2 Under Rayleigh fading, the closed-
form expression of secrecy outage probability for
U2 is expressed as

12(2R-1)

A oep-

P2 =14+ —¢ vz Ei(—cp)
Yo1
12(2R-1)
P~ .
—cpe vz Ei(—cp)
12(2R-1)
—e Y2 (20)

)

Proof. See (22) in Appendix.
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IV.NUMERICAL RESULTS AND DISCUSSION

In this section, we provide the numerical
examples in terms of secrecy outage probability
to validate the secrecy performance of the uplink
NOMA network.

Fig. 2 depicts the variation of the secrecy outage
probability of near user U (Polf}t) with respect
to U; — BS distance (d|) for different values of
average transmit SNR of U;(yqq). It can be seen
from Fig. 2 that PVl decreases when d, scales
down and y,, scales up. In other words, the better
secrecy performance of U, is obtained in case that d|
decreases and y, increases. The variation of average
transmit SNR of far user U, (y,,) also impacts on
secrecy performance of U, as indicated in Fig. 3.
In particular, Fig. 3 shows that secrecy performance
of U, upgrades (Pozlt decreases) with the decreases
in y,, because the reduction of interference in
SINR, leads to the increase in channel capacity of
U; — BS legitimate link.

10°

i)
Pok

Analysis

©  Simulation: v,,=0dB
+  Simulation: y;,=10dB
: ¢ Simulation: v;,=20dB
1 .5 2 2‘5 3 35 4

Fig.2. Secrecy outage probability for Ul vs distance and
transmit power of Ul

7

i
Palt

Analysis
©  Simulation: y,=0dB

+  Simulation: y,=10dB
| ¢ Simulation: y,,=20dB

. i
15 2 25 3 35 4

Fig.3. Secrecy outage probability for Ul vs distance and
transmit power of U2
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Fig. 4 depicts the effect of U; — E distance
(d')on P}

o - As can be seen from this figure that

the larger d', is, the lower Polilt is obtained (i.e.,
the secrecy performance of U, is better) due to
the higher effect of path loss phenomenon on

illegitimate channel (U; — BS link).

Fig. 5 and Fig. 6 describe the variation of
the secrecy outage probability of U, (Pol{ft) with
respect to U, — BS distance (d,) for different
values yp, and yo; respectively. From these
figures, we can see that the secrecy performance
of U, upgrades (Polizt )decreases) according to the

increases in yo; and Yo or the decreases d,.

Fig. 7 depicts the the secrecy outage probability
of U, in different distance values of U; — BS and
distance values of U, — BS. From this figure, we
can see that the secrecy outage probability increase
when the distance values of U; — BS increase or
the distance values of U, — BS decreases.

r.y

0.8

0.7

out

PY,

0.5

Analysis
0.4 o Simuation: -, =0d8
+  Simulation: um=10dB

¢ Simulation: -.m=20dB

1 15 2 25 3 3.5 4

Fig.4. Secrecy outage probability for U1 vs distance d0 1
and transmit power of Ul

Analysis
© Simulation: 7m=DdEI

+  Simulation: y,,=10dB
& Simulation: 701:2DdEI

i I i
1 15 2 25 3 35 4

Fig.5. Secrecy outage probability for U2 vs distance
and transmit power of Ul
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D,
Fodt

Analysis
<O Simulation: y,=0dB

+  Simulation: y,,=10dB
H : ¢ Simulation: y,,=20dB
i i

15 2 25 3 35 4

Fig.6. Secrecy outage probability for U2 vs distance
and transmit power of U2

0.8 E

0.7

0.6

0.5

out

PY,

03

Analysis

©  Simulation: d,=5
+  Simulation: d2= 6
¢ Simulation: d,=7

0.2

15 2 25 3 35 4

Fig.7. Secrecy outage probability for Ul vs distance
of far user U2 and base station
Particularly, theafore mentioned results are
confirmed by the excellent matching between
analysis and simulation results, as observed from
five figures

V. CONCLUSION

In this paper, the secrecy performance of uplink
NOMA network has been studied. To evaluate
the performance of this system, the closed-
form expressions of secrecy outage probability
of two users have been derived. Based on these
expressions, the impact of some system parameters
on the secrecy performance of the considered
systems has investigated. The numerical results
show that the secrecy performance of this system
can be improved by increasing the transmit power
of near user or decreasing the distance between
users and base station.

Appendix

In this section, we provide the detailed
calculation of PUL and P"2, as depicted in (21)
and (22) in the top of this page, respectively.

PUL =Pr(X; <281 +2)-1)
= [ AE.@r A+
0
— 1dx
o) e—qx

——d
o (x+a)?(x+b) x
e~

_"fo Grocin™

=1-u

Aje™9*
(x+a)2
® Bje™ ™
0 (x+a) dx
© Cre™
o (x+Db) ]

]

® Bye” % ]

42 d d
Uy Gv0™ ), Grn™

1

=1- u{Al [qe“q Ei(—aq) + E]
— B1e*Ei(—aq)
— Cyebd Ei(—bq)}

+v[4,e“Ei(—aq) + Bye™ Ei(—bq)]. (21)
PUZ =pPr(X, <281 +2)-1)
- [ rrer,@ a0
0
— 1dx
_Apx
_ J’m M AaY01Yoze 702
o |(Azvo1x + A1¥02)?
_Apx
/’[ /‘[ Y02
(A2v01% + 21¥02)
_Az[ek(ux)—l]]
—e Y02 dx
A optz(®1)
=14+—eP 7 12 Ei(—cp)
Yo1
_AZ(ZR—I)
—cpe® vz Ei(—cp)
122R-1)
— e_ Zyoz (22)
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Tém tit

Bai bao nay trinh bay khao sat cac phuong phap diéu ché vector khong gian cho bo bién tin ma tran. C6 hai phuwong phap
diéu ché vector khong gian pho bién dé diéu khién bo bién tin ma tran. Phuong phép thir nhat sir dung hai dién ap dau vao
16n dé diéu ché dién ap dau ra va dat duoc ti sé didu ché cuc dai 0.866. O phuong phap tht hai, hai dién 4p ddu nho vao
dugc sir dung dé diéu khién bo bién tin ma tran, do do ti s6 diéu ché bi g101 han tir 0 dén 0.5. Tuy vy phuong phap diéu
ché thir hai cho ra chét luong dién 4p t6t hon phu(mg phap thir nhat. Cac két qua mo phong da kiém ching dugc ring tong
d6 méo dang song hai & phuong phap diéu ché vector khong gian thir hai thdp hon & phuong phap thir nhat.

Tir khéa: Bo bién tAn ma tran, bd bién tan ac-ac, phuong phap diéu ché vector khong gian.

Abstract

This paper presents an investigation of space vector modulation (SVM) methods for matrix converters (MCs). There are
two common SVM methods for the MC drive. The first method uses two higher instantaneous values of input voltages
to generate the output voltage and gives the maximum voltage transfer ratio of 0.866. In the second method, two lower
instantaneous values of input voltages are selected to drive the MC, so the voltage transfer ratio is limited from 0 to 0.5.
However, the second modulation method gives a better performance than the first one. Simulation results confirm that
the second SVM method shows lower total harmonic distortion (THD) of line-to-line output voltage than that of the first
SVM method.

Keywords: Matrix converter, ac-ac power converter, space vector modulation method.

I. INTRODUCTION safe commutation, MC is reliable to apply for

Matrix converter (MC) is a direct ac-ac power industrial applications.

converter which consists of 9 bi-directional
switches that allow any output phase to be
connected to any input phase. It has several
advantages such as the lack of dc-link capacitor,
sinusoidal input and output current waveforms
and unity input power factor [1]. With the

Email: huunhan.vn@gmail.com

Several modulation methods for MCs with
different characteristics have been developed
and are introduced in [2] and [3]. Among them,
the space vector modulation (SVM) is currently
considered as the most popular technique since it
provides a clear comprehension of the modulation
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process and relatively simple algorithm [4]-[6].

The SVM methods presented in [6], [ 7] are very
popular to control the MC. These methods are based
on the instantaneous space vector representation
of input/output voltages and currents. There are
two ways to select the input voltage space vectors
to generate the output voltage space vector.
Firstly, two higher instantaneous values of input
voltages are chosen to generate the output voltage.
Secondly, two lower instantaneous values of line-
to-line input voltage will be used.

This paper presents an investigation and a
comparison of two SVM methods for MCs. The
paper also focuses on how to make the symmetrical
switching pattern and reduce the switching loss.

I1. Principles of Matrix Converter

A common 3x3 MC configuration is shown in
Fig. 1. It consists 9 bidirectional switches which
have 3 types: diode bridge, common emitter, and
common collector bi-directional switch. In order
to reduce the switching loss and isolated power
supplies for the gate drive board, the common
collector bidirectional switch should be used. A
passive LC input filter is required to lower the high
order harmonics of the input current. To damp the
oscillations that result from the MC hard switching,
it is necessary to include a resistor in the filter. This
resistor may be connected in series or in parallel with
the filter inductor or in parallel with the capacitor.

Ny Input Filter m Matrix Converter

sa =

v

SiA

a

Bidirectional Switch

\ 3-phase Load "

Fig. 1. A common three-phase to three-phase MC
configuration

III. SVM Methods for MCs

In a balanced operation, the instantaneous
source voltages are as follows:

v, =|v, |=V,|cos(wt—27/3)
' cos(wt+2r7/3)

where 7, and @, are the amplitude and the angular
frequency of the source voltage, respectively.

With the relevant symbols shown in Fig.
1, the space vectors of input/output voltages
and currents are defined, respectively, by the
following equations:

{;’i = 2(via + Vibe/z;z/z + Vicej4”/3) /3= Vieja, (2)
V,=2(v, +ve ™ 1y e 3=V (3)
D =20 +i e +i ) /3= (4)
=20, +ize +i ) 3=1e" . (5)

Hereafter, any space vector will be referred to
simply as a vector.

Basically, there are 27 possible switching
configurations (SCs) to satisfy the two main rules
in an MC: 1) the input phases should never be
short-circuited, and ii) the output phases should
not be unconnected. These SCs are listed in Table
I and categorized into three groups:

1) Group I consists of 18 active vectors that
produce the output-voltage and input-current
vectors with fixed directions and time-varying
amplitudes.

2) Group II consists of 3 zero vectors that
determine the zero-output voltage and input-
current vectors.

3) Group III consists of 6 rotating vectors;
because the output-voltage and input-current
vectors have time-varying directions, they are
rarely used in SVM strategies.

In principle, the conventional SVM methods
are based on the selection of four suitable active
vectors in Group I to synthesize the reference
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output voltage vector under the unity input
power factor constraint [3], [6]. The zero SCs are
applied to complete the sampling period T, .

For example, both v and i
sector 1 (k, =1, k, =1, where
output voltage sector and the input current sector,

are lying in
and k, are the
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respectively) as shown in Fig. 2. The desired
output voltage vector v, can be synthesized from
two vectors v, and v, . The v, and ¥, components
can be synthesized using two of six possible SCs
+1, 2, £3, and £7, £8, +9, respectively.

Table I: Possible switching configurations in the MC

Cofl‘;i‘gtsil;fii - Output Voltage | Input Current

No |[AB C |V, 0 | L B;

+1 [a b b | 2vy3 0 | 2i4/3 /6

-1 |b a a -2va/3 0 | -2ia/\3 -/6

2 (b ¢ ¢ | 2w/3 0 | 2ia/V3 /2

2 |e b b | -2w3 0 | -2ia/\3 w2

3 |c a a | 2vy/3 0 |2i,3 76

3 |a ¢ ¢ -2ve/3 0 | -2iaN3 /6

+4 (b a b | 2vy/3 27/3 | 2ig/V3 -6

4 [a b a |-2vy3 23 |-2igN3 -6

Group | #5 |c¢ b c | 2v/3 2/3 | 2ig/\3 /2
I S5 b ¢ b | -2w/3 23 | -2ig/V3 2

+6 |a ¢ a |2va3 21/3 | 2igiV3 /6

6 [c a ¢ [-2va/3 2w3|-2igN3  Tl6

+7 [b b a | 2vy/3 47/3 | 2igN3 -/6

7 |la a b |-2vy/3  4w3 | -2igN3  -w/é

+8 [c ¢ b | 2w/3 4m/3 | 2ic/V3 w2

8 |b b ¢ |-2w/3  4w3|-2igV3 w2

+9 [a a ¢ | 2va3 4m/3 | 2ig/N3 /6

9 |c ¢ a |-2va/3  4W3 | -2igN3 w6

0, |a a a 0 x| 0 X

GTI‘;“P & |b b b |0 x| 0 x
0. [e ¢ ¢ 0 x| 0 X

rn |la b ¢ X X | x X

rn |a ¢ b X X | x X

Group| i3 [b ¢ a b X | x X
m ry, |b a ¢ b x | x X
rs ¢ a b X X | x X

s |¢ b a X X | x X

A. SVM Method 1

Input current sector in SVM method 1 is
defined as Fig. 2(b). In this case, SCs %1, +4,
+7 and £3, £6, £9 are used to generate an input
current vector in sector 1. In order to maximize
the amplitude of output voltage, two higher input
voltage magnitude are selected to drive the MC.

When the input current vector i is in sector 1,
two higher input line-to-line voltages are v, and
v, From these analyses, four SCs +1, -3, -7, and
+9 are selected for the case of k, =1, &, =1.

With a similar procedure, the selected SCs for
all combinations of the output voltage and the
input current sectors are summarized in Table II.
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(a)
Fig.2.(a) Output voltage vector. (b) Input current vector forthe SVM method 1. (¢) Input current vector forthe SVM method 2.
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Table II: Selected SCS for each combination of output voltage and input current sectors
in the SVM method 1

Input Current Vector Sector
1 2 3 4 5 6
e 1 -7 +9 +1 3|+9 8 3 +2 | 8 +7 +2 -1 |+7 9 -1 +3 |9 +8 +3 2 [+8 7 -2 +1
E28| 2 |4 6 -7 t9|—6 +5 +9 -8 [+5 -4 -8 +7 |4 +6 +7 9 |+6 -5 -9 +8 | -5 +4 +8 -7
;3 3 -1 +3 +4 6|+3 2 6 +5| 2 +1 +5 4 |+1 3 4 +6 | -3 +2 +6 5[ +2 -1 -5 +4
E% 4 +7 9 -1 +3| 9 +8 +3 2 |(+8 -7 -2 +1 | -7 +9 +1 3 [+9 8 -3 +2 | -8 +7 +2 -1
8 ; 5 -4 +6 +7 9|+6 -5 -9 8| -5 +4 8 -7 |[+4 6 -7 9| -6 +5 +9 B | +5 4 -8 +7
6 |+1 3 4 +6| -3 +2 +6 5| +2 -1 -5 +4|-1 +3 +4 6| +3 -2 6 +5[-2 +1 +5 4
Duty C)’CICS d] dg d3 d4 d1 d2 d3 d4 d1 d2 d3 d4 d1 d2 d3 d4 d1 dg d3 d4 d1 dg d3 d4
An——*‘sr“"-: Su > Sa >e Sun ::S‘“:
B 4& -+ SE >+ S‘E - S— -+ " S"‘
(":S‘f é ::S!C:: S ::S- *+ - S“c:
0, =3 +9 0, =7 +1 0, +1 I 0, @ 49 [ -3 0,
HRIRERT 2 IRITETRE
. T.2 - T2 >

Fig. 3. Switching pattern for output voltage sector 1 and input current sector 1 of the SVM method 1.

The duty ratios of SCs —7 (d,) and +9 (d,))
should satisfy the following relationship:

= ©)

Because the magnitude of input currents is

2 2 " .
—v,d +=v,.d,=v, V sing, .
3 3

independent of the phase angle of output current,

SO:
dl dZ
sin(z/6-f) sin(z/6+p)" (7)
From (6) and (7), the duty ratios for SCs —7
and +9 are respectively as follows:

24 sind@,sin(7/6- )

d ==L 8

N cos d, ®)
g siné, sin(z/6+ B,

d, = ( ) )
3 cosd,

where ¢=V,/V, is the voltage transfer ratio,
6,=a,—fB 1is the input current displacement
angle, and @, and f, are defined as:

a,=oa,—-(k,-)xz/3 (10)
B =B~k -Dxx/3. (11)
By similar analysis, the duty ratios for SCs +1

and —3 are respectively as follows:
4 =2_qsin(7z/3—do)sin(ﬂ'/6—,6~’i) (12)
NE)
2 sin(z/3-a,)sin(z/6+ )
4= \/g (13)
Zero SCs are required to complete the
sampling period with the duty cycle:

cosJ,

cosd,
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2g cos (@&, —m/6)cos B (14)
d,=1-=L :
‘ NE) cosd,
Fig. 3 shows the switching pattern

corresponding to the case of &, =1, k, =1.

All duty cycles in the SVM method 1 must
satisfy the following constraints:

109
0<d, <1; n=0,..,4. (15)

This leads to the well-known restriction of the
voltage transfer ratio in the MC:

(16)

3
<—=cosd. .
q > ;

Table III: Selected SCS for each combination of output voltage and input current sectors
in the SVM method 2

Input Current Vector Sector
1 2 3 4 5 6

. 1 -7 8§ +1 +2|+9 +7 3 -1| -8 9 +2 +3 | +7 +8 -1 2|9 -7 +3 +1 | +8 +9 -2 3
S8 2 |+4+5 -7 8|64 +9 +7|+5 +6 -8 9|4 -5 +7 +8|+6 +4 9 -7 | -5 -6 +8 +9
§ 2| 3 -1 2 +4 +5|+3 +1 6 4| -2 3 +5 +6|+1 +2 4 5| -3 -1 +6 +4 | +2 +3 -5 —6
5 § 4 +7 +8 -1 2| -9 -7 +3 +1 | +8 +9 -2 3| -7 -8 +1 +2 | +9 +7 -3 -1 | -8 -9 +2 +3
§§ 5 -4 -5 +7 +8 | +6 +4 -9 7| -5 6 +8 +9 | +4 +5 -7 8| 6 4 +9 +7| +5 +6 -8 -9
6 +1 +2 4 5|3 -1 +6 +4 | +2 +3 -5 6| -1 2 +4 +5|+3 +1 6 4| -2 -3 +5 +6

Duty cycles d1 d2 d3 d4 d1 d2 d3 d4 d1 d2 d3 d4 d1 d2 d3 d4 d1 d2 d3 d4 d1 d2 d3 d4
A € Sua > > Sea > Sa >ie Su >
B <ia >« > Sea > Su > S"Lb
C le S ; Sea > Sie > S >

0, -7 +1 P8 +2 3 +2 -8 0, +1 -7 0,

AR RRRE R P
« T.2 > < T./2 >

Fig. 4. Switching pattern for input voltage sector 1 and output voltage sector 1 of the SVM method 2.

B. SVM method 2

To reduce the output current ripple, the voltage
difference between the output-voltage reference
and the modulated output-voltage vectors should
be minimized [8]. When the voltage transfer ratio
is low, the highest active vectors are excluded
because they are far from the reference-voltage
vector. Therefore, two lower instantaneous
values of input voltages are used to synthesize
the reference output voltage.

The input current sector is redefined as shown in
Fig. 2(c). Considering again the case ofk, =1, k, =1
, two lower voltage magnitude vectors are v,, and
v, . From Table I, states +1, +2, —7, —8 will be
selected. Using a similar analysis, the selected SCs
are summarized in Table III for any combination of
input voltage and output voltage sectors.

Similar to the SVM method 1, the duty
ratios for SCs -7, -8, +1, +2 and zero SCs are
respectively as follows:

_2g sing, sin(z/2-f)

d 17
) cosd, (7
2q sind, sin(z/ 6+ f)
dy=—4%—-" : 18
SN cosd, (18)
2g sin(z/3-@,)sin(z/2- )
d = (4 i
BERNVE] cosd, (19)
2g sin(w/3—a,)sin(z/ 6+ f)
d [ [ i
N s (20)
d, =1-2q cos(&, — 7/ 6).cos(fB, — 7/ 6) Q1)
cosd,
Fig. 4 shows the switching pattern

corresponding to the case of k, =1, k, =1.

All duty cycles must be non-negative and lower
than or equal to unity. Therefore, the limit of the
voltage transfer ratio in the SVM method 2 is:
(22)

1
<—cosd,
q 2 i .

From (22), the output-to-input voltage ratio
1s limited from O to 0.5. Thus, the SVM method
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2 is suitable for applications with low voltage
transfer ratios.

C. Total Harmonic Distortion

Total harmonic distortion (THD) of the line-
to-line output voltage is useful to evaluate the
system performance. The THD is calculated by:

_ \ UIZQMS - U(21) (23)
U

XU

THD =2
1)
where U  is the amplitude of the fundamental

)
voltage component, U, is the amplitude of the

n-th harmonic.

IV. Simulation Results

Table I'V: Simulation parameters

Power supply Input filter Output load
L,=14mH -
=100V cj 22 4F j1271220ﬂH
= = m
. =60 Hz 4 =
4 R,=200 f.=50Hz

() 500mA/div Sms/div

‘THD=1.7

SO S . (d) B — 750mA/div Sms/div

Fig. 5. (a) Supply phase voltage. (b) Filtered input current.
(c) Output line-to-line voltage. (d) Output line current at

f, =50 Hz, ¢=0.3 with the SVM method 1

Supply phase voltage

(@) 50V/div 5ms/div

Filtered input line current
N
/N

(3 i i
NN Ve
N\ N\ /NSNS
NEINCN NS A

Vel
VA
N
(b) 500mA/div 5ms/div

N

Output line-to-line voltage

THD=1.3

100V/div 5ms/div

Output line current i i i
N
< AN 2N
N NN
N’
@ 750mA/div 5ms/div

Fig. 6. (a) Supply phase voltage. (b) Filtered input current.
(¢) Output line-to-line voltage. (d) Output line current at
f,=50Hz, =03 with the SVM method 2.

Numerical simulations were carried out using
Psim 9.0 software to evaluate the performance of
two SMV methods. The simulation parameters
are shown in Table IV. The switching frequency
of the SVM methods is 10 kHz, corresponding to
the switching period of 100 ps.

Figs. 5 and 6 show the simulation results
of the input/output waveforms with the SVM
method 1 and SVM method 2, respectively, at
f,=50Hz, g=04. As can be seen, the SVM
method 2 shows the same quality for the input
current compared with the SVM method 1. Figs.
5(c) and 6(c) show the output voltage-waveform
characteristics for the SVM methods 1 and 2,
respectively. From a total harmonic distortion
(THD) analysis, the output-voltage performance
of the SVM method 2 was improved through a
reduction of the THD from the 1.7 of the SVM
method 1 to the 1.3 of the SVM method 2.

Fig. 7 shows a comparison between two SVM
methods in terms of output voltage THD versus
voltage transfer ratio. As can be seen, the THD
with the SVM method 2 is lower than that with
the SVM method 1, therefore it can be said that the
SVM method 2 achieves a better performance at
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low voltage transfer ratio, i.e., ¢ <0.5. This result
is in good agreement with the theoretical analysis.

3:5

‘\ —— SV‘M Method 1
3 —#— SVM Method 2
25 ‘Q\\
2
2 \\2\.\\
1
0.5 l Nﬂkﬁ
0

0.1 02 03 04 05 0.6 07 08 09
voltage transfer ratio (q)

Fig. 7. Comparison between two SVM methods in terms
of output voltage THD versus voltage transfer ratio.

Fig. 8 shows the THD comparison of the input
current between two SVM methods. Because the
far input current vectors from the reference one
are used in the SVM method 2, the harmonic
content of the input current is increased. As a
result, the input current THD of the SVM method
2 becomes higher (around 260%) than that of the
SVM method 1 at a voltage transfer ratio of 0.5.

5

/, —#— SVM Method 2

—6— SVM Method 1
4
/ {
X

—3 /
2, // .
i )///
&
0.1 02 03 04 05 06 07 08 0.9
voltage transfer ratio (q)

Fig. 8. Comparison between two SVM methods in terms
of input current THD versus voltage transfer ratio.

V. Conclusion

This paper presents an investigation of two
SVM methods for MCs. The two SVM method
use two higher or two lower instantaneous input
voltages to generate the output voltage. With
the SVM method 1, the voltage transfer ratio
can reach +/3/2=0.886 while voltage transfer
ratio in the SVM method 2 is limited from 0 to
0.5. The SVM method 2 can give a better output
performance with a lower output voltage THD

and a worse input performance with a higher
input current THD. The two SVM methods can
be combined for the entire modulation index to
utilize the power usage of MC.
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